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Abstract: This Pavillion, Wyoming Area Domestic Water Wells Report presents the findings of 

domestic water wells sampling conducted as part of the recommendations for further investigation 

identified in the November 2016 Pavillion, Wyoming Area Domestic Water Wells Final Report and 

Palatability Study (WDEQ 2016 Final Report). The WDEQ 2016 Final Report identified ten 

recommendations for further investigation. This report focuses on two of the ten recommendations: 

1) bacteria collection and analysis, and 2) evaluation of organic chemical detection limits. 

Remaining recommendations are briefly discussed in this report and will be evaluated separately by 

the Wyoming Oil and Gas Conservation Commission with input from the WDEQ. This report 

concludes WDEQ’s investigation into the original complaint regarding taste and odor issues from 

domestic drinking water wells. 
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1 INTRODUCTION  

In response to complaints of taste and odor issues in water-supply wells from residents in the 

Pavillion Gas Field area, located east of the Town of Pavillion, Wyoming, the United States 

Environmental Protection Agency (US EPA) conducted field investigations from 2009 to 2011 and 

published a draft report on groundwater contamination from the area in December 2011. The draft 

report was not finalized.  

The Wyoming Department of Environmental Quality (WDEQ), in agreement with the US EPA and 

Encana Oil and Gas USA, Inc. (Encana), developed a Framework Document in 2013 (WDEQ, 

2013). The Framework Document outlined water quality investigations that would be conducted by 

WDEQ and the well integrity and pit investigations to be conducted by the Wyoming Oil and Gas 

Conservation Commission (WOGCC). 

In 2014, two sampling events were conducted on thirteen water-supply wells within the area of 

interest (AOI) identified in the Framework Document. The subsequent 2016 Pavillion, Wyoming 

Area Domestic Water Wells Final Report and Palatability Study (WDEQ 2016 Final Report) offered 

findings and recommendations for additional work in the AOI (WDEQ 2016). 

1.1 Key Findings Presented in the WDEQ 2016 Final Report 

The WDEQ 2016 Final Report presented six key findings to address palatability issues of the 

groundwater in the Pavillion AOI. The findings from the WDEQ 2016 Final Report are as follows: 

1. No organic compounds were identified at concentrations exceeding applicable drinking water 

standards with the exception of phthalate and one pesticide beta-hexachlorocyclohexane (beta-

BHC). Phthalate is used as a plasticizer in flexible polyvinyl chloride plastics and is a common 

laboratory contaminant. The concentration of beta-BHC in water samples collected from 

PGDW23 was 0.06 J microgram per liter (μg/L) compared to the Wyoming (WY) Drinking 

Water Equivalent Level (DWEL) of 0.050 μg/L. The beta-BHC concentration in the sample is J 

qualified to flag the data as an estimated concentration. The presence of beta-BHC was 

confirmed; however, the laboratory quality control (QC) value was outside of QC limits.  

2. Evidence did not indicate that hydraulic fracturing fluids have risen to shallow depths utilized 

by water-supply wells. Based on an evaluation of hydraulic fracturing history and methods used 

in the Pavillion Gas Field, it is unlikely that hydraulic fracturing has caused any impacts to the 

water-supply wells. 

3. Gas in the upper Wind River Formation appears to have originated mainly from upward 

migration from deeper commercial gas-bearing zones and evidence suggests that upward gas 

seepage (or gas charging of shallow sands) was occurring naturally before gas well development. 

4. Some gas wells are experiencing slow gas seepage. The relative contribution of potential gas 

seepage along gas wells versus natural upward migration of gas is undefined and would be 

difficult to quantify. 
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5. The general chemical characteristics (major cations and anions) of the groundwater from the 

water-supply wells included in the 2014 Groundwater Investigation are consistent with those 

reported for the Wind River Formation across the Wind River Basin. The predominant cation 

and anion are sodium and sulfate, respectively. Concentrations of sodium (ranging from 79 to 

1,400 milligrams per liter (mg/L)), sulfate (250 to 3,500 mg/L), and the total dissolved solids, 

TDS, (560 to 6,350 mg/L exceed drinking water standards or comparison values in almost all of 

the samples). 

6. Geochemical changes associated with the biodegradation of dissolved organic compounds by 

bacteria including iron-related and sulfate-reducing bacteria have potentially produced 

constituents that cause poor water palatability, and may be linked to declining well yields. 

7. Limited baseline water quality data, predating development of the Pavillion Gas Field, hinders 

reaching firm conclusions on causes and effects of reported water quality changes. 

1.2 Recommendations Presented in the WDEQ 2016 Final Report 

The WDEQ 2016 Final Report discussed ten recommendations to focus on potential additional 

investigation to further identify groundwater constituents and to protect human health and the 

environment. The recommendations from the WDEQ 2016 Final Report are as follows: 

1. Additional sampling was recommended for constituents associated with palatability issues (e.g. 

organosulfides, sulfides analysis in field) or other geochemical/biomarkers for iron and sulfur 

bacteria such as quantitative polymerase chain reaction (qPCR) quantification of bacterial 

populations in groundwater. This additional sampling would help identify the origin of specific 

bacteria and assist in designing a treatment method for the well water. The additional targeted 

sampling should be complemented with limited analyses for general water quality parameters 

(e.g. major cations/anions and TDS) to assess comparability of the groundwater samples to 

earlier sample data. The additional analyses could include: 

 

 Iron-related bacteria by qPCR (proprietary method) 

 Sulfate reducing bacteria by qPCR (proprietary method) 

 Organosulfides (e.g. thiols, thioethers, disulfides) by Gas Chromatograph/Mass 

Spectrometry (GC/MS) (e.g. US EPA SW8270D-modified; lab-specific) 

 Sulfides in field by Hach kit using US EPA SW8131 

 Major cations, anions, and TDS as in the 2014 sampling (SW6010B, US EPA 300.0, SM 

2320B, and SM2540C). 

2. It was recommended to assess the potential for gas seepage along gas wells versus naturally 

occurring upward seepage of gas, and evaluate if conditions are present to allow the potential 

movement of liquid and/or gas from intermediate zones pressurized by gas into shallower 

permeable zones. Field activities may be conducted near production gas wells with signs of 

leakage at the surface (e.g., reported gas bubbling in well pit when the surface is wet). This 

information can be used to assess whether gas seepage along gas wells is occurring or has 

occurred. Soil gas sampling from spatially distributed locations is preferred to quantitatively 
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assess the upward seepage of gas as a function of distance from gas wells, so that the relative 

contribution from gas wells versus natural occurrence may be estimated. 

3. Additionally, existing data should be reviewed and evaluated, such as well logs for a) potential 

intermediate to shallow gas zones, b) potential shallow permeable groundwater zones, c) casing 

cementing conditions, and d) information on Bradenhead pressure. This would allow the 

potential migration conditions to be classified as more likely or less likely. Further investigation 

may then be directed at the most likely conditions identified, and may include installing multiple 

monitoring wells completed in different permeable zones, and collecting and analyzing data 

from the monitoring wells and water-supply wells completed at similar depths.  

4. It was recommended to further evaluate whether surface pits are contributing to water quality 

issues in water-supply wells. Some of the pits have been identified as a potential risk to 

groundwater and have been enrolled in, and are being investigated through, the WDEQ 

Voluntary Remediation Program (VRP). The WDEQ recommended that this corrective action 

process be allowed to be completed using the VRP. Additionally, the WDEQ concurred with the 

WOGCC Pit Review Report recommendation that additional investigation of numerous closed 

pits is needed. 

5. The WDEQ concurred with the WOGCC Well Integrity Review and Pit Review Reports 

recommendations that were not completed as of the date of issuance of the WDEQ 2016 Report. 

6. Once the VRP investigations and WOGCC recommended field work are complete, a detailed 

review of available data for existing and closed pits should be performed. This evaluation should 

be augmented with studies from other oil and gas pit study areas and related published guidance. 

Investigation and evaluation are needed for the low solids, non-dispersed (LSND) mud-type and 

the potassium chloride (KCl) polymer-type pits, as they contained different types of constituents 

than some of the invert mud-type pits that the VRP sites and WOGCC-recommended 

investigations are addressing. Depending on the outcome of this evaluation, it may then be 

beneficial to conduct an expanded investigation (e.g., additional monitoring wells at multiple 

depths and analysis of more constituents) at selected sites of different characteristics to 

demonstrate whether surface pits contribute to water-quality issues in water-supply wells.  

7. Investigation of other potential sources of petroleum hydrocarbons such as drill cuttings disposal 

sites and gas production and gathering facilities is recommended. At a minimum, an inventory 

of these potential sources, mapping of their locations relative to water-supply wells, and the 

history of activities at these sources should be developed. Preliminary field investigations, if 

warranted, including soil and groundwater sampling could be conducted at select potential 

source locations. 

8. Organic chemical detection limits. As part of the additional sampling recommended above, 

analyze samples for volatile organic compounds (VOCs) and semi-volatile organic compounds 

(SVOCs) to achieve lower method detection limits (MDLs) for the five specific chemicals 

discussed above (1,2-dibromo-3-chloropropane (DBCP), 1,2-dibromoethane (EDB), 

acrylamide, hexachlorobenzene (HCB), pentachlorophenol (PCP), and phenol) and other 

chemicals listed on Table 29 as necessary. To achieve lower MDLs for these chemicals, methods 
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such as US EPA 524.2 for VOCs and US EPA SW8270 with selective ion monitoring targeted 

at the three SVOCs may be necessary. 

9. The WDEQ recommended that the WDEQ and the WOGCC work collaboratively to evaluate 

consistent criteria for the closure of pits. 

10. WDEQ recommended that the US EPA plug and abandon the two monitoring wells constructed 

in 2010 in accordance with Wyoming Water Quality Rules and Regulations (WQRR) Chapter 

26, due to the potential hazard they pose in relation to groundwater supplies and physical safety. 

Information regarding previous studies, AOI (including criteria to establish the AOI), land use, 

geology, and other background information may be found in Section 2 of the WDEQ 2016 Final 

Report.  

This WDEQ 2019 Final Report focuses on addressing two of the ten recommendations:  1) 

Recommendation No. 1. Collection of samples and analysis of bacteria, major cations; major anions, 

and TDS and additional hydrogeochemistry; and 2) Recommendation No. 8. Evaluation of organic 

chemicals detection limits that are listed on Table 29 of the WDEQ 2016 Final Report. Other 

recommendations are being evaluated or investigated through the WDEQ VRP or the WOGCC. 
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2 SCOPE AND OBJECTIVES 

The WDEQ 2016 Final Report identified data gaps and made recommendations for additional 

investigation activities within the Pavillion Gas Field AOI. Not all recommendations that are 

outlined in the WDEQ 2016 Final Report are included in the Scope of Work (SOW) WDEQ 2017 

(Appendix A). The SOW for this investigation, focused on the following recommendations: 

1. Additional Water Well Sampling and Bacteria Evaluation - Additional sampling is 

recommended for constituents that were detected and presented in the WDEQ 2016 Final Report 

associated with palatability issues. Furthermore, other geochemical/biomarkers for bacteria such 

as Next Generation Sequencing (NGS) of bacterial populations in groundwater were evaluated 

along with other geochemical biomarkers including: major cations, anions, total dissolved solids 

and total organic carbon; sulfide and ferrous iron; dissolved gasses; isotopic analysis of methane, 

sulfate, and oxygen. 

2. Organic chemical detection limits. As part of the additional sampling recommended in the 

WDEQ 2016 Final Report, samples will be analyzed for VOCs, SVOCs, and organochlorine 

(OC) pesticides to achieve lower MDLs for constituents listed on Table 29 of the WDEQ 2016 

Final Report. In addition, VOC, SVOC, pesticide, and volatile fatty acid analysis will be 

evaluated to confirm presence or absence of constituents, and compared to results from the 

WDEQ 2016 Final Report. If results are unremarkable in 2017, water well samples will not be 

evaluated for these parameters in 2018.  
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3 METHODS 

Information on procedures followed during the collection of groundwater samples, including 

measurements of depth-to-groundwater, sample collection, field measurements, sample custody, 

analytical methods, reporting limits, and quality assurance (QA)/QC are described in the sampling 

and analysis plan (SAP) and the quality assurance project plan (QAPP) that were reviewed and 

approved by the WDEQ/Water Quality Division (WQD). This section describes the general 

procedures followed for data collection.  

3.1 Contractor Selection 

The WDEQ selected a contractor for the project in accordance with the WY Stat § 9-2-1016 (through 

2012) through a request for proposal (RFP) published and coordinated by the State of Wyoming 

Administration and Information, General Services Division, Procurement Section (Procurement). 

Procurement published the Request for Professional Services PS0769 in the Casper Start Tribune 

on March 13, March 20, March 27 and April 3 of 2017 and on the Procurement website. Proposals 

were accepted until close of business on April 7, 2017. The WDEQ received five proposals in 

response to the RFP. One contractor withdrew their proposal, and WDEQ requested interviews from 

three of the remaining four contractors. Interviews were held in Cheyenne and contractors were 

asked the same list of questions. The WDEQ selected Lowham Walsh Engineering & Environmental 

Services (Lowham Walsh) for the contract based on their understanding of project, expert 

knowledge and experience in the activities in the SOW, and cost.  

Lowham Walsh was administratively dissolved on April 28, 2018 and Strike Consulting Group LLC 

(SCG), which would be comprised of the same employees, equipment, and services that formed 

Lowham Walsh, began operations on April 30, 2018. On May 3, 2018, an amendment to the original 

contract was implemented that transferred the name of the contactor to SCG. Contractor support for 

this project is funded through a grant from the US EPA and an approved appropriations request. 

3.2 Selection of Sampling Locations and Sampling Dates 

Of the 46 water-supply wells, 14 were originally identified as AOI water-supply wells for additional 

investigation based on criteria presented in Section 2 of the WDEQ 2016 Final Report. The 14 AOI 

water-supply wells include the following wells: LD02, PGDW05, PGDW14, PGDW20, PGDW23, 

PGDW30, PGDW32, PGDW33, PGDW41A, PGDW41B, PGDW42, PGDW44, PGDW45, and 

PGDW49. The owner of PGDW42 declined to participate in WDEQ’s investigation (WDEQ 2016); 

therefore, PGDW42 was dropped from the study and was not sampled in 2014, 2017 or 2018. The 

pump for water-supply well PGDW41B broke and the well owner decided not to replace it as the 

well is not used; therefore, PGDW41B was not sampled in 2017 or 2018.  

Therefore, 12 water-supply wells were sampled in 2017 and 2018 and included the following wells: 

LD02, PGDW05, PGDW14, PGDW20, PGDW23, PGDW30, PGDW32, PGDW33, PGDW41A, 

PGDW44, PGDW45, and PGDW49. The first sampling event took place in September 2017 and the 

second sampling event took place in April and May 2018.  
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3.3  Site Entry  

The WQD personnel contacted water-supply well owners in the AOI to explain the sampling 

procedures, anticipated sampling date, and to obtain permission to sample their water-supply wells. 

Some water-supply well owners signed access agreements at the public meeting and other water-

supply well owners already had access agreements in place. Access agreements were sent to well 

owners who were not at the meeting and who did not have an access agreement in place. As the 

sampling date was refined, WQD personnel (or the contractor) notified the water-supply well owners 

of the date and time of sampling of their water-supply well. 

3.4 Groundwater Level Measurements 

Depth to groundwater data was either collected using an acoustic/sonic water level meter or was 

estimated by using data from the WDEQ 2016 Final Report. When the acoustic/sonic water level 

meter was used to record depth to groundwater, data were recorded on sampling sheets, and the 

meter was decontaminated after each use according to the SAP (Lowham Walsh 2017a) (Appendix 

B). 

3.5 Well Sampling 

3.5.1 Well Purge and Field Parameter Measurements 

At a minimum, three well casing volumes were purged from each well prior to collecting the post-

purge samples in most wells with one exception. Water-supply well LD02 did not have a pump; and 

therefore, water was not purged from the water column prior to sampling. Field water quality 

parameters (Table 1), purge water pump rate, volume, and purge water disposition were monitored 

and logged throughout purging stagnant water from the well (Table 2). 

3.5.2 Sample Collection 

Samples were collected in accordance with the SAP (Appendix B). A pre-purge microbial 

community characterization sample was collected from each well during the September 2017 

sampling event. After wells were purged and stabilization parameter criteria were met, field staff 

collected samples from the water-supply wells using a sampling point closest to the well (e.g. tap, 

spigot, hydrant, etc.) for water-supply wells with dedicated pumps. Water supply well LD02 does 

not have a dedicated pump; therefore, groundwater samples were collected using a passive sampler.  

Sampling and analysis requirements, laboratories and number of samples collected for each 

parameter are provided in Table 3. In 2017, all sampling locations were analyzed for all parameters. 

In 2018, all samples were analyzed for major ions, total alkalinity, total dissolved solid, total organic 

carbon, ferrous iron, and sulfide. A subset of samples was analyzed for gasses, isotopes, volatile and 

semi-volatile organic compounds, and diesel and motor oil range organics (Table 4). 

3.5.3 Field QC Sample Collection 

Field QC samples included duplicates, field blanks, and matrix spike/matrix spike duplicate 

(MS/MSD) samples in accordance with the SAP and QAPP, Lowham Walsh 2017b (Appendix B). 
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One field duplicate was collected for each sampling event. Field duplicate samples were collected 

for the full suite of analytical parameters for that year, following collection of the matching 

sample. 

The MS/MSD samples were prepared at least once during each sampling event. Wells selected for 

MS/MSD samples had sufficient yield to collect field parameters and the required volume for the 

triplicate samples. The MS/MSD samples were analyzed for each analysis (except isotopic gases, 

TDS, NGS, ferrous iron, and sulfide). Sample containers were filled in the same order as the 

primary samples. 

Trip blanks were included in each cooler that contained samples for VOCs, gasoline range 

organics, and dissolved gases. Trip blanks were prepared by the laboratory and consisted of 

sample containers filled with organic-free deionized water. 

3.5.4 Sample Management 

Sample containers were labeled with permanent markers and appropriate laboratory chain of custody 

(CoC) documentation was completed. The CoC was sealed in a locking, air-tight plastic bag, and 

placed with the sample bottles in the cooler. Sample containers were also sealed in locking, air-tight 

plastic bags to keep sample labels dry. Sufficient bubble wrap was placed in the cooler to prevent 

breakage. Custody seals were affixed to the cooler in a manner to prevent the cooler from opening 

without breaking a seal, and packing tape was used to seal the cooler. Multiple coolers were prepared 

each day and were shipped overnight by common courier to the laboratory. 

3.5.5 Laboratory Analysis 

Samples were submitted to Pace Analytical in Minneapolis, Minnesota (Table 3) for analysis. The 

following laboratories provided subcontractor services to Pace Analytical (Minneapolis):  

 Pace Analytical in Pittsburg, Pennsylvania;  

 Isotech Laboratories, Inc., in Champaign, Illinois;  

 Alpha Analytical in Mansfield, Massachusetts; 

 ALS Group, USA in Holland, Michigan; and 

 Microbac Laboratories, Inc. in Marietta, Ohio. 

Samples were analyzed for VOCs, SVOCs, OC pesticides, volatile fatty acids (VFAs), bacteria 

composition, dissolved gasses, and isotopes (Tables 5 and 6). 

3.6 Data Validation and Reporting 

The laboratory reports were reviewed for accuracy, precision, representativeness of actual 

conditions, and comparability with other data during the validation process. Data verification and 

validation review was performed by Ecology and Environment, Inc. Lancaster, New York (E&E), 
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using the analytical data and supporting documentation provided by each laboratory in accordance 

with the SAP and QAPP. The data were verified and validated in accordance with US EPA’s 

Guidance on Environmental Data Verification and Data Validation (US EPA 2002). The data 

underwent full review and evaluation according to QAPP specific criteria, US EPA National 

Functional Guidelines for Organic Superfund Methods Data Review (US EPA 2017a) and US EPA 

National Functional Guidelines for Inorganic Superfund Methods Data Review (US EPA 2017b). 

The validators reviewed summaries, raw and data associated with the Level IV data package to 

ensure the highest level of QA/QC. At a minimum, the following QC results were evaluated: 

 Sample Identification (ID)  

 Analysis 

 Surrogate Recovery 

 MS/MSD  

 Laboratory Control Sample (LCS)/ Laboratory Control Sample Duplicate (LCSD) 

 Method Blank  

 QC Batch  

 Instrument Performance Check 

 Internal Standard Area and Retention  

 Calibration Data, including Initial, Second Source, and Continuing 

 Holding Time  

 Linear Range Standard  

 Interference Check Samples 

 Tuning and Response Factor  

 Spike Sample  

 Serial Dilution 

 Raw Data 

Based on evaluation of QC indicators listed above, log sheets, and analyst notes provided, data 

validators assigned qualifier flags to the data as follows: 

 J - Reported value is estimated;  

 U - The analyte was not detected at or above the reported sample quantitation limit; and  

 UJ - The analyte was not detected at or above the reported sample quantitation limit and 

the reported quantitation limit is estimated.  

3.7 Standards 

The tabulated analytical results were compared to applicable standards as defined below:  

 Maximum Contaminant Levels (MCL) are standards that are set by the US EPA for drinking 

water quality. A MCL is the legal threshold limit on the amount of a substance that is 

allowed in public water systems under the Safe Drinking Water Act. MCLs are enforceable 

standards (US EPA 2018a). 
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 State of Wyoming WQRR, Chapter 8, Quality Standards for Wyoming Groundwaters, 

Table 1, Class I Groundwater Quality. These standards apply to groundwater suitable for 

domestic use. 

 US EPA DWEL is a Drinking Water Equivalent Level for a compound that is calculated 

using reference dose and based on health effects. The DWEL is determined by a reference 

dose (RfD) multiplied by weight and divided by daily water consumption. The US EPA 

DWEL is published and updated infrequently and is available for some chemicals. 

 WY DWEL is the same as the US EPA DWEL, but is calculated for any chemical that has 

published RfDs (for non-carcinogens) or slope factors (for carcinogens). The same 

equations as US EPA DWELs are used for the WY DWEL; however, the WY DWELs are 

updated when RfDs or slope factors are updated. Specific information and equations are 

provided in State of Wyoming Storage Tanks Rules and Regulations, Chapter 1. 

 US EPA Secondary Drinking Water Standard (SDWS) is a non-enforceable federal 

guideline regarding cosmetic effects (tooth or skin discoloration) or aesthetic effects (taste, 

odor, or color) of drinking water (US EPA 2018b). 

 US EPA Drinking Water Health Advisories (HA) are concentrations of contaminants that 

can cause human health effects and are known or anticipated to occur in drinking water. 

HAs are non-enforceable and are based on non-cancer health effects for different durations 

of exposure (e.g. one-day, ten-day, and lifetime) (US EPA 2018c). 

The results were reported to the MDL. When the concentration of an analyte is between the MDL 

and the reporting limit (RL), there is 99 percent (%) confidence that the analyte is present at the 

reported concentration, but the exact concentration is not known; therefore, concentrations reported 

between the MDL and RL are noted as estimated using a “J” flag. 

In the tables with measurements of field quality parameters and laboratory analytical results, when 

a reported concentration is greater than a drinking water standard or comparison value, the result 

value is in black or red bold font and the cell is highlighted with color in accordance with notes in 

the tables. When a reported laboratory analytical result is less than the MDL, the result value is in 

gray font; and if analytical result is less than the MDL and the MDL is greater than a drinking water 

standard or comparison value, that result in black font and the cell is highlighted in gray. 
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4  RESULTS 

This section includes the results from the September 2017 and the April/May 2018 sampling of 12 

private water-supply wells within the Pavillion AOI. Copies of the field notes and Level II laboratory 

reports are included in Appendix C and Appendix D, respectively. Level IV laboratory reports are 

very large (consisting of 900 to 1,200 pages per sampling location) and can be downloaded from the 

following website: http://deq.wyoming.gov/wqd/pavillion-investigation. 

4.1 Field Parameters 

Water quality parameters were measured to assist in the evaluation of bacteria composition and to 

help WQD understand the ambient conditions of the groundwater. Neither the US EPA nor the 

WDEQ have standards based on health or aesthetic effects for the field parameters listed below, 

with the exception of pH and ferrous iron. Water quality parameters measured in the field included 

dissolved oxygen (DO), ferrous iron, sulfide, oxidation reduction potential (ORP), specific 

conductance, TDS, pH, turbidity, and temperature. Parameter readings on Table 5 and Table 6 

contain the final results after purging the well of stagnant water and prior to collecting samples for 

2017 and 2018, respectively. A summary of results showing the highest values from the 2017 and 

2018 sampling events for each analyte is provided below. In addition, evaluation of the 2017 and 

2018 events are compared to the 2014 results. Historical groundwater field parameters for the 

Pavillion Gas Field were obtained from the Fort Union and Wind River Formations and are 

presented where information was available. Historical data were obtained from samples collected 

from water-supply wells during studies conducted by the United States Geological Survey (USGS), 

Indian Health Service and the US EPA.  

Dissolved oxygen concentrations ranged from 0 (multiple locations) to 4.46 mg/L (PGDW41A). 

The 2014 sampling event also identified PGDW41A with the highest DO reading of 7.35 mg/L. 

Dissolved oxygen can be an indicator for microorganisms that inhabit the subsurface. Further 

discussion on bacteria occurs in Section 4.9.  

Ferrous iron concentrations ranged from 0 (multiple locations) to 1.67 mg/L (PGDW44) which 

exceeded the WQRR Class I domestic standard of 0.3 mg/L. No other wells exceeded the WQRR 

Class I domestic standard of 0.3 mg/L for ferrous iron in 2017 and 2018. During the 2014 sampling 

event, ferrous iron concentrations ranged from 0 (multiple locations) to 3.3 mg/L (PGDW44), and 

two water-supply wells (PGDW44 and PGDW41B) had concentrations of ferrous iron that exceeded 

the WQRR Class I domestic standard.  

pH in groundwater samples ranged from 6.86 to 10.16 standard unit (s.u.). The pH measured in 

seven wells (LD02, PGDW05, PGDW20, PGDW23, PGDW30, PGDW32, and PGDW33) exceeded 

the WQRR Class I domestic standard of 6.5 to 8.5 s.u. Results were similar in 2014 with similar 

wells exceeding the WQRR Class I domestic standard with the exception of PGDW33. In 2014, the 

pH reading for PGDW33 was 7.05 and 7.21 s.u. during the two sampling events whereas during 

2017 and 2018 pH increased to 8.99 and 10.14 s.u., respectively. The pH values collected by the 

WDEQ agree with historical pH range of 6.8 to 9.7 s.u. 
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Oxidation reduction potential measurements ranged from -270.1 to 280.3 millivolts (mV). The 2014 

values were comparable to 2017 and 2018 values. ORP is used to measure the reducing or oxidizing 

potential of groundwater, and is not a measurement used for health effects. The more positive the 

ORP value, the more oxidizing the groundwater.  

Sulfide concentrations ranged from 0 to 0.18 mg/L. Sulfide was not measured in the field in 2014 

and laboratory data are not comparable to field data. There is no WY WQRR standard available for 

sulfide. Sulfide is considered a marker for the presence and activity of sulfate reducing microbes. 

Further discussion on bacteria occurs in Section 4.9.  

Specific conductivity (SpC) ranged from 1,002 to 7,443 microsiemens per centimeter (µS/cm). 

Specific conductance, also referred to as conductivity, electrical conductivity or specific electrical 

conductance, is a measure of the ability of a water to conduct electricity. In general, the higher the 

concentration of dissolved salts in the water, the easier it is for electricity to pass through water. 

Salinity concentrations ranged from 0.46 to 4.2 practical salinity units. The SpC values obtained in 

the WDEQ study agree with the historical range of 202 to 14,000 μS/cm. 

Temperatures of the groundwater ranged from 9.0 to 16.1 degrees Celsius (oC) in 2017 and 2018. 

The greatest variation in temperature between fall 2017 and spring 2018 was in well LD02 with a 

difference of 5.7oC (16.1oC in fall 2017 and 10.4oC in spring 2018). The 2014 values were 

comparable to 2017 and 2018 values. The temperatures obtained in the WDEQ study agree with the 

historical range of 8.3 to 15 oC. 

Turbidity of the groundwater samples ranged from 0 to 52.72 Nephelometric Turbidity Unit (NTU). 

Five samples (LD02 (twice), PGDW20, PGDW30, and PGDW49) exceeded the US EPA water 

treatment technique standard of 5 NTU in fall 2017 whereas LD02 and PGDW49 exceeded 5 NTU 

in the summer of 2018. In 2017, LD02 had the highest turbidity reading at 52.72 NTU; however, 

LD02 was much lower in 2018 with a reading of 7.72 NTU. The 2014 values were comparable to 

2017 and 2018 values with a turbidity range of 0 to 59 NTU. 

4.2 Ions and General Chemistry  

The major cations analyzed in the water samples collected from the water-supply wells included: 

calcium, iron, magnesium, manganese, potassium, sodium, and strontium. Major anion analyses 

included: alkalinity (various forms), bromide, chloride, fluoride, nitrate, nitrite, and sulfate. General 

chemistry analyses included TDS and total organic compounds (TOC). The 2017 and 2018 results 

are compared to the 2014 results in the summary below for each analyte (Tables 7 and 8). Historical 

groundwater analytical results for the Pavillion were obtained from the Fort Union and Wind River 

Formations and are presented when available. Historical data were obtained from samples collected 

from water-supply wells during studies by the USGS (1969), Indian Health Service and USGS 

(USGS 1992) and the US EPA. Laboratory results from select trace elements (arsenic, barium, 

cadmium, chromium, copper, iron, manganese, mercury, nickel, selenium, silver, and zinc) from the 

USGS 1992 report did not have the units of measure reported; and therefore, results were dropped 

from the dataset.  
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4.2.1  Major Cations 

Calcium, magnesium, and potassium were detected in all samples and do not have standards. 

The measurement of calcium and magnesium in groundwater is related to the hardness of the 

water. In 2017 and 2018, calcium concentrations ranged from 3.02 (PGDW05) to 518 mg/L 

(PGDW41A), magnesium concentrations ranged from 0.0165 (PGDW32) to 140 mg/L 

(PGDW49), and potassium concentrations ranged from 0.227 (PGDW33) to 14.9 mg/L 

(PGDW49). Calcium, magnesium, and potassium concentrations in 2014 had similar 

distribution and concentrations as 2017 and 2018. The calcium, magnesium, and potassium 

concentrations obtained WDEQ study agree with the historical concentration ranges of <1.0 to 

490 mg/L, <1.0 to 224 mg/L and <1.0 to 30 mg/L for calcium, magnesium, and potassium, 

respectively. 

Iron (total) was detected in approximately three quarters of the samples (Figure 2). Iron (total) 

has a standard of 0.3 mg/L for domestic use (WQRR Chapter 8). This standard is based on 

aesthetic (e.g., taste, color, and odor) considerations. Higher concentrations of iron in drinking 

water can cause a rusty color, metallic taste and reddish or orange staining. In addition, high 

concentrations of iron in water may lead to the growth of iron bacteria that can form a slimy 

coating in piping and on well components (University of Georgia (UGA) 2015). In 2017 and 

2018, iron (total) concentrations ranged from 0.0167 to 5.69 mg/L in PGDW44 and LD02, 

respectively. In 2014, iron (total) was detected in fewer wells and concentrations were lower. 

The iron concentrations obtained in the WDEQ study agree with the historical concentration 

range of 0 to 11.4 mg/L. 

Manganese (total) was detected in most of the samples (Figure 2). Manganese (total) has a 

standard of 0.05 mg/L for domestic use (WQRR Chapter 8). This standard is based on aesthetic 

(e.g., taste, color, and odor) considerations. Higher concentrations of manganese in drinking 

water can lead to a black or brown color of the water, black staining and a bitter metallic taste. 

In addition, high concentrations of manganese in water may lead to the growth of bacteria that 

can form a slimy coating in piping and on well components (UGA 2015). In 2017 and 2018, 

manganese concentrations ranged from 0.0008 (PGDW45) to 1.85 mg/L (LD02). Three wells 

(LD02, PGDW44, and PGDW49) exceeded the standard for manganese. In 2014, manganese 

distribution was similar but concentrations were lower than 2017 and 2018 Manganese 

concentrations obtained in the WDEQ study agree with the historical concentration range of 0 

to 0.2 mg/L. 

Sodium was detected in all samples (Figure 3). Sodium has a standard of 20 mg/L for individuals 

on a 500 mg/day restricted sodium diet and a taste threshold of 30-60 mg/L (US EPA HA). All 

samples exceeded both standards. In 2017 and 2018, sodium concentrations ranged from 59.5 

(PGDW45) to 1,250 mg/L (PGDW41A). Distribution of sodium concentrations in 2014 were 

comparable to 2017 and 2018. Historical data from the 1969 and 1992 USGS report included at 

four abnormally high concentrations of sodium (1,500 (twice), 1,600 and 2,700 mg/L) out of at 

least 230 data points (some data from 1969 USGS report my may be repeated in the 1992 USGS 

report). Speculated reasons for the high concentrations were not given in the reports. With the 
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four high concentrations removed from the historical range, the sodium concentrations obtained 

in the WDEQ study agree with the historical concentration range of 5 to 1,600 mg/L. 

Strontium was detected in all samples. Strontium has a standard of 20 mg/L (US EPA DWEL) 

and all samples had concentrations below the standard. In 2017 and 2018, strontium 

concentrations ranged from 0.0567 (PGDW05) to 9.01 mg/L (PGDW49). In 2014, strontium 

distribution and concentrations were similar to concentrations in 2017 and 2018.  

4.2.2  Major Anions 

Alkalinity (total) was detected in all samples and does not have a standard. Alkalinity 

concentrations ranged from 26.1 (PGDW32) to 328 mg/L (PGDW45). In 2014, the distribution 

and concentrations of alkalinity were similar to 2017 and 2018 (WDEQ 2016). The alkalinity 

concentrations obtained in the WDEQ study agree with the historical concentration range of 22 

to 639 mg/L. 

Bromide was detected in all samples and does not have a standard. Bromide concentrations 

ranged from 0.056 J (PGDW14) to 0.41 (PGDW41A) mg/L. In 2014, bromide concentrations 

were not detected in LD02, PGDW41A, or PGDW44; however, in wells where bromide was 

detected, concentrations were similar to 2017 and 2018. Two bromide concentrations were found 

in historical data with concentrations of 0.143 and 0.144 mg/L. Historical concentrations fall 

with the concentration range of samples obtained in the WDEQ study. 

Chloride was detected in all samples. Chloride was detected at concentrations ranging from 15.7 

mg/L (PGDW30) to 142 mg/L (PGDW41A). Chloride was not detected at concentrations greater 

than the WQRR Chapter 8 domestic use standard of 250 mg/L. Chloride distribution and 

concentrations in 2014 were similar to 2017 and 2018 with the following exception. In 2014, 

PGDW41A had chloride concentrations of 710 and 850 mg/L; however, in 2017 and 2018 

PGD41A had chloride concentrations of 131 and 142 mg/L. Historical data from the 1969 report 

included one abnormally high concentration of chloride (416 mg/L) out of 83 results (USGS 

1969). Speculated reasons for the high concentration were not given in the report; and therefore, 

was removed from the historical range. The chloride concentrations obtained in the WDEQ study 

agree with the historical concentration range of 0 to 340 mg/L.  

Fluoride was detected in all samples. Fluoride was detected at concentrations ranging from 0.25 

mg/L (PGDW41A) to 2.7 mg/L (PGDW32). Fluoride was not detected at concentrations greater 

than the US EPA MCL of 4 mg/L. Fluoride distribution and concentrations in 2014 were 

comparable to 2017 and 2018. The fluoride concentrations obtained in the WDEQ study agree 

with the historical concentration range of 0.1 to 8.8 mg/L. 

Nitrogen, Nitrate (Nitrate) was detected in nine wells (LD02, PGDW05, PGDW14, PGDW30, 

PGDW33, PGDW41A, PGDW44, PGDW45, and PGDW49) from 0.039 (PGDW05) to 20.1 

mg/L (PGDW41A). One well (PGDW41A) exceeded the standard of 10 mg/L (US EPA MCL) 

in 2017 (20.1 and 20 mg/L) and 2018 (16.6 mg/L). This well is located downgradient of a cattle 

pen which is most likely the cause for the excess nitrate concentration. In 2014, nitrate 
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concentrations were similar to those in 2017 and 2018; however, nitrate was not detected in 

PGDW05 and PGDW30 and it was detected in PGDW23. Historical data from the 1969 USGS 

report included four abnormally high concentrations of nitrate (34, 41, 44, and 92 mg/L) out of 

82 samples. Speculated reasons for the abnormally high nitrate concentrations were not given in 

the report. The four high concentrations were removed from the historical range. The nitrate 

concentrations obtained in the WDEQ study agree with the historical concentration range of 

<0.05 to 19 mg/L.  

Nitrogen, Nitrite (Nitrite) was not detected in any wells in 2017 and 2018. In 2014, nitrite was 

detected in seven wells at concentrations below the standard of 1 mg/L (US EPA MCL). Nitrite 

concentrations in 2014 ranged 0.02 mg/L in PGDW23, PGDW23DUP, and PGDW30 to 0.66 

mg/L in PGDW41A. The 1969 and 1992 USGS reports did not report nitrite concentrations. The 

US EPA did not detect nitrite above 0.50 mg/L (WDEQ 2016).  

Sulfate was detected in all samples (Figure 4). Sulfate was detected at concentrations ranging 

from 85.5 mg/L (PGDW45) to 3,760 mg/L (PGDW41ADUP). Sulfate was detected at 

concentrations greater than the US EPA HA (taste threshold) of 250 mg/L in all but one well 

(two samples). Samples collected from six wells exceeded the US EPA HA of 500 mg/L: LD02, 

PGDW14, PGDW20, PGDW41A, PGDW44, and PGDW49. Sulfate distribution and 

concentrations in 2014 were similar to 2017 and 2018 with the following exception. PGDW45 

had a minimum sulfate concentration of 250 mg/L in 2014, whereas in 2018, the sulfate 

concentration was 85.5 mg/L. Historical data included a total of two abnormally high 

concentrations of sulfate (5,800 and 4,630 mg/L). Speculated reasons for the abnormally high 

concentrations were not given in the reports. The concentrations were removed from the 

historical range. The sulfate concentrations obtained in the WDEQ study agree with the 

historical concentration range of 1 to 3,250 mg/L.  

4.2.3  Total Dissolved Solids and Total Organic Carbon 

Total dissolved solids were detected in all samples (Figure 5). TDS was detected at 

concentrations ranging from 517 (PGDW05) to 5,960 mg/L (PGDW41A). For wells permitted 

for domestic use, the WQRR Chapter 8 standard for domestic use (500 mg/L) was exceeded. 

Other wells permitted for livestock uses, or unpermitted and being used for livestock, exceeded 

the WQRR Chapter 8 standard for livestock use (5,000 mg/L). In 2014, the TDS distribution and 

concentrations were similar to 2017 and 2018 with three exceptions: 1) LD02 had a higher 

minimum TDS concentration in 2014 (2,500 mg/L) than in 2018/2017 (2230/1780J mg/L); 2) 

TDS concentrations for PGDW33 were almost twice as high in 2014 (1,180 and 1,350 mg/L) 

than in 2017 and 2018 (583 and 623 mg/L); and 3) PGDW44 had a higher minimum TDS 

concentration in 2014 (4,420 mg/L) than in 2018/2017 (2,870 mg/L). Historical data from the 

1992 USGS report included one abnormally high concentration of TDS (9,130 mg/L) out of 147 

samples. Speculated reasons for the high concentration were not given in the report; and 

therefore, the high TDS concentration was removed from the historical range. The TDS 

concentrations obtained in the WDEQ study agree with the historical concentration range of 180 

to 6,030 mg/L.  
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Total organic carbon was detected in all samples and does not have a standard. In 2017 and 2018, 

TOC ranged from 0.27J (PGDW33) to 11.3 mg/L (PGDW41ADUP). In 2014, TOC ranged from 

0.52 (PGDW41B) to 6.1 mg/L (PGDW49); however, not all wells were analyzed for TOC in 

2014. The 1969 and 1992 USGS reports did not report TOC concentrations. The US EPA 

reported TOC concentrations in one well (PGDW05 multiple sampling events) between <0.5 

and 1.2 mg/L. The TOC concentrations obtained in the WDEQ study for PGDW05 (0.54J and 

0.53J mg/L) agree with the historical concentration. 

4.3 Volatile Organic Compounds  

In 2017, VOCs were evaluated as part of Recommendation No. 8 that identified three VOCs that 

were not detected above their respective MDLs; however, the MDLs were above the standard as 

shown on Table 29 of the 2016 Report. The three analytes included: DBCP, EDB, and 1,2,3-

Trichloropropane (TCP). Samples collected in 2017 were analyzed for these three VOCs, and the 

rest of analytes in the VOC analytical suite. The VOC concentrations in samples collected in 2017 

were below respective MDLs (Table 9), similar to the 2014 results. Volatile organic compounds 

were not sampled for or analyzed in 2018. 

 The MDL for EDB in 2017 was 0.0071 μg/L which is below the standard of 0.05 μg/L (US 

EPA MCL). EDB was not detected in the water-supply wells above the detection limit 

(0.0071 μg/). 

 

 The other two VOCs (DBCP and TCP) had MDLs in 2017 that were above respective 

standards of 0.2 μg/L (US EPA MCL) and 0.003 μg/L (WY DWEL) at 0.24 μg/L and 0.1-

0.2 μg/L, respectively. Lower MDLs were not achievable based on the available technology. 

The following is a summary of the chemical use, potential sources for entering the 

environment, and rationale for WQD’s decision to accept the data. 

 

o DBCP is a synthetic chemical. The major sources of DBCP in the environment are 

from its former use as a soil fumigant and nematocide (worm killer) on a variety of 

crops and from unintentional release from hazardous waste sites that contain the 

chemical all registered uses as a pesticide were canceled by the US EPA in 1985. The 

most likely sources of exposure of the general population to DBCP are from drinking 

water that may have been contaminated in areas where the chemical was used for 

agricultural purposes or from food sources grown in soil that may still contain 

residues. However, it is not likely that the general population would be exposed to 

DBCP levels in drinking water or food sources that would be high enough to cause 

adverse health effects (ATSDR, 2018). DBCP has a US EPA MCL of 0.2 μg/L. The 

2017 MDL for DBCP was 0.24 μg/L. The WDEQ accepts the MDLs (0.2-0.3 μg/L 

in 2014 and 0.24 μg/L in 2017) and believes the non-detect values are valid because 

there is not a source for DBCP in the area. DBCP was not detected in groundwater 

samples in 2014 (June and August) and 2017. 
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o TCP is a synthetic chemical that is has been used as an industrial solvent, cleaning 

and degreasing agent. It has also been found as an impurity resulting from the 

production of soil fumigants (fumes that rid vermin or disinfect). TCP exposure is 

most likely to occur near hazardous waste sites where TCP was improperly stored or 

disposed, or at locations that manufacture or use the chemical (ATSDR, 1992). The 

Wyoming DWEL for TCP is 0.003 μg/L and the US EPA’s DWEL is 10 μg/L. The 

WDEQ accepts the MDLs for TCP (0.1-0.2 μg/L in 2014 and 0.0045 in 2017) 

because the MDLs are well-below the US EPA DWEL and there is not a source for 

TCP in the area. TCP was not detected in groundwater samples in 2014 (June and 

August) and 2017. 

4.4 Semi-Volatile Organic Compounds 

In 2017, SVOCs were evaluated as part of Recommendation No. 8 from the 2016 Report Table 29 

where 18 SVOC compounds were not detected above their respective MDLs; however, their MDLs 

were above their respective standard (Table 10). Samples collected in 2017 were analyzed for these 

18 SVOCs, and the rest of analytes in the SVOC analytical suite. The SVOC concentrations in 

samples collected in 2017 (Table 11) were below respective MDLs (Table 10), similar to the 2014 

results. 

The 18 SVOC compounds in Recommendation No. 8 from the 2016 Report Table 29 include: 

acrylamide, HCB, PCP, phenol, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene; azobenzene, bis(2-

chloroethyl) ether (BCEE), 4-chloroaniline (PCA), 3,3`-dichlorobenzidine (3-3’-DCB), 2,6-

dinitrotoluene (DNT), hexachlorobutadiene (HCBD), n-nitrosodimethylamine (NDMA), and 

nitrosodi-n-propylamine (NDPA).  

 Semi-volatile organic compound MDLs were achieved for 7 of 18 SVOCs including: PCP; 

benzo(a)anthracene; benzo(a)pyrene; benzo(b)fluoranthene; benzo(k)fluoranthene; 

dibenzo(a,h)anthracene; and indeno(1,2,3-cd)pyrene. Most concentrations for these SVOCs 

were not detected above the MDL and all detected concentrations were below WDEQ 

standards. 

 

 Method detection limits were not achieved below standards for 11 of the 18 SVOCs 

including acrylamide, azobenzene, BCEE, 3-3’-DCB, DNT, HCBD, HCB, NDMA, NDPA, 

phenol, and PCA. Below is a summary of the chemical use, potential source for entering the 

environment, and rationale for WQD’s decision to accept the results below the MDL: 

 

o Acrylamide in the environment is man-made. Acrylamide is the main ingredient in 

polyacrylamides, which are used in wastewater treatment, water reuse in mining 

operations, well construction, and drinking water treatment. (ATSDR, 2012). US EPA 

has a DWEL of 70 μg/L for acrylamide which is based on non-carcinogenic effects. WY 

DWEL is conservative at 0.18 μg/L and is based on chronic exposure of 24 hours a day 

for 70 years. The WDEQ accepts the MDLs (9.5 μg/L from 2014 and 15 μg/L from 2017) 
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and believes the non-detect values are valid. Acrylamide was not detected in groundwater 

samples in 2014 (June and August) and 2017. 

 

o Azobenzene is analyzed with 1,2-diphenylhydrazine because 1,2-diphenylhydrazineis is 

an unstable compound that will quickly oxidize to azobenzene. Azobenzene is not known 

to occur in nature and is no longer produced or used in the US. Azobenzene's former 

production and use as an intermediate in the production of dyes and rubber accelerators, 

benzidine and its salts, insecticides and pyrazolone derivatives may have resulted in its 

release to the environment through various waste streams. Formerly, its use as a 

greenhouse fumigant and arcaricide (a substance poisonous to mites or ticks) resulted in 

its direct release to the environment. The only current use of 1,2-diphenylhydrazine in 

the US is in the production of medicines to treat inflammation and a type of arthritis. 

Most people are not likely to be exposed to azobenzene because of its limited use and 

because it doesn't last long once released to the environment (ATSDR 2019a). The WY 

DWEL for azobenzene is 0.82 μg/L. The US EPA does not have a standard for 

azobenzene. The WDEQ accepts the MDLs for azobenzene (0.64 - 2.8 μg/L from 2014 

and 1.3-1.5 μg/L from 2017) and believes the non-detect values are valid. It is unlikely 

that this compound is in the groundwater since it is no longer manufactured or used in 

the US and it breaks down quickly once released to the environment. Azobenzene was 

not detected in groundwater samples in 2014 (June and August) and 2017. 

 

o BCEE is made in factories and most of it is used to make pesticides. Some of it is used 

as a solvent, cleaner, component of paint and varnish, rust inhibitor, or as a chemical 

intermediate to make other chemicals. The primary exposure to BCEE though drinking 

water is when water supplies are near waste disposal sites and groundwater has been 

contaminated (ATSDR 2017). The Wyoming DWEL for BCEE is 0.082 μg/L. The US 

EPA does not have a standard for BCEE. The WDEQ accepts the MDLs for BCEE (1.2-

3.1 μg/L, 2014 and 1.2-1.3 μg/L, 2017) and believes the non-detect values are valid 

because MDLs are low and there is not a source for BCEE in the area. BCEE was not 

detected in groundwater samples in 2014 (June and August) and 2017. 

 

o 3-3’-DCB is a manufactured chemical and was used in the past in the production of dyes 

and pigments; it is no longer used to manufacture dyes in the US. People may be exposed 

to the chemical if they live or work near land where plant wastes have been stored or 

buried, or close to lakes, streams, or rivers near where plants discharge process water or 

store wastes (ATSDR 1998a). The Wyoming DWEL for 3-3’-DCB is 0.20 μg/L and the 

US EPA does not have a standard for 3-3’-DCB. The WDEQ accepts the MDL for 3-3’-

DCB (0.60-2.5 μg/L from 2014 and 1.2-1.4 μg/L from 2017) and believes the non-detect 

values are valid because MDLs are low and there is not a source of 3-3’-DCB in the area. 

3-3’-DCB was not detected in groundwater samples in 2014 (June and August) and 2017. 

 

o DNT is a synthetic chemical not found naturally in the environment. DNT is used to 

make flexible polyurethane foams used in the bedding and furniture industries. DNT is 
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also used to produce explosives, ammunition, and dyes, and is used air bags of 

automobiles. DNT is commonly found in surface water, groundwater and soil at 

hazardous waste sites that contain buried ammunitions waste or waste from facilities that 

manufacture or process DNT (ATSDR 1998b). The WY DWEL for DNT is 0.06 μg/L 

and the US EPA DWEL is 40 μg/L. The WDEQ accepts the MDL for DNT (0.66-3.4 

μg/L from 2014 and 0.66-0.73 μg/L from 2017) because the MDLs are well-below the 

US EPA DWEL of 40 μg/L and because it is unlikely that DNT is in the groundwater 

since there is no source is the area. DNT was not detected in groundwater samples in 

2014 (June and August) and 2017. 

 

o HCBD is mainly used to make rubber compounds. It is also used as a solvent, and to 

make lubricants, in gyroscopes, as a heat transfer liquid, and as a hydraulic fluid. HCBD 

may be released to underground and surface waters through discharge from industrial 

facilities, by leaching from industrial discharges, by leaching from landfills or soils, or 

by urban runoff (ATSDR 1994). The WY DWEL for HCBD is 1.15 μg/L and the US 

EPA DWEL is 10 μg/L. The WDEQ accepts the MDLs for HCBD (0.53-2.9 μg/L from 

2014 and 3.3-3.6 μg/L from 2017) and believes the non-detect values are valid since 

MDLs are below the US EPA DWEL of 10 μg/L. HCBD was not detected in groundwater 

samples in 2014 (June and August) and 2017. 

 

o HCB is formed as a waste product in the production of several chlorinated hydrocarbons, 

such as tetrachloroethylene and trichloroethylene, and is a contaminant in some 

pesticides, such as pentachloronitrobenzene and PCP. The principal release of HCB into 

water in the past has been through direct discharges from chemical solvent 

manufacturing facilities (ATSDR, 2013). HCB has a US EPA MCL of 1 mg/L. Although 

the MDL of HCB is higher than the MCL, the WDEQ accepts the MDLs (1.2-2.1 μg/L 

from 2014 and 2.2-2.5 μg/L from 2017) and believes the non-detect values are valid. 

HCB was not detected in groundwater samples in 2014 (June and August) and 2017. 

 

o NDMA is a semi-volatile organic chemical that forms in both industrial and natural 

processes. NDMA is not currently produced in pure form or commercially used in the 

US, except for research purposes. It was formerly used in production of liquid rocket 

fuel, antioxidants, additives for lubricants, and softeners for copolymers. NDMA can be 

unintentionally produced in and released from industrial sources through chemical 

reactions, such as those that involve alkylamines with nitrogen oxides, nitrous acid or 

nitrite salts. Potential industrial sources include byproducts from tanneries, pesticide 

manufacturing plants, rubber and tire manufacturers, alkylamine manufacture and use 

sites, fish processing facilities, foundries and dye manufacturers. NDMA is also an 

unintended byproduct of the chlorination of wastewater and drinking water at treatment 

plants that use chloramines for disinfection (ATSDR 1989). NDMA Listed as a priority 

pollutant by the US EPA, but no federal standard has been established for drinking water. 

The WY DWEL for NDMA is 0.002 μg/L and the US EPA does not have a standard. 

The WDEQ accepts the MDLs for NDMA (0.74-4.6 μg/L from 2014 and 1.1-1.2 μg/L 
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from 2017). It is unlikely that NDMA is in the groundwater at this location due to lack 

of sources. NDMA was not detected in groundwater samples in 2014 (June and August) 

and 2017. 

 

o NDPA is a chemical produced by industry in small amounts for research. Small amounts 

of NDPA are produced as a side reaction during some manufacturing processes, as a 

contaminant in some dinitroaniline herbicides, and during the manufacture of some 

rubber products. Low levels of NDPA may be released to the environment from 

contaminated products and industrial sites of inadvertent production or disposal of 

wastes. Small amounts of NDPA may also be released to surface waters either directly 

or indirectly (e.g., in runoff) as a result of using dinitroaniline herbicides containing the 

nitrosamine as an impurity (ATSDR 2019b). The WY DWEL for NDPA is 0.013 μg/L 

and the US EPA does not have a standard. The WDEQ accepts the MDLs for NDPA 

(0.74-4.6 μg/L, 2014 and 1.1-1.2 μg/L, 2017). It is unlikely that NDPA is in the 

groundwater at this location due to lack of sources. NDPA was not detected in 

groundwater samples in 2014 (June and August) and 2017. 

 

o PCA is a synthetic chemical that is used as an intermediate in the production of a number 

of products, including agricultural chemicals, azo dyes and pigments, cosmetics, and 

pharmaceutical products. Thus, releases of PCA into the environment may occur from a 

number of industrial sources (e.g., production, processing, dyeing/printing industry) 

(World Health Organization (WHO) (WHO 2003). The Wyoming DWEL for PCA is 

0.45 μg/L and the US EPA does not have a regulatory standard. The WDEQ accepts the 

MDLs for PCA (0.64-2.8 μg/L, 2014 and 2.0-2.2 μg/L, 2017) and believes the non-detect 

values are valid because MDLs are low and there is not a source of PCA in the area. PCA 

was not detected in groundwater samples in 2014 (June and August) and 2017. 

 

o Phenol is both a manufactured chemical and a natural substance. Phenol is used primarily 

in the production of phenolic resins and in the manufacture of nylon and other synthetic 

fibers. It is also used in slimicides (chemicals that kill bacteria and fungi in slimes), as a 

disinfectant and antiseptic, and in medicinal preparations such as mouthwash and sore 

throat lozenges. Phenol mainly enters the water from industrial effluent discharges 

(ATSDR 2008). The US EPA DWEL for phenol is 11,000 μg/L. The WQRR Chapter 8 

standard for phenol is 1 μg/L and is based on the effects of multiple phenols with other 

products on drinking water disinfection. The odor threshold for phenol is 1,000 μg/L 

(Baker et al. 1978) or 7,900 μg/L (Amoore and Hautala 1983). The WQRR standard does 

not apply to drinking water wells and the MDLs are below the most conservative odor 

threshold of 1,000 μg/L. The WDEQ accepts the MDLs for phenol (0.77-1.7 μg/L from 

2014 and 1.2-1.3 μg/L from 2017) and believes the non-detect values are valid. Phenol 

was not detected in groundwater samples in 2014 (June and August) and 2017. 

In addition to analyzing samples for SVOCs listed on Table 29 of the WDEQ 2016 Final Report for 

Recommendation No. 8, the entire suite of SVOC analysis was completed on samples collected from 
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the 12 AOI water-supply wells in 2017. Of the detected SVOCs, all were below applicable standards 

with the exception of BEHP in PGDW20DUP and PGDW45 and dibenzo(a,h)anthracene in 

PGDW20. SVOC analysis was completed on samples collected from PGDW20 in 2018. No SVOCs 

were detected above MDLs (Table 12). Irregular detections of BEHP can be associated with artifacts 

of sampling and laboratory analysis (Wisconsin Department of Natural Resources 2002). 

Dibenzo[a,h]anthracene is primarily found in gasoline exhaust, tobacco smoke, coal tar, soot and 

certain food products, especially smoked and barbecued foods.  

4.5 Organochlorine Pesticides  

In 2017, two OC pesticides (aldrin and dieldrin) were evaluated as part of Recommendation No. 8 

because concentrations were not detected above their respective MDLs, but the MDLs were above 

the standards of 0.005 µg/L and 0.006 µg/L (WY DWEL), respectively. In 2017, MDLs for aldrin 

(0.0009 µg/L) and dieldrin (0.0004-0.0005 µg/L) were obtained below WY DWELs. Aldrin and 

dieldrin were not detected above MDLs (Table 13). In addition to analyzing samples for OC 

pesticides listed on Table 29 of the WDEQ 2016 Final Report, WDEQ evaluated the entire suite of 

OC pesticides. No OC pesticides were detected above MDLs in the extended analyte list. 

4.6 Volatile Fatty Acids  

Samples were analyzed for VFA in 2017 at the request of stakeholders and with WQD’s approval, 

as this information helps in the evaluation of Recommendation No. 1. VFAs are important elements 

in controlling the anaerobic digestion process. It has two important roles: decomposing organics and 

generating gases, methane and carbon dioxide. When both decomposing and generating occur 

continuously and completely, oxygen demand decreases. There are no standards for VFAs; however, 

the US Food and Drug Administration has Generally Recognized as Safe (GRAS) standards for four 

VFAs that were analyzed in the samples including acetic acid, butyric acid, lactic acid, and pyruvic 

acid. All results were either not detected or below GRAS standards with the exception of two 

samples. Samples collected from PGDW14, and PGDW20 contained concentrations of lactic acid 

that exceeded the GRAS standard of 0.1 mg/L at 0.13J mg/L and 0.14J mg/L, respectively (Table 

14). No VFAs were detected above MDLs in 2014.  

4.7 Dissolved Gases  

In 2017 and 2018, samples were analyzed for dissolved gases (Tables 15 and 16) to help with 

evaluating Recommendation No. 1. Groundwater samples were analyzed for acetylene, argon, 

carbon dioxide, carbon monoxide, ethane, ethene, helium, hexane plus, hydrogen, iso-butane, iso-

pentane, methane, n-butane, nitrogen, oxygen, pentane, propane, and propene. Dissolved gases are 

used to assist in identifying biogeochemical processes, age-dating groundwater, and identifying 

potential degradation rates and pathways. The noble gasses and nitrogen are chemically inert and 

can assist in groundwater source characterization such as groundwater recharge and circulation. 

Other dissolved gasses, such as oxygen, carbon dioxide, nitrogen species, hydrogen sulfide, and 

hydrocarbons, are chemically active, and can be consumed in various biogeochemical processes. 

These gasses can be used to evaluate and interpret changes to groundwater quality due to chemical 

or biologic processes. There are no standards for dissolved gases in water.  
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Dissolved gas results from 2017 and 2018 could not be compared to results from 2014 or US EPA 

2010 because the units were different (mass versus weight) and conversions could not be completed 

because required parameters (temperature of the sample, volume of the sample bottle, and headspace 

volume) were missing. The 2017 and 2018 results for dissolved gasses are summarized below and 

historical concentration range is presented when available. 

4.7.1 Permanent and Trace Gases 

Permanent gasses are those gasses with concentrations that remain relatively constant near the 

Earth’s surface, such as nitrogen (78%), oxygen (21%), and argon (0.93%). Helium, hydrogen, 

xenon, and neon are other ‘permanent gases.’ Trace gasses are other atmospheric gasses found 

at trace and commonly variable concentration levels, such as carbon dioxide and nitrous oxide. 

 Argon, carbon monoxide, helium, and hydrogen were not detected in samples collected 

in 2017 and 2018. 

 

 Oxygen was also detected in all samples collected in 2017 and 2018. Detected oxygen 

concentrations ranged from 2.6 J (PGDW30) to 6.2 J mg/L (PGDW49) and 2.7 J 

(PGDW14) to 4.8 J mg/L (PGDW20 and PGDW32) in samples collected in 2017 and 

2018, respectively. 

 

 Carbon dioxide was detected in five out of 14 samples collected in 2017 and seven out 

of 13 samples collected in 2018. The highest concentration of carbon dioxide in the 

samples is 34 mg/L and was reported in PGDW45 (2017), PGDW41DUP (2018), and 

PGDW45 (2018).  

 

 Nitrogen gas was detected in all samples collected in 2017 and 2018. Nitrogen gas 

concentrations ranged from 17 J (PGDW20) to 29 mg/L (PGDW14 and PGDW44) and 

17 J (PGDW41A and PGDW41ADUP) to 24 J mg/L (PGDW44) in samples collected in 

2017 and 2018, respectively. 

4.7.2 Hydrocarbon Gasses 

Hydrocarbon gasses are most commonly formed either from low-temperature microbial 

processes (e.g. bacterial or biologic gas) or through the high-temperature thermal breakdown of 

organic material (e.g. thermogenic gas).  

 Acetylene and iso-pentane was not detected in samples collected in 2017 and 2018, and 

was not analyzed in samples collected in 2014. 

 

 Ethane was detected in eight of the 14 samples collected in 2017 and six of the 13 

samples collected in 2018. Detected ethane concentrations ranged from 0.028 J 

(PGDW33) to 19 μg/L (LD02) and 0.056 J μg/L (PGDW23) to 2.0 μg/L (PGDW20) in 

samples collected in 2017 and 2018, respectively. 
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 Ethene was not detected in samples collected in 2017 and 2018 with one exception. 

Ethene was detected in PGDW49 in 2017 at a concentration 0.0052J mg/L.  

 

 Hexane plus was detected in five samples in 2017 with the highest concentration of 45 

μg/L in PGDW23. Hexane plus was not detected in any samples collected in 2018. 

 

 Iso-butane was detected in 8 of the 14 samples collected in 2017 and 5 of the 13 samples 

collected in 2018. Detected iso-butane concentrations ranged from 0.049 J (PGDW44) 

to 2.9 μg/L (LD02) and 0.13 J μg/L (PGDW20) to 0.67 μg/L (PGDW23) in samples 

collected in 2017 and 2018, respectively. 

 

 Methane was detected in 10 of 14 samples collected in 2017 and six of 13 samples 

collected in 2018. Methane concentrations ranged from 0.78 μg/L (PGDW44) to 970 J 

μg/L (PGDW30) in 2017. In 2018, the general range of methane concentration was 21 

μg/L (LD02) to 45 μg/L (PGDW20. However, one sample (PGDW30) contained 770 

μg/L of methane. All reported methane concentrations were less than the WOGCC 

notification level for water sources of 10,000 µg/L. The methane concentrations obtained 

in the WDEQ study are lower than the historical concentration range of below detection 

limit to 558 μg/L (US EPA 2009).  

 

 N-butane was detected in 6 of the 14 samples collected in 2017 and 2 of the 13 samples 

collected in 2018. Detected n-butane concentrations ranged from 0.014 J (PGDW05) to 

0.96 μg/L (LD02) and 0.037 J μg/L (LD02) to 0.068 J μg/L (PGDW20) in samples 

collected in 2017 and 2018, respectively.  

 

 Pentane was not detected in samples collected in 2017 and 2018.  

 

 Propane was detected in 7 of the 14 samples collected in 2017 and 5 of the 13 samples 

collected in 2018. Detected propane concentrations ranged from 0.0067 J (PGDW30) to 

4.5 μg/L (LD02) and 0.0053 J μg/L (PGDW14) to 0.25 μg/L (PGDW20) in samples 

collected in 2017 and 2018, respectively. 

 

 Propene was detected in 6 of the 14 samples collected in 2017 and 3 of the 13 samples 

collected in 2018. Detected propene concentrations ranged from 0.013 J (PGDW30) to 

0.12 μg/L (LD02) and 0.022 J μg/L (LD02) to 0.046 J μg/L (PGDW32) in samples 

collected in 2017 and 2018, respectively. 

4.8 Stable Isotopes  

Samples were analyzed for stable isotopes to help primarily with evaluating Recommendation No. 

1. Stable isotopes are non-radioactive forms of various atoms. Naturally occurring stable isotopes 

(e.g. carbon) are used in a variety of applications, and can be used to trace the origin, history, sources, 
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and interactions of various materials in water. In addition, stable isotopes can be used to assist in 

age-dating water sources. 

Stable isotope analyses of the groundwater samples collected in 2017 and 2018 included carbon-13 

and hydrogen isotopes in methane, sulfur-34 and oxygen-18 isotopes in sulfate, and oxygen-18 and 

hydrogen-2 isotopes in oxygen (Tables 17 and 18). Stable isotopes are measured as the ratio of the 

two most abundant isotopes of a given element. For example, carbon-13 isotope is the ratio of 

carbon-13 and carbon-12 isotopes and is annotated as δ13C; hydrogen isotope is the ratio of ratio of 

hydrogen-2 and hydrogen-1 isotopes and is annotated as δ2H; sulfur-34 isotope is the ratio of sulfur-

34 and sulfur-32 isotopes and is annotated as δ34S; and oxygen-18 isotope is the ratio of oxygen-18 

and oxygen-16 isotopes and is annotated as δ18O. The isotopic compositions of materials analyzed 

on mass spectrometers are usually reported relative to an international reference standard.  

In general, results of isotopic analysis of methane, oxygen, and sulfate in 2018 follows the same 

trend as in 2017.  

 Methane isotopes (δ13C and δ2H), along with other parameters, are used to determine 

methane origins (e.g., thermogenic or biogenic). Two wells in 2017, LD02 and PGDW30, 

had measurable amounts of δ13C at -29.72 and -23.69 parts per thousand (0/00), respectively; 

however, δD was not detected and the methane origin could not be determined. Likewise, in 

2018, two water-supply wells (PGDW23 and PGDW30) had measureable amounts of δ13C 

at 13.30 and -24.60 0/00, respectively. Isotopic analysis for δ2H showed no samples were 

above the detection limit.  

 

 Oxygen and hydrogen isotopes (δ18O and δ2H) were measured to assist in determining water 

ages and potential surface water influences. Craig (1961a) observed that the δ18O and δ2H 

values of precipitation that has not been evaporated are linearly related and has an R2 > 0.95. 

In general, it appears that the majority of samples analyzed for δ18O and δ2H fall along a 

local meteoric water line (Figure 6) with R2 = 0.9832. This indicates that the waters are 

generally sourced from precipitation. 

 

 Sulfate isotopes (δ34S and δ18O) are evaluated, along with other geochemical parameters, to 

help assess the microbiology in the well water. All wells had measurements of δ34S and 

δ18O in 2017 and 2018. In 2017, sulfate isotope concentrations ranged from -7.9 (PGDW30) 

to 0.2 0/00 (PGDW41A and PGDW49) and -7.5 (PGDW14) to 2.8 0/00 (PGDW05) for δ34S 

and δ18O, respectively. In 2018, samples were collected from eight of the original water-

supply wells (plus one duplicate sample). Sulfate isotope concentrations ranged from -4.6 

(PGDW44) to 0.4 0/00 (PGDW41ADUP) and -7.7 (PGDW14) to 2.9 0/00 (PGDW20) for 

δ34S and δ18O, respectively. 

4.9 Bacteria 

Bacteria evaluation of groundwater samples (Recommendation No. 1) collected in 2017 and 2018 

was conducted to identify potential microorganisms that may be causing palatability issues in the 

groundwater. More specifically, whether methane utilized as a “food source” for bacteria present 
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and ultimately causing fouling issues for domestic wells, and/or whether bacteria growth may be 

responsible for the elevated concentrations of sulfur, manganese and TDS in the aquifer. 

Groundwater samples were collected pre- and post-purge in 2017 to determine whether there was a 

difference in bacteria make-up in stagnant water in the well (pre-purge) versus water in the aquifer 

that was collected from the well after stagnant water was removed from the well (post-purge). 

Analysis of the data showed that there was not a significant difference in bacteria communities in 

the wells pre-purge and post-purge; therefore, only post-purge water samples were collected form 

the water-supply wells in 2018. 

Based on the samples collected during the 2017 and 2018 field events, genomic sequencing reports 

were prepared summarizing bacteria based on phylotype, gram-stain distribution, and 

aerobic/anaerobic metabolism. In taxonomy, phylotype is an observed similarity used to classify a 

group of organisms and can be described at different levels such as species, class or homology. 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall and cell shape. The two categories in Gram staining are positive and 

negative. Gram-negative bacteria tend to be fast growing and early colonizers of disturbed 

environments. Gram-negative bacteria can also be more sensitive to perturbations and 

environmental stress. Gram-positive bacteria on the other hand tend to grow more slowly but can be 

more resilient to environmental stress. Gram-negative bacteria is the primary Gram stain distribution 

in the samples collected at approximately 70 percent (%)) (Appendix D, Pace Analytical Genomic 

Sequencing Reports). 

Three genera of bacteria were found in the majority of wells: nitrospira, pseudomonas, and 

thiobacillus species (spp.). Pseudomonas was identified in every well sampled. 

 Nitrospira is a chemolithoautotrophic nitrate-oxidizing bacterium that is generally found in 

freshwater or saltwater and is part of the nitrification process. 

 

 Pseudomonas is widely distributed in nature and some species are pathogenic for humans, 

animals, or plants. It is a common genus of bacteria, which can create infections in the body 

under certain circumstances (Harris 2018). PGDW30 contained the highest percentage of the 

bacteria profile identified as Pseudomonas at 22.59%. This well also had the highest 

concentration of methane, a high pH, but a relatively low TDS.  

 

 Thiobacillus spp. is a sulfur oxidizing bacteria. Reduced sulfur species are transported into 

the vicinity of the well due to pumping and then mix with the more aerobic water. The 

abundance of sulfur oxidizing bacteria like Thiobacillus spp. would suggest that any oxygen 

available in the subsurface environment would be utilized to oxidize the sulfur species. The 

cycling is sustained through the action of pumping water from the more reduced aquifer into 

the more oxidized well bore area. The results of such bacterial action can cause problems for 

general water quality, well biofouling and aquifer plugging.” A large percentage of the 

bacteria profile was identified as Thiobacillus spp. in PGDW05 (47.3%), PGDW23 

(22.57%) PGDW32 (35.61%) and PDGW49 (42.58%) however, all of these with the 

exception of PGDW32 were high only in the 2017 pre-purge sample. 
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Bacteria can use a number of terminal electron acceptors other than oxygen. Aerobic bacteria use 

oxygen as a terminal electron accepter while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, and sulfate) or through fermentation. Approximately 51% of the 

bacteria present is aerobic and approximately 43% are considered anaerobic within the AOI. A total 

of 208 different species of bacteria were identified. The bacteria data (Table 19 and Appendix D) 

were analyzed by Dr. Aaron Peacock of Microbac Inc., to determine if subsurface microbial 

community might be causing or contributing to palatability issues in the water-supply wells.  

In anoxic environments (low oxygen or depleted oxygen), energy to support life cannot come from 

the oxygen-consuming respiration reaction and many aerobic organisms die under low-oxygen 

conditions. Therefore, organisms will shift or look to oxidants other than oxygen to oxidize organic 

material and release energy. These alternative reactions occur in a commonly observed sequence, 

often called the ecological redox sequence (Hemond & Fechner-Levy 2000). In the ecological redox 

sequence, bacteria will first look to consume any available oxygen and then move to the other 

substitute oxidants. A less energetically favorable oxidant (after nitrification, manganese reduction 

and iron reduction) is sulfate (sulfate reduction).  

1
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Sulfate reduction leads to the production of sulfide species such as hydrogen sulfide (H2S), bisulfide 

(SH−), and sulfide ion (S2−), which are the most reduced forms of sulfur. As reported by Dr. Peacock, 

there is abundant sulfate in the groundwater and much of the aquifer appears to support sulfate 

reduction. Some sulfides may be considered to be toxic; most popularly known is H2S, which forms 

in rotten eggs and gives them their characteristic pungent odor. Sulfides are also important in causing 

the chemical precipitation of many metals, such as iron, copper, lead and zinc, which form solids on 

reaction with S2- (Hemond & Fechner-Levy 2000). 

Presence of methanogens in the subsurface seems to correlate more closely to naturally occurring 

gas seepage from the deeper portions of the aquifer. Only after all of the sulfate is consumed, organic 

material can be fermented into methane and carbon dioxide in the process of methanogenesis. The 

significant presence of sulfur reducing bacteria and the strong sulfur cycling occurring continues to 

serve as the more prominent oxidant. 16% of the bacteria present are related to sulfur cycling. 

Approximately 5% of the bacteria present are related to methanogenesis. The remainder of bacteria 

present are a combination of metal reducing bacteria, nitrate reducing bacteria, fermentation related 

bacteria or unremarkable bacteria. 

In Dr. Peacock’s evaluations of the data, he describes overall results as well as individual well 

results. As such, he reports that “the major palatability issues have more to do with ambient 

groundwater geochemical parameters than with the extant well microbiology” and that “the impact 

of the microbial community on the palatability of the water would appear to be secondary to the 

primary impact of the broad geochemical issues.” In addition, Dr. Peacock reported, “The most 

noticeable impacts of this phenomena in the sampled wells appears to be sulfur cycling (Figure 7).  

The raw bacteria data are in Appendix D, and Dr. Peacock’s Evaluation of Microbial Community 

Composition are in Appendix E. 
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Treatment options for palatability issues in water supply wells are provided in WDEQ 2016 Final 

Report Section 5.8 and in Dr. Peacock’s Evaluation of Microbial Community Composition 

(Appendix E). 

4.10 Data Validation and Reporting 

Data were verified and validated by E&E. Data Validation and Usability Summary Reports are 

provided in Appendix F for data collected in 2017 and 2018.  

During the data validation and verification process over 3,650 analytical results were reviewed. Of 

these, no results were rejected and 1,729 results were qualified and are considered acceptable and 

useable. A summary of data qualifications is discussed below for each analysis group. Details for 

qualified data are provided in Table 20 and Table 21 for 2017 and 2018, respectively.  

Field duplicate samples, field filter blanks, and laboratory QC samples were within acceptable QC 

limits unless stated otherwise. The relative percent difference for filed duplicate samples are listed 

in Table 22. 

4.10.1 Ions and General Chemistry 

Data validators reviewed 532 major cations, major ions, and general chemistry results from samples 

collected in 2017 and 2018. Of the 532 results, 11 were qualified with “U” because resulting values 

were below the MDL. A qualification flag of “J” was given to 46 of the remaining major cations, 

major ions, and general chemistry results to indicate estimated values due to result occurring 

between the MDL and RL or QC criteria were not met (e.g., method blank detections, MS/MSD and 

LCS/LCSD recoveries outside of control limits, etc.).  

4.10.2 Volatile Organic Compounds 

Of the 988 VOC results from samples collected in 2017, all results were validated with “U” to 

represent that the values were below the MDL. In 2018, samples were not analyzed for VOCs. 

4.10.3 Semi-Volatile Organic Compounds 

Of the 1,098 SVOC results from samples collected in 2017 and 2018, the majority of results were 

validated with “U” to represent that the values were not detected above the MDL. Fifty-six results 

were qualified with “UJ” because concentrations were not detected above the MDL and they did not 

meet QC criteria. Twenty-three results were qualified with a “J” to indicate estimated values because 

either the result was between the MDL and RL or QC criteria were not met. 

4.10.4 Organochlorine Pesticides and Volatile Fatty Acids 

Three-hundred and ninety (all) results for pesticide analysis were qualified with a “U” because 

concentrations were not detected above the MDL. Qualification flags were given to all (130) VFA 

results. Detected concentrations were qualified with a “J” because they did not meet QC criteria. 

VFA that weren’t detected above the MDL were qualified with a “U”.  
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4.10.5 Dissolved Gases 

Of the 546 results for dissolved gas, 33 were flagged with “U” because concentrations were below 

the MDL. Also, 28 results were qualified with “UJ” because sample concentrations were below the 

MDL and QC criteria were not met. Qualification flag “J” was given to 68 results because the 

concentration was between the MDL and RL and/or QC criteria weren’t met.  

4.10.6 Stable Isotopes 

Of the 108 results for isotopic analysis, eight results in 2017 were qualified with “J” for estimated 

value because samples did not meet QC criteria. No results were qualified in 2018. 

4.10.7 Bacteria Evaluation 

No deviations were noted. 
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5 STATUS UPDATE ON RECOMMENDATIONS AND CONCLUSIONS 

5.1 WDEQ 2016 Final Report Recommendations and 2017 - 2018 Status Update 

The WDEQ 2016 Final Report contained ten recommendations for further investigation. Based on 

new information received and implemented since the WDEQ 2016 Final Report, and obtained 

during the 2017 and 2018 investigation, the following updates to the WDEQ 2016 Final Report 

recommendations are presented below: 

 2016 Recommendation No. 1:  Expanded evaluation of identified groundwater constituents was 

completed, including bacteria, which can cause palatability issues and confirmation of general 

water quality parameters (major cations, anions, and TDS). 

2017 – 2018 Status Update:  Data collected and evaluated confirm the conclusions drawn in 

the WDEQ 2016 Final Report. Geochemical changes associated with the biodegradation of 

dissolved organic compounds likely have produced constituents associated with poor water 

palatability, and appear to be linked to declining well yields. The bacteria were identified as 

primarily sulfate reducing bacteria and appear to be considered a secondary source to the 

palatability issues. Low levels of methanogens and gas identified in samples appear to be 

thermogenic in origin and thus does not suggest a shallow biogenic source. Treatment options 

for palatability issues in water supply wells are provided in WDEQ 2016 Final Report Section 

5.8 and in Dr. Peacock’s Evaluation of Microbial Community Composition. 

Sampling and analysis of major cations, anions, and TDS confirmed 2014 concentrations.  

 2016 Recommendation No. 2:  Focused assessment of the potential for gas seepage along gas 

wells versus naturally occurring upward seepage of gas, as well as evaluating conditions that 

might allow the potential movement of gas and/or liquid from intermediate zones pressurized by 

gas into shallower water bearing zones. 

2017 – 2018 Status Update:  The WOGCC is reviewing a report of the work conducted by 

Encana in response to the WOGCC Well Integrity report. All field work related to this item is 

reportedly complete, pending WOGCC’s review of the report and concurrence that the work 

done meets the agency recommendations. No additional activities were conducted by the WDEQ 

as part of this report. 

 2016 Recommendation No. 3:  Review and evaluate existing data, including well logs for a) 

potential intermediate to shallow gas zones, b) potential shallow permeable groundwater zones, 

c) casing cementing conditions, and d) information on Bradenhead pressure.  

2017 – 2018 Status Update:  The WOGCC is reviewing a report of the work conducted by 

Encana in response to the WOGCC Well Integrity report. All field work related to this item is 

reportedly complete, pending WOGCC’s review of the report and concurrence that the work 

done meets the agency recommendations. No additional activities were conducted by the WDEQ 

as part of this report. 
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 2016 Recommendation No. 4:  Further evaluation of the surface pits and their potential impact 

on water quality. In addition, hold collaborative discussions between WDEQ and WOGCC to 

evaluate consistent criteria for the closure of pits impacting groundwater. 

2017 – 2018 Status Update:  The WOGCC continues to meet with Encana to review 

recommendations related to the WOGCC pit review report. Encana has completed field 

investigation activities between 2017 and 2019 on an additional set of pits and will be submitting 

information regarding historical investigations done at other pits for WDEQ and WOGCC to 

review to help determine the adequacy of historical investigations.  

In May 2018, the Water Quality Division-Groundwater Section assumed regulatory oversight of 

the four pits that are in the WDEQ Voluntary Remediation Program (VRP). The four pits will 

continue to follow WDEQ VRP policies and procedures. 

 2016 Recommendation No. 5: The WDEQ concurred with the WOGCC Well Integrity Review 

(October 8, 2014) and Pavillion Field Pit Review (June 4, 2015) recommendations that were not 

completed as of the date of issuance of the WDEQ 2016 Report. 

2017 – 2018 Status Update:  The WDEQ continues to support completion of the 

recommendations identified in the WOGCC Well Integrity Review and Pit Review Reports. 

 2016 Recommendation No. 6: Perform a detailed review and evaluation of existing and closed 

pits once the WDEQ VRP investigations and WOGCC recommended field work are completed. 

Depending on the outcome of this evaluation, it may then be beneficial to conduct an expanded 

investigation (e.g., additional monitoring wells at multiple depths and analysis of more 

constituents) at selected sites of different characteristics to demonstrate whether surface pits 

contribute to water-quality issues in water-supply wells. 

2017 – 2018 Status Update:  The WOGCC continues to meet with Encana to review 

recommendations related to the WOGCC pit review report. Encana has completed field 

investigation activities between 2017 and 2019 on an additional set of pits and will be submitting 

information regarding historical investigations done at other pits for WDEQ and WOGCC to 

review to help determine the adequacy of historical investigations. 

 2016 Recommendation No. 7:  Further evaluation of other potential sources of petroleum 

hydrocarbons such as drill cuttings disposal sites, petroleum storage tanks and gas production 

and gathering facilities. 

2017 – 2018 Status Update:  The WDEQ believes that based on current information, this 

recommendation has been satisfied with the data contained in WDEQ 2016 Final Report Table 

9 and Figure 12. Additional investigation in regards to other potential sources of petroleum 

hydrocarbons will be more appropriately addressed through the pits investigation being 

conducted by WOGCC or the WDEQ VRP.  
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 2016 Recommendation No. 8:  Analyze additional samples to achieve method detection limits 

(MDLs) below respective standards for:  three VOCs; eighteen SVOCs; and two OC pesticides 

that are listed in Table 29 of the WDEQ 2016 Final Report.  

2017 – 2018 Status Update:  Constituents identified as having MDLs above standards were 

resampled and analyzed to achieve MDLs below standards. MDLs below standards were 

confirmed as non-detect and included one VOC, seven SVOCs, and two OC pesticides. Where 

lower MDLs could not be achieved (the technology is not available in the laboratory to achieve 

lower MDLs) evaluation of the constituents and their industrial uses indicate that they are not 

associated with oil and gas activities. 

 2016 Recommendation No. 9:  The WDEQ recommends that the WDEQ and the WOGCC 

work collaboratively to evaluate consistent criteria for the closure of pits. 

2017 – 2018 Status Update:  The WDEQ and WOGCC have discussed analytical analysis 

criteria for investigating pits and will continue to work together to develop consistent criteria for 

the closure of the pits under WDEQ VRP or WOGCC regulatory oversight authority. 

 2016 Recommendation No. 10:  Recommend that the US Environmental Protection Agency 

(US EPA) plug and abandon the two monitoring wells constructed in 2010 in accordance with 

Wyoming Water Quality Rules and Regulations Chapter 26, due to the potential hazard they 

pose in relation to groundwater supplies and physical safety. 

2017 – 2018 Status Update:  At the time of the issuance of this report, the US EPA has not 

plugged and abandoned the two wells.  

5.2  Conclusions 

Data collected and evaluated as part of this 2019 Final Report confirm the conclusions drawn in the 

WDEQ 2016 Final Report. Geochemical changes associated with the biodegradation of dissolved 

organic compounds likely have produced constituents associated with poor water palatability, and 

appear to be linked to declining well yields. The bacteria were identified as primarily sulfate 

reducing bacteria and appear to be considered a secondary source to the palatability issues. Low 

levels of methanogens and gas identified in samples appear to be thermogenic in origin and thus 

does not suggest a shallow biogenic source. Treatment options for palatability issues in water supply 

wells are provided in WDEQ 2016 Final Report Section 5.8 and in Dr. Peacock’s Evaluation of 

Microbial Community Composition (Appendix E). 

Constituents identified having MDLs above regulatory standards were resampled and analyzed to 

achieve MDLs below standards. Where this could be achieved, constituents were confirmed as non-

detect. For those constituents where the lower MDL could not be achieved, mainly because the 

technology is not available to reach the lower levels needed, evaluation of the constituents’ industrial 

use and potential presence in the local environment was conducted. These constituents were 

determined to not be present in the area based on industrial or agricultural uses or any detected 

concentrations present do not pose a potential environmental or human health risk. 
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WDEQ continues to support other recommendations identified in the WDEQ 2016 Final Report that 

were not completed as part of this 2019 Final Report. The investigation into palatability issues is 

complete and no additional investigations are warranted at this time. 
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Table No 1

2017 and 2018 Field Water Quality Parameters, Stabilization Criteria and Methods

Parameter Stabilization Criteria Instrument / Equipment Method

Temperature  +/- 0.5° Celcius YSI ProDSS with flow cell Thermistor

Specific Conductance +/- 5% YSI ProDSS with flow cell Four Electrode Cell

pH +/- 0.1 pH unit YSI ProDSS with flow cell Glass Sensing & Ag/AgCl sensing reference 

electrodes

Oxidation-Reduction Potential Not Applicable YSI ProDSS with flow cell Ag/AgCl sensing reference electrodes

Dissolved Oxygen +/- 0.3 mg/L YSI ProDSS with flow cell Optical Luminescence (ROX™)

Turbidity* The greater of +/-

10% or +/- 1 NTU

YSI ProDSS with flow cell /

MicroTPI Field Portable

Turbidity Meter

Optical

Iron Not Applicable Hach DR900 Colorimeter Hach Method 8146

Ferrous iron Not Applicable Hach Method 8146 Hach Method 8146

Sulfide Not Applicable Hach Method 8131 Hach Method 8131

Notes

* A MicroTPI Field Portable Turbidity Meter will be used in addition to the turbidity probe on the YSI ProDSS.

** Salinity is calculated by the YSI ProDSS using specific conductance measurements.
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Table No 2

2017 and 2018 Quality Control Samples and Well Purge Information

Well ID

Sample 

Date Sample ID

Field

Duplicate MS/MSD

Trip 

Blank

Purge 

Start 

Time

Purge 

End Time

Purge 

Volume 

(gallons)

Total 

Depth 

(feet)

Depth to 

Water 

(feet)

Depth to Water 

Estimated (E) 
1
 or 

Measured (M)

Casing 

Diameter 

(inches)

Estimated 

Casing 

Volume 

(gallons) Notes Purge Water Disposition

LD02 9/17/2017 LD02-09142017 - - Y NA NA NA 610 167 M 6 NA Well is not equipped with pump. Bent casing. 

Not purged. Used HydraSleeve™  grab sampling 

devices, with intake depth at approximately 395 

feet below top of casing. Well equilibration time 

was 2-hours.

Water drawn from well, but not collected in 

sample jars was disposed of on the ground 

near the wellhead.

LD02 9/27/2017 LD02-09272017 - - Y NA NA NA 610 165.8 M 6 NA Not equipped with pump. Bent casing. Not 

purged. Used HydraSleeve™  grab sampling 

devices, with intake depth at approximately 395 

feet below top of casing. Well equilibration time 

was 7.5-hours. Total volume of passive samplers 

installed was 6.2-L. This sampling event 

supplemented sample LD02-09142017, which 

was delayed in shipping. Dissolved gases, 

volatile fatty acids, and NGS samples were 

collected.

Water drawn from well, but not collected in 

sample jars was disposed of on the ground 

near the wellhead.

PGDW05 9/27/2017 PGDW05-09272017 - - Y 0840 1250 660 210 110 E 7 600 The owner reported that previous monitoring 

events have produced a ‘sludge’ from the 

sampling point and that the well pumps dry after 

80-gal to 90-gal are purged. Interval purging 

implemented; the well was pumped for 80-gal to 

90-gal and then purging was stopped to allow for 

recovery. The purge rate ranged from 1.15-gpm 

to 5.5-gpm.

Discharged to grass NW of house.

PGDW14 9/18/2017 PGDW14-09182017 - - Y 0930 1050 850 190 25.8 E 6 723 Purged at a consistent rate of 11.1-gpm. Purge water was discharged approximately 

75-ft north of the sampling point into an 

irrigation ditch (not flowing).

PGDW20 9/26/2017 PGDW20-09262017 Y - Y 0800 1130 1575 380 117.3 M 5 804 The pump had been replaced recently. The spigot 

for the new well pump is directly on top of the 

well casing. The sampling manifold constructed 

for this well did not fit properly and Lowham 

Walsh staff had to depart the site to retrieve 

replacement parts.  Total depth of well is 410-ft 

(assumed).  It has been reported that the well had 

collapsed at 380-ft, but the owner disputed this. 

The purge rate was 7.5-gpm.

Purge water was discharged into the 5-Mile 

Lateral Canal located approximately 125-ft 

to the south.

PGDW23 9/21/2017 PGDW23-09212017 - - Y 0755 1230 1800 475 120 E 6 1564 Purged rate was 6.7-gpm. Purge water was discharged approximately 

120-ft north of the sampling point into the PGDW30 9/13/2017 PGDW30-09132017 - - Y 1200 1520 730 260 100 E 6 705 The owner was drawing from the well for 

approximately 30-minutes prior to arrival.  The 

purge rate varied from 3.3-gpm to 5-gpm.

Purge water was discharged approximately 

150-ft south of the sampling point into a 

field.

PGDW32 9/13/2017 PGDW30-09132017 - Y 0840 1330 1175 675 250.3-271.8 E 6 1776 Owner began running pump at approx. 0600 at 

estimated 8 gpm. Sampling began at 1100 due to 

estimated time to collect, prepare, and transport 

primary and duplicate samples to common 

carrier. 

Purge water was directed into a field 

through a garden hose approximately 100-ft 

east of the sampling point.
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Table No 2

2017 and 2018 Quality Control Samples and Well Purge Information

Well ID

Sample 

Date Sample ID

Field

Duplicate MS/MSD

Trip 

Blank

Purge 

Start 

Time

Purge 

End Time

Purge 

Volume 

(gallons)

Total 

Depth 

(feet)

Depth to 

Water 

(feet)

Depth to Water 

Estimated (E) 
1
 or 

Measured (M)

Casing 

Diameter 

(inches)

Estimated 

Casing 

Volume 

(gallons) Notes Purge Water Disposition

PGDW33 9/20/2017 PGDW33-06102014 - - Y 1330 1420 425 30 20 E 6 44 The water line from the well to the sampling 

point is approximately 1200-ft long. This 

additional volume was considered during the 

purge. A 1-in diameter pipe is assumed, which 

added 54-gal to the total required purge to clear 

the line.  The purge rate was 8.5-gpm.

Purge water was directed into the backyard, 

75-ft south southwest of the sampling point.

PGDW41A 9/20/2017 PGDW41A-06192014 - - Y 1026 1215 1500 376 50 E 6 1436 The water line from the well to the sampling 

point is approximately 1200-ft long. This 

additional volume was considered during the 

purge. A 1-in diameter pipe is assumed, which 

added 54-gal to the total required purge to clear 

the line.  3.75-gpm to 6.7-gpm

Purge water was discharged into a field 100-

ft west of the sampling location.

PGDW44 9/18/2017 PGDW44-09182017 - - Y 0810 1359 1200 177 46 E 9 1299 Downhole access to the well was blocked and a 

depth to water measurement was not possible. 

From 0845 to 1205 the purge rate varied from 5-

gpm to 11-gpm. The purge was stopped from 

1245 to 1300 to allow for recovery. From 1300 to 

1405 the purge rate was 0.90-gpm.

Purge water was discharged 75-ft north of 

the sampling point onto an easterly dipping 

slope. The water flowed downhill towards a 

horse corral at the base of the slope.

PGDW45 9/20/2017 PGDW45-09202017 - - Y 0840 0920 200 48 25 E 6 101 The purge rate was 10-gpm. Irrigated to grass lawn around well and 

house.

PGDW49 9/20/2017 PGDW49-09202017 - Y Y 1050 1210 475 50 11 M 6 172 The well has 8-in surface casing protruding 

above ground. The purge rate varied from 8-gpm 

to 10-gpm.

The purge water was discharged into a field 

approximately 50-ft north of the sampling 

location.

LD02 4/23/2018 LD02-09232018 - - Y NA NA NA 610 168 M 6 NA The purge and drawdown of PGDW20 increased 

the depth to groundwater in LD02. LD02 didn’t 

equilibrate prior to sampling due to drawdown 

from pumping/purging PGDW20, located 

approximately 60-ft to the north. Well is not 

equipped with pump. Bent casing. Not purged. 

Used HydraSleeve™  grab sampling devices, 

with intake depth at approximately 395 feet 

below top of casing. The total volume of the 

Hydrasleeve samplers is 12.4-L. The samplers 

were deployed in the well for 3.25 hours before 

they were extracted from the well for sampling.

Water drawn from well, but not collected in 

sample jars was disposed of on the ground 

near the wellhead.

PGDW05 5/2/2018 PGDW05-05022018 - - Y 0715 1230 680 210 20-110 E 7 837 Water Depth: 20-ft to 110-ft (based on 2014 field 

notes).  Low yield reported by owner.  To remain 

consistent with the 2017 sampling event and to 

prevent pumping the well dry, interval purging 

was employed. The well was pumped for a 

period of time and then purging was stopped to 

allow for recovery.  The purge rate ranged from 

1.25-gpm to 6-gpm.

Discharged to grass NW of house.
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Table No 2

2017 and 2018 Quality Control Samples and Well Purge Information

Well ID

Sample 

Date Sample ID

Field

Duplicate MS/MSD

Trip 

Blank

Purge 

Start 

Time

Purge 

End Time

Purge 

Volume 

(gallons)

Total 

Depth 

(feet)

Depth to 

Water 

(feet)

Depth to Water 

Estimated (E) 
1
 or 

Measured (M)

Casing 

Diameter 

(inches)

Estimated 

Casing 

Volume 

(gallons) Notes Purge Water Disposition

PGDW14 4/25/2018 PGDW14-04252018 - - Y 1310 1450 800 190 100 E 6 397 Previous sampling efforts in 2014 estimated the 

depth to groundwater to be 100-ft.

Purge water was discharged approximately 

75-ft north of the sampling point into an 

irrigation ditch (not flowing).

PGDW20 5/8/2018 PGDW20-05082018 - - Y 1200 1350 1230 380 197.7 M 5 803 The purge rate varied from 10-gpm to 11.5-gpm. Purge water was discharged into the 5-Mile 

Lateral Canal located approximately 125-ft 

to the south.

PGDW23 5/8/2018 PGDW23-09212017 Y Y 0745 1105 1800 475 120 E 6 1564 Water Depth: 120-ft (from driller’s log); this 

depth was used in 2014 monitoring and sampling 

events.  The purge rate varied from 8.6-gpm to 

11-gpm.

Purge water was discharged approximately 

120-ft north of the sampling point into the 

front yard of the residence (west of the 

driveway).

PGDW30 5/8/2018 GDW30-04232018 - Y 1220 1510 700 260 100 E 6 705 Water Depth: 100-ft (assumed); depth to 

groundwater taken from 2014 monitoring and 

sampling events. The purge rate varied from 3.9-

gpm to 4.3-gpm.

Purge water was discharged approximately 

150-ft south of the sampling point into a 

field.

PGDW32 4/24/2018 PGDW32-04242018 - - Y 0720 1330 1200 675 250.3-271.8 E 6 1776 Plugging and abandonment operations were 

reported in the area and workover rig was spotted 

when leaving the site. It was located on a ridge 

NE of the site. Water Depth: 250.3-ft to 271.8-ft 

(assumed). Approximate depth values from 2014 

monitoring and sampling events. The purge rate 

varied from 3-gpm to 3.3-gpm. Stabilization 

criteria satisfied prior to sampling. Reduction in 

purge rate necessitated collecting the sample 

prior to the extraction of three casing volumes.

Purge water was directed into a field 

through a garden hose approximately 100-ft 

east of the sampling point.

PGDW33 4/24/2018 PGDW33-04242018 - - Y 1415 1500 350 30 20 E 6 44 Plugging and abandonment operations were 

reported in the area and workover rig was spotted 

when leaving the site. It was located on a ridge 

NE of the site. Water Depth: 20-ft (assumed). 

This depth value was reported during the 2014 

monitoring and sampling events. The water line 

from the well to the sampling point is 

approximately 1200-ft long. This additional 

volume was considered during the purge.Flow 

from the purge hose would stop abruptly for less 

than a second. The purge never stopped 

completely and the well was not purged dry.

Purge water was directed into the backyard, 

75-ft south southwest of the sampling point.

PGDW41A 5/3/2018 PGDW41A-05032018 Y - Y 1046 1160 154 376 50 E 6 1436 The purge rate varied from 3.7-gpm to 6.6-gpm. 

Water Depth: 50-ft (assumed). This depth value 

was reported during the 2014 monitoring and 

sampling events.  The samples were collected 

consecutively, but the chain of custody lists the 

sample time for PGDW41A-05032018Q as 1030.

Purge water was discharged into a field 100-

ft west of the sampling location.
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Table No 2

2017 and 2018 Quality Control Samples and Well Purge Information

Well ID

Sample 

Date Sample ID

Field

Duplicate MS/MSD

Trip 

Blank

Purge 

Start 

Time

Purge 

End Time

Purge 

Volume 

(gallons)

Total 

Depth 

(feet)

Depth to 

Water 

(feet)

Depth to Water 

Estimated (E) 
1
 or 

Measured (M)

Casing 

Diameter 

(inches)

Estimated 

Casing 

Volume 

(gallons) Notes Purge Water Disposition

PGDW44 4/25/2018 PGDW44-04252018 - - Y 0710 1230 1900 177 46 E 9 1299 Downhole access to the well was blocked and a 

depth to water measurement was not possible. 

Water Depth: The 2014 monitoring and sampling 

events reported depths to water 46-ft. Purging 3 

casing volumes from this well is not feasible. 

The purge rate varied from 5-gpm to 6.5-gpm.

Purge water was discharged 75-ft north of 

the sampling point onto an easterly dipping 

slope. The water flowed downhill towards a 

horse corral at the base of the slope.

PGDW45 4/26/2018 PGDW45-04262018 - - Y 0750 0825 250 48 25 E 6 101 Water Depth: 25.8-ft and 10.3-ft were reported 

during the 2014 monitoring and sampling events. 

The sampling point was altered from previous 

monitoring and sampling events. A spigot was 

mounted on the top of the wellhead specifically 

for this sampling event since the irrigation pipe 

was not yet installed. Previously, a spigot on the 

irrigation pipe had been used to collect samples. 

The purge rate varied from 10 gpm.

Purge water was discharged into a field 100-

ft west of the sampling location.

PGDW49 4/26/2018 PGDW49-04262018 - - Y 0955 1105 600 50 17 M 6 145 The purge rate varied from 8-gpm to 10-gpm. The purge water was discharged into a field 

approximately 50-ft north of the sampling 

location.

Notes
1.
 Depth to water estimated using depth from previous measurement, unless as noted otherwise. NTU = Nephelometric Turbidity Units

bgs = below ground surface

bmp = below measuring point. Trip blanks included with each cooler shipped that contained samples for:

DO = Dissolved Oxygen      Volatile organic compounds by EPA 8260B

gpm = gallons per minute      Gasoline range organics by EPA 8015D

MS/MSD = Matrix Spike/Matrix Spike Duplicate      Dissolved gases by RSK-SOP 175

NA =Not Applicable
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Table No 3

2017 and 2018 Sampling and Analysis Requirements, Laboratories, and Number of Samples

Total Organic Carbon SM 5310C 2 – 125 mL amber glass bottles

w/ H2SO4 to pH <2

28 days Pace Analytical 

Dissolved Gases (Light Hydrocarbons) AM20GAx 2 – 40 mL vial w/ benzalkonium

chloride (white caps)

14 days Pace Analytical 

Dissolved Gases (Permanent Gases) AM20GAx 2 – 40 mL vial w/ benzalkonium

chloride

14 days Pace Analytical 

Dissolved Isotopic Gases DGIA-1 5 – 40 mL vials w/ HCl &

5 – 40 mL amber vials w/

benzalkonium chloride

14 days Pace Analytical 

Isotopic Sulfate Ion Exchange 1 – 1L HDPE 14 days Isotech Laboratories

Isotopic Analysis for O-18 and deuterium Proprietary Method 1 – 250 mL HDPE 14 days Isotech Laboratories

Major Cations (Ca, Fe, Mg, Mn, K, Na, Sr) SW-846

6010/6020

1 – 250 mL HDPE bottle w/

HNO3 to pH <2

6 months Pace Analytical 

Major Anions (Br, Cl, F, SO4) EPA 300.0 28 days Pace Analytical 

Major Anions ( NO2 and NO3) EPA 300.0 48 hours Pace Analytical 

Alkalinity (Bicarbonate, Carbonate, 

Hydroxide, Total CaCO3)

SM 2320B 1 – 250 mL HDPE 14 days Pace Analytical 

Total Dissolved Solids SM 2540C 1 – 500 mL HDPE 7 days Pace Analytical 

Volatile Organic Compounds - SIM/Scan SW-846 8260BSIM/Scan 3 – 40 mL vials w/HCl to pH <2 14 days Pace Analytical 

Volatile Organic Compounds – Low Level SW-846 8260B 3 – 40 mL vials w/HCl to pH <2 14 days Pace Analytical 

Semi-Volatile Organic Compounds SW-846 8270D 2 – 1 L amber glass bottle Pace Analytical 

PAHs SW-846 8270DSIM 2 – 1 L amber glass bottle Pace Analytical 

Pentachlorophenol SW-846 8270DSIM 2 – 1 L amber glass bottle Pace Analytical 

Pesticides SW-846 8081B 2 – 1 L amber glass bottle Alpha Analytical

Acrylamide SW-846 8316 3 – 40 mL amber vials 14 days ALS Group

Volatile Fatty Acids AM23G 1-40 mL clear glass vial w/ trisodium 

phosphate 

14 days Pace Analytical 

Bacteria Composition Proprietary Method (Next 

Generation Sequencing)

1 – 1 L HDPE 48 hours Microbac

Ferrous iron Hach Method 8146 ampule immediately In-field

Sulfide Hach Method 8131 sample cell immediately In-field

Laboratories:

Alpha Analytical = Alpha Analytical in Mansfield, MA subcontracted by Pace Microbac = Microbac Laboratories, Inc. in Marietta Ohio subcontracted by Pace

Pace Analytical  = Pace Analytical in Minneapolis, MN is the primary laboratory
Pace Analytical  = Pace Analytical in Pittsburgh, PA subcontracted by Pace Minnapolis, MNIsotech = Isotech Laboratories, Inc. in Champaign, Illinois subcontracted by Pace

ALS = ALS Group, USA in Holland, MI subcontracted by Pace

1 – 250 mL HDPE

7 days from 

collection

to extraction; 40 

days

from extraction to

1
  All samples to be cooled to 4°C ±.2°C

Analyte Group

Analytical Method 

Method No.

Containers/

Preservative 

Holding

Time 
1

Laboratory
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Table No 4

2018 Parameters Analyzed for Each Water-Supply Well

ANALYTE LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Major Cations (Ca, Fe, Mg, Mn, K, Na, Sr) X X X X X X X X X X X X

Major Anions (Br, Cl, F, NO2, NO3, SO4) X X X X X X X X X X X X

Alkalinity (Bicarbonate, Carbonate, Hydroxide, 

Total CaCO3)
X X X X X X X X X X X X

Total Dissolved Solids X X X X X X X X X X X X

Total Organic Carbon X X X X X X X X X X X X

Ferrous iron X X X X X X X X X X X X

Sulfide X X X X X X X X X X X X

Dissolved Gases X X X X X X X X X X X X

Isotopic analysis of methane, oxygen, and sufate X X X X X X X

Bacteria Composition X X X X X X X

Gasoline, Diesel and Motor Oil Range Organics; 

benzene, ethylbenzene, toluene, and zylene

Diesel and Motor Oil Range  Organics

Semi-Volatile Organic Compounds X

Note: in 2017, all locations were analyzed for the parameters listed in column 1.
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Table No 5

2017 Field Parameter Data

LD02 LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30

09/14/17 09/27/17 09/18/17 09/18/17 09/26/17 09/21/17 09/13/17

Depth to GW (ft below TOC) 167 (measured) 165.8 

(measured)

110 25.8 117.3 120 100

Time 1245 1435 1250 1050 1125 1220 1505

pH (s.u) 6.5-8.5 7.65 8.79 9.23 7.7 8.75 9.01 9.02

Temperature (°C) 16.1 14.8 11.3 10.4 10.6 12.1 10.7

Oxygen Reduction Potential (mV) 280.3 34.2 72.2 139 -140.5 -134.5 -174.7

Specific Conductance (μS/cm) 3151 2334 1002 4109 2935 1238 1033

Dissolved Oxygen (mg/L) 2.92 2.65 0.81 0 0.91 0 0

Turbidity (NTU) 52.72 17.7 1.65 0 12.99 0.43 15.4

Ferrous Iron (mg/L) 0.3 0.12 NM 0 0 0 0 0

Sulfide (mg/L) 0.05 NM 0.10 0.02 0.13 0.03 0.18

Salinity (ppt) 1.84 NM 0.52 2.2 1.55 0.62 0.6

PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

Depth to GW (ft below TOC) 250.3 

(measured)

20 50 100 25 11.7

Time 1310 1405 1415 1400 920 1155

pH (s.u) 6.5-8.5 9.01 8.99 7.06 8.22 7.01 7.17

Temperature (°C) 13.6 13.2 9.9 11.2 9.6 9.9

Oxygen Reduction Potential (mV) -26.4 -199.2 244.8 -270.1 235.4 -34

Specific Conductance (μS/cm) 1085 1100 7443 5899 1301 6466

Dissolved Oxygen (mg/L) 0.02 0.12 4.06 0 1.23 0.29

Turbidity (NTU) 0.57 0.93 0.06 2.01 0.12 12.64

Ferrous Iron (mg/L) 0.3 0 0 0 1.67 0 0

Sulfide (mg/L) 0 0.04 0 0.13 0.02 0.07

Salinity (ppt) 0.54 0.55 4.15 3.2 0.65 3.57

Notes mV = millivolts

NM=Not 

Measured

°C = degrees celcius

ft = feet

mg/L = milligrams per liter s.u = standard 

units

Sampling Location and Date

Sampling Location and Date

WY 

Class I 

(Dom)

WY 

Class I 

(Dom)

WY Class I Domestic = State of Wyoming Water Quality Rules and Regulations, Chapter 8, Table 1, Class 

TOC = top of casing

μS/cm = millisiemens per 

centimeterNTU = nephelometric turbidity 

unitppt = parts per thousand

Red bold font indicates WY Class I Domestic exceedance

Water levels were measured with acoustic/sonic water level meter where indicated

Field Parameter

Field Parameter

Page 1 of 1 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 6

2018 Field Parameter Data

WY WQRR LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30

Standard 04/23/18 05/02/18 04/25/18 05/08/18 05/08/18 04/23/18

Depth to GW (ft below TOC) 167 110 100 197.7 (measured) 120 100

Time 1140 1230 1450 1350 1105 1510

pH (s.u) 6.5-8.5 7.32 9.33 7.63 8.78 9.12 9.25

Temperature (°C) 10.4 10.5 10.4 10.8 12.1 10.4

Oxygen Reduction Potential (mV) 138.3 -67.5 33.9 -199.8 -197.2 -210.9

Specific Conductance (μS/cm) 3094 945 3826 3002 1197 1010

Dissolved Oxygen (mg/L) 3.05 0 0 0.16 0 0

Turbidity (NTU) 7.72 1.4 0.03 2.7 1.6 1.3

Ferrous Iron (mg/L) 0.3 0 0 0.03 0.02 0 0

Sulfide (mg/L) 0.05 0.05 0.12 0.11 0.04 0.04

Salinity (ppt) 1.84 0.46 2.03 1.61 0.59 0.5

WY WQRR PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Standard 04/24/18 04/24/18 05/03/18 04/25/18 04/26/18 09/20/17

Depth to GW (ft below TOC) 250.3 to 271.8 20 50 100 25.8 and 10.3 17.3 (measured)

Time 1330 1500 1520 1230 825 1105

pH (s.u) 6.5-8.5 10.16 10.14 6.86 7.64 7.05 7.23

Temperature (°C) 11.1 12.2 9.4 9.9 9 9.8

Oxygen Reduction Potential (mV) -215.2 -169.4 123.8 2.9 116.4 20.7

Specific Conductance (μS/cm) 1010 1315 7084 3881 1074 6334

Dissolved Oxygen (mg/L) 0 0 4.46 0 0.38 0.64

Turbidity (NTU) 0.84 1.9 0.21 1.2 1.5 7.84

Ferrous Iron (mg/L) 0.3 0 0 0.04 0 0 0

Sulfide (mg/L) 0 0.02 0.05 0.06 0 0

Salinity (ppt) 0.5 0.66 4.20 2.6 0.53 3.45

Notes mV = millivolts

NM=Not Measured

°C = degrees celcius

ft = feet

mg/L = milligrams per liter s.u = standard units

Sampling Location and Date

Field Parameter

Sampling Location and Date

Field Parameter

NTU = nephelometric turbidity unit

ppt = parts per thousand

Red bold font indicates WY Class I Domestic exceedance

WY Class I Domestic = State of Wyoming Water Quality Rules and Regulations, Chapter 8, Table 1, Class I 

Water levels were measured with acoustic/sonic water level meter where indicated

TOC = top of casing

μS/cm = millisiemens per centimeter
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Table No 7

2017 Major Cations, Anions and General Chemistry

Location: LD02 PGDW05 PGDW14 PGDW20 PGDW20 DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sampling 

Date:

09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

CAS #

EPA 

MCL

EPA 

DWEL

WY 

DWEL

EPA 

SDWR

EPA 

HA

Calcium 14452-75-6 N/A N/A N/A N/A N/A N/A 107 3.04 140 76.8 74.4 7.29 4.19 6.01 5.77 436 258 127 387 

Iron 7439-89-6 N/A 0.3 N/A * 0.3 300 5.69 0.105 < 0.0167 U 2.67 2.56 < 0.0167 U 0.0173 J 0.0459 J 0.229 0.132 3.54 < 0.0167 U 0.693

Magnesium 7439-95-4 N/A N/A N/A N/A N/A 35000 17.6 0.0708 J 18.0 8.42 8.20 0.086 J 0.0932 J 0.0404 J 0.0472 J 42.0 19.4 31.6 129 

Manganese 7439-96-5 N/A 0.05 1.6 * 0.05 300 1.85 0.0012 J 0.0031 J 0.0596 0.053 0.0024 J 0.0012 J 0.0031 J 0.0056 0.0289 0.318 < 0.00038 U 0.117

Potassium 7440-96-5 N/A N/A N/A N/A N/A N/A 1.76 J 0.317 J 4.65 1.11 J 1.01 J 4.22 J 0.360 J 0.576 J 0.446 J 6.03 3.40 3.33 14.6 

Sodium 7440-23-5 N/A N/A N/A N/A N/A 20/30-60** 565 174 699 515 519 226 196 205 201 1220 1070 87.2 1030

Strontium 7440-24-6 N/A N/A 20 20 N/A N/A 1.38 0.0567 1.67 1.33 1.29 0.0938 0.0706 0.0820 0.0849 4.84 2.97 1.91 7.91 

Alkalinity, Bicarbonate N/A N/A N/A N/A N/A N/A N/A 55.0 70.5 156 59.6 64.9 68.6 80.0 83.2 86.9 349 79.9 309 316 

Alkalinity, Carbonate N/A N/A N/A N/A N/A N/A N/A < 1.4 U 20.4 < 1.4 U 7.7 J 3.9 J < 1.4 U 15.8 12.0 14.9 < 1.4 U < 1.4 U < 1.4 U < 1.4 U

Alkalinity, Hydroxide N/A N/A N/A N/A N/A N/A N/A < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U

Alkalinity, Total as CaCO
3 471-34-1 N/A N/A N/A N/A N/A N/A 55.0 J 90.9 156 67.3 68.9 68.6 95.8 J 95.2 102 J 349 J 79.9 309 J 316 J

Bromide 2459-67-9 N/A N/A N/A N/A N/A 2 0.065 J 0.13 J 0.056 J 0.058 J 0.057 J 0.13 0.12 0.11 0.11 0.28 0.089 J 0.30 0.24 

Chloride 16887-00-6 N/A 250 N/A * 250 250 33.3 J 17.5 J 27.4 J 33.2 J 33.3 J 19.9 15.8 J 16.3 J 15.8 J 131 41.6 J 58.8 J 60.6 J

Fluoride 16984-48-8 4 4 N/A * N/A 1.5 1.4 J 1.1 J 0.45 J 0.91 J 0.93 J 1.0 0.90 J 1.7 J 1.6 J 0.26 0.37 J 1.8 J 0.47 J

Nitrogen, Nitrate 14797-55-8 10 10 N/A * N/A N/A 0.079 J 0.039 J 0.41 < 0.0079 U < 0.0079 U < 0.0079 U 0.040 J < 0.0079 U 0.039 J 16.6 < 0.0079 U 0.61 J 3.7 J

Nitrogen, Nitrite 14797-65-0 1 1 N/A * N/A N/A < 0.016 UJ < 0.016 UJ < 0.016 U < 0.016 U < 0.016 U < 0.016 U < 0.016 U < 0.016 U < 0.016 UJ < 0.016 U < 0.016 U < 0.016 UJ < 0.016 UJ

Sulfate 14996-02-2 N/A 250 N/A * 250 500 1430 J 285 J 1720 1200 J 1180 J 389 J 311 313 J 325 J 3250 J 2690 234 J 3130 J

Total Dissolved Solids N/A N/A 500 N/A * 500 500 1780 J 588 2830 1710 1640 708 628 606 583 5340 4160 693 4720

Total Organic Carbon by Method SM5310C (mg/L)

Total Carbon N/A N/A N/A N/A N/A N/A N/A 2.1 J 0.53 J 0.91 0.58 J 0.58 J 0.52 J 0.55 J 0.40 J 0.46 J 9.6 J 0.85 1.5 5.7 

Notes Qualifiers

DOM = Domestic J = Estimated value

< = Result was less than the method detection limit U = Not detected (method detection limit shown)

N/A = Not regulated/no available criteria UJ = Not detected/estimated detection limit

mg/L = Milligrams per liter

DUP =  field duplicate sample

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or WY Class I Domestic value.

Exceedance

Exceedance

Exceedance EPA HA and WY Class I Domestic or DWEL 

Major Anions by Method E300/SM2320B (mg/L)

Total Dissolved Solids by Method SM2540C (mg/L)

EPA DWEL = US EPA Drinking Water Equivalent Level

WY Class I Domestic = State of Wyoming Water Quality Rules and Regulations, Chapter 8, Table 1, Class I Groundwater Quality Standard

WY DWEL = State of Wyoming Drinking Water Equivalent Level (DWEL) for non-carcinogenic chemicals and known carcinogenic chemicals are calculated in accordance with WDEQ Storage Tanks Rules and Regulations Chapter 1 and using May 

     2016 US EPA Regional Screening Levels (RSLs). For chemicals not on EPA May 2016 RSL tables, values were obtained from RSLs of closely related chemicals, or from other published information

EPA SDWR = US EPA Secondary Drinking Water Regulations

WY 

Class I 

(Dom)

** EPA requires Public Water Systems that exceed 20 mg/L to notify local and State public health officials (U.S. EPA 1996). The EPA guidance was developed for those individuals restricted to a total sodium intake of 500 mg/day (U.S. EPA 1976) and should not be extrapolated to 

the entire population. EPA Drinking Water Advisory recommends that the sodium concentration in drinking water not exceed a range of 30 to 60 mg/L because of possible adverse effects on taste at higher concentrations.

EPA HA = US EPA Drinking Water Health Advisory

Major Cations by Method 6010C/6020A (mg/L)

Exceedance

EPA MCL = US EPA Maximum Contaminant Level                                  

ANALYTE

1 of 1 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 8

2018 Major Cations, Anions and General Chemistry

LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW41A 

DUP

PGDW44 PGDW45 PGDW49

 Sample Date: 04/23/18 05/02/18 04/25/18 05/08/18 05/08/18 04/23/18 04/24/18 04/24/18 05/03/18 05/03/18 04/25/18 04/26/18 04/26/18

CAS #

EPA 

MCL

EPA 

DWEL

WY 

DWEL

EPA 

SDWR

EPA 

HA

Major Cations by Method 6010D/6020B (mg/L)

Calcium 14452-75-6 N/A N/A N/A N/A N/A N/A 112 3.02 165 79.4 7.34 4.36 7.47 7.29 518 516 163 141 440 

Iron 7439-89-6 N/A 0.3 N/A * 0.3 300 0.739 0.0190 J < 0.0167 U 0.371 < 0.0167 U 0.0237 J 0.0501 0.368 0.0398 J 0.0490 J 0.0167 J < 0.0167 U 0.521

Magnesium 7439-95-4 N/A N/A N/A N/A N/A 35000 19.2 0.0667 J 21.2 8.72 0.0870 J 0.0986 J 0.0165 J 0.0192 J 51.7 51.6 20.8 30.0 140 

Manganese 7439-96-5 N/A 0.05 1.6 * 0.05 300 0.569 0.00080 J 0.0034 J 0.0274 < 0.0027 U 0.0014 J 0.0012 J 0.0049 J 0.0187 0.0186 0.0029 J 0.0154 0.117

Potassium 7440-96-5 N/A N/A N/A N/A N/A N/A 1.46 J 0.327 J 5.16 1.17 J 0.384 J 0.278 J 0.245 J 0.227 J 5.69 J 5.50 5.10 2.84 14.9 

Sodium 7440-23-5 N/A N/A N/A N/A N/A 20/30-60** 597 174 790 530 209 213 196 202 1250 1220 790 59.5 1090

Strontium 7440-24-6 N/A N/A 20 20 N/A N/A 1.67 0.0570 1.89 1.14 0.0933 J 0.0753 0.100 0.0973 5.34 5.44 2.16 2.2 9.01 

Major Anions by Method E300/SM2320B (mg/L)

Alkalinity, Bicarbonate N/A N/A N/A N/A N/A N/A N/A 51.6 68.6 154 64.0 56.1 39.3 26.1 26.6 311 308 154 328 319 

Alkalinity, Carbonate N/A N/A N/A N/A N/A N/A N/A < 1.0 U 17.8 < 1.0 U 5.2 9.4 54.0 < 1.0 U < 1.4 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U

Alkalinity, Hydroxide N/A N/A N/A N/A N/A N/A N/A < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.4 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U

Alkalinity, Total as CaCO3 471-34-1 N/A N/A N/A N/A N/A N/A 51.6 86.4 154 69.2 65.5 93.3 26.1 26.6 311 308 154 328 319 

Bromide 2459-67-9 N/A N/A N/A N/A N/A 2 0.15 0.13 0.097 0.17 0.12 0.13 0.14 0.14 0.41 < 0.011 U 0.096 0.27 0.28 

Chloride 16887-00-6 N/A 250 N/A * 250 250 32.5 17.9 26.2 34.4 20.0 15.7 21.6 21.6 142 142 25.9 49.9 64.1 

Fluoride 16984-48-8 4 4 N/A * N/A 1.5 1.7 1.1 0.44 0.96 1.0 1.0 2.7 2.5 0.25 0.25 0.44 1.6 0.47 

Nitrogen, Nitrate 14797-55-8 10 10 N/A * N/A N/A 0.070 J < 0.015 U 0.36 < 0.015 U < 0.015 U < 0.0079 U < 0.0079 U < 0.0079 U 20.1 20.0 0.37 0.57 J 4.4 

Nitrogen, Nitrite 14797-65-0 1 1 N/A * N/A N/A < 0.016 U < 0.018 U < 0.016 U < 0.018 U < 0.018 U < 0.016 U < 0.016 U < 0.016 U < 0.018 U < 0.018 U < 0.016 U < 0.016 UJ < 0.016 U

Sulfate 14996-02-2 N/A 250 N/A * 250 500 1530 320 1070 J 1260 409 331 358 358 3710 3760 1060 J 85.5 1540 J

Total Dissolved Solids by Method SM2540C (mg/L)

Total Dissolved Solids N/A N/A 500 N/A * 500 N/A 2230 517 2930 1910 677 597 597 623 5960 5800 2870 660 5600 

Total Organic Carbon by Method SM5310C (mg/L)

Total Carbon N/A N/A N/A N/A N/A N/A N/A 0.56 J 0.54 J 0.95 0.84 J 0.59 J 0.61 J 0.30 J 0.27 J 9.3 11.3 0.98 2.0 6.5 

Notes Qualifiers

DOM = Domestic J = Estimated value

< = Result was less than the method detection limit U = Not detected (method detection limit shown)

N/A = Not regulated/no available criteria

mg/L = Milligrams per liter

DUP =  field duplicate sample

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or WY Class I Domestic value.

Exceedance

Exceedance

Exceedance

WY 

Class I 

(Dom)

** EPA requires Public Water Systems that exceed 20 mg/L to notify local and State public health officials (U.S. EPA 1996). The EPA guidance was developed for those individuals restricted to a totalsodium intake of 500 mg/day (U.S. EPA 1976) and should not be 

extrapolated to the entire population. EPA Drinking Water Advisory recommends that the sodium concentration in drinking water not exceed a range of 30 to 60 mg/L because of possible adverse effects on taste at higher concentrations.

EPA HA and WY Class I Domestic or DWEL 

EPA MCL = US EPA Maximum Contaminant Level                                  

Exceedance

EPA DWEL = US EPA Drinking Water Equivalent Level

WY Class I Domestic = State of Wyoming Water Quality Rules and Regulations, Chapter 8, Table 1, Class I Groundwater Quality Standard

WY DWEL = State of Wyoming Drinking Water Equivalent Level (DWEL) for non-carcinogenic chemicals and known carcinogenic chemicals are calculated in accordance with WDEQ Storage Tanks Rules and Regulations 

        Chapter 1 and using May 2016 

US EPA Regional Screening Levels (RSLs). For chemicals not on EPA May 2016 RSL tables, values were obtained from RSLs of closely related chemicals, or from other published information
EPA HA = US EPA Drinking Water Health Advisory

ANALYTE

Location ID:

 Page 1 of 1 Source:   Strike Consulting Group LLC. Environmental and Engineering Services 2018



Table No 9

2017 Volatile Organic Compounds

Location ID: LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS # EPA MCL

EPA 

DWEL

WY 

DWEL

Volatile Organic Compounds by Method 8260B (µg/L)

1,1,1,2-Tetrachloroethane 630-20-6 N/A 1000 3.45 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

1,1,1-Trichloroethane 71-55-6 200 70000 * < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U

1,1,2,2-Tetrachloroethane 79-34-5 N/A 400 0.45 < 0.19 U 0.19 J < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U < 0.19 U

1,1,2-Trichloro-1,2,2-Trifluoroethane 76-13-1 N/A N/A N/A < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U < 0.28 U

1,1,2-Trichloroethane 79-00-5 5 100 * < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U < 0.22 U

1,1-Dichloroethane 75-34-3 N/A N/A 15.7 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

1,1-Dichloroethene 75-35-4 7 2000 * < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U

1,1-Dichloropropene 563-58-6 N/A N/A 0.897 < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U

1,2,3-Trichlorobenzene 87-61-6 N/A N/A 26.7 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

1,2,3-Trichloropropane (TCP) 96-18-4 N/A 100 0.003 < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U < 0.0045 U

1,2,4-Trichlorobenzene 120-82-1 70 350 * < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U

1,2,4-Trimethylbenzene 95-63-6 N/A N/A 333 < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U < 0.098 U

1,2-Dibromo-3-Chloropropane (DBCP) 96-12-8 0.2 N/A * < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U

1,2-Dibromoethane (EDB) 106-93-4 0.05 300 * < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U < 0.0071 U

1,2-Dichlorobenzene 95-50-1 600 3000 * < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U

1,2-Dichloroethane 107-06-2 5 N/A * < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U

1,2-Dichloropropane 78-87-5 5 N/A * < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U < 0.62 U

1,3,5-Trimethylbenzene 108-67-8 N/A N/A 333 < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U

1,3-Dichlorobenzene 541-73-1 N/A 3000 75 < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U

1,3-Dichloropropane 142-28-9 N/A N/A 667 < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

1,4-Dichlorobenzene 106-46-7 75 4000 * < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U < 0.10 U

2,2-Dichloropropane 594-20-7 N/A N/A 2.49 < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U < 0.40 U

2-Chlorotoluene 95-49-8 N/A 700 667 < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U

2-Hexanone 591-78-6 N/A N/A 167 < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U < 2.5 U

2-Methoxy-2-Methylbutane 994-05-8 N/A N/A 50 < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U

4-Chlorotoluene 106-43-4 N/A 700 667 < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

Acetone 67-64-1 N/A N/A N/A < 8.8 U < 8.8 U 9.2 J < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U < 8.8 U

Allyl Chloride (3-Chloropropene) 107-05-1 N/A N/A 30000 < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U

Benzene 71-43-2 5 100 * < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

Bromobenzene 108-86-1 N/A 300 267 < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U

Bromochloromethane 74-97-5 N/A 500 1.45 < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U

Bromodichloromethane 75-27-4 81 100 * < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U

Bromoform 75-25-2 81 1000 11.4 < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U < 1.0 U

Bromomethane 74-83-9 N/A 50 46.7 < 1.5 UJ < 1.5 U < 1.5 UJ < 1.5 UJ < 1.5 UJ < 1.5 UJ < 1.5 UJ < 1.5 UJ < 1.5 UJ < 1.5 U < 1.5 UJ < 1.5 UJ < 1.5 UJ

Carbon Disulfide 75-15-0 N/A N/A 3333 < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U < 0.37 U

Carbon Tetrachloride 56-23-5 5 100 * < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U

Chlorobenzene 108-90-7 100 700 * < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

Chloroethane 75-00-3 N/A N/A N/A < 0.44 U < 0.44 U < 0.44 U < 0.44 U < 0.44 U < 0.44 U < 0.44 UJ < 0.44 U < 0.44 U < 0.44 U < 0.44 U < 0.44 U < 0.44 U

Chloroform 67-66-3 81 350 * < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U < 0.46 U

Chloromethane 74-87-3 N/A N/A N/A < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 UJ < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U

Cis-1,2-Dichloroethylene 156-59-2 70 70 * < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U < 0.20 U

Cis-1,3-Dichloropropene 10061-01-5 N/A N/A 0.9 < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U

Cymene 99-87-6 N/A N/A 2667 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

Dibromochloromethane 124-48-1 80 700 * < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

Dibromomethane 74-95-3 N/A N/A 15.7 < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U < 0.50 U

Dichlorodifluoromethane 75-71-8 N/A 5000 6.67 < 0.31 U < 0.31 U < 0.31 U < 0.31 U < 0.31 U < 0.31 U < 0.31 UJ < 0.31 U < 0.31 U < 0.31 U < 0.31 U < 0.31 U < 0.31 U

Dichlorofluoromethane 75-43-4 N/A N/A N/A < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 UJ < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U < 0.38 U

Diethyl Ether 60-29-7 N/A N/A N/A < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U

Ethanol 64-17-5 N/A N/A N/A < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U < 26.4 U

Ethyl Tert-Butyl Ether 637-92-3 N/A N/A 50 < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

Ethylbenzene 100-41-4 700 3000 * < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U
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Table No 9

2017 Volatile Organic Compounds

Location ID: LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS # EPA MCL

EPA 

DWEL

WY 

DWEL

Hexachlorobutadiene (HCBD) 87-68-3 N/A 10 1.15 < 0.48 U < 0.48 U < 0.48 U < 0.48 U < 0.48 U < 0.48 U < 0.48 UJ < 0.48 U < 0.48 U < 0.48 U < 0.48 U < 0.48 U < 0.48 U

Isopropanol 67-63-0 N/A N/A 66667 < 20.6 UJ < 20.6 U < 20.6 UJ 70.9 U 22.9 U < 20.6 U < 20.6 U < 20.6 U < 20.6 U < 27.2 U < 20.6 UJ < 20.6 U < 20.6 U

Isopropyl Ether 108-20-3 N/A N/A 2667 < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U

Isopropylbenzene 98-82-8 N/A 4000 3333 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

m,p-Xylene 179601-23-1 10000 7000 6667 < 0.24 U 1.2 U < 0.24 U 1.2 U 1.3 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U < 0.24 U

Methyl Ethyl Ketone (2-Butanone) 78-93-3 N/A 20000 20000 < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U

Methyl Isobutyl Ketone (4-Methyl-2-Pentanone)108-10-1 N/A N/A N/A < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U < 0.55 U

Methylene Chloride 75-09-2 5 2000 * < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U

Naphthalene 91-20-3 N/A 700 667 < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U < 0.42 U

N-Butylbenzene 104-51-8 N/A N/A 1667 < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

N-Propylbenzene 103-65-1 N/A N/A 3333 < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U

O-Xylene 95-47-6 N/A N/A 6667 < 0.11 U < 0.11 U < 0.11 U 0.22 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U < 0.11 U

Sec-Butylbenzene 135-98-8 N/A N/A 3333 < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U < 0.12 U

Styrene 100-42-5 100 7000 * < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

T-Butylbenzene 98-06-6 N/A N/A 3333 < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U < 0.15 U

Tert-Butyl Alcohol 75-65-0 N/A N/A 66667 < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U

Tert-Butyl Methyl Ether 1634-04-4 N/A N/A 50 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

Tetrachloroethylene (PCE) 127-18-4 5 500 * < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U < 0.16 U

Tetrahydrofuran 109-99-9 N/A N/A N/A < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U < 4.3 U

Toluene 108-88-3 1000 3000 * < 0.17 U < 0.17 U < 0.17 U 0.21 U 0.21 U < 0.17 U < 0.17 U < 0.17 U < 0.17 U < 0.17 U < 0.17 U < 0.17 U < 0.17 U

Trans-1,2-Dichloroethene 156-60-5 100 700 * < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U < 0.21 U

Trans-1,3-Dichloropropene 10061-02-6 N/A N/A 0.9 < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U < 0.14 U

Trichloroethylene (TCE) 79-01-6 5 200 * < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U < 0.18 U

Trichlorofluoromethane 75-69-4 N/A 10000 10000 < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 UJ < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U < 0.13 U

Vinyl Chloride 75-01-4 2 100 * < 0.096 U < 0.096 U < 0.096 U < 0.096 U < 0.096 U < 0.096 U < 0.096 UJ < 0.096 U < 0.096 U < 0.096 U < 0.096 U < 0.096 U < 0.096 U

Notes Qualifiers

< = Result was less than the method detection limit J = Estimated value

DUP =  field duplicate sample U = Not detected (method detection limit shown)

µg/L = Micrograms per liter UJ = Not detected/estimated detection limit

N/A = Not regulated/no available criteria

ND = Standard is "non-detect" (lab reporting limit used for comparison)

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or WY Class I Domestic value.

EPA MCL = US EPA Maximum Contaminant Level

EPA DWEL = US EPA Drinking Water Equivalent Level

WY DWEL = State of Wyoming Drinking Water Equivalent Level (DWEL) for non-carcinogenic chemicals and known carcinogenic chemicals are calculated in accordance with WDEQ Storage Tanks Rules and Regulations Chapter 1 and using May 2016 US EPA Regional Screening Levels 

(RSLs). For chemicals not on EPA May 2016 RSL tables, values were obtained from RSLs of closely related chemicals, or from other published information.
Result was less than the Method Detection Limit (MDL), where MDL is greater than lowest cleanup level (black font and gray highlight )
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Table No 10

Method Detection Limit Comparison to 2016 Final Report Table 29

Analyte CAS # Standard Source

Concentration 

(µg/L)

Method Detection 

Limit (µg/L)

Number 

of 

Detections

Method Detection 

Limit (µg/L)

Number 

of 

Detections

MDL Above or 

Below Screening 

Level

Volatile Organic Compounds by SW8260B (µg/L)

1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 EPA MCL 0.2 0.2-0.3 0 0.24 0 Above

1,2-Dibromoethane (EDB) 106-93-4 EPA MCL 0.05 0.1 0 0.0071 0 Below

WY DWEL 0.003 Above

EPA DWEL 10 Below

Organochlorine Pesticides SW8081B (µg/L)

WY DWEL 0.005 Below

EPA DWEL 0.1 Below

WY DWEL 0.006 Below

EPA DWEL 0.002 Below

Semi-Volatile Organic Compounds by SW8270C - Pesticides, wood treatments, commercial products (µg/L)

WY DWEL 0.18 Above

EPA DWEL 70 Below

Hexachlorobenzene (HCB) 118-74-1 EPA MCL 1 1.2-2.1 0 2.2-2.5 0 Above

Pentachlorophenol (PCP) 87-86-5 EPA MCL 1 1.2-2.0 0 0.29-0.30 0 Below

WY Class 1 1 Above

EPA DWEL 11 Below

Semi-Volatile Organic Compounds by SW8270C - Polynuclear Aromatic Hydrocarbons (PAHs) (µg/L)

Benzo(a)Anthracene 56-55-3 WY DWEL 0.12 1.3-1.6 0 0.0080-0.0083 1 Below

Benzo(a)Pyrene 50-32-8 EPA MCL 0.2 1.1-1.6 0 0.044-0.046 2 Below

Benzo(b)Fluoranthene 205-99-2 WY DWEL 0.12 1.3-1.8 0 0.049-0.052 1 Below

Benzo(k)Fluoranthene 207-08-9 WY DWEL 1.23 0.65-3.1 0 0.049-0.052 1 Below

Dibenzo(a,h)Anthracene 53-70-3 WY DWEL 0.012 0.77-1.8 0 0.011 1 Below

Indeno(1,2,3-cd)Pyrene 193-39-5 WY DWEL 0.12 0.75-1.9 0 0.0037-0.0039 1 Below

2014 2017

9.5 0 15 0

00.000900.006-0.01

Acrylamide    79-06-1

Phenol 108-95-2 00.77-1.7 0 1.2-1.3

60-57-1Dieldrin 00.0004-0.000500.007-0.02

Aldrin 309-00-2

96-18-4 00.004500.1 - 0.21,2,3-Trichloropropane (TCP)

Page 1 of 2 Source:   AME Engineering Earth Sciences 2016



Table No 10

Method Detection Limit Comparison to 2016 Final Report Table 29

Analyte CAS # Standard Source

Concentration 

(µg/L)

Method Detection 

Limit (µg/L)

Number 

of 

Detections

Method Detection 

Limit (µg/L)

Number 

of 

Detections

MDL Above or 

Below Screening 

Level

2014 2017

Semi-Volatile Organic Compounds by SW8270C - Industrial chemicals used in manufacturing or a manufacturing by-product (µg/L)

Azobenzene 103-33-3/122-66-7 WY DWEL 0.82 0.64 - 2.8 0 1.3-1.5 0 Above

Bis(2-Chloroethyl) Ether (BCEE) 111-44-4 WY DWEL 0.082 1.2-3.1 0 1.2-1.3 0 Above

4-Chloroaniline (PCA) 106-47-8 WY DWEL 0.45 0.64-2.8 0 2.0-2.2 0 Above

3,3`-Dichlorobenzidine (3-3’-DCB ) 91-94-1 WY DWEL 0.20 0.60-2.5 0 1.2-1.4 0 Above

WY DWEL 0.06 Above

EPA DWEL 40 Below

WY DWEL 1.15 Above

EPA DWEL 10 Below

n-Nitrosodimethylamine (NDMA) 62-75-9 WY DWEL 0.002 0.74 - 4.6 0 1.1-1.2 0 Above

n-Nitroso-di-n-Propylamine (NDPA) 621-64-7 WY DWEL 0.013 0.82-2.0 0 1.0-1.1 0 Above

2,6-Dinitrotoluene (DNT) 606-20-2 0 00.66 - 3.4 0.66-0.73

87-68-3Hexachlorobutadiene (HCBD) 03.3-3.600.53-2.9

Page 2 of 2 Source:   AME Engineering Earth Sciences 2016



Table No 11

2017 Semi-Volatile Organic Compounds

Location ID: LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No. EPA MCL EPA DWEL WY DWEL

Semi-Volatile Organic Compounds by Method 8270D (µg/L)

1,2,4-Trichlorobenzene 120-82-1 70 N/A 350 * < 4.7 UJ < 4.3 U < 4.4 UJ < 4.3 U < 4.3 U < 4.5 U < 4.4 U < 4.4 UJ < 4.3 U < 4.4 U < 4.4 UJ < 4.4 U < 4.8 U

1,2-Dichlorobenzene 95-50-1 600 N/A 3000 * < 4.0 UJ < 3.6 U < 3.7 UJ < 3.6 U < 3.6 U < 3.8 U < 3.7 U < 3.7 UJ < 3.6 U < 3.7 U < 3.7 UJ < 3.7 U < 4.0 U

Azobenzene/1,2-Diphenylhydrazine 122-66-7 N/A N/A N/A 0.82 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.5 U

1,3-Dichlorobenzene 541-73-1 N/A N/A 3000 75 < 4.7 UJ < 4.3 U < 4.3 UJ < 4.3 U < 4.3 U < 4.5 U < 4.3 U < 4.4 UJ < 4.3 U < 4.3 U < 4.3 UJ < 4.3 U < 4.7 U

1,4-Dichlorobenzene 106-46-7 75 N/A 4000 * < 3.8 UJ < 3.5 U < 3.6 UJ < 3.5 U < 3.5 U < 3.7 U < 3.5 U < 3.6 UJ < 3.5 U < 3.6 U < 3.6 UJ < 3.6 U < 3.9 U

1-Methylnaphthalene 90-12-0 N/A N/A N/A 3.09 < 2.4 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.3 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.4 U

2,4,5-Trichlorophenol 95-95-4 N/A N/A N/A 3333 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

2,4,6-Trichlorophenol 88-06-2 N/A N/A 10 8.16 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

2,4-Dichlorophenol 120-83-2 N/A N/A 100 100 < 1.8 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.8 U

2,4-Dimethylphenol 105-67-9 N/A N/A N/A 667 < 3.2 U < 2.9 U < 3.0 U < 2.9 U < 2.9 U < 3.1 U < 2.9 U < 3.0 U < 2.9 U < 3.0 U < 3.0 U < 3.0 U < 3.2 U

2,4-Dinitrophenol 51-28-5 N/A N/A 100 67 < 2.8 UJ < 2.5 U < 2.6 UJ < 2.5 U < 2.5 U < 2.6 U < 2.5 U < 2.6 UJ < 2.5 U < 2.6 U < 2.6 UJ < 2.6 U < 2.8 U

2,4-Dinitrotoluene (DNT) 121-14-2 N/A N/A N/A 0.29 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

2,6-Dinitrotoluene 606-20-2 N/A N/A 40 0.06 < 0.72 U < 0.66 U < 0.67 U < 0.66 U < 0.66 U < 0.69 U < 0.66 U < 0.67 U < 0.66 U < 0.67 U < 0.67 U < 0.67 U < 0.73 U

2-Chloronaphthalene 91-58-7 N/A N/A N/A N/A < 2.5 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.4 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.5 U

2-Chlorophenol 95-57-8 N/A N/A 200 167 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

2-Methylnaphthalene 91-57-6 N/A N/A N/A 133 < 2.8 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.7 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.9 U

2-Methylphenol (O-Cresol) 95-48-7 N/A N/A N/A 1667 < 2.1 U < 2.0 U < 2.0 U < 1.9 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.2 U

2-Nitroaniline 88-74-4 N/A N/A N/A 333 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

2-Nitrophenol 88-75-5 N/A N/A N/A 67 < 1.9 U < 1.7 U < 1.8 U < 1.7 U < 1.7 U < 1.8 U < 1.7 U < 1.8 U < 1.7 U < 1.8 U < 1.8 U < 1.8 U < 1.9 U

3,3'-Dichlorobenzidine (3,3'-DCB) 91-94-1 N/A N/A N/A 0.2 < 1.4 U < 1.2 U < 1.3 U < 1.2 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

3-Nitroaniline 99-09-2 N/A N/A N/A 4.49 < 1.4 U < 1.2 U < 1.3 U < 1.2 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

4,6-Dinitro-2-Methylphenol 534-52-1 N/A N/A N/A 2.67 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Bromophenyl Phenyl Ether 101-55-3 N/A N/A N/A 267 < 2.6 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.5 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.6 U

4-Chloro-3-Methylphenol 59-50-7 N/A N/A N/A 3333 < 1.7 U < 1.5 U < 1.6 U < 1.5 U < 1.5 U < 1.6 U < 1.5 U < 1.6 U < 1.5 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Chloroaniline (PCA) 106-47-8 N/A N/A N/A 0.45 < 2.1 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.1 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.2 U

4-Chlorophenyl Phenyl Ether 7005-72-3 N/A N/A N/A 17 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Nitroaniline 100-01-6 N/A N/A N/A 4.5 < 2.3 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.2 U < 2.1 U < 2.2 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.3 U

4-Nitrophenol 100-02-7 N/A N/A 300 67 < 2.9 UJ < 2.7 U < 2.7 UJ < 2.6 U < 2.7 U < 2.8 U < 2.7 U < 2.7 UJ < 2.7 U < 2.7 U < 2.7 UJ < 2.7 U < 2.9 U

Benzoic Acid 65-85-0 N/A N/A N/A 133333 4.1 J < 1.6 U < 1.6 UJ < 1.6 U < 1.6 U < 1.7 U < 1.6 U < 1.7 UJ < 1.6 U < 1.6 U < 1.6 UJ < 1.6 U < 1.8 U

Benzyl Alcohol 100-51-6 N/A N/A N/A 3333 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Benzyl Butyl Phthalate 85-68-7 N/A N/A 7000 47 < 2.0 U < 1.8 U < 1.9 U < 1.8 U < 1.8 U < 1.9 U < 1.8 U < 1.9 U < 1.8 U < 1.9 U < 1.9 U < 1.9 U < 2.0 U

Bis(2-Chloroethoxy) Methane 111-91-1 N/A N/A N/A 100 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Bis(2-Chloroethyl) Ether (BCEE) 111-44-4 N/A N/A N/A 0.082 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Bis(2-Chloroisopropyl) Ether 108-60-1 N/A N/A 1000 1333 < 1.5 UJ < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Bis(2-Ethylhexyl) Phthalate (BEHP) 117-81-7 6 N/A 700 * < 5.2 U < 4.7 U < 4.8 U < 4.7 UJ 18.0 J < 4.9 U < 4.8 U < 4.8 U < 4.7 U < 4.8 U < 4.8 U 7.5 J < 5.2 U

Carbazole 86-74-8 N/A N/A N/A 33 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

Cresols, M & P MEPH1314 N/A N/A N/A N/A < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

Dibenzofuran 132-64-9 N/A N/A N/A 33 < 1.8 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.8 U

Diethyl Phthalate 84-66-2 N/A N/A 30000 26667 < 1.6 U < 1.5 U < 1.5 U < 1.4 U < 1.5 U < 1.5 U 26.3 < 1.5 U < 1.5 U < 1.5 U < 1.5 U < 1.5 U < 1.6 U

Dimethyl Phthalate 131-11-3 N/A N/A N/A 26667 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

Di-N-Butyl Phthalate 84-74-2 N/A N/A 4000 3333 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Di-N-Octylphthalate 117-84-0 N/A N/A N/A 333 < 2.3 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.2 U < 2.1 U < 2.2 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.3 U

Hexachlorobenzene 118-74-1 1 N/A 30 * < 2.4 U < 2.2 U < 2.3 U < 2.2 U < 2.2 U < 2.3 U < 2.2 U < 2.3 U < 2.2 U < 2.3 U < 2.3 U < 2.3 U < 2.5 U

Hexachlorobutadiene 87-68-3 N/A N/A 10 1.15 < 3.6 U < 3.3 U < 3.3 U < 3.3 U < 3.3 U < 3.4 U < 3.3 U < 3.4 U < 3.3 U < 3.3 U < 3.3 U < 3.3 U < 3.6 U

Hexachlorocyclopentadiene 77-47-4 50 N/A 200 * < 21.1 UJ < 19.4 UJ < 19.6 UJ < 19.3 UJ < 19.4 UJ < 20.2 U < 19.5 U < 19.8 UJ < 19.4 U < 19.6 UJ < 19.6 UJ < 19.6 U < 21.4 U

Hexachloroethane 67-72-1 N/A N/A 40 2.24 < 3.9 UJ < 3.5 U < 3.6 UJ < 3.5 U < 3.5 U < 3.7 U < 3.6 U < 3.6 UJ < 3.5 U < 3.6 U < 3.6 UJ < 3.6 U < 3.9 U

Isophorone 78-59-1 N/A N/A 7000 95 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Nitrobenzene 98-95-3 N/A N/A N/A 67 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.5 U

N-Nitrosodimethylamine (NDMA) 62-75-9 N/A N/A N/A 0.002 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

N-Nitrosodi-N-Propylamine (NDPA) 621-64-7 N/A N/A N/A 0.013 < 1.1 U < 1.0 U < 1.1 U < 1.0 U < 1.0 U < 1.1 U < 1.0 U < 1.1 U < 1.0 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U

N-Nitrosodiphenylamine 86-30-6 N/A N/A N/A N/A < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 UJ < 1.1 U < 1.1 U < 1.1 UJ < 1.2 UJ

Phenol 108-95-2 N/A 1 11000 * < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Pyridine 110-86-1 N/A N/A N/A 33 < 2.9 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.7 UJ < 2.6 UJ < 2.7 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.9 UJ

Acrylamide by Method SW-846 8316 (mg/L)

Acrylamide 79-06-1 N/A N/A 0.07 0.00018 < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U

WY 

Class I 

(Dom)

Page 1 of 2 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 11

2017 Semi-Volatile Organic Compounds

Location ID: LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No. EPA MCL EPA DWEL WY DWEL

Semi-Volatile Organic Compounds by Method 8270D (µg/L)

1,2,4-Trichlorobenzene 120-82-1 70 N/A 350 * < 4.7 UJ < 4.3 U < 4.4 UJ < 4.3 U < 4.3 U < 4.5 U < 4.4 U < 4.4 UJ < 4.3 U < 4.4 U < 4.4 UJ < 4.4 U < 4.8 U

1,2-Dichlorobenzene 95-50-1 600 N/A 3000 * < 4.0 UJ < 3.6 U < 3.7 UJ < 3.6 U < 3.6 U < 3.8 U < 3.7 U < 3.7 UJ < 3.6 U < 3.7 U < 3.7 UJ < 3.7 U < 4.0 U

Azobenzene/1,2-Diphenylhydrazine 122-66-7 N/A N/A N/A 0.82 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.5 U

1,3-Dichlorobenzene 541-73-1 N/A N/A 3000 75 < 4.7 UJ < 4.3 U < 4.3 UJ < 4.3 U < 4.3 U < 4.5 U < 4.3 U < 4.4 UJ < 4.3 U < 4.3 U < 4.3 UJ < 4.3 U < 4.7 U

1,4-Dichlorobenzene 106-46-7 75 N/A 4000 * < 3.8 UJ < 3.5 U < 3.6 UJ < 3.5 U < 3.5 U < 3.7 U < 3.5 U < 3.6 UJ < 3.5 U < 3.6 U < 3.6 UJ < 3.6 U < 3.9 U

1-Methylnaphthalene 90-12-0 N/A N/A N/A 3.09 < 2.4 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.3 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.2 U < 2.4 U

2,4,5-Trichlorophenol 95-95-4 N/A N/A N/A 3333 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

2,4,6-Trichlorophenol 88-06-2 N/A N/A 10 8.16 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

2,4-Dichlorophenol 120-83-2 N/A N/A 100 100 < 1.8 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.8 U

2,4-Dimethylphenol 105-67-9 N/A N/A N/A 667 < 3.2 U < 2.9 U < 3.0 U < 2.9 U < 2.9 U < 3.1 U < 2.9 U < 3.0 U < 2.9 U < 3.0 U < 3.0 U < 3.0 U < 3.2 U

2,4-Dinitrophenol 51-28-5 N/A N/A 100 67 < 2.8 UJ < 2.5 U < 2.6 UJ < 2.5 U < 2.5 U < 2.6 U < 2.5 U < 2.6 UJ < 2.5 U < 2.6 U < 2.6 UJ < 2.6 U < 2.8 U

2,4-Dinitrotoluene (DNT) 121-14-2 N/A N/A N/A 0.29 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

2,6-Dinitrotoluene 606-20-2 N/A N/A 40 0.06 < 0.72 U < 0.66 U < 0.67 U < 0.66 U < 0.66 U < 0.69 U < 0.66 U < 0.67 U < 0.66 U < 0.67 U < 0.67 U < 0.67 U < 0.73 U

2-Chloronaphthalene 91-58-7 N/A N/A N/A N/A < 2.5 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.4 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.3 U < 2.5 U

2-Chlorophenol 95-57-8 N/A N/A 200 167 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

2-Methylnaphthalene 91-57-6 N/A N/A N/A 133 < 2.8 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.7 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.6 U < 2.9 U

2-Methylphenol (O-Cresol) 95-48-7 N/A N/A N/A 1667 < 2.1 U < 2.0 U < 2.0 U < 1.9 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.2 U

2-Nitroaniline 88-74-4 N/A N/A N/A 333 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

2-Nitrophenol 88-75-5 N/A N/A N/A 67 < 1.9 U < 1.7 U < 1.8 U < 1.7 U < 1.7 U < 1.8 U < 1.7 U < 1.8 U < 1.7 U < 1.8 U < 1.8 U < 1.8 U < 1.9 U

3,3'-Dichlorobenzidine (3,3'-DCB) 91-94-1 N/A N/A N/A 0.2 < 1.4 U < 1.2 U < 1.3 U < 1.2 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

3-Nitroaniline 99-09-2 N/A N/A N/A 4.49 < 1.4 U < 1.2 U < 1.3 U < 1.2 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.2 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

4,6-Dinitro-2-Methylphenol 534-52-1 N/A N/A N/A 2.67 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Bromophenyl Phenyl Ether 101-55-3 N/A N/A N/A 267 < 2.6 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.5 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.4 U < 2.6 U

4-Chloro-3-Methylphenol 59-50-7 N/A N/A N/A 3333 < 1.7 U < 1.5 U < 1.6 U < 1.5 U < 1.5 U < 1.6 U < 1.5 U < 1.6 U < 1.5 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Chloroaniline (PCA) 106-47-8 N/A N/A N/A 0.45 < 2.1 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.1 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.0 U < 2.2 U

4-Chlorophenyl Phenyl Ether 7005-72-3 N/A N/A N/A 17 < 1.7 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.6 U < 1.7 U

4-Nitroaniline 100-01-6 N/A N/A N/A 4.5 < 2.3 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.2 U < 2.1 U < 2.2 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.3 U

4-Nitrophenol 100-02-7 N/A N/A 300 67 < 2.9 UJ < 2.7 U < 2.7 UJ < 2.6 U < 2.7 U < 2.8 U < 2.7 U < 2.7 UJ < 2.7 U < 2.7 U < 2.7 UJ < 2.7 U < 2.9 U

Benzoic Acid 65-85-0 N/A N/A N/A 133333 4.1 J < 1.6 U < 1.6 UJ < 1.6 U < 1.6 U < 1.7 U < 1.6 U < 1.7 UJ < 1.6 U < 1.6 U < 1.6 UJ < 1.6 U < 1.8 U

Benzyl Alcohol 100-51-6 N/A N/A N/A 3333 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Benzyl Butyl Phthalate 85-68-7 N/A N/A 7000 47 < 2.0 U < 1.8 U < 1.9 U < 1.8 U < 1.8 U < 1.9 U < 1.8 U < 1.9 U < 1.8 U < 1.9 U < 1.9 U < 1.9 U < 2.0 U

Bis(2-Chloroethoxy) Methane 111-91-1 N/A N/A N/A 100 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Bis(2-Chloroethyl) Ether (BCEE) 111-44-4 N/A N/A N/A 0.082 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Bis(2-Chloroisopropyl) Ether 108-60-1 N/A N/A 1000 1333 < 1.5 UJ < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Bis(2-Ethylhexyl) Phthalate (BEHP) 117-81-7 6 N/A 700 * < 5.2 U < 4.7 U < 4.8 U < 4.7 UJ 18.0 J < 4.9 U < 4.8 U < 4.8 U < 4.7 U < 4.8 U < 4.8 U 7.5 J < 5.2 U

Carbazole 86-74-8 N/A N/A N/A 33 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

Cresols, M & P MEPH1314 N/A N/A N/A N/A < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

Dibenzofuran 132-64-9 N/A N/A N/A 33 < 1.8 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.7 U < 1.8 U

Diethyl Phthalate 84-66-2 N/A N/A 30000 26667 < 1.6 U < 1.5 U < 1.5 U < 1.4 U < 1.5 U < 1.5 U 26.3 < 1.5 U < 1.5 U < 1.5 U < 1.5 U < 1.5 U < 1.6 U

Dimethyl Phthalate 131-11-3 N/A N/A N/A 26667 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U

Di-N-Butyl Phthalate 84-74-2 N/A N/A 4000 3333 < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.4 U < 1.5 U

Di-N-Octylphthalate 117-84-0 N/A N/A N/A 333 < 2.3 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.2 U < 2.1 U < 2.2 U < 2.1 U < 2.1 U < 2.1 U < 2.1 U < 2.3 U

Hexachlorobenzene 118-74-1 1 N/A 30 * < 2.4 U < 2.2 U < 2.3 U < 2.2 U < 2.2 U < 2.3 U < 2.2 U < 2.3 U < 2.2 U < 2.3 U < 2.3 U < 2.3 U < 2.5 U

Hexachlorobutadiene 87-68-3 N/A N/A 10 1.15 < 3.6 U < 3.3 U < 3.3 U < 3.3 U < 3.3 U < 3.4 U < 3.3 U < 3.4 U < 3.3 U < 3.3 U < 3.3 U < 3.3 U < 3.6 U

Hexachlorocyclopentadiene 77-47-4 50 N/A 200 * < 21.1 UJ < 19.4 UJ < 19.6 UJ < 19.3 UJ < 19.4 UJ < 20.2 U < 19.5 U < 19.8 UJ < 19.4 U < 19.6 UJ < 19.6 UJ < 19.6 U < 21.4 U

Hexachloroethane 67-72-1 N/A N/A 40 2.24 < 3.9 UJ < 3.5 U < 3.6 UJ < 3.5 U < 3.5 U < 3.7 U < 3.6 U < 3.6 UJ < 3.5 U < 3.6 U < 3.6 UJ < 3.6 U < 3.9 U

Isophorone 78-59-1 N/A N/A 7000 95 < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Nitrobenzene 98-95-3 N/A N/A N/A 67 < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.4 U < 1.3 U < 1.4 U < 1.3 U < 1.3 U < 1.3 U < 1.3 U < 1.5 U

N-Nitrosodimethylamine (NDMA) 62-75-9 N/A N/A N/A 0.002 < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U

N-Nitrosodi-N-Propylamine (NDPA) 621-64-7 N/A N/A N/A 0.013 < 1.1 U < 1.0 U < 1.1 U < 1.0 U < 1.0 U < 1.1 U < 1.0 U < 1.1 U < 1.0 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U

N-Nitrosodiphenylamine 86-30-6 N/A N/A N/A N/A < 1.2 U < 1.1 U < 1.1 U < 1.1 U < 1.1 U < 1.2 U < 1.1 U < 1.1 U < 1.1 UJ < 1.1 U < 1.1 U < 1.1 UJ < 1.2 UJ

Phenol 108-95-2 N/A 1 11000 * < 1.3 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.2 U < 1.3 U

Pyridine 110-86-1 N/A N/A N/A 33 < 2.9 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.7 UJ < 2.6 UJ < 2.7 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.6 UJ < 2.9 UJ

Acrylamide by Method SW-846 8316 (mg/L)

Acrylamide 79-06-1 N/A N/A 0.07 0.00018 < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U < 0.015 U

WY 

Class I 

(Dom)
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Table No 11

2017 Semi-Volatile Organic Compounds

Location ID: LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No. EPA MCL EPA DWEL WY DWEL

WY 

Class I 

(Dom)

Semi-Volatile Organic Compounds by Method SW-846 8270D SIM (µg/L)

Acenaphthene 83-32-9 N/A N/A 2000 2000 < 0.0061 U < 0.0060 U 0.16 < 0.0058 U < 0.0058 U < 0.0058 U < 0.0060 U < 0.0061 U < 0.0058 U < 0.0058 U < 0.0058 U < 0.0058 U < 0.0059 U

Acenaphthylene 208-96-8 N/A N/A N/A 1000 < 0.0071 U < 0.0071 U < 0.0068 U < 0.0069 U < 0.0068 U < 0.0069 U < 0.0071 U < 0.0071 U < 0.0068 U < 0.0068 U < 0.0068 U < 0.0068 U < 0.0069 U

Anthracene 120-12-7 N/A N/A 10000 10000 < 0.0085 U 0.012 J < 0.0081 U < 0.0082 U < 0.0081 U < 0.0082 U < 0.0084 U < 0.0085 U < 0.0081 U < 0.0081 U < 0.0081 U < 0.0081 U < 0.0082 U

Benzo(A)Anthracene 56-55-3 N/A N/A N/A 0.12 < 0.0083 U < 0.0083 U < 0.0080 U 0.020 J < 0.0080 U < 0.0080 U < 0.0083 U < 0.0083 U < 0.0080 U < 0.0080 U < 0.0080 U < 0.0080 U < 0.0081 U

Benzo(A)Pyrene 50-32-8 0.2 N/A N/A * < 0.0046 U < 0.0045 U < 0.0044 U 0.017 J < 0.0044 U < 0.0044 U 0.024 J < 0.0046 U < 0.0044 U < 0.0044 U < 0.0044 U < 0.0044 U < 0.0044 U

Benzo(B)Fluoranthene 205-99-2 N/A N/A N/A 0.12 < 0.0052 U < 0.0051 U < 0.0049 U 0.016 J < 0.0049 U < 0.0050 U < 0.0051 U < 0.0052 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0050 U

Benzo(G,H,I)Perylene 191-24-2 N/A N/A N/A 1000 < 0.0081 U < 0.0080 U < 0.0077 U 0.026 J < 0.0077 U < 0.0078 U < 0.0080 U < 0.0081 U < 0.0077 U < 0.0077 U < 0.0077 U < 0.0077 U < 0.0078 U

Benzo(K)Fluoranthene 207-08-9 N/A N/A N/A 1.23 < 0.0052 U < 0.0051 U < 0.0049 U 0.017 J < 0.0049 U < 0.0050 U < 0.0051 U < 0.0052 U < 0.0050 U < 0.0050 U < 0.0049 U < 0.0049 U < 0.0050 U

Benzo[E]Pyrene 192-97-2 N/A N/A N/A N/A < 0.0059 U < 0.0059 U < 0.0057 U < 0.0057 U < 0.0057 U < 0.0057 U < 0.0059 U < 0.0059 U < 0.0057 U < 0.0057 U < 0.0057 U < 0.0057 U < 0.0057 U

Chrysene 218-01-9 N/A N/A N/A 12 < 0.0062 U < 0.0061 U < 0.0059 U 0.019 J < 0.0059 U < 0.0060 U < 0.0061 U < 0.0062 U < 0.0059 U < 0.0059 U < 0.0059 U < 0.0059 U < 0.0060 U

Dibenz(A,H)Anthracene 53-70-3 N/A N/A N/A 0.012 < 0.011 U < 0.011 U < 0.011 U 0.018 J < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U

Fluoranthene 206-44-0 N/A N/A N/A 1333 < 0.0077 U 0.011 J < 0.0073 U 0.014 J < 0.0073 U 0.011 J 0.015 J < 0.0077 U < 0.0074 U < 0.0074 U < 0.0073 U < 0.0073 U < 0.0074 U

Fluorene 86-73-7 N/A N/A 1000 1330 < 0.011 U 0.016 J 0.16 < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U < 0.011 U

Indeno(1,2,3-C,D)Pyrene 193-39-5 N/A N/A N/A 0.12 < 0.0039 U < 0.0039 U < 0.0037 U 0.022 J < 0.0037 U < 0.0038 U < 0.0039 U < 0.0039 U < 0.0038 U < 0.0038 U < 0.0037 U < 0.0037 U < 0.0038 U

Naphthalene 91-20-3 N/A N/A 700 667 0.014 J 0.010 J 0.035 J < 0.0077 U < 0.0077 U 0.013 J < 0.0079 U < 0.0080 U < 0.0077 U < 0.0077 U < 0.0077 U < 0.0077 U < 0.0078 U

Pentachlorophenol 87-86-5 1 N/A 200 * < 0.30 U < 0.31 UJ < 0.29 U < 0.29 U < 0.30 U < 0.30 UJ < 0.29 U < 0.30 UJ < 0.29 UJ < 0.29 U < 0.29 U < 0.29 UJ < 0.30 UJ

Phenanthrene 85-01-8 N/A N/A N/A 1000 < 0.0095 U 0.031 U 0.10 0.0098 U < 0.0091 U 0.0099 J 0.012 J < 0.0095 U < 0.0091 U < 0.0091 U < 0.0091 U < 0.0091 U < 0.0092 U

Pyrene 129-00-0 N/A N/A N/A 1000 < 0.0091 U < 0.0090 U < 0.0087 U 0.014 U < 0.0087 U < 0.0088 U < 0.0090 U < 0.0091 U < 0.0087 U < 0.0087 U < 0.0087 U < 0.0087 U < 0.0088 U

Notes Qualifiers

< = Result was less than the method detection limit J = Estimated value

DUP =  field duplicate sample U = Not detected (method detection limit shown)

µg/L = Micrograms per liter UJ = Not detected/estimated detection limit

N/A = Not regulated/no available criteria

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or WY Class I Domestic value.

Exceedance

Result was less than the Method Detection Limit (MDL), where MDL is greater than lowest cleanup level (black font and gray highlight )

EPA MCL = US EPA Maximum Contaminant Level                                

Page 2 of 2 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 12

2018 Semi-Volatile Organic Compounds

ANALYTE CAS No.

EPA 

MCL

WY 

CLASS I 

DOM

EPA 

DWEL WY DWEL

PGDW20

5/8/2018 

Semi-Volatile Organic Compounds by Method 8270D (µg/L)

1,2,4-Trichlorobenzene 120-82-1 70 N/A 350 * < 4.1 U

1,2-Dichlorobenzene 95-50-1 600 N/A 3000 * < 3.5 U

1,2-Diphenylhydrazine 122-66-7 N/A N/A N/A N/A < 1.3 U

1,3-Dichlorobenzene 541-73-1 N/A N/A 3000 75 < 4.1 U

1,4-Dichlorobenzene 106-46-7 75 N/A 4000 * < 3.4 U

1-Methylnaphthalene 90-12-0 N/A N/A N/A 3.09 < 2.1 U

2,4,5-Trichlorophenol 95-95-4 N/A N/A N/A 3333 < 1.1 U

2,4,6-Trichlorophenol 88-06-2 N/A N/A 10 8.16 < 1.1 U

2,4-Dichlorophenol 120-83-2 N/A N/A 100 100 < 1.5 U

2,4-Dimethylphenol 105-67-9 N/A N/A N/A 667 < 2.8 U

2,4-Dinitrophenol 51-28-5 N/A N/A 100 67 < 2.4 U

2,4-Dinitrotoluene 121-14-2 N/A N/A N/A 0.29 < 1.3 U

2,6-Dinitrotoluene (DNT) 606-20-2 N/A N/A 40 0.06 < 0.63 U

2-Chloronaphthalene 91-58-7 N/A N/A N/A N/A < 2.2 U

2-Chlorophenol 95-57-8 N/A N/A 200 167 < 1.1 U

2-Methylnaphthalene 91-57-6 N/A N/A N/A 133 < 2.5 U

2-Methylphenol (O-Cresol) 95-48-7 N/A N/A N/A 1667 < 1.9 U

2-Nitroaniline 88-74-4 N/A N/A N/A 333 < 1.5 U

2-Nitrophenol 88-75-5 N/A N/A N/A 67 < 1.7 U

3,3'-Dichlorobenzidine (3,3'-DCB) 91-94-1 N/A N/A N/A 0.2 < 1.2 U

3-Nitroaniline 99-09-2 N/A N/A N/A 4.49 < 1.2 U

4,6-Dinitro-2-Methylphenol 534-52-1 N/A N/A N/A 2.67 < 1.5 U

4-Bromophenyl Phenyl Ether 101-55-3 N/A N/A N/A 267 < 2.3 U

4-Chloro-3-Methylphenol 59-50-7 N/A N/A N/A 3333 < 1.5 U

4-Chloroaniline (PCA) 106-47-8 N/A N/A N/A 0.45 < 1.9 U

4-Chlorophenyl Phenyl Ether 7005-72-3 N/A N/A N/A 17 < 1.5 U

4-Nitroaniline 100-01-6 N/A N/A N/A 4.5 < 2.0 U

4-Nitrophenol 100-02-7 N/A N/A 300 67 < 2.6 U

Benzoic Acid 65-85-0 N/A N/A N/A 133333 < 1.6 U

Benzyl Alcohol 100-51-6 N/A N/A N/A 3333 < 1.3 U

Benzyl Butyl Phthalate 85-68-7 N/A N/A 7000 47 < 1.8 U

Bis(2-Chloroethoxy) Methane 111-91-1 N/A N/A N/A 100 < 1.3 U

Bis(2-Chloroethyl) Ether (BCEE) 111-44-4 N/A N/A N/A 0.082 < 1.1 U

Bis(2-Chloroisopropyl) Ether 108-60-1 N/A N/A 1000 1333 < 1.1 U

Bis(2-Ethylhexyl) Phthalate (BEHP) 117-81-7 6 N/A 700 * < 4.5 U

Carbazole 86-74-8 N/A N/A N/A 33 < 1.1 U

Cresols, M & P MEPH1314 N/A N/A N/A N/A < 1.0 U

Dibenzofuran 132-64-9 N/A N/A N/A 33 < 1.6 U

Diethyl Phthalate 84-66-2 N/A N/A 30000 26667 < 1.4 U

Dimethyl Phthalate 131-11-3 N/A N/A N/A 26667 < 1.2 U

Di-N-Butyl Phthalate 84-74-2 N/A N/A 4000 3333 < 1.3 U

Di-N-Octylphthalate 117-84-0 N/A N/A N/A 333 < 2.0 U

Hexachlorobenzene 118-74-1 1 N/A 30 * < 2.1 U

1 of 2
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Table No 12

2018 Semi-Volatile Organic Compounds

ANALYTE CAS No.

EPA 

MCL

WY 

CLASS I 

DOM

EPA 

DWEL WY DWEL

PGDW20

5/8/2018 

Semi-Volatile Organic Compounds by Method 8270D (µg/L)

Hexachlorobutadiene (HCBD) 87-68-3 N/A N/A 10 1.15 < 3.1 U

Hexachlorocyclopentadiene 77-47-4 50 N/A 200 * < 18.5 UJ

Hexachloroethane 67-72-1 N/A N/A 40 2.24 < 3.4 U

Isophorone 78-59-1 N/A N/A 7000 95 < 1.1 U

Nitrobenzene 98-95-3 N/A N/A N/A 67 < 1.3 U

N-Nitrosodimethylamine (NDMA) 62-75-9 N/A N/A N/A 0.002 < 1.0 U

N-Nitrosodi-N-Propylamine (NDPA) 621-64-7 N/A N/A N/A 0.013 < 1.0 U

N-Nitrosodiphenylamine 86-30-6 N/A N/A N/A N/A < 1.1 U

Phenol 108-95-2 N/A 1 11000 * < 1.1 U

Pyridine 110-86-1 N/A N/A N/A 33 < 2.5 UJ

Notes Qualifiers

DUP =  field duplicate sample

µg/L = Micrograms per liter

N/A = Not regulated/no available criteria

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or 

WY Class I Domestic value.

Result was less than the Method Detection Limit (MDL), where MDL is greater than lowest 

cleanup level.

U = Not detected (method detection limit shown)

UJ = Not detected/estimated detection limit

< = Result was less than the method detection limit

2 of 2
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Table No 13

2017 Organochlorine Pesticides

Location ID: LD02 PGDW05 PGDW14 PGDW20 PGDW20 DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No. EPA MCL EPA DWEL WY DWEL

Aldrin 309-00-2 N/A 1 0.005 < 0.0009 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0008 U < 0.0009 U

Alpha Bhc (Alpha Hexachlorocyclohexane) 319-84-6 N/A N/A 0.014 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Alpha Endosulfan 959-98-8 N/A N/A 200 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Beta Bhc (Beta Hexachlorocyclohexane) 319-85-7 N/A N/A 0.05 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Beta Endosulfan 33213-65-9 N/A N/A 200 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Chlordane 57-74-9 N/A N/A N/A < 0.026 U < 0.0243 U < 0.0248 U < 0.0245 U < 0.0245 U < 0.0245 U < 0.0245 U < 0.0248 U < 0.0245 U < 0.0243 U < 0.0248 U < 0.0245 U < 0.0263 U

cis-Chlordane 5103-71-9 N/A N/A 2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Cis-Nonachlor 5103-73-1 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Delta BHC (Delta Hexachlorocyclohexane) 319-86-8 N/A N/A 0.2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Dieldrin 60-57-1 N/A 2 0.006 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Endosulfan Sulfate 1031-07-8 N/A N/A 200 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Endrin 72-20-8 2 10 2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Endrin Aldehyde 7421-93-4 N/A N/A 2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Endrin Ketone 53494-70-5 N/A N/A * < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Gamma Bhc (Lindane) 58-89-9 0.2 200 0.2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Heptachlor 76-44-8 0.4 20 0.02 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Heptachlor Epoxide 1024-57-3 0.2 0.4 0.2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Hexachlorobenzene 118-74-1 N/A N/A N/A < 0.002 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0019 U < 0.0021 U

Methoxychlor 72-43-5 40 200 40 < 0.0052 U < 0.0048 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0049 U < 0.0048 U < 0.0049 U < 0.0049 U < 0.0052 U

Mirex 2385-85-5 N/A N/A * < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

O,P'-DDD 53-19-0 N/A N/A 0.374 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

O,P'-DDE 3424-82-6 N/A N/A 0.264 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

O,P'-DDT 789-02-6 N/A N/A 0.264 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Oxychlordane 27304-13-8 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

P,P'-DDD 72-54-8 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

P,P'-DDE 72-55-9 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

P,P'-DDT 50-29-3 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Toxaphene 8001-35-2 3 10 3 < 0.026 U < 0.0243 U < 0.0248 U < 0.0245 U < 0.0245 U < 0.0245 U < 0.0245 U < 0.0248 U < 0.0245 U < 0.0243 U < 0.0248 U < 0.0245 U < 0.0263 U

trans-Chlordane 5103-74-2 N/A N/A 2 < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Trans-Nonachlor 39765-80-5 N/A N/A N/A < 0.0005 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0004 U < 0.0005 U

Notes Qualifier

< = Result was less than the method detection limit U = Not detected (method detection limit shown)

DUP =  field duplicate sample

µg/L = Micrograms per liter

N/A = Not regulated/no available criteria

EPA MCL = US EPA Maximum Contaminant Level (exceedances are in bold with a yellow highlight)                                       

WY Class I Domestic = State of Wyoming Water Quality Rules and Regulations, Chapter 8, Table 1, Class I Groundwater Quality Standard (Exceedances are underlined with a yellow highlight; green highlight if also exceeds EPA DWA).

EPA DWEL = US EPA Drinking Water Equivalent Level                                                                                                                                             

WY DWEL = State of Wyoming Drinking Water Equivalent Level (DWEL) for non-carcinogenic chemicals and known carcinogenic chemicals are calculated in accordance with WDEQ Storage Tanks Rules and Regulations Chapter 1 and using May 2016 US EPA Regional Screening Levels (RSLs). For chemicals not on EPA May 2016 RSL tables, values were 

obtained from RSLs of closely related chemicals, or from other published information.

* Wyoming defers to the EPA MCL (first) or WY Class I Domestic (second) instead of a DWEL when a compound has an EPA MCL or WY Class I Domestic value.

Pesticides by Method SW8081B (µg/L)
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Table No 14

2017 Volatile Fatty Acids

Location ID: LD02 PGDW05 PGDW14 PGDW20 PGDW20 DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/27/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No.

Generally 

Recognized 

as Safe

Acetic Acid 64-19-7 90 0.028 J < 0.020 U < 0.12 U 0.032 J < 0.020 UJ < 0.020 U 0.027 J 0.026 J 0.027 J < 0.20 U < 0.12 U 0.025 J 0.17 J

Butyric Acid 107-92-6 5.9 < 0.014 U < 0.014 U < 0.055 U < 0.014 UJ < 0.014 UJ < 0.014 U < 0.0055 U < 0.0055 U < 0.0055 U < 0.14 U < 0.055 U < 0.0055 U < 0.055 U

Formic Acid 64-18-6 N/A < 0.069 U < 0.069 U < 0.33 U < 0.069 UJ 0.074 J < 0.069 U 0.034 J 0.055 J 0.064 J < 0.69 U < 0.33 U < 0.033 U < 0.33 U

Hexanoic Acid 142-62-1 N/A < 0.038 U < 0.038 U < 0.095 U < 0.038 UJ < 0.038 UJ < 0.038 U < 0.0095 U < 0.0095 UJ < 0.0095 UJ < 0.38 U < 0.095 U < 0.0095 UJ < 0.095 UJ

i-Hexanoic Acid 142-62-1 N/A < 0.041 U < 0.041 U < 0.11 U < 0.041 UJ < 0.041 UJ < 0.041 U < 0.011 U < 0.011 U < 0.011 U < 0.41 U < 0.11 U < 0.011 U < 0.11 U

i-Pentanoic Acid 109-52-4 N/A < 0.0055 U < 0.0055 U < 0.098 U < 0.0055 UJ < 0.0055 UJ < 0.0055 U < 0.0098 U < 0.0098 U < 0.0098 U < 0.055 U < 0.098 U < 0.0098 U < 0.098 U

Lactic Acid 598-82-3 0.1 < 0.020 U 0.034 J 0.13 J 0.14 J 0.10 J 0.038 J 0.034 J 0.040 J 0.048 J < 0.020 U < 0.011 U 0.054 J < 0.011 U

Pentanoic Acid 109-52-4 N/A < 0.012 U < 0.012 U < 0.082 U < 0.012 UJ < 0.012 UJ < 0.012 U < 0.0082 U < 0.0082 U < 0.0082 U < 0.12 U < 0.082 U < 0.0082 U < 0.082 U

Propionic Acid 79-09-4 N/A < 0.0061 U < 0.0061 U < 0.055 U < 0.0061 UJ < 0.0061 UJ < 0.0061 U < 0.0055 U < 0.0055 U < 0.0055 U < 0.061 U < 0.055 U < 0.0055 U < 0.055 U

Pyruvic Acid 127-17-3 5 < 0.016 U < 0.016 U < 0.089 U < 0.016 UJ < 0.016 UJ < 0.016 U < 0.0089 U < 0.0089 U < 0.0089 U < 0.16 U < 0.089 U < 0.0089 U < 0.089 U

Notes Qualifiers

< = Result was less than the method detection limit J = Estimated value

DUP =  field duplicate sample U = Not detected (method detection limit shown)

mg/L = Milligrams per liter UJ = Not detected/estimated detection limit

N/A = Not regulated/no available criteria

Exceedance GRAS = Generally Recognized as Safe. American Food and Drug Administration (FDA) designation that a chemical or substance added to food is considered safe by experts, and so is exempted from the usual Federal Food, Drug, and Cosmetic Act  food 

Volatile Fatty Acids by Method AM23G (mg/L)

Result was less than the Method Detection Limit (MDL), where MDL is greater than the GRAS level

Page 1 of 1 Source:  Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 15

2017 Dissolved Gases

Location ID: LD02 LD02 PGDW05 PGDW14 PGDW20 PGDW20 DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/27/17 09/18/17 09/26/17 09/26/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE CAS No.

Carbon Dioxide 124-38-9 0.80 J < 0.32 U < 0.32 U 4.7 J < 0.32 UJ < 0.32 UJ < 0.32 U < 0.32 U < 0.32 U < 0.32 U 32 3.4 J 34 < 0.32 U

Carbon Monoxide 630-08-0 < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 UJ < 0.087 UJ < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U

Nitrogen 7727-37-9 21 J 21 J 22 J 29 J 17 J 20 J 23 J 21 J 28 J 27 J 20 J 29 J 21 J 25 J

Oxygen 7782-44-7 4.8 J 2.8 J 3.8 J  3.1 J 3.5 J 4.1 J 4.4 J 2.6 J 4.8 J 4.6 J 5.0 J 3.2 J 5.4 J 6.2 J

Acetylene 74-86-2 -- < 0.022 U < 0.022 U < 0.022 U < 0.022 UJ < 0.022 UJ < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U

Ethane 74-84-0 4.0 J 19 0.015 U < 0.0030 U 2.3 J 2.4 J 0.021 U 0.40 J 0.029 J 0.028 J 0.0091 U 0.32 < 0.0030 U 0.0096 U

Ethene 74-85-1 < 0.0040 U 0.015 U 0.0065 U < 0.0040 U 0.030 UJ 0.029 UJ < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U 0.0052 J

iso-Butane 75-28-5 0.48 J 2.9 < 0.019 U < 0.019 U 0.096 J 0.12 J 0.42 < 0.019 U 0.14 J 0.14 J < 0.019 U 0.049 J 0.021 U 0.021 U

Methane 74-82-8 50 J 240 43 0.089 U 57 J 62 J 200 970 J 28 J 30 0.074 U 0.78 0.050 U 0.079 U

n-Butane 106-97-8 0.16 J 0.96 0.014 J < 0.012 U 0.072 J 0.084 J < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U 0.080 J < 0.012 U < 0.012 U

Propane 74-98-6 0.83 J 4.5 < 0.0050 U < 0.0050 U 0.30 J 0.32 J < 0.0050 U 0.0067 J 0.012 J 0.017 U < 0.0050 U 0.34 0.0073 U 0.011 U

Propene 115-07-1 0.028 J 0.12 < 0.012 U < 0.012 U 0.061 J 0.064 J < 0.012 U 0.013 J 0.023 J 0.027 U < 0.012 U < 0.012 U < 0.012 U 0.015 U

Hexane Plus N/A < 25 U 36 < 25 U < 25 U 30 J 40 J 45 < 25 U < 25 U 36 < 25 U < 25 U < 25 U < 25 U

Iso-Pentane 78-78-4 < 5.0 U < 5.0 U < 5.0 U < 5.0 U < 5.0 UJ < 5.0 UJ < 5.0 U < 5.0 U < 5.0 U < 5.0 U < 5.0 U < 5.0 U < 5.0 U < 5.0 U

Pentane 109-66-0 < 5.0 UJ < 5.0 U < 5.0 U < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ < 5.0 UJ

Argon 7440-37-1 < 1800 U < 1800 U < 1800 U < 1800 U < 1800 UJ < 1800 UJ < 1800 U < 1800 U < 1800 U < 1800 U < 1800 U < 1800 U < 1800 U < 1800 U

Helium 7440-59-7 < 30 U < 30 U < 30 U < 30 U < 30 UJ < 30 UJ < 30 U < 30 U < 30 U < 30 U < 30 U < 30 U < 30 U < 30 U

Hydrogen 1333-74-0 < 15 U < 15 U < 15 U < 15 U < 15 UJ < 15 UJ < 15 U < 15 U < 15 U < 15 U < 15 U < 15 U < 15 U < 15 U

Notes Qualifiers

-- = Analyte not analyzed for J = Estimated value

< = Result was less than the method detection limit U = Not detected (method detection limit shown)

N/A = No available criteria J = Estimated value

µg/L = Micrograms per liter

mg/L = Milligrams per liter

DUP =  field duplicate sample

Dissolved Gases - Permanent Gases by Method AM20GAX (mg/L)

Dissolved Gases - Light Hydrocarbons by Method AM20GAX (µg/L)

Dissolved Gas Composition by Method AM10 (µg/L)

Dissolved Gas Composition by Method AM30 (µg/L)

Page 1 of 1 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 16

2018 Dissolved Gases

Location ID: LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW41A DUP PGDW44 PGDW45 PGDW49

Sample Date: 04/23/18 05/02/18 04/25/18 05/08/18 05/08/18 04/23/18 04/24/18 04/24/18 05/03/18 05/03/18 04/25/18 04/26/18 04/26/18

ANALYTE CAS No.

EPA 

CRDL

Carbon Dioxide 124-38-9 N/A 0.60 J < 0.32 U 4.7 J < 0.32 U < 0.32 U < 0.32 U < 0.32 U < 0.32 U 33 34 4.8 J 34 23

Carbon Monoxide 630-08-0 N/A < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U < 0.087 U

Nitrogen 7727-37-9 N/A 21 J 21 J 22 J 18 J 20 J 20 J 23 J 22 J 17 J 17 J 24 J 19 J 21 J

Oxygen 7782-44-7 N/A 4.2 J 3.2 J 2.7 J 4.8 J 3.3 J 3.8 J 4.8 J 2.8 J 4.2 J 4.0 J 3.6 J 4.0 J 4.5 J

Acetylene 74-86-2 N/A < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U < 0.022 U

Ethane 74-84-0 N/A 1.4 < 0.0084 J < 0.0030 U 2.0 0.056 J 0.36 0.068 J 0.075 J < 0.012 U < 0.013 U < 0.0030 U < 0.0030 U < 0.0075 U

Ethene 74-85-1 N/A < 0.0058 U < 0.0040 U < 0.0040 U < 0.0058 U <0.0041 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0040 U < 0.0051 U

iso-Butane 75-28-5 N/A 0.22 < 0.019 U < 0.019 U 0.13 J 0.67 <0.019 U 0.42 0.42 < 0.019 U < 0.019 U < 0.019 U < 0.019 U < 0.019 U

Methane 74-82-8 N/A 21 43 < 0.070 U 45 < 0.016 U 770 36 41 < 0.072 U < 0.062 U < 0.076 U < 0.041 U < 0.086 U

n-Butane 106-97-8 N/A 0.037 J < 0.012 U < 0.012 U 0.068 J < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U

Propane 74-98-6 N/A 0.22 < 0.0050 U 0.0053 J 0.25 0.0081 J < 0.0050 U <0.037 U < 0.034 U < 0.0050 U < 0.0050 U < 0.0050 U < 0.0050 U 0.0077 J

Propene 115-07-1 N/A 0.022 J < 0.012 U < 0.012 U 0.034 J < 0.012 U < 0.012 U 0.046 J 0.041 J < 0.012 U < 0.012 U < 0.012 U < 0.012 U < 0.012 U

Hexane Plus N/A N/A < 25 U -- < 25 U < 25 U < 25 U < 25 U -- -- < 25 U < 25 U < 25 U -- < 25 U

Iso-Pentane 78-78-4 N/A < 5.0 U -- < 5.0 U < 5.0 U < 5.0 U < 5.0 U -- -- < 5.0 U < 5.0 U < 5.0 U -- < 5.0 U

Pentane 109-66-0 N/A < 5.0 U -- < 5.0 U < 5.0 U < 5.0 U < 5.0 U -- -- < 5.0 U < 5.0 U < 5.0 U -- < 5.0 U

Argon 7440-37-1 N/A 2200 J -- < 1900 UJ < 1900 U < 1900 U < 1900 UJ -- -- < 1900 U < 1900 U < 1900 UJ -- < 1900 UJ

Helium 7440-59-7 N/A < 30 U -- < 30 U < 30 U < 30 U < 30 U -- -- < 30 U < 30 U < 30 U -- < 30 U

Hydrogen 1333-74-0 N/A < 15 UJ -- < 15 UJ < 15 U < 15 U < 15 UJ -- -- < 15 U < 15 U < 15 UJ -- < 15 UJ

Notes Qualifiers

-- = Analyte not analyzed for J = Estimated value

< = Result was less than the method detection limit U = Not detected (method detection limit shown)

N/A = No available criteria UJ = Not detected/estimated detection limit

µg/L = Micrograms per liter

mg/L = Milligrams per liter

DUP =  field duplicate sample

CRDL = contract required detection limit

Dissolved Gases - Permanent Gases by Method AM20GAX (mg/L)

Dissolved Gases - Light Hydrocarbons by Method AM20GAX (µg/L)

Dissolved Gas Composition by Method AM10 (µg/L)

Dissolved Gas Composition by Method AM30 (µg/L)
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Table No 17

2017 Isotopes

Location ID: LD02 LD02 PGDW05 PGDW14 PGDW20

PGDW20 

DUP PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A PGDW44 PGDW45 PGDW49

Sample Date: 09/14/17 09/27/17 09/27/17 09/18/17 09/27/17 09/27/17 09/21/17 09/13/17 09/19/17 09/20/17 09/25/17 09/18/17 09/20/17 09/20/17

ANALYTE

Sulfur 34 Isotope -1.4 N/A -3.6 -4.4 -0.7 J -0.9 J -4.4 -7.9 -6.3 -5.7 0.2 -3.7 -5.1 0.2

Oxygen 18 Isotope 2.2 N/A 2.8 -7.5 2.5 J 2.6 J 0.4 -3.0 -3.1 -3.3 2.0 -6.0 -4.1 2.5

Carbon 13 Isotope N/A -29.72 N/A N/A N/A N/A ND -23.69 N/A N/A N/A N/A N/A N/A

Hydrogen 2 (Deuterium) Isotope N/A ND N/A N/A N/A N/A ND ND N/A N/A N/A N/A N/A N/A

Oxygen 18 Isotope -12.49 N/A -12.94 -15.21 -12.88 J -12.86 J -12.49 -12.61 -12.69 -13.38 -15.49 -13.53 -16.96 -16.27

Hydrogen 2 (Deuterium) Isotope -106.59 N/A -110.65 -122.90 -108.34 J -107.71 J -109.91 -109.73 -110.84 -112.42 -119.48 -112.57 -128.03 -124.86

Notes Qualifiers

N/A = Sample not analyzed due to low concentration J = Estimated value

ND = Ratio Not Determined J = Estimated value

DUP =  field duplicate sample

Isotopic Sulfate by Method D18O  (0/00)

Dissolved Gas Isotopic by Method AM24  (0/00)

Isotopic Analysis for O-18 and Deuterium by Method D18O  (0/00)

Page 1 of 1 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 18

2018 Isotopes

Location ID: LD02 PGDW05 PGDW14 PGDW20 PGDW23 PGDW30 PGDW32 PGDW33 PGDW41A

PGDW41A 

DUP PGDW44 PGDW45 PGDW49

Sample Date: 04/23/18 05/02/18 04/25/18 05/08/18 05/08/18 04/23/18 04/24/18 04/24/18 05/03/18 05/03/18 04/25/18 04/26/18 04/26/18

ANALYTE

Sulfur 34 Isotope -1.2 -- -4.3 -0.9 -4.2 -7.5 -- -- 0.2 0.4 -4.6 -- -0.2

Oxygen 18 Isotope 1.7 -- -7.7 2.9 0.2 -3.0 -- -- 2.7 2.5 -7.6 -- 0.3

Carbon 13 Isotope ND -- N/A ND 13.30 -24.60 -- -- N/A N/A N/A -- N/A

Hydrogen 2 (Deuterium) Isotope ND -- N/A ND ND ND -- -- N/A N/A N/A -- N/A

Notes

N/A = The methane concentrations were not high enough to perform CSIA determinations

ND = Ratio Not Determined

-- = Analyte not analyzed for

DUP =  field duplicate sample

Dissolved Gas Isotopic by Method AM24  (0/00)

Isotopic Sulfate by Method D18O  (0/00)

Page 1 of 1 Source:   Strike Consulting Group LLC. Environmental and Engineering Services 2018



Table No 19

2017 and 2018 Bacteria and Associated Geochemistry

2017 2018 2017 pre 2017 2017 pre 2017 2018 2018 2017-pre 2017 2017-pre 2017 Dup 2018 2017 pre 2017 2018 2017 pre 2017 2018 2017-pre 2017 2017-pre 2017 2017 pre 2017 2018 2018 Dup 2017 pre 2017 2018 2017 pre 2017 2017 pre 2017 2018

5.69 0.739 -- 0.105 -- ND ND ND -- 2.67 -- 2.56 0.371 -- ND ND -- ND 0.0237 -- 0.0459 J -- 0.229 -- 0.132 0.0398 0.0490 J -- 3.54 0.0167 J -- ND -- 0.693 0.521

1.85 0.569 -- 0.0708 J -- ND ND 0.0048 J -- 0.0553 -- 0.053 0.0274 -- ND 0.0027 -- ND 0.0014 -- 0.0031 J -- 0.0056 -- 0.0289 0.0187 0.0186 -- 0.318 0.0029 J -- ND -- 0.117 0.117

7.62 7.32 -- 8.79 -- 7.7 7.68 7.69 -- 8.75 -- 8.75 8.78 -- 9.01 9.12 -- 9.02 9.25 -- 9.01 -- 8.99 -- 7.06 6.86 NA -- 8.22 7.64 -- 9.01 -- 7.17 7.23

1430 1530 -- 285 J -- 1720 1760 1260 -- 1200 -- 1180 J 1260 -- 389 409 -- 311 331 -- 313 J -- 325 J -- 3250 3710 3760 -- 2690 1060 J -- 234 J -- 3130 1540 J

1.38 1.67 -- 0.0567 -- 1.67 1.55 1.14 -- 1.33 -- 1.29 1.14 -- 0.0938 0.0933 -- 0.0706 0.0753 -- 0.082 -- 0.0849 -- 4.84 5.34 5.44 -- 2.97 2.2 -- 1.91 -- 7.91 9.01

1780 2230 -- 588 -- 2380 2720 1910 -- 1710 -- 1640 1910 -- 708 677 -- 628 597 -- 606 -- 5340 -- 5340 5960 5800 -- 4160 2870 -- 693 -- 4720 5600

16.1 10.4 -- 14.8 -- 10.4 10.3 10.4 -- 10.6 -- 10.6 10.8 -- 12.1 12.1 -- 10.7 10.4 -- 13.6 -- 13.2 -- 9.9 9.4 NA -- 11.2 9.9 -- 13.6 -- 9.9 9.8

280.3 138.3 -- 34.2 -- 139 48 121.6 -- -140.5 -- -140.5 -199.8 -- -134.5 -197.2 -- -174 -210.9 -- -26.4 -- -199.2 -- 244 123.8 NA -- -270.1 2.9 -- -26.4 -- -37 20.7

292 3.05 -- 2.65 -- ND 2.24 2.24 -- 0.91 -- 0.91 0.16 -- ND 0 -- ND 0 -- 0.02 -- 0.12 -- 4.06 4.46 NA -- ND 0 -- 0.02 -- 0.29 0.64

50 J 21 -- 43 -- ND NM NM -- 57 J -- 62 J 45 -- 200 180 -- 970 770 -- 28 J -- 30 -- ND 0.072 ND -- 0.78 ND -- ND -- ND 0.086

0.12 ND -- NM -- ND NM NM -- ND -- 0 0.02 -- ND 0 -- ND 0 -- 0 -- 0 -- ND 0.04 NA -- 1.67 0 -- 0 -- ND ND

0.05 0.05 -- NM -- 0.02 NM NM -- 0.13 -- 0.13 0.11 -- 0.03 0.04 -- 0.18 0.04 -- 0 -- 0.04 -- ND 0.05 NA -- 0.13 0.06 -- 0 -- 0.07 ND

4.03E+11 <50 6.50E+08 2.42E+06 1.10E+07 7.97E+06 8.70E+07 <50 3.67E+09 2.08E+07 3.67E+09 3.62E+07 1.28E+07 1.38E+07 1.47E+05 <50 2.81E+05 5.04E+05 <50 1.79E+07 2.83E+05 5.69E+04 1.12E+05 2.53E+09 2.28E+09 9.48E+08 2.49E+07 2.77E+08 5.76E+06 1.84E+05 6.81E+07 2.81E+07 1.20E+09 7.80E+08 3.15E+05

Genus Metabolism Gram

acetivibrio anaerobic negative 1.71 1.71

acholeplasma facultative anaerobic negative 1.16

acidiferrobacter aerobic/lob/sox -- 2.67 2 1.95 2.2 0.92 1.25 0.81

acidithiobacillus* aerobic/lob negative 1.16

acidobacterium aerobic negative 0.85 3.08 3.28 2.49 2.63 3.45 4.6 5.1 3.68 3.92 3.16 4.45 2.82 4.77

acidocella aerobic negative 1.86 1.32

acidovorax aerobic/lob negative 2.46 1.25 0.88 1.19 0.82

acinetobacter aerobic negative 2.4 5.13 0.85 1.35 2.09

adhaeribacter aerobic negative

aeromonas aerobic/facultative negative 1.71

afipia aerobic/faculative negative 2.89

agrobacterium aerobic negative 1.92 1.7 1.09 1.23

alcaligenes aerobic/nitrate negative 2.25

algidimarina aerobic negative 1.28 9.07 1.16

alkalispirillum aerobic negative 1.05

anaeromyxobacter anaerobic/mrb negative 1.19 1.87 2.01 1.34 1.48 2.16 2.16 0.82 2.61 1.99 1.62

anaerophaga anaerobic/fermentative negative 1.75 3.18

anaerovirgula anaerobic positive 1.26

anaerovorax anaerobic positive 5.37

anaplasma aerobic negative 1.9 1.9 1.9

aquabacterium facultative anaerobic negative 1.58

aquicella aerobic negative 0.98

aquimonas aerobic negative 1.79 9.05

aquincola aerobic negative 2.83

arthrobacter aerobic positive 1.95 2.01 1.6 0.84 6.78

bacillus aerobic/sox negative 1.97 6.83

bacteroides anaerobic negative 1.14 4.67

barnesiella anaerobic negative 0.97

bdellovibrio aerobic negative 2.48

bosea aerobic/sox negative 1.04

bradyrhizobium aerobic negative 0.81

brevundimonas aerobic negative 0.91 1.83 3.97

brucella aerobic negative 1.49 4.27

burkholderia aerobic negative 1.95

candidatus aerobic/lob/sox -- 0.89

candidatus brocadia aerobic negative 0.97

candidatus desulforudis* anaerobic/srb positive 2.1 18.46 22.96 51.04 23.6 11.71 1.99 5.43 5.8 8.2 4.31 2.5

candidatus kuenenia anaerobic/anammox -- 1.5 1.83 1.32 1.22 0.93

candidatus magnetobacterium varied -- 0.9 0.86 1.24

carboxydothermus anaerobic positive 1.43

cellulosimicrobium facultatively anaerobic positive 1.8

chlamydia  intracellular negative 1.05

chloroflexus varied varied 1.67 1.47 1.84 1.47 1.05 1.31 2.76 1.76 3.19 1.45

clostridium anaerobic/fermentive positive 1.38 1.2 0.98 0.83 1.02 0.92 1 0.86

compostimonas aerobic positive 1.91 1.07

conexibacter aerobic positive 0.92

corynebacterium aerobic positive 1.59 2.74 4.26 1.8 7.13 6.04 3.29

cupriavidus aerobic negative 2.55

cycloclasticus aerobic negative 4.6 4.6

cytophaga aerobic negative 2.32 2.88 1.07 11.93

dechloromonas anaerobic nrb negative 4.76 0.87 0.98 2.12 1.74 1.36 1.36 2.28

defluviicoccus varied negative 2.03

dehalobacterium anaerobic positive 1.94

dehalococcoides anaerobic positive 2.3 3.81 1.17 0.98 2.37 2.42 2.45 1.08 1.13 1.9 0.95 3.44 1.77

dehalogenimonas anaerobic negative 0.81

deinococcus aerobic positive 2.86

delftia aerobic positive 5.03 2.01 2.5

denitratisoma anaerobic/nrb/perchlorate negative 0.9 2.12 13.88

dermabacter facultative anaerobic positive 0.89

desulfatibacillum* anaerobic/srb negative 9.08

desulfatiglans* anaerobic/srb negative 0.99

desulfatitalea* anaerobic/srb negative 2.14

desulfobacterium* aerobic/NOB negative 2.28

desulfobacterium* anaerobic/srb negative 1.39 0.88 2.1 2.64 1.27 2.45 3.37 1.02 1.19 2.74 2.05 23.18 1.62

desulfobacula* anaerobic/srb negative 2.52

desulfobulbus* anaerobic/mrb/srb negative 0.93 2.31 2.75 5.14 21.95 1.69 2.67

desulfocapsa* aerobic/sox negative 0.96 6.77 1.71

desulfococcus* anaerobic/srb/fermentive negative 1.18

desulfomicrobium* anaerobic/srb negative 3.69 6.9

desulfomonile* anaerobic SRB negative 0.92

desulfonatronum* aerobic negative 1.57 1.31

desulforegula* anaerobic/srb negative 2.02 2.27 2.05

desulforudis* anaerobic/srb positive 0.88

desulfosporosinus* anaerobic/srb/fermentive positive 0.85 1.16

desulfotomaculum* anaerobic/srb positive

desulfovibrio* anaerobic/srb positive 1.18 2.51 1.91 1.99 3.46 2.9 3.12 3.18 10.04 3.45 4.52 1.48 1.57 1.7 1.62 1.74 1.61 2.76 0.93 4.52 1.61 3.53

desulfurivibrio* anaerobic/srb positive 1.19

desulfuromonas* anaerobic/srb negative 3.87 4 1.02 4.24 2.38 2.07 1.25

Manganese (mg/L)

Iron (mg/L)

Sample Year

PGDW45 PGDW49PGDW30 PGDW32 PGDW33 PGDW41A PGDW44LD02 PGDW05 PGDW14 PGDW20 PGDW23

pH (s.u.)

Sulfate (mg/L)

Strontium (mg/L)

TDS (mg/L)

Temp (°C)

ORP (mV)

DO (mg/L)

Methane  (µg/L)

Ferrous Iron (mg/L)

Sulfide (mg/L)

Bacterial Population (gene copies/L)

percent  of profile
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Table No 19

2017 and 2018 Bacteria and Associated Geochemistry

2017 2018 2017 pre 2017 2017 pre 2017 2018 2018 2017-pre 2017 2017-pre 2017 Dup 2018 2017 pre 2017 2018 2017 pre 2017 2018 2017-pre 2017 2017-pre 2017 2017 pre 2017 2018 2018 Dup 2017 pre 2017 2018 2017 pre 2017 2017 pre 2017 2018

5.69 0.739 -- 0.105 -- ND ND ND -- 2.67 -- 2.56 0.371 -- ND ND -- ND 0.0237 -- 0.0459 J -- 0.229 -- 0.132 0.0398 0.0490 J -- 3.54 0.0167 J -- ND -- 0.693 0.521

1.85 0.569 -- 0.0708 J -- ND ND 0.0048 J -- 0.0553 -- 0.053 0.0274 -- ND 0.0027 -- ND 0.0014 -- 0.0031 J -- 0.0056 -- 0.0289 0.0187 0.0186 -- 0.318 0.0029 J -- ND -- 0.117 0.117

7.62 7.32 -- 8.79 -- 7.7 7.68 7.69 -- 8.75 -- 8.75 8.78 -- 9.01 9.12 -- 9.02 9.25 -- 9.01 -- 8.99 -- 7.06 6.86 NA -- 8.22 7.64 -- 9.01 -- 7.17 7.23

1430 1530 -- 285 J -- 1720 1760 1260 -- 1200 -- 1180 J 1260 -- 389 409 -- 311 331 -- 313 J -- 325 J -- 3250 3710 3760 -- 2690 1060 J -- 234 J -- 3130 1540 J

1.38 1.67 -- 0.0567 -- 1.67 1.55 1.14 -- 1.33 -- 1.29 1.14 -- 0.0938 0.0933 -- 0.0706 0.0753 -- 0.082 -- 0.0849 -- 4.84 5.34 5.44 -- 2.97 2.2 -- 1.91 -- 7.91 9.01

1780 2230 -- 588 -- 2380 2720 1910 -- 1710 -- 1640 1910 -- 708 677 -- 628 597 -- 606 -- 5340 -- 5340 5960 5800 -- 4160 2870 -- 693 -- 4720 5600

16.1 10.4 -- 14.8 -- 10.4 10.3 10.4 -- 10.6 -- 10.6 10.8 -- 12.1 12.1 -- 10.7 10.4 -- 13.6 -- 13.2 -- 9.9 9.4 NA -- 11.2 9.9 -- 13.6 -- 9.9 9.8

280.3 138.3 -- 34.2 -- 139 48 121.6 -- -140.5 -- -140.5 -199.8 -- -134.5 -197.2 -- -174 -210.9 -- -26.4 -- -199.2 -- 244 123.8 NA -- -270.1 2.9 -- -26.4 -- -37 20.7

292 3.05 -- 2.65 -- ND 2.24 2.24 -- 0.91 -- 0.91 0.16 -- ND 0 -- ND 0 -- 0.02 -- 0.12 -- 4.06 4.46 NA -- ND 0 -- 0.02 -- 0.29 0.64

50 J 21 -- 43 -- ND NM NM -- 57 J -- 62 J 45 -- 200 180 -- 970 770 -- 28 J -- 30 -- ND 0.072 ND -- 0.78 ND -- ND -- ND 0.086

0.12 ND -- NM -- ND NM NM -- ND -- 0 0.02 -- ND 0 -- ND 0 -- 0 -- 0 -- ND 0.04 NA -- 1.67 0 -- 0 -- ND ND

0.05 0.05 -- NM -- 0.02 NM NM -- 0.13 -- 0.13 0.11 -- 0.03 0.04 -- 0.18 0.04 -- 0 -- 0.04 -- ND 0.05 NA -- 0.13 0.06 -- 0 -- 0.07 ND

4.03E+11 <50 6.50E+08 2.42E+06 1.10E+07 7.97E+06 8.70E+07 <50 3.67E+09 2.08E+07 3.67E+09 3.62E+07 1.28E+07 1.38E+07 1.47E+05 <50 2.81E+05 5.04E+05 <50 1.79E+07 2.83E+05 5.69E+04 1.12E+05 2.53E+09 2.28E+09 9.48E+08 2.49E+07 2.77E+08 5.76E+06 1.84E+05 6.81E+07 2.81E+07 1.20E+09 7.80E+08 3.15E+05

Genus Metabolism Gram

Manganese (mg/L)

Iron (mg/L)

Sample Year

PGDW45 PGDW49PGDW30 PGDW32 PGDW33 PGDW41A PGDW44LD02 PGDW05 PGDW14 PGDW20 PGDW23

pH (s.u.)

Sulfate (mg/L)

Strontium (mg/L)

TDS (mg/L)

Temp (°C)

ORP (mV)

DO (mg/L)

Methane  (µg/L)

Ferrous Iron (mg/L)

Sulfide (mg/L)

Bacterial Population (gene copies/L)

percent  of profile

dethiobacter* anaerobic positive 0.98

aerobic positive 2.07 3.25

aerobic negative 1.21

ectothiorhodospira* anaerobic negative 0.99 1.1

edaphobacter aerobic negative 1.06

enhydrobacter aerobic/falculative negative 1.2

enterococcus anaerobic, Fermenter Positive 0.85

erythrobacter aerobic negative 0.98 1.48 1.49 2.81 2.02

ethanoligenens anaerobic, Fermentive positive 2.88

eubacterium anaerobic positive 0.83

finegoldia anaerobic positive 0.91

flavobacterium aerobic/facultative negative 1.32 0.98

fusibacter anaerobic positive 8.44 1.9

gaiella aerobic -- 0.85

gallionella aerobic/irb negative 0.9 0.94 2.4 0.96 1.78

gemmatimonas aerobic negative 1.13 1.66 1.71 1.9 1.12 2.46 0.85

geobacter anaerobic/mrb negative 1.42 1.16 1.51 1.45 1.7 2.73 1.39 1.59 1.81 0.9 2.63 3.7 1.76

geobacter rubrobacter anaerobic/mrb negative 2.55

georgfuchsia anaerobic/nitrate/mrb negative 1.01 1.06 5.33 4.54 4.82 13.28 4.74 9.83 2.54 1.37 6.57 24.14 7.5 11.82 16.77 10.91 17.11

geothermobacterium anaerobic negative 5.63

gloeobacter aerobic negative 0.94

gordonibacter anaerobic positive 0.86

haemophilus varied negative 1.39

halospirulina aerobic -- 2.01 2.41 1.72

halothiobacillus* aerobic negative 1.92

hazenella aerobic positive 0.89

helicobacter aerobic negative 2.31 1.78 1.08 1.13 1.31 1.22 2.08

herminiimonas aerobic negative 1.24

holophaga anaerobic negative 0.85 6.13 2.26 1.96 1.35 1.37

hydrogenophaga varied negative 1.43 1.28 1.05 1.31 0.87 1.46 0.91

hymenobacter aerobic negative

hyphomicrobium aerobic/nrb negative 2.02 9.67 1.24 2.12 2.71 1.88 0.86 1.37

ideonella facultatively anaerobic negative 3.53

ignavibacterium anaerobic negative 2.92 0.8 1.75 3.19 3.32

knoellia aerobic/microaerobic positive

lactobacillus anaerobic/fermenter positive 1.57

leifsonia aerobic positive 1.59

leptolinea anaerobic negative 1.99

leptolyngbya anaerobic/nitrate negative 1.04 1.11

leptotrichia microaero/anaerobic negative 2.15

lewinella aerobic negative 1.21 4.7

listeria
aerobic/facultative 

anaerobic
positive 9.11

lysobacter aerobic negative 0.94

megasphaera anaerobic negative 0.9

melioribacter facultative anaerobic -- 2.05 1.02

mesorhizobium aerobic negative 1.34 1.85 1.62 2.06 2.38 0.92

methanobacterium** aerobic negative 1.3 1.41

methanobrevibacter** anaerobic positive 1.43 1.4 4.12 3.88

methanococcus** anaerobic methanogenic -- 9.11 8.44 2.73 2.73 0.86

methanomassiliicoccus** anaerobic methanogenic positive 3.45

methanomicrobium** anaerobic methanogenic negative 1.35 1.19

methanosaeta** anaerobic methanogenic -- 11.87 13.1 13.7 14.14 2.27

methanosalsum** anaerobic methanogenic -- 1.28 1.22

methanospirillum** anaerobic methanogenic negative 1 1.08 1.47 1.44

methylobacillus aerobic negative 2.22 2.41 1.16

methylobacter aerobic negative 1.06 1.45 20.74 20.9 3.77 8.4

methylocystis aerobic mob -- 4.71 10.67 0.98 20.19 4.05 3.75 7.41 11.8 5.17 1.41

methylotenera aerobic negative 1.29 4.15 3.86 1.34

methylothermus aerobic/mob negative 0.82 1.29 1.4

methyloversatilis aerobic negative 0.9

micrococcus aerobic positive 14.85 1.61 3.11 9.07 2.59 2.36 1.87

mitsuaria aerobic negative 2.95

moorella anaerobic positive 1.19 1.28

mycoplasma varied negative 0.95 1.43 0.88

niastella  intracellular negative

nitrobacter NOB negative 0.8

nitrosospira aerobic/NOB negative 1

nitrosovibrio aerobic/ammonia oxidizer negative 2.87 2.61 3.38 0.92 4.99 4.34 1.07 0.94 4.08 3.46 3.07

nitrospira aerobic/nob negative 1.86 3.61 9.56 20.65 5.17 3.01 2.72 2.78 35.71 27.14 12.67 28.34 7.82 2.69 1.52 1.89 1.76 2.38 1.68 1.9 2.78 1.86 3.13

nodosilinea anaerobic/nitrate negative 1.64 0.99 1.02 1.12 1.5 1.34

novosphingobium aerobic negative 2.04

opitutus anaerobic negative 10.32 5.98 1.14 1.12 0.95

pelobacter anaerobic negative 1 1.07 3.82 5.33 4.83 4.87 5.63 5.91 3.72 3.95 4.39 3.83 4.27 5.55

pelomonas varied negative 1.13 0.82

pelotomaculum anaerobic positive 7.35 8.4 1.41 1.66 5.21 4.94 1.28 4.87 5.52 2.83

peptoniphilus anaerobic positive 1.77 1.26

peredibacter aerobic negative 1.76 1.15

Page 2 of 3 Source:  Strike Consulting Group LLC., Environmental and Engineering Services 2018



Table No 19

2017 and 2018 Bacteria and Associated Geochemistry

2017 2018 2017 pre 2017 2017 pre 2017 2018 2018 2017-pre 2017 2017-pre 2017 Dup 2018 2017 pre 2017 2018 2017 pre 2017 2018 2017-pre 2017 2017-pre 2017 2017 pre 2017 2018 2018 Dup 2017 pre 2017 2018 2017 pre 2017 2017 pre 2017 2018

5.69 0.739 -- 0.105 -- ND ND ND -- 2.67 -- 2.56 0.371 -- ND ND -- ND 0.0237 -- 0.0459 J -- 0.229 -- 0.132 0.0398 0.0490 J -- 3.54 0.0167 J -- ND -- 0.693 0.521

1.85 0.569 -- 0.0708 J -- ND ND 0.0048 J -- 0.0553 -- 0.053 0.0274 -- ND 0.0027 -- ND 0.0014 -- 0.0031 J -- 0.0056 -- 0.0289 0.0187 0.0186 -- 0.318 0.0029 J -- ND -- 0.117 0.117

7.62 7.32 -- 8.79 -- 7.7 7.68 7.69 -- 8.75 -- 8.75 8.78 -- 9.01 9.12 -- 9.02 9.25 -- 9.01 -- 8.99 -- 7.06 6.86 NA -- 8.22 7.64 -- 9.01 -- 7.17 7.23

1430 1530 -- 285 J -- 1720 1760 1260 -- 1200 -- 1180 J 1260 -- 389 409 -- 311 331 -- 313 J -- 325 J -- 3250 3710 3760 -- 2690 1060 J -- 234 J -- 3130 1540 J

1.38 1.67 -- 0.0567 -- 1.67 1.55 1.14 -- 1.33 -- 1.29 1.14 -- 0.0938 0.0933 -- 0.0706 0.0753 -- 0.082 -- 0.0849 -- 4.84 5.34 5.44 -- 2.97 2.2 -- 1.91 -- 7.91 9.01

1780 2230 -- 588 -- 2380 2720 1910 -- 1710 -- 1640 1910 -- 708 677 -- 628 597 -- 606 -- 5340 -- 5340 5960 5800 -- 4160 2870 -- 693 -- 4720 5600

16.1 10.4 -- 14.8 -- 10.4 10.3 10.4 -- 10.6 -- 10.6 10.8 -- 12.1 12.1 -- 10.7 10.4 -- 13.6 -- 13.2 -- 9.9 9.4 NA -- 11.2 9.9 -- 13.6 -- 9.9 9.8

280.3 138.3 -- 34.2 -- 139 48 121.6 -- -140.5 -- -140.5 -199.8 -- -134.5 -197.2 -- -174 -210.9 -- -26.4 -- -199.2 -- 244 123.8 NA -- -270.1 2.9 -- -26.4 -- -37 20.7

292 3.05 -- 2.65 -- ND 2.24 2.24 -- 0.91 -- 0.91 0.16 -- ND 0 -- ND 0 -- 0.02 -- 0.12 -- 4.06 4.46 NA -- ND 0 -- 0.02 -- 0.29 0.64

50 J 21 -- 43 -- ND NM NM -- 57 J -- 62 J 45 -- 200 180 -- 970 770 -- 28 J -- 30 -- ND 0.072 ND -- 0.78 ND -- ND -- ND 0.086

0.12 ND -- NM -- ND NM NM -- ND -- 0 0.02 -- ND 0 -- ND 0 -- 0 -- 0 -- ND 0.04 NA -- 1.67 0 -- 0 -- ND ND

0.05 0.05 -- NM -- 0.02 NM NM -- 0.13 -- 0.13 0.11 -- 0.03 0.04 -- 0.18 0.04 -- 0 -- 0.04 -- ND 0.05 NA -- 0.13 0.06 -- 0 -- 0.07 ND

4.03E+11 <50 6.50E+08 2.42E+06 1.10E+07 7.97E+06 8.70E+07 <50 3.67E+09 2.08E+07 3.67E+09 3.62E+07 1.28E+07 1.38E+07 1.47E+05 <50 2.81E+05 5.04E+05 <50 1.79E+07 2.83E+05 5.69E+04 1.12E+05 2.53E+09 2.28E+09 9.48E+08 2.49E+07 2.77E+08 5.76E+06 1.84E+05 6.81E+07 2.81E+07 1.20E+09 7.80E+08 3.15E+05

Genus Metabolism Gram

Manganese (mg/L)

Iron (mg/L)

Sample Year

PGDW45 PGDW49PGDW30 PGDW32 PGDW33 PGDW41A PGDW44LD02 PGDW05 PGDW14 PGDW20 PGDW23

pH (s.u.)

Sulfate (mg/L)

Strontium (mg/L)

TDS (mg/L)

Temp (°C)

ORP (mV)

DO (mg/L)

Methane  (µg/L)

Ferrous Iron (mg/L)

Sulfide (mg/L)

Bacterial Population (gene copies/L)

percent  of profile

petrimonas anaerobic/fermentive negative 1.23 8.15

phenylobacterium aerobic negative 4.52 1

planctomyces aerobic negative 0.84 1.2 1.48 1.01

polaromonas aerobic negative 0.97 0.95

pontibacter aerobic negative 6.12

prochlorococcus aerobic negative 2.38 2.37 3.02 3.01 1.4 1.14 3.72 2.92 2.53

pseudoalteromonas aerobic negative 1.64 1.79 10.43 1.51

pseudomonas aerobic negative 9.07 2.96 1.9 2.16 1.99 1.69 1.89 7.12 3.13 8.3 2.97 22.59 2.83 1.3 1.41 1.48 1.19 1.56 3.49 0.85 1.97 0.85 55.8

ralstonia varied negative 2.26 0.81 1.46 1.11 1.04 0.84 12.02 48.86 3.64 27.82 33.58 2.97 2.36 5.09

rheinheimera aerobic negative 1.99 2.53

rhodanobacter aerobic negative 1.48

rhodococcus aerobic positive 0.98

rhodoferax varied negative 44.64 1.49

rhodothermus aerobic negative 1 1.88 1.99 1.97 3.26

rothia
facultative 

anaerobic/fermentive
positive 0.89

rubrobacter aerobic positive 2.35 2.19 0.93 1.08 2.17 1.17 1.1 1.08 1.9 1.96

serratia aerobic negative 1.48 2.77 12.61

shigella
facultative 

anaerobic/fermentive
negative 2.08

sideroxydans aerobic/lob negative 1.64

solirubrobacter aerobic positive 1.38

sphingobium aerobic negative 2.6 0.88

sphingomonas aerobic negative 1 1.31 1.1 1.61 0.84 1.32

sporomusa anaerobic negative 0.83 1.17 1.57

staphylococcus aerobic positive 2.02 1.05 0.8 5.1 2.51 1.07

stenotrophomonas aerobic negative 2.74 2.78

steroidobacter anaerobic/nitrate negative 1.01

sterolibacterium oxygen/nitrate negative 4.57 2.29 2.31

streptococcus facultative anaerobic positive 0.83 1.95 2.18 0.95 1.38

sulfuricella aerobic/sob negative 4.22

sulfurisoma  aerobic SOX/facultative negative 2.24

sulfuritalea aerobic/falculative negative 0.95 1.33 1.4

symbiobacterium facultative anaerobic negative 0.92

synchytrium -- -- 3

synechococcus aerobic negative 0.9 1.57

syntrophus anaerobic negative 0.81 0.88 0.8 0.96 1.04 1.23 2.82 1.11 1.12 3 3.93 3.61 3.94 6.69 0.93 1.79 3.35

tabrizicola aerobic negative 0.88

terrimonas aerobic negative 3.34 2.15

thalassobius aerobic negative 0.088

thermaerobacter aerobic variable 1.16

thermoanaerobacter anaerobic/fermentative positive 1.15

thermococcus anaerobic -- 1.23 8.07

thermodesulfobacterium* anaerobic/srb negative 1.54 1.46 0.93

thermodesulfovibrio* anaerobic/srb/fermentive negative 1.43 1.23 1.35 0.87 1.86

thermus aerobic negative 0.98

thioalkalivibrio* anaerobic/mrb negative 1.82 1.45 1.06

thiobacillus* aerobic/sox negative 2.52 47.3 6.91 3.11 3.45 2.64 3.15 6.5 22.57 2.19 9.12 2.87 6.19 5.26 4.11 35.61 7.78 2.36 0.85 0.87 42.58 8.28

thiohalomonas* aerobic/sox negative 4.9

thioprofundum* anaerobic negative 1.86 1.91 1.76

tindallia anaerobic positive 13.86 1.13

tolumonas microaero/anaerobic negative 1.17

trabulsiella facultatively anaerobic negative 2.31

veillonella anaerobic negative 2.92

verrucomicrobium anaerobic negative 4.85 5.86 5.62 5.28 13.66 10.64 3.77 4.3 2.03 3.8 5.28 12.08

Notes

* = involved with sulfur cycle

red bold font = exceedance

°C = degrees centigrade

g = grams

L = Liter

** - involved with methanogenesis

J = estimated concentration due to quality control 

pre = sample collected prior to purging well

-- = Geochemical parameters are the same for pre and post purge

NA = not applicable

ND = not detected

V = Volts

s.u. = standard units

µ = micro

m = mili

NM = not measured
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Table No 20

2017 Qualified Data 

Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

PGDW05-09272017 1,1,2,2-Tetrachloroethane ND ug/l U J Re-reported to MDL  and J qualifed 

LD02-09142017 1,2-dichlorobenzene ND ug/l UJ U Wrongfully UJ qualified in VOC table and not SVOC

LD02-09142017 1,3-dichlorobenzene ND ug/l UJ U Wrongfully UJ qualified in VOC table and not SVOC

PGDW32-09192017 1,3-dichlorobenzene ND ug/l UJ U Wrongfully UJ qualified for VOC and not SVOC for MS/MSD reccovery 

PGDW32-09192017 1,3-dichlorobenzene ND ug/l U UJ Qualifed for being outside of  SVOC MS/MSD reccovery 

PGDW32-09192017 1,4-dichlorobenzene ND ug/l UJ U Wrongfully UJ qualified for VOC and not SVOC for MS/MSD reccovery 

PGDW32-09192017 1,4-dichlorobenzene ND ug/l U UJ Qualifed for being outside of  SVOC MS/MSD reccovery 

PGDW41A-09252017 2-Propanol ND ug/l U U Re-qualified as U due to trip blank detection

PGDW20-09262017 2-Propanol ND ug/l U U Re-qualified as U due to trip blank detection

PGDW20-09262017-Q 2-Propanol ND ug/l U U Re-qualified as U due to trip blank detection

PGDW30-09132017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW45-09202017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW49-09202017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

LD02-09272017 Acetic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Acetic Acid 0.032 mg/l J J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Acetic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Acetone ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Acetylene ND ug/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Acetylene ND ug/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Alkalinity,Carbonate (CaCO3) ND mg/L UJ J Previously qualified due to precision between duplicate

PGDW05-09272017 Anthracene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Argon ND ug/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Argon ND ug/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Benzo(a)anthracene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW30-09132017 Benzo(a)pyrene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Benzo(a)pyrene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Benzo(b)fluoranthene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Benzo(g,h,i)perylene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Benzo(k)fluoranthene ND ug/l U J Re-reported to MDL  and J qualifed 

LD02-09142017 Benzoic acid ND ug/l UJ J Previously qualified due to LCS recovery 

PGDW20-09262017 bis(2-ethyhexyl)phthalate ND ug/l U UJ Qualifed due to FD precision
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Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

PGDW20-09262017-Q bis(2-ethyhexyl)phthalate 18 ug/l J Qualifed due to FD precision

PGDW45-09202017 bis(2-Ethylhexyl)phthalate ND ug/l U J Re-reported to MDL  and J qualifed 

LD02-09142017 Bromide ND ug/l U J Re-reported to MDL and J qualifed 

PGDW14-09182017 Bromide ND ug/l UJ J Previously qualified due to MS/MSD recovery

PGDW20-09262017 Bromide ND ug/l UJ J Previously qualified due to MS/MSD recovery

PGDW20-09262017-Q Bromide ND ug/l U J Re-reported to MDL and J qualifed 

PGDW20-09262017 Bromomethane ND ug/l U UJ Qualified for exceeding CCV

PGDW20-09262017-Q Bromomethane ND ug/l U UJ Qualified for exceeding CCV

PGDW20-09262017 Butyric Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Butyric Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Carbon 13 Isotope NA n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Carbon 13 Isotope NA n J Qualified due to sample being at high temperature upon receipt

LD02-09142017 Carbon Dioxide ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW14-09182017 Carbon Dioxide ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW44-09182017 Carbon Dioxide ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Carbon Dioxide ND mg/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Carbon Dioxide ND mg/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Carbon Monoxide ND mg/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Carbon Monoxide ND mg/l Un UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Chrysene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Dibenz(a,h)anthracene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Ethane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 Ethane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW49-09202017 Ethane 0.0096 ug/l Jn U Qualifed due to trip blank detection

PGDW23-09212017 Ethane 0.021 ug/l Jn U Qualifed due to trip blank detection

PGDW41A-09252017 Ethane 0.0091 ug/l Jn U Qualifed due to trip blank detection

PGDW20-09262017 Ethane 2.3 ug/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Ethane 2.4 ug/l n J Qualified due to sample being at high temperature upon receipt

PGDW05-09272017 Ethane 0.015 ug/l Jn U Qualifed due to trip blank detection

PGDW49-09202017 Ethene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Ethene 0.03 ug/l Jn UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Ethene 0.029 ug/l Jn UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Ethene 0.03 ug/l Jn UJ Qualifed due to trip blank detection

PGDW20-09262017-Q Ethene 0.029 ug/l Jn UJ Qualifed due to trip blank detection
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LD02-09272017 Ethene 0.015 ug/l Jn U Qualifed due to trip blank detection

PGDW05-09272017 Ethene 0.0065 ug/l Jn U Qualifed due to trip blank detection

PGDW30-09132017 Fluoranthene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW23-09212017 Fluoranthene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Fluoranthene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW05-09272017 Fluoranthene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW05-09272017 Fluorene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW30-09132017 Formic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Formic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 Formic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017-Q Formic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Formic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Formic Acid 0.074 mg/l J J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Helium ND ug/l U1n UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Helium ND ug/l U1n UJ Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW14-09182017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW44-09182017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW32-09192017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW45-09202017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW49-09202017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW33-09202017 Hexane Plus ND ug/l UJ Reporting limit was lowered, sample is now detected 

PGDW23-09212017 Hexane Plus ND ug/l UJ Reporting limit was lowered, sample is now detected 

PGDW41A-09252017 Hexane Plus ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW20-09262017 Hexane Plus ND ug/l U J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Hexane Plus ND ug/l U J Qualified due to sample being at high temperature upon receipt

LD02-09272017 Hexane Plus ND ug/l U Reporting limit was lowered, sample is now detected 

PGDW20-09262017 Hexanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Hexanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Hydrogen ND ug/l U2n UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Hydrogen ND ug/l U2n UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Hydrogen 2 (Deuterium) Isotope NA n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Hydrogen 2 (Deuterium) Isotope -108.34 n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Hydrogen 2 (Deuterium) Isotope NA n J Qualified due to sample being at high temperature upon receipt

Page 3 of 7 Source: Lowham Walsh LLC, Environmental and Engineering Services 2018



Table No 20

2017 Qualified Data 

Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

PGDW20-09262017-Q Hydrogen 2 (Deuterium) Isotope -107.71 n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 i-Hexanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q i-Hexanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Indeno(1,2,3-cd)pyrene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 i-Pentanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q i-Pentanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Iron ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Iron ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW45-09202017 iso-Butane 0.021 ug/l Jn U Qualifed due to trip blank detection

PGDW49-09202017 iso-Butane 0.021 ug/l Jn U Qualifed due to trip blank detection

PGDW44-09182017 iso-Butane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 iso-Butane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 iso-Butane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 iso-Butane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017-Q iso-Butane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 iso-Butane 0.096 ug/l Jn J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q iso-Butane 0.12 ug/l Jn J Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW14-09182017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW44-09182017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW32-09192017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW33-09202017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW45-09202017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW49-09202017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW23-09212017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW41A-09252017 Iso-Pentane ND ug/l UJ U Previous qualification were incorrectly interpreted

PGDW20-09262017 Iso-Pentane ND ug/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Iso-Pentane ND ug/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW14-09182017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW45-09202017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW23-09212017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 
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PGDW20-09262017-Q Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW05-09272017 Lactic Acid ND mg/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Lactic Acid 0.14 mg/l J J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Lactic Acid 0.1 mg/l J J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 m&p-Xylene ND ug/l U U Re-qualified as U due to trip blank detection

PGDW20-09262017-Q m&p-Xylene ND ug/l U U Re-qualified as U due to trip blank detection

PGDW05-09272017 m&p-Xylene ND ug/l U U Re-qualified as U due to method blank detection

PGDW30-09132017 Magnesium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW32-09192017 Magnesium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW33-09202017 Magnesium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW23-09212017 Magnesium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW05-09272017 Magnesium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW30-09132017 Manganese ND ug/l U J Re-reported to MDL and J qualifed 

PGDW14-09182017 Manganese ND ug/l U J Re-reported to MDL and J qualifed 

PGDW32-09192017 Manganese ND ug/l U J Re-reported to MDL and J qualifed 

PGDW23-09212017 Manganese ND ug/l U J Re-reported to MDL and J qualifed 

PGDW05-09272017 Manganese ND ug/l U J Re-reported to MDL and J qualifed 

PGDW14-09182017 Methane 0.089 ug/l Jn U Qualifed due to trip blank detection

PGDW45-09202017 Methane 0.05 ug/l Jn U Qualifed due to trip blank detection

PGDW49-09202017 Methane 0.079 ug/l Jn U Qualifed due to trip blank detection

PGDW41A-09252017 Methane 0.074 ug/l Jn U Qualifed due to trip blank detection

PGDW20-09262017 Methane 57 ug/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Methane 62 ug/l n J Qualified due to sample being at high temperature upon receipt

LD02-09142017 Naphthalene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW14-09182017 Naphthalene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW23-09212017 Naphthalene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW05-09272017 Naphthalene ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 n-Butane 0.072 ug/L Jn J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q n-Butane 0.084 ug/L Jn J Qualified due to sample being at high temperature upon receipt

LD02-09142017 n-Butane ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW44-09182017 n-Butane ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 n-Butane ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW20-09262017-Q n-Butane ND ug/L U J Re-reported to MDL  and J qualifed 
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PGDW05-09272017 n-Butane ND ug/L U J Re-reported to MDL  and J qualifed 

PGDW30-09132017 Nitrate as N ND mg/l UJ J Previously qualified due to MS/MSD recovery

LD02-09142017 Nitrate as N ND mg/l UJ J Previously qualified due to exceeding holding time

PGDW33-09202017 Nitrate as N ND mg/l UJ J Previously qualified due to MS/MSD recovery

PGDW05-09272017 Nitrate as N ND mg/l UJ J Previously qualified due to exceeding holding time

PGDW20-09262017 Nitrogen 17 mg/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Nitrogen 20 mg/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Oxygen 3.5 mg/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Oxygen 4.1 mg/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Oxygen 18 Isotope 2.5 n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Oxygen 18 Isotope -12.88 s J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Oxygen 18 Isotope 2.6 n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Oxygen 18 Isotope -12.86 s J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 o-Xylene ND ug/l U U Re-qualified as U due to trip blank detection

PGDW23-09212017 Pentachlorophenol ND ug/l U UJ Qualified for being outside of MS/MSD recovery

LD02-09142017 Pentane ND ug/l U UJ Qualified due to LCS/LCSD being outside of limit

PGDW20-09262017 Pentane ND ug/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Pentane ND ug/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Pentanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Pentanoic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Phenanthrene ND ug/l U U Re-qualified as U due to method blank

PGDW30-09132017 Phenanthrene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW23-09212017 Phenanthrene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW05-09272017 Phenanthrene ND ug/l U U Re-qualified as U due to method blank detection

PGDW30-09132017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

LD02-09142017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW32-09192017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW33-09202017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW23-09212017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW20-09262017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW20-09262017-Q Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW05-09272017 Potassium ND ug/l U J Re-reported to MDL and J qualifed 

PGDW33-09202017 Propane 0.017 ug/l Jn U Qualifed due to trip blank detection

PGDW45-09202017 Propane 0.0073 ug/l Jn U Qualifed due to trip blank detection
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Table No 20

2017 Qualified Data 

Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

PGDW49-09202017 Propane 0.011 ug/l Jn U Qualifed due to trip blank detection

PGDW20-09262017 Propane 0.3 ug/l n J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Propane 0.32 ug/l n J Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Propane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Propane ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW33-09202017 Propene 0.027 ug/l Jn U Qualifed due to trip blank detection

PGDW49-09202017 Propene 0.015 ug/l Jn U Qualifed due to trip blank detection

PGDW20-09262017 Propene 0.061 ug/l Jn J Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Propene 0.064 ug/l Jn J Qualified due to sample being at high temperature upon receipt

PGDW30-09132017 Propene ND ug/l U J Re-reported to MDL  and J qualifed 

LD02-09142017 Propene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW32-09192017 Propene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Propene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017-Q Propene ND ug/l U J Re-reported to MDL  and J qualifed 

PGDW20-09262017 Propionic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Propionic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017 Pyrene ND ug/L U U Re-qualified as U due to method blank

PGDW20-09262017 Pyruvic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW20-09262017-Q Pyruvic Acid ND mg/l U UJ Qualified due to sample being at high temperature upon receipt

PGDW41A-09252017 Sulfate 3250 ug/L J Qualified for being outside of MS/MSD recovery

PGDW20-09262017 Toluene ND ug/L U U Re-qualified as U due to method blank

PGDW20-09262017-Q Toluene ND ug/L U U Re-qualified as U due to method blank

PGDW30-09132017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

LD02-09142017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW32-09192017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW33-09202017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW23-09212017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW20-09262017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW20-09262017-Q Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 

PGDW05-09272017 Total Organic Carbon ND mg/l U J Re-reported to MDL and J qualifed 
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Table No 21

2018 Qualified Data 

Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

LD02-04232018 Argon ND ug/L Jn J J qualified due to being analyzed outside of technical hold time.

LD02-04232018 Ethene 0.0058 ug/L Jn U U qualified as non-detect due to trip blank detections

LD02-04232018 Hydrogen ND ug/L U1n UJ UJ qualified as estimated non-detect due CCV outside control limits

LD02-04232018 Nitrogen 21 mg/L n J J qualified as estimated due to trip blank detections

LD02-04232018 Oxygen 4.2 mg/L n J J qualified as estimated due to trip blank detections

PGDW05-05022018 Nitrogen 21 mg/L n J J qualified as estimated due to trip blank detections

PGDW05-05022018 Oxygen 3.2 mg/L n J J qualified as estimated due to trip blank detections

PGDW14-04252018 Argon ND ug/L Un UJ UJ qualified due to being analyzed outside of technical hold time.

PGDW14-04252018 Hydrogen ND ug/L U1n UJ UJ qualified as estimated non-detect due CCV outside control limits

PGDW14-04252018 Methane 0.07 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW14-04252018 Nitrogen 22 mg/L n J J qualified as estimated due to trip blank detections

PGDW14-04252018 Oxygen 2.7 mg/L n J J qualified as estimated due to trip blank detections

PGDW14-04252018 Sulfate 1070 mg/L E J J qualified as estimated due to reported value exceeding the calibration curve

PGDW20-05082018 Ethene 0.0058 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW20-05082018 Nitrogen 18 mg/L n J J qualified as estimated due to trip blank detections

PGDW20-05082018 Oxygen 4.8 mg/L n J J qualified as estimated due to trip blank detections

PGDW23-05082018 Ethene 0.0041 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW23-05082018 Managene 2.7 ug/L J U U qualified as non-detect due to method blank detections

PGDW23-05082018 Nitrogen 20 mg/L n J J qualified as estimated due to trip blank detections

PGDW23-05082018 Oxygen 3.3 mg/L n J J qualified as estimated due to trip blank detections

PGDW23-05082018 Strontium 93.3 ug/L J J qualified as estimated due to serial dilution outside of control limits

PGDW30-04232018 Argon ND ug/L Un UJ UJ qualified due to being analyzed outside of technical hold time.

PGDW30-04232018 Hydrogen ND ug/L U1n UJ UJ qualified as estimated non-detect due CCV outside control limits

PGDW30-04232018 Nitrogen 20 mg/L n J J qualified as estimated due to trip blank detections

PGDW30-04232018 Oxygen 3.8 mg/L n J J qualified as estimated due to trip blank detections

PGDW32-04242018 Nitrogen 23 mg/L n J J qualified as estimated due to trip blank detections

PGDW32-04242018 Oxygen 4.8 mg/L n J J qualified as estimated due to trip blank detections

PGDW32-04242018 Propane 0.037 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW33-04242018 Nitrogen 22 mg/L n J J qualified as estimated due to trip blank detections

PGDW33-04242018 Oxygen 2.8 mg/L n J J qualified as estimated due to trip blank detections

PGDW33-04242018 Propane 0.034 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW41A-05032018 Ethane 0.012 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW41A-05032018 Methane 0.072 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW41A-05032018 Nitrogen 17 mg/L n J J qualified as estimated due to trip blank detections

PGDW41A-05032018 Oxygen 4.2 mg/L n J J qualified as estimated due to trip blank detections

PGDW41A-05032018 Potassium 5690 ug/L J J qualified as estimated due to high MS/MSD recovery

PGDW41A-05032018Q Ethane 0.013 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW41A-05032018Q Methane 0.062 ug/L Jn U U qualified as non-detect due to trip blank detections
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Table No 21

2018 Qualified Data 

Sample Analyte Result Unit

Laboratory 

Qualifier

Validator 

Qualifier Reason for Qualifier

PGDW41A-05032018Q Nitrogen 17 mg/L n J J qualified as estimated due to trip blank detections

PGDW41A-05032018Q Oxygen 4 mg/L n J J qualified as estimated due to trip blank detections

PGDW44-04252018 Argon ND ug/L Un UJ UJ qualified due to being analyzed outside of technical hold time.

PGDW44-04252018 Hydrogen ND ug/L U1n UJ UJ qualified as estimated non-detect due CCV outside control limits

PGDW44-04252018 Methane 0.076 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW44-04252018 Nitrogen 24 mg/L n J J qualified as estimated due to trip blank detections

PGDW44-04252018 Oxygen 3.6 mg/L n J J qualified as estimated due to trip blank detections

PGDW44-04252018 Sulfate 1060 mg/L E J J qualified as estimated due to reported value exceeding the calibration curve

PGDW45-04262018 Methane 0.041 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW45-04262018 Nitrogen 19 mg/L n J J qualified as estimated due to trip blank detections

PGDW45-04262018 Oxygen 4 mg/L n J J qualified as estimated due to trip blank detections

PGDW49-04262018 Argon ND ug/L Un UJ UJ qualified due to being analyzed outside of technical hold time.

PGDW49-04262018 Ethane 0.0075 ug/L Jn U U qualified as non-detect due to method blank detections

PGDW49-04262018 Ethene 0.0051 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW49-04262018 Hydrogen ND ug/L U1n UJ UJ qualified as estimated non-detect due CCV outside control limits

PGDW49-04262018 Methane 0.086 ug/L Jn U U qualified as non-detect due to trip blank detections

PGDW49-04262018 Nitrogen 21 mg/L n J J qualified as estimated due to trip blank detections

PGDW49-04262018 Oxygen 4.5 mg/L n J J qualified as estimated due to trip blank detections

PGDW49-04262018 Sulfate 1540 mg/L E J J qualified as estimated due to reported value exceeding the calibration curve
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Table No 22

2017 and 2018 Summary of Field Results Exceeding QC Limits

Method Analyte Unit PQL 

PGDW20-

9262017

PGDW20-

9262017Q

RPD  

(percent, %) RPD Rating Qualifier 

E300 Bromide mg/L 0.08 0.058 0.057 0.017 Good None 

E300 Chloride mg/L 1.2 33.2 33.3 0.003 Good None 

E300 Fluoride mg/L 0.05 0.91 0.93 0.022 Good None 

E300 Sulfate mg/L 24 1200 1180 0.017 Good None 

EPA 6010C Calcium µg/L 500 76800 74400 0.032 Good None 

EPA 6010C Iron µg/L 50 2670 2560 0.042 Good None 

EPA 6010C Magnesium µg/L 500 8420 8200 0.026 Good None 

EPA 6010C Manganese µg/L 5 59.6 55.3 0.075 Good None 

EPA 6010C Potassium µg/L 2500 1110 1010 0.094 Good None 

EPA 6010C Sodium µg/L 5000 515000 519000 0.008 Good None 

EPA 6020A Strontium µg/L 5 1330 1290 0.031 Good None 

EPA 8270D bis(2-Ethylhexyl)phthalate µg/L 10.3 ND 18 NC -- J Flag 

EPA 8270D by SIM Benzo(a)anthracene µg/L 0.041 0.02 ND NC -- None < RL 

EPA 8270D by SIM Benzo(a)pyrene µg/L 0.041 0.017 ND NC -- None < RL 

EPA 8270D by SIM Benzo(b)fluoranthene µg/L 0.041 0.016 ND NC -- None < RL 

EPA 8270D by SIM Benzo(g,h,i)perylene µg/L 0.041 0.026 ND NC -- None < RL 

EPA 8270D by SIM Benzo(k)fluoranthene µg/L 0.041 0.017 ND NC -- None < RL 

EPA 8270D by SIM Chrysene µg/L 0.041 0.019 ND NC -- None < RL 

EPA 8270D by SIM Dibenz(a,h)anthracene µg/L 0.041 0.018 ND NC -- None < RL 

EPA 8270D by SIM Fluoranthene µg/L 0.041 0.014 ND NC -- None < RL 

EPA 8270D by SIM Indeno(1,2,3-cd)pyrene µg/L 0.041 0.022 ND NC -- None < RL 

SM 2540C Total Dissolved Solids mg/L 66.7 1710 1640 0.042 Good None 

SM 5310C Total Organic Carbon mg/L 0.84 0.58 0.58 0 Good None 

SM2320B Alkalinity, Total as CaCO3 mg/L 5 67.3 68.9 0.023 Good None 

SM2320B Alkalinity,Bicarbonate (CaCO3) mg/L 5 59.6 64.9 0.085 Good None 

SM2320B Alkalinity,Carbonate (CaCO3) mg/L 5 7.7 3.9 0.655 Poor J/UJ 

AM10 Hexane Plus µg/L 25 30 40 0.286 Good None 

AM20GAX Ethane µg/L 0.1 2.3 2.4 0.043 Good None 

AM20GAX iso-Butane µg/L 0.2 0.096 0.12 0.222 Good None 

AM20GAX Methane µg/L 0.5 57 62 0.084 Good None 

AM20GAX n-Butane µg/L 0.2 0.072 0.084 0.154 Good None 

AM20GAX Nitrogen µg/L 2 17 20 0.162 Good None 

AM20GAX Oxygen µg/L 0.5 3.5 4.1 0.158 Good None 

AM20GAX Propane µg/L 0.1 0.3 0.32 0.065 Good None 

AM20GAX Propene µg/L 0.1 0.061 0.064 0.048 Good None 

AM23G Acetic Acid mg/l 0.1 0.032 ND NC -- None < RL 

AM23G Formic Acid mg/l 0.2 ND 0.074 NC -- None < RL 

AM23G Lactic Acid mg/l 0.2 0.14 0.1 0.333 Good None 
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Table No 22

2017 and 2018 Summary of Field Results Exceeding QC Limits

Method Analyte Unit PQL 

PGDW20-

9262017

PGDW20-

9262017Q RPD RPD Rating Qualifier 

Total Eubacteria Total Eubacteria gene copies 

per liter of 

water

-- 2.08E+07 3.62E+07 0.54 Poor J/UJ 

Total Eubacteria Total Eubacteria gene copies 

per liter of 

water

-- 3.67E+09 7.34E+10 1.81 Poor J/UJ 

Method Analyte Unit PQL 

PGDW41A-

05032018

PGDW41A-

05032018Q RPD RPD Rating Qualifier 

E300 Bromide mg/L 0.08 0.41  ND NC -- -- 

E300 Chloride mg/L 6 142 142 0 Good None 

E300 Fluoride mg/L 0.05 0.25 0.25 0 Good None 

E300 Nitrate as N mg/L 0.5 20.1 20 0.005 Good None 

EPA 6010D Calcium µg/L 500 518000 516000 0.004 Good None 

EPA 6010D Magnesium µg/L 500 51700 51600 0.002 Good None 

EPA 6010D Manganese µg/L 5 18.7 18.6 0.005 Good None 

EPA 6010D Potassium µg/L 2500 5690 5500 0.034 Good None 

EPA 6010D Sodium µg/L 10000 1250000 1220000 0.024 Good None 

EPA 6020B Strontium µg/L 25 5340 5440 0.019 Good None 

SM 2540C Total Dissolved Solids mg/L 200 5960 5800 0.027 Good None 

SM 5310C Total Organic Carbon mg/L 2.5 9.3 11.3 0.194 Good None 

SM2320B Alkalinity, Total as CaCO3 mg/L 5 311 308 0.01 Good None 

SM2320B Alkalinity,Bicarbonate (CaCO3) mg/L 5 311 308 0.01 Good None 

AM20GAX Carbon Dioxide mg/L 5 33 34 0.03 Good None 

Notes: Qualifiers

-- not assessed J = Estimated value

U = Not detected (method detection limit shown)

NC = not calculated

ND = not detected

µg/L  = microgram per liter

mg/L  = miligram per liter

<RL = less than reporting limit

PQL = practical quantitation limit

RPD = relative percent difference
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Scope of Work 
Pavillion, WY 2016 Supplemental Groundwater Investigation 

Phase 3:  Sampling and Analysis of Water Supply Wells 
 

The 2016 Pavillion, Wyoming Area Domestic Water Wells and Palatability Study Report (Report) 
identified data gaps and made recommendations for additional investigation activities within the 
Pavillion Gas Field. Not all recommendations which are outlined in the Report are included in this 
SOW. This SOW will focus on the following: 

1. Identification of groundwater constituents that cause palatability issues.  Additional 
sampling is recommended for constituents associated with palatability issues (e.g. 
organosulfides, sulfides analysis in field) or other geochemical/biomarkers for bacteria 
such as next generation sequencing of bacterial populations in groundwater.  This 
additional sampling would help identify the microbial community within the well and assist 
in designing a treatment method for the well water.  The additional targeted sampling 
should be complemented with limited analyses for general water quality parameters (e.g. 
major cations/anions and total dissolved solids (TDS)) to assess comparability of the 
groundwater samples to earlier sample data.  The additional analyses could include: 

 Microbial community characterization 

 Organosulfides (e.g. thiols, thioethers, disulfides) 

 Sulfides 

 Major cations, anions, and TDS as in the 2014 sampling 
 

2. Organic chemical detection limits.  As part of the additional sampling recommended 
above, analyze samples for VOCs and SVOCs to achieve lower MDLs for the specific 
chemicals listed on Table 29 (attached) as necessary.  To achieve lower MDLs for these 
chemicals, the contractor must select an analytical laboratory and analytical methods 
capable of achieving reporting limits at or below the applicable screening criteria. 

The Consultant shall provide assistance to the Wyoming Department of Environmental Quality 
(WDEQ) Water Quality Division (WQD) to fulfill the above recommendations in the Report by 
completing the tasks detailed in this SOW. The major task to be accomplished during the Phase 3 
Pavillion, WY Supplemental Groundwater Investigation includes collection and analysis of 
groundwater samples and quality assurance samples from thirteen (13) domestic water supply 
wells previously sampled as part of the Phase 1 investigation and as outlined in the June 2013 
Framework Document.  Data collected during Phase 3 will be submitted to WDEQ/WQD in 
electronic and hardcopy formats.  All Phase 3 work shall be performed in accordance with project 
specific Sampling and Analysis Plan(s) (SAP), Quality Assurance Project Plan(s) (QAPP) and 
procedures developed by the Consultant and approved by WDEQ/WQD.  
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Phase 3 tasks and deliverables will be completed according to the project schedule included below. 
A description of the tasks related to Phase 3 include, but are not limited to: 

TASK 1 – Project Planning  

The Consultant will provide an approved SAP and QAPP in order to meet the objectives 
of Phase 3. This will include verifying analytical methods to achieve lower detection limits 
to meet Drinking Water Standard or Comparison limits listed in Table 29 of the Draft 
Report.  This may also be achieved by identifying suitable surrogates, alternate methods 
(i.e. silica gel cleanup, SIMS analysis), or literature review of acceptable levels evaluated 
through other agencies such as the Food and Drug Administration or U.S. Department of 
Agriculture. Consultant shall provide to the WDEQ/WQD a memo identifying the 
constituents and analytical methods for Phase 3 as well as how uncertainties or issues 
previously encountered (holding times, shipping issues, laboratory reporting limits) will be 
planned for and minimized during this project phase.  
 
As part of the planning process, the Consultant shall provide information on the objective 
of analysis for microbial community characterization.  Discussion should include the 
selected analytical method to characterize the microbial community and the usability of the 
data once collected for decision making.  If WDEQ determines the information will not 
provide data that is required under the framework document, further evaluation and 
analysis of these analyses may not occur. 
 
Task 1 Deliverables: 

 Memo detailing constituents and analytical methods; SAP, QAPP and/or SAP; and 
uncertainties/issues with contingency plans to minimize such issues during Phase 3.  

 A memo explaining the need for microbial community characterization and how the 
data may be useful. 
 

TASK 2 – Conduct a Project Kickoff Meeting  

The Consultant Principal or Senior Project Manager shall attend a kick-off meeting by 
teleconference with the WDEQ prior to commencing on-site activities.   The project kick-
off meeting will be hosted by the WDEQ in order to review the project tasks and objectives 
with the Consultant. 
 

TASK 3 – Field Sampling and Laboratory Analysis 

The Consultant shall conduct one sampling event on up to 13 private water wells ranging 
in a total depth of 30 to 750 feet below ground surface.  Consultant shall schedule the field 
activities and coordinate with the analytical laboratories for sample receipt and analysis 
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within required sample holding times. Consultant shall be aware of holding time issues 
encountered during the 2014 sampling effort, and attempt to minimize these issues (i.e. 
direct delivery of samples to contract and sub-contract labs as necessary). Consultant shall 
mobilize necessary staff and equipment to the site and conduct groundwater sampling. 
 
Any non-dedicated sampling equipment shall be decontaminated according to the 
SAP/QAPP prior to the commencement of first sample collection and between each 
subsequent sample. 
 
Wells to be sampled for Phase 3 include: LD02, PGDW05, PGDW14, PGDW20, 
PGDW23, PGDW30, PGDW32, PGDW33, PGDW41A, PGDW41B, PGDW44, 
PGDW45, and PGDW49 (See Figure 2, attached). 
 
The samples will be collected and managed as detailed in the WDEQ approved SAP and 
QAPP. Samples will be analyzed using the following methods, or other available method 
in order to meet the Drinking Water Standard or Comparison limits identified in Table 29 
of the Report: 
 

Analysis Laboratory Method 
Dissolved Oxygen Optical luminescence (ROX™) 
Ferrous iron Field Measurement - Hach Method 8146 with 

AccVac™ 
Oxidation-Reduction Potential Field Measurement - AG/AgCl reference 

electrodes 
pH Field Measurement - Glass sensing and 

AG/AgCl reference electrodes 
Salinity NA (Calculation) 
Specific Conductance Field Measurement - Four electrode cell 
Temperature Field Measurement - Thermistor 
Turbidity Field Measurement - Optical 
Sulfide Field Measurement - Hach EPA SW8131 
Major Cations 
(Calcium, Iron, Magnesium, 
Manganese, Potassium, Sodium, 
Strontium) 

SW846 6010B 

Major Anions 
(Alkalinity-Bicarbonate, Alkalinity-
Carbonate, Alkalinity-Hydroxide, 
Alkalinity-Total CaCO3, Bromide, 
Chloride, Fluoride, Nitrate, Nitrite, 
Sulfate, Total Dissolved Solids) 

EPA 300.0, SM 2320B, SM 2450C 
 
 
   
 

 

Organosulfides GC/MS (EPA SW8270D-M; lab-specific)  
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Volatile Organic Compounds (VOCs) 
(See Table 29) 

EPA SW8260B (method should be modified 
or other method identified which will reach 
lower method detection limits below Drinking 
Water Standard or Comparison limits) 

Semi-Volatile Organic Compounds 
(SVOCs) (See Table 29) 

EPA SW8270C (method should be modified 
or other method identified which will reach 
lower method detection limits below Drinking 
Water Standard or Comparison limits.  A 
possible method may include a SIM Analysis) 

Micro-organisms (Iron-related 
bacteria, sulfate-reducing bacteria, 
slime-forming bacteria, methanogens, 
methanoforms, etc.) 

Next Generation Sequencing (proprietary 
methods) 

 
On-site field activities will be conducted in a manner that minimizes the generation of 
investigation derived wastes (IDW) to the extent practical. Consultant, with the input of 
the landowner, shall identify available discharge locations of purged groundwater. In 
addition, quality assurance/quality control (QA/QC) samples will be collected during the 
sampling event in accordance with the approved SAP and QAPP. Analytical data will be 
validated according to the QAPP. 
 
Task 3 Deliverables: 

 Analytical data in electronic and hardcopy format. Electronic and hardcopy data shall 
include analytical laboratory reports including QA/QC data, QA/QC review, and 
revision of applicable data tables from the Draft Report.  Data validation shall be 
performed with the same procedures and requirements as implemented during the 
previous sampling event. 
 

Scope of Work Assumptions: 
1. Active involvement and prompt responses to Consultant requests by the WDEQ Project 

Manager and other project stakeholders. 
2. Site access for the Consultant will be obtained by the WDEQ 
3. Field Activities are weather permitting. 
4. The WDEQ Project Manager is Ms. Nicole Twing.  Her contact information is: 307-777-

8275 or email at Nicole.twing@wyo.gov. 

Optional Task Item  

The WDEQ may request an additional round of groundwater sampling, to be completed under the 
requirements of Task 3, based on the results of the initial round of groundwater sampling.   
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TASK 4 – Sampling Update Memo 
The Consultant shall provide a memo with explanatory text detailing the field work that was 
conducted, any issues encountered in the field that could compromise sample integrity or quality, 
laboratory analysis, and provide a summary of data usability.  
 
Task 4 Deliverables: 

 Sample memo in electronic and hardcopy format.  

 If microbial community characterization is conducted, a memo in electronic and 
hardcopy format will be provided with an evaluation of the data collected to include an 
interpretation of the microbial community results, potential effects of the microbial 
communities on water palatability, and potential treatment options for the specific 
strains detected in the water wells. 

Scope of Work Schedule: 
The estimated time for completion of this scope of work is December 31, 2017. 

Work specified in this SOW shall be completed by December 31, 2017. This SOW will be paid on 
a Time and Materials Basis, using the billing rates provided by the Consultant. Total payment for 
this SOW shall not exceed the task specific estimates provided. Consultant may bill monthly. 
Please submit electronic copies of draft invoices to the WDEQ Project Manager, Nicole Twing, at 
Nicole.twing@wyo.gov prior to submission of final invoices. Final invoices should then be sent 
to DEQ Administration, Attn: Lara Kay Asbury, 200 West 17th St, Fourth Floor, Cheyenne, WY, 
82002. 

Schedule:   
Please submit a proposed schedule of all required tasks and include the time in which they will be 
conducted and completed.  Time should be allowed in the schedule for WDEQ review and 
Consultant revision of contract deliverables.  The WDEQ anticipates the field activities outlined 
in the ‘Project Objectives’ section to begin as soon as possible after notice to proceed, weather 
permitting, with final reporting to the WDEQ by December 31, 2017. 
 
Additional Considerations  

1. The Consultant, in consultation with the WDEQ, is responsible for identifying needed 
additional resources, experts, etc. to ensure the project timeline, budget, and scientific goals 
and integrity are met.  If the Consultant determines that a third party is required to assist 
with fulfilling this scope of work, the Consultant shall be responsible for subcontracting, 
and managing sub-contractors to ensure timely project completion.  The Consultant shall 
provide vetting information of suggested sub-contractors to WDEQ/WQD for screening 
and approval.  The WDEQ/WQD retains final approval authority for all sub-contractors. 
 

2. Consultants should be aware of and comply with all applicable local, state and federal rules 
and regulations pertaining to this type of project.  
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3. The WDEQ project manager will request and obtain any access agreements necessary for 
access on private property.  
 

4. The Consultant and sub-contractors are not authorized to act as agents of WDEQ, but 
rather, are to engage in communication with third parties strictly in performance of their 
duties as negotiated in the contract. 
 

5. All deliverables are subject to approval of the WDEQ/WQD. 
 

6. Performance of Work:  The Consultant is responsible for the professional quality, 
technical accuracy, timely completion and coordination of all designs, drawings, 
specifications, reports and other services furnished by the Consultant under this contract. 
The Consultant shall, without additional compensation, correct or revise any errors, 
omissions or other deficiencies in designs, drawings, specifications, reports and other 
services. 

 
WDEQ approval of drawings, designs, specifications, reports and incidental work or 
materials furnished hereunder shall not in any way relieve the Consultant of responsibility 
for the technical adequacy of his/her work. WDEQ review, approval, acceptance or 
payment for any of the services shall not be construed as a waiver of any rights under the 
contract or of any cause of action arising out of the performance of the contract associated 
with this SOW. 

 
The Consultant shall be, and remain liable, in accordance with applicable law for all 
damages to the state caused by the Consultant’s negligent performance of any of the 
services furnished under this contract, except for errors, omissions or other deficiencies to 
the extent attributable to WDEQ, WDEQ-furnished data or any third party. The Consultant 
shall not be responsible for any time delays in the project caused by circumstances beyond 
the Consultant’s control. 

 
The Consultant’s obligations under this clause are in addition to the Consultant’s other 
express or implied assurances under this contract or state law and in no way diminish any 
other rights that WDEQ may have against the Consultant for faulty materials, equipment 
or work. 
 

7. Removal of Equipment When No Longer Necessary: Equipment utilized by the 
Consultant and/or sub-contractors will be removed from work areas upon completion of 
field activities. 
 

8. Changes in Key Personnel: If key personnel originally identified by name by the 
Consultant (or sub-contractor) in the contract are replaced by another employee, this 
change in staffing must be approved by the WDEQ project manager prior to the change 
going into effect. If the staff change is not approved by the WDEQ project manager and no 
other qualified staff is available for consideration, as determined by the WDEQ project 
manager, the contract may be terminated for cause at the WDEQ project manager’s 
discretion.   
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9. Laboratory Analyses: All laboratory analyses for any sampling or monitoring completed 

under this contract, whether by the Consultant or sub-contractor(s), shall be performed in 
accordance with: all QA/QC standards outlined in this SOW, the SAP and the QAPP.  Any 
deviation from the QA/QC standards which are the direct result of Consultant error and 
results in laboratory data that can be only used for qualitative purposes, shall be at the 
expense of the Consultant and the WDEQ will not reimburse for the associated expenses.   
 

10. Site Safety Plan and Protection of Property:  The Consultant shall be responsible for 
initiating, maintaining and supervising all safety precautions and programs in connection 
with the work.  To the extent it is within the Consultant’s control, the Consultant shall take 
all necessary precautions for the safety of, and shall provide the necessary protection to 
prevent damage, injury, or loss to: 
 

i) All employees conducting the work and other persons who may be affected 
thereby; 

ii) All work and all materials or equipment to be incorporated therein, whether in 
storage or off-site; and 

iii) Other property at the Site or adjacent thereto, including trees, shrubs, lawns, 
walks, pavements, roadways, structures and utilities not designated for removal, 
relocation or replacement in the course of project activities. 

 
 

Attachments:  
 Figure 1: Pavillion Gas Field 
 Table 29 
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1. INTRODUCTION 

Lowham Walsh LLC (Lowham) has prepared this Sampling and Analysis Plan (SAP) to detail standards and 

procedures for personnel during project activities associated with groundwater monitoring and sampling 

from thirteen (13) private water supply wells in the Pavillion, Wyoming Gas Field.  This SAP describes 

necessary monitoring and sampling equipment, well purging requirements, anticipated investigation 

derived waste (IDW) management, sample collection procedures, field/laboratory sample analytical 

methods, sample packaging and shipping procedures, decontamination, and project quality assurance (QA) 

and quality control (QC).  

 Project Location 

Pavillion is located in west-central Wyoming at the north end of the Wind River Basin. It is situated between 

the Wind River Mountain Range to the west and the Absaroka and Owl Creek Ranges to the north. Riverton, 

WY is approximately 20-mi to the southeast and Boysen State Park is roughly 25-mi to the east. Pavillion 

lies within the Wind River Indian Reservation, which is home to the Northern Arapaho and Eastern Shoshone 

Tribes. A map of the project location is located in Appendix A. 

The Pavillion Gas Field, located east of Pavillion, Wyoming encompasses roughly 23-mi² and has produced 

oil and gas for over five decades. Exploration wells were drilled as early as the 1950s and commercial natural 

gas extraction in the field first occurred in 1960 with well installation activity increasing from the late 1990s 

until 2006 (USEPA, 2011).  

According to the 2010 census, Pavillion’s population was 231 (U.S. Census Bureau, 2012).  The residents of 

Pavillion depend on 8 public water wells and approximately 80 privately owned water wells. Water wells are 

used for drinking water, irrigation, and livestock (WDEQ, 2016). Water supply wells involved in this study 

range in depth from 30-ft to 675-ft. 

 Project History  

In early 2008 the Environmental Protection Agency (USEPA) received complaints from several private well 

owners regarding objectionable taste and odor in well water following hydraulic fracturing operations at 

nearby gas production wells.  In response to these complaints, EPA initiated a groundwater investigation in 

September, 2008.  This investigation took place between March, 2009 and April, 2011.  The findings from 

this report were never finalized.  

The WDEQ, in agreement with EPA and Encana Oil and Gas USA, Inc. (Encana), developed a Framework 

Document in 2013 that established protocol for an additional investigation to address water quality 

concerns expressed by the residents of Pavillion.  In 2014 two further rounds of sampling were conducted.   

The subsequent 2016 Pavillion, Wyoming Area Domestic Water Wells Final Report and Palatability Study 

(Report) offered conclusions and considerations for additional work at the site.  WDEQ incorporated select 

recommendations from the Report into the Scope of Work (SOW), which serves as the basis for this 

supplemental monitoring and sampling phase of the investigation. 
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 Purpose and Scope 

The purpose of this supplemental groundwater investigation is to address select recommendations made 

in the 2016 WDEQ Report.  This investigation’s primary focus is on the identification of groundwater 

constituents that are known to cause palatability issues, which will be addressed through the completion of 

supplemental groundwater monitoring and sampling for a targeted constituent list intended to identify and 

characterize microbial communities and dissolved gases in the water supply wells.  The identification of 

specific bacteria populations can aid the design and implementation of effective water treatment systems, 

should they be warranted.  Two microbial community characterization samples will be taken to determine 

whether there is a difference between standing well water (i.e. normal well conditions prior to purging) and 

formation water after purging. The identification and characterization of dissolved gases will aid in 

determining their origin. 

During the previous phase of the investigation, screening criteria were not met for certain SVOCs, VOCs, 

and pesticides that were included in the constituent list of the 2013 Framework Document.  These are 

identified in Table 29 of the Report.  The screening criteria are health risk based values and are not generally 

targeted specifically for analyses by laboratories.  The subcontracted laboratory for this phase of the 

investigation will be able to meet some of the screening criteria for these Table 29 analytes, but not all.    

 Project Approach 

The approach for this phase of groundwater monitoring and sampling adheres to the guidelines specified 

in WDEQ Task Order 001-05SC0206988 (Task Order).  Lowham will collect representative groundwater 

samples from the thirteen (13) water supply wells along with the required quality control samples as 

specified in the Quality Assurance Project Plan (QAPP).  The samples will be analyzed by methods specified 

in the Task Order or by other appropriate methods, which are included in the QAPP.  Data verification and 

validation will be conducted accordance with the QAPP.   

After all data has been reviewed, and in accordance with the Task Order, Lowham will provide WDEQ with 

electronic and hardcopy formats of the data.  Electronic and hardcopy data will include laboratory analytical 

summaries and QA / QC data, data verification and data validation summaries, and revisions of all applicable 

data tables from the Report.  An email summarizing the monitoring and sampling event will also be provided 

to WDEQ.     

 Quality Assurance / Quality Control Program 

A QA / QC program is established to ensure that data collected and analyzed through the life of the project 

maintain an acceptable level of quality upon which project decision can be made.  The QA / QC program 

will be documented in accordance with the QAPP.  The QAPP details the identification and description of 

control parameters for the field collection and laboratory analysis phases, acceptance criteria for the 

controls, and corrective actions to be employed in the event that acceptance criteria are not met.   
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2. SELECT WATER SUPPLY WELL MONITORING AND SAMPLING

Two monitoring and sampling events are scheduled for wells LD02, PGDW05, PGDW14, PGDW20, PGDW23, 

PGDW30, PGDW32, PGDW33, PGDW41A, PGDW41B, PGDW44, PGDW45, and PGDW49.  The locations of 

the wells are shown on the site map in Appendix A.   The first monitoring and sampling event will take place 

prior to the end of the 2017 irrigation season.  It is scheduled to commence during the week of September 

11, 2017.  The anticipated end of irrigation season, according to the Midvale Irrigation District, is October 

1, 2017.  The second monitoring and sampling event will take place after irrigation season has ended and 

irrigation return flows are less likely to impact the study wells.  Access to the water supply wells is 

coordinated by WDEQ, Water Quality Division (WQD).      

Project Organization 

The roles and responsibilities of key personnel for Phase III of the project are shown in Figure 2.1 and in 

Table 2.1 below.  The Field Team Leader is responsible for site safety and will oversee the collection of 

environmental samples.  The Field Technical Staff team member will assist the Field Team Leader and will 

be determined based upon availability at the time of the sampling event.  All Field Technical Staff utilized 

during the course of this project will be trained by the Field Team Leader prior to conducting any field work 

related to this project.  All field staff will review this SAP prior to commencing work.   

Figure2.1 Project key personnel. 
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 Groundwater Monitoring and Sampling 

The following defines procedures to be used during the collection of groundwater samples from domestic 

water supply wells LD02, PGDW05, PGDW14, PGDW20, PGDW23, PGDW30, PGDW32, PGDW33, PGDW41A, 

PGDW41B, PGDW44, PGDW45, and PGDW49.  Site entry protocols, field equipment / instrumentation 

calibration and accuracy confirmation, water level measurements, purge requirements, monitoring 

specifications, groundwater sample collection, and shipping procedures are detailed.  A map depicting site 

locations and a table detailing pertinent information for each water supply well from the 2016 Report are 

provided in Appendix A.    

2.2.1.   Equipment / Instrument Calibration and Field Accuracy Testing  

Equipment and instruments necessary for this project will be field tested for accuracy or calibrated before 

use at each site according to the QAPP.  Manufacturer manuals for all equipment / instrumentation that will 

be used during the Phase III field effort are found in Appendix D.     Calibration and field accuracy testing 

data will be recorded on instrument specific calibration sheets or on groundwater field forms (Appendix B). 

If instrument readings appear incorrect at any time during use the instrument will be tested immediately 

and recalibrated if necessary.  The following equipment will be used during the Phase III field investigation:    

Table 2.1 Key Project Personnel  

Key Personnel 
Affiliation  

and Role 
Project Responsibilities 

Nicole Twing, P.G. WDEQ, WQD Geology 
Supervisor / Project 
Manager 

WDEQ Project Manager 
 

Kyle Smith, P.G. Project Manager / Field 
Team Leader 

Coordinate project activities, lead water sampling 
investigation, prepare and review final deliverables to 
WDEQ, approve, implement, and distribute the 
planning documents 

Gene Florentino, 
P.G., P.M.P. 

Project Director Approve final deliverables to WDEQ, approve the 
planning documents, provide independent oversight, 
provide principal review of deliverables 

Lynne Parker Project Chemist Review and contribute to the QAPP, coordinate with 
laboratory, review and validate data from 
laboratories, import field and laboratory data to 
project database  
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Table 2.2.1-1 Field Equipment and Calibration Requirements¹ 

Equipment / 
Instrument 

Description / Use Calibration / Accuracy Test 
Requirements² 

Multi Gas Meter RAE Systems MultiRAE Lite; 
the multi gas meter will be 
used to monitor explosive 
gases, VOCs, H2S, CO, and 
O2 volumes in the breathing 
zone while work is being 
completed near the well 
head or in an enclosed space. 

Unit will be calibrated daily and bump 
tested prior to sample collection at each 
site using a four-gas mix of 50% LEL 
Methane, 18% O2, 10 ppm H2S, and 50 
ppm CO, to calibrate the LEL, O2, CO, 
and H2S sensors at one time.  Bump 
test accuracy is calculated by the meter. 

Water Quality Meter YSI ProDSS; used to monitor 
stabilization parameters 
during well purging.  
Stabilization parameters 
include dissolved oxygen, 
temperature, pH, 
conductivity, oxidation-
reduction potential (ORP), 
and turbidity.  

Unit will be calibrated daily.  
Acceptability criterion for each of the 
stabilization parameters are defined in 
the QAPP.  
 

Acoustic Water Level 
Meter  

Eno Scientific WS2010 Pro, 
Global Water WL650, or 
equivalent*; the water level 
meter will be used to collect 
depth to groundwater data 
for each well.  

Not applicable. 

Colorimeter Hach DR900; the colorimeter 
will be used to analyze 
samples for ferrous iron and 
sulfide concentrations in the 
field. 

Meter is calibrated by the manufacturer.  
Method specific blanks must be run 
prior to each measurement.   

Water Level Meter 
(Engineer’s Tape 
with Probe) 

Keck / Geotech Water Level 
Meter**; the water level 
meters will be used to collect 
depth to groundwater data 
from wells.  This water level 
meter will be used as a 
backup in case the acoustic 
water level meter fails to 
function properly. 

Not applicable. 
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Table 2.2.1-1 Field Equipment and Calibration Requirements¹ 

Equipment / 
Instrument 

Description / Use Calibration / Accuracy Test 
Requirements² 

Turbidity Meter HF Scientific MicroTPI; it will 
be used as a backup for the 
turbidity sonde on the YSI 
Pro DSS. 

Calibrate daily; accuracy check prior to 
use at each site using calibration 
standards.  Acceptability criteria for the 
unit is defined in the QAPP. 

Note: 

1 Calibration and accuracy testing requirements are provided in the QAPP, Table 2-6.  

* Acoustic water level meter is based upon availability. 

** Water level meter is chosen based upon supply well access port size and reported depth to groundwater. /* Instrument 

 

2.2.2.  Site Entry 

Upon arrival at each monitoring and sampling location, Lowham staff will conduct a tailgate safety meeting 

to address potential hazards.  The tailgate safety meeting form is located in Appendix E.  The field team will 

complete a safety inspection of the site, paying particular attention to hazards in the vicinity of the sampling 

point, the wellhead, and the purge water disposal location, etc.  Once the site is deemed safe all field 

equipment will be unloaded.  Field personnel will review known site information from previous monitoring 

and sampling events and confirm the accuracy of this information, if possible.  Pertinent historical 

information is included in the site specific field forms.    

2.2.3.   Static Groundwater Depth Measurements 

Depth to groundwater data is collected and recorded both before and after each sampling event at locations 

where there is access to the well.  Static groundwater depth is used to calculate the volume of water in the 

well that will need purged prior to sampling.  Due to the presence of downhole cables and piping within 

the well casing an acoustic / sonic water level meter will be used.  Use of the acoustic / sonic water level 

meter will be in accordance with manufacturer specific procedures provided in Appendix D.   Wells will be 

tested for explosiveness using a multi-gas meter with photoionization detector (PID).   After the wellhead 

cap is removed or the wellhead access port is opened and vented the field team will collect and record the 

following measurements with the multi gas meter; lower explosive limit (LEL), oxygen, carbon monoxide, 

VOC, and hydrogen sulfide.  Should potentially unsafe conditions be encountered (>10% LEL, >10-ppm 

H2S, >1-ppm VOC in the breathing zone) the field team shall evacuate the area and allow the well to vent.  

If a second reading confirms the unsafe condition the depth to groundwater measurements will be 

abandoned. 

The acoustic / sonic water level meter will be decontaminated after each use according to the Standard 

Practices for Decontamination of Field Equipment Used at Waste Sites, ASTM D5088-02.  Parts of the meter 

that come into contact with the wellhead access port will be washed with a detergent solution (Alconox®), 

rinsed, and then rinsed with deionized water.  The meter will then be allowed to air dry prior to being 

wrapped in an inert material (e.g. plastic wrap) prior to storage.   
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Should the WL650 Sonic Water Level Meter fail to operate correctly, the field team will instead use a 

standard monitoring well water level meter consisting of a Teflon® coated probe on a polyethylene coated, 

graduated steel tape.  The probe will only be used with express consent of the property owner and with 

permission, via phone conversation, from WDEQ.  Lowham staff will not introduce any equipment into the 

well casing without prior approval.  To prevent cross contamination, the water level meter will be 

decontaminated according to ASTM D5088-02 after each use.  The water level meter will be washed with a 

detergent solution, rinsed with water, and then rinsed with deionized water.  Paper towels will be used to 

dry the tape.  Once dry the water level meter will be wrapped in an inert material (e.g. plastic garbage liner) 

prior to storage.  The installation and operation manual is located in Appendix D. 

Nitrile gloves and safety glasses will be worn during groundwater level measurements and decontamination 

procedures. ASTM D5088-02 is located in Appendix C. 

2.2.4.   Purge 

A pre-purge microbial community characterization sample will be collected from each well.  The sample will 

be collected from a sampling point (e.g. tap, spigot, or hydrant) closest to the well, preferably upstream of 

a pressure tank.  Previous sampling points are known for each well and will be evaluated to ensure they will 

produce the most representative sample from the well.  After this sample is withdrawn and collected the 

wells will be purged in accordance with the Standard Guide for Sampling and Analysis of Residential and 

Commercial Water Supply Wells in Areas of Exploration and Production Operations, ASTM D8006-16 

(Appendix C).  Field water quality parameters, water discharge characteristics, pumping rate changes, and 

volume purged will be monitored and logged throughout the purge.  At a minimum, three well casing 

volumes will be purged from each well prior to collecting the post-purge samples; however, well depths / 

casing volumes, pump capacities, and low yields may make it impractical to purge three casing volumes 

prior to sampling at every site.  If three casing volumes cannot be purged the samples will be collected after 

the field water quality parameters have stabilized.  Field water quality parameter monitoring and 

stabilization criterion requirements for the previous phase of monitoring and sampling events are more 

stringent than the guidance provided in ASTM D8006-16 and will be implemented during this field effort.  

A summary of field water quality parameter measurements, stabilization criterion, and methods are listed 

in Table 2.2.4-1 below.  Stabilization will be considered achieved after five (5) consecutive readings meet 

the stabilization criterion. Stabilization parameters will be monitored and logged at fifteen (15) minute 

intervals throughout the purge and will be reduced to five (5) minute intervals after three (3) casing volumes 

have been evacuated.  Wells that have historically low yields and have not previously been purged three (3) 

casing volumes will be monitored at five (5) minute intervals from the beginning of the purge.   The stated 

accuracy for each of the water quality meter’s stabilization parameters and methods are included in the user 

manuals in Appendix D of this SAP.  Calibration and field accuracy requirements are found in the user 

manuals and have been included on the site-specific field forms. 

 



13 
 

 

Table 2.2.4-1: Field Water Quality Parameters, Measurements and Methods¹ 

Parameter Stabilization 
Criterion 

Instrument / Equipment Method 

Temperature +/- 0.5° Celcius YSI ProDSS with flow cell Thermistor 
Specific 
Conductance 

+/- 5% YSI ProDSS with flow cell Four Electrode Cell 

pH +/- 0.1 pH unit YSI ProDSS with flow cell Glass Sensing & 
Ag/AgCl sensing 
reference electrodes 

Oxidation-Reduction 
Potential 

Not Applicable YSI ProDSS with flow cell Ag/AgCl sensing 
reference electrodes 

Dissolved Oxygen +/- 0.3 mg/L YSI ProDSS with flow cell Optical Luminescence 
(ROX™)  

Turbidity* The greater of +/- 
10% or +/- 1 NTU 

YSI ProDSS with flow cell / 
MicroTPI Field Portable 
Turbidity Meter 

Optical 

Iron Not Applicable Hach DR900 Colorimeter Hach Method 8146 

Sulfide Not Applicable Hach DR900 Colorimeter Hach Method 8131 

Note:  

1 Field water quality stabilization criteria are modified from ASTM D8006-16 to remain consistent with previous sampling efforts. 

*  A MicroTPI Field Portable Turbidity Meter will be used in addition to the turbidity probe on the YSI ProDSS. 

** Salinity is calculated by the YSI ProDSS using specific conductance measurements. 

 

Onsite activities will be conducted in a manner to minimize the generation of investigation-derived wastes 

(IDW) to the extent practical.  Lowham staff will coordinate with landowners to identify available discharge 

locations for purged groundwater.  It is assumed that no purged groundwater will necessitate 

containerization onsite nor will it need to be disposed of at an offsite treatment facility.   

2.2.5. Sample Collection 
Samples will be collected accordance with ASTM D8006-16 for water supply wells with dedicated pumps.  
Groundwater samples from supply well LD02 will be collected in accordance with the Standard Guide for 
Sampling Ground-Water Monitoring Wells, ASTM D4448-01.  Supply well LD02 does not have a dedicated 
pump and at least two attempts to deploy a temporary submersible pump have failed.  The previous phase 
of monitoring and sampling employed passive sampling technology (Hydrasleeve®) to collect samples 
from LD02.  Alternative sampling methodology was evaluated; however, the total volume of the well and 
the depth to groundwater would prohibit alternative sampling methods aside from a submersible pump.  
Lowham intends to use the same method to collect samples from this supply well.  
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A pre-purge microbial community characterization sample will be collected from the supply wells that have 
dedicated pumps.  The results of this sample will be compared to the post-purge microbial characterization 
sample.  After the well has been purged and stabilization parameter criterion have been achieved, water will 
be redirected from the purge discharge location for sampling using a flow manifold to transfer groundwater 
to the sample containers.  The construction of the flow manifold will be based on USGS guidance (USGS, 
2006).  Figure 2.2.5-1 details an example flow manifold developed by USGS.  The flow manifold will be 
attached to the sampling point and will minimize atmospheric exposure.  Samples will be collected directly 
from the sampling manifold tubing.  A sample chamber as detailed in Figure 2.2.5-1 will not be used.  All 
tubing used for groundwater monitoring and sample collection will be dedicated to minimize the potential 
for cross contamination.  The tubing will be inert, non-contaminating material suitable for environmental 
sampling (e.g. silicone, polyethylene, Teflon®, etc.). Samples will be collected in pre-cleaned, pre-preserved, 
laboratory supplied containers.   

All sample bottles will be labeled with a sample identifier (ID), collection date and time, requested laboratory 

analyses, and preservative used. Sample IDs used for this phase of monitoring and sampling will be 

consistent with nomenclature used during previous field efforts, which are detailed in the QAPP Field 

personnel collecting and processing samples will wear disposable nitrile gloves while handling / installing 

Figure 2.2.5-1: Example groundwater sampling manifold detail for a portable pump with controllable flow rate (USGS, 
2006). 
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groundwater monitoring equipment and during sample collection and processing.  Nitrile gloves are to be 

changed as often as necessary to minimize potential contamination.  Sample container requirements and 

collection and preservation methods vary by constituent type and are listed in Table 2.2.5-1.  

A pre-purge microbial community characterization sample will be collected at supply wells with dedicated 

pumps.  The supply wells will then be purged.  After purging, samples for field analyses of ferrous iron and 

sulfide will be collected.  A Hach DR900 colorimeter will be used to analyze the samples onsite.  The results 

of these analyses will be recorded on the field form.  To remain consistent with previous sampling efforts 

the order in which the sample groups are collected will remain unchanged.  The generalized sampling order 

is organic compounds, organic carbon, inorganic constituents, and micro-organisms.  Samples for dissolved 

gases and dissolved isotopic gases will be collected after the VOCs to remain consistent with the previous 

sampling effort.  The sample order is based on USGS Techniques of Water Resourses Investigations (TWRI) 

guidance (USGS, 2006).  

Samples withdrawn for VOCs, dissolved gases, dissolved isotopic gases, total organic carbon (TOC), volatile 

fatty acids, and acrylamide will be collected in laboratory provided, pre-cleaned, pre-preserved (as required) 

40-mL septum / volatile organic analysis (VOA) vials.  The vials will be carefully filled to prevent agitation, 

spilling, and loss of preservative (acrylamide samples will not be preserved). Vials will be filled completely, 

capped securely, inverted, and checked for gas bubbles.  If bubbles are present, the container will be 

discarded and the process will be repeated unless degassing is noted during sample collection.  If degassing 

is observed, field personnel will document the occurrence on the field form and the constituent the sample 

is to be analyzed for and the preservative used will be noted.  The flow rate for filling 40-mL vials not exceed 

150-mL / minute, if possible. 

Samples withdrawn for SVOC, polycyclic aromatic hydrocarbons, and pesticides analyses will be collected 

in laboratory provided, pre-cleaned 1-L amber glass bottles.  The bottles will be filled to the base of the 

neck.  The flow rate for filling 1-L glass amber bottles will not exceed 500-mL / minute, if possible. 

Samples withdrawn for TOC analysis will be collected in laboratory provided, pre-cleaned, pre-preserved 

125-mL amber glass bottles.  The bottles will be carefully filled to prevent spilling and loss of preservative.  

The bottles will be filled to the base of the neck.  The flow rate for filling 125-mL amber glass bottles will 

not exceed 150-mL / minute, if possible. 

Samples withdrawn for isotope analysis O18 and deuterium will be collected in laboratory provided, pre-

cleaned, pre-preserved 250-mL high-density polyethylene containers.  The bottles will be filled completely 

and with no headspace.  The flow rate for filling 250-mL HDPE bottles will not exceed 500-mL / minute, if 

possible. 

Samples withdrawn for major cations analysis will be collected in laboratory provided, pre-cleaned, pre-

preserved 125-mL HDPE containers.  The containers will be carefully filled to prevent spilling and loss of 

preservative.  The containers will be filled to the base of the neck.  The flow rate for filling 125-mL sample 

containers will not exceed 150-mL / minute, if possible. 

Samples withdrawn for major anions and alkalinity analyses will be collected in laboratory provided, pre-

cleaned 125-mL HDPE containers.  The containers will be filled to the base of the neck.  The flow rate for 

filling 125-mL sample containers will not exceed 150-mL / minute, if possible. 
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Samples withdrawn for total dissolved solids (TDS) analyses will be collected in laboratory provided, pre-

cleaned 500-mL HDPE containers.  The containers will be filled to the base of the neck.  The flow rate for 

filling 500-mL sample containers will not exceed 500-mL / minute, if possible. 

Samples withdrawn for micro-organisms and isotopic sulfate analyses will be collected in laboratory 

provided, pre-cleaned 1-L HDPE containers.  The containers will be filled to the base of the neck.  The flow 

rate for filling 1-L sample containers will not exceed 500-mL / minute, if possible. 

QC sampling requirements are specified in Table 2-1 of the QAPP.   

Pumping rates for the dedicated submersible pumps in the study supply wells cannot be controlled by the 

field team.  The rate of flow diverted to the sampling containers will be controlled by a needle valve on the 

sampling manifold.  Three-way valves or flow-splitting valves will be kept completely open or completely 

closed during purging and sampling to prevent the creation of a vacuum or air bubbles in the manifold.       

2.2.6.  Decontamination 
Non-dedicated or non-disposable field equipment will be properly decontaminated after use according to 
the Standard Practice for Decontamination of Field Equipment Used at Waste Sites, ASTM D5088-02.  Proper 
decontamination minimizes the potential of cross contamination of samples and reduces or eliminates the 
potential transfer of contaminants offsite.  Decontamination of field equipment / instruments eliminates 
them as a potential source of contamination that could alter concentrations of target analytes of withdrawn 
samples.  All non-dedicated or non-disposable equipment used during groundwater monitoring and 
sampling for this project will be washed / scrubbed with a phosphate free detergent (Alconox®), rinsed, 
rinsed with deionized water, and air dried prior to further use.  If not used immediately after drying, the 
decontaminated equipment will be wrapped and stored in an inert material (e.g. plastic wrap).  Paper towels 
will be used to dry equipment as necessary if time or conditions do not permit air-drying.   

2.2.7.  Chain of Custody Requirements 
Procedures for the custody and transfer of samples collected are strictly controlled in order to provide a 
traceable record of the possession and handling of the samples. Standard chain of custody (COC) 
procedures will be followed for documentation, sample labeling, packaging, and shipping in accordance 
with the Standard Guide for Sample Chain-of-Custody Procedures, ASTM D4840-99. 

The Field Team Leader is responsible for the overall care and custody of the samples until they are 
transferred to the laboratory via common courier.  Field team personnel understand and will follow all 
documentation, sample identification, and COC procedures. Samples will be handled by as few people as 
possible.  All field documentation (logbooks, field forms, sample labels, and COC forms) will be completed 
using indelible ink.  Shipping labels, receipts, or bills of laden should be retained with the field 
documentation.  Samples that are not in the physical possession of field personnel will always be within 
view or will be locked within a secure, restricted area.    

2.2.8.  Field Documentation Requirements 

Field documentation requirements will conform to the Standard Guide for Documenting a Ground-Water 

Sampling Event, ASTM D6089-97.  Field observations and data collection will be documented on site 

specific, paginated field forms.  A bound and numbered project specific logbook will be used to supplement 
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the field forms as necessary.  Field notes must provide adequate detail to reconstruct the monitoring and 
sampling events without reliance on the memory of field personnel.  Professional judgement should be 
exercised in deciding what information is to be recorded, but, at a minimum, field notes for this project will 
include the following information: 

• Field personnel / title(s), date, time onsite, weather, site conditions, objective(s); 

• Site / well ID, owner information if available; 

• Synopsis of conversations with landowners / residents; 

• Description of wellhead, sampling point, and purge water discharge location; 

• Field equipment used and calibration / “bump test” / field accuracy test information; 

• Field measurements: date / time collected (e.g. purge volume, depth to water, stabilization 
parameters, etc.); 

• Sample collection method; 

• Sample ID, number of samples collected, number of containers, preservative used, filtration, etc.; 

• Comments, issues encountered, and summary of work completed; 

• Time offsite, intended destination; 

• Sample storage or shipping information. 

A “tiered review” of field documentation will occur prior to departing each site.  All field personnel onsite 
will review the field forms, logbook, sample labels, and COC to verify accuracy.  If errors in field 
documentation are found they must be corrected.  Personnel amending the errors will cross out the error 
with a single line, add the correct information, and initial and date the changes made.   

2.2.9.  Sample Container Labeling 

Sample container labeling will follow guidance provided in ASTM D6089-97. Sample container labels will 
be provided by the laboratory.  Sample labels will be affixed to the sample containers immediately after the 
samples are collected. Sample labels will be filled out with permanent markers.  Labels will be protected by 
covering them with clear tape to ensure that they will be intact and legible upon receipt at the laboratory.  
The labels will include the following information:  sample ID, initials of field personnel collecting sample, 
analytical method requested, preservation method, and date and time collected.      

2.2.10. Sample Packaging and Shipping 

Samples will be packed and shipped in accordance with the Standard Guide for Packaging and Shipping 
Environmental Samples for Laboratory Analysis, ASTM D6911-03. Appropriate laboratory COC 
documentation will be completed, sealed in a locking, air-tight plastic bag, and placed with the sample 
bottles.  Samples will also be sealed in locking, air-tight plastic bags (e.g. Ziploc Freezer Bags, etc.) to keep 
sample labels dry.  Sufficient bubble wrap will be used to prevent breakage.   Custody seals will be affixed 
to the ice chest in a manner that would prevent the ice chest from opening without breaking a seal.  Packing 
tape will be used to seal the ice chest, which must be shipped overnight by common courier to the 
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tape will be used to seal the ice chest, which must be shipped overnight by common courier to the 

laboratory. 

2.2.11. Sample Custody Transfer 

The Field Team Leader is responsible for relinquishing sample custody and will sign, date, and note the 

time on the COC.  Shipping information will be entered onto the COC. 

3. HEALTH AND SAFETY PLAN 

Lowham has prepared this Health and Safety Plan (HASP) to detail standards and procedures for personnel 

during project activities associated with groundwater monitoring and sampling from thirteen (13) private 

water supply wells in the Pavillion, Wyoming Gas Field.   

The purpose of this site Health and Safety Plan (HASP) is to establish protection standards and mandatory 
safety practices and procedures for hazardous and potentially hazardous activities that are specific to site 
activities.  This plan also specifies personal protective equipment (PPE) to address changing levels of health 
hazards that may arise during the work. 

The provisions of this plan are mandatory for all onsite activities. All onsite Lowham personnel are required 
to read and to adhere to the requirements of this plan.  This plan shall be present and readily available 
during all activities described in this HASP and shall be signed by all onsite personnel.  

This HASP has been prepared without visitation to the project area and addresses hazards likely to be 
encountered.  If additional information is gathered during this phase of site activities, this plan shall be 
updated to reflect any changes in the health risk analysis or air and medical monitoring procedures. 

The primary point of contact for this project is Kyle Smith. 
Office: (307) 335-8466, Cell: (307) 349-6182, Email: ksmith@lowhamwalsh.com  

 Organizational Structure / Roles and Responsibilities 

This section contains information on the organization of the project team and describes lines of authority, 

responsibility, and communication as they pertain to health and safety functions for this project.  The 

purpose is to identify the project personnel and to describe their roles and responsibilities.  This section is 

to be reviewed and updated as necessary to reflect any changes to personnel involved in the project. 

Table 3.1-1 Organizational Structure for Field Personnel 

Title Name 

Project Director Gene Florentino, PG, PMP 

Project Manager and Field Team Leader Kyle Smith, PG 

Field Technical Staff To be determined based upon availability 

Access to the site by Lowham employees will be controlled and limited to personnel trained on the site 

hazards and the information contained in this HASP.  The specific responsibilities and authority of project 

personnel are detailed below:  
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Project Director 

The Project Director has the authority to direct all work operations and monitor and audit the performance 

of the Field Team Leader.   

 

Field Team Leader 

The Field Team Leader, or his designee, has full responsibility and authority to implement this HASP and to 

verify compliance.  The Field Team Leader reports to the Project Director. The Field Team Leader is onsite 

or readily accessible to the site during all work operations and has the authority to halt site work if unsafe 

conditions are detected.  The specific responsibilities of the Field Team Leader are to manage the safety 

and health functions on this site; serve as the site’s point of contact for safety and health matters; ensure 

site monitoring, worker training, and effective selection and use of PPE; assess site conditions for unsafe 

acts and conditions and provide corrective action; maintain effective safety and health records as described 

in this HASP; and coordinate with site supervisor(s), and others as necessary for safety and health efforts. 

 

Field Technical Staff 

Field Technical Staff are responsible for complying with this HASP, using the proper PPE, reporting unsafe 

acts and conditions, and following the work and safety and health instructions of the Field Team Leader. 

 

Subcontractors 

Subcontractors will not be needed for this project.   

 Safety and Health Risk Analysis  

The major goal of this HASP is to protect the workers from any adverse health effects from exposure to 

hazardous chemicals. The HASP is also designed to protect the site personnel from the physical hazards 

due to the presence of site contaminants including chemical contaminants of concern and gases and vapors 

during groundwater sampling activities. 

Contaminants of concern, gases, vapors:  Volatile Organic Compounds (VOCs), Semi-volatile Organic 

Compounds (SVOCs), Polycyclic Aromatic Hydrocarbons (PAHs), pesticides, flammable gases, vapors, 

hydrogen sulfide.  

Protective Measures:  Standard safe operating practices will be followed, particularly the minimization of 

contact with potential contaminants.  A multi gas meter will be used to monitor levels of VOCs, hydrogen 

sulfide, and flammable gases in the vicinity of the wellheads.  Exposure to VOCs and hydrogen sulfide 

through inhalation will be minimized by immediately evacuating the breathing zone when hydrogen sulfide 

is measured at a volume greater than 10-ppm or VOCs are measured at a volume greater than 1-ppm.  

Work in the area will be allowed to continue after the vapors have dissipated.  Flammable gases will be 

monitored and evacuation will be required if readings greater than 10% of the lower explosive limit (LEL) 

are detected.  Work in the area will be allowed to continue after the LEL has dropped below 10% and the 

Field Team Leader has deemed that there is no longer a hazard.   Skin contact with groundwater will be 

eliminated with the use of appropriate safe work practices and PPE required for each task.      
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3.2.1. General Safety Issues 

Safety risks encountered during field activities include the risks of slips, trips, and falls.  General site safety 

practices in accordance with OSHA regulations 29 CFR 1926 shall be followed during all phases of work.  

Table 3.2-2 lists anticipated activities, respective hazards, and mitigation procedures. 

3.2.2. Cold Stress 
Project activities are scheduled to occur in September and November, 2017; therefore, cold stress might be 
an issue during this project.  All field personnel shall be trained to recognize the symptoms of cold stress 
and provide initial first aid treatment.  Cold stress occurs when the rate at which the body loses heat is 
greater than the body’s ability to retain heat. 

Recognition of the symptoms of cold related illnesses, hypothermia and frostbite, will be discussed during 
the tailgate safety meeting conducted prior to the onset of site activities if warranted.  

Hypothermia 

Hypothermia is a life-threatening condition in which the core body temperature falls below 95°F. 
Hypothermia can occur at temperatures above freezing, particularly when the skin or clothing becomes wet. 
During prolonged exposure to cold, maximum shivering occurs when the body’s core temperature falls to 
95°F. As hypothermia progresses, depression of the central nervous system increases with signs and 
symptoms ranging from slurred speech to disorientation and, eventually, unconciousness.   

The ability to sustain metabolic rate and to reduce skin blood flow is diminished by fatigue.  Fatigue 
increases the risk of severe hypothermia by decreasing metabolic heat. When fatigued the body will attempt 
to conserve heat, which reduces skin blood flow.  When blood flow through the skin is reduced the skin and 
underlying tissues become more susceptible to frostbite.  

Frostbite 

Frostbite is the term given to localized areas of cold injury. Frostbite rarely occurs unless temperatures are 
less than freezing (usually less than 20°F). Frostbite injuries occur most commonly on the distal parts of the 
body (e.g. nose, earlobes, hands, and feet) that are subject to vasoconstriction. The three general categories 
of frostbite are frostnip, superficial frostbite, and deep frostbite; explained in Table 3.2-1. 

Table 3.2-1 Symptoms of Frostbite 

Category of Frostbite Symptoms 

Frostnip A whitened area of the skin, which is slightly burning or painful 

Superficial Frostbite Waxy and pale skin with a firm sensation but with some resiliency. 

Symptomatically feels “warm” to the affected person with a notable 

cessation of pain 

Deep Frostbite Tissue damage is deeper than the skin. The skin is cold, numb, and hard 
 

Preventing Cold Related Illness 

The following are precautions to prevent cold related illness: 
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• Vehicles used for the project will be fueled fully prior to departing and heaters checked to ensure 

proper functionality; 

• All Lowham staff will pack a dry change of clothing to the field; 

• Temperature readings will be monitored throughout the time onsite; 

• Breaks will be taken as necessary to warm up; 

• An emergency blanket will be packed with the first aid kit; 

• Warm, non-caffeinated beverages will be available to staff while onsite. 

Hypothermia Treatment 

911 / emergency services will be called to the site or the affected person will be evacuated to the nearest 
emergency medical facility if hypothermia is suspected.  The affected person will be escorted to a heated, 
enclosed space (e.g. vehicle) and given warm, non-caffeinated fluids to attempt to slowly bring up their 
core temperature.  If necessary, wet clothing will be removed and replaced with dry clothing or a blanket.  
Monitoring of the affected person will continue until professional medical personnel have been consulted.   
If necessary CPR will be used to restore breathing.      

Any person developing moderate hypothermia (a core temperature of <92°F) cannot return to work for at 
least 48 hours unless otherwise cleared by a medical professional. 

Frostbite Treatment 

911 / emergency services will be called to the site or the affected person will be evacuated to the nearest 
emergency medical facility if frostbite is suspected.  The affected person will be escorted to a heated, 
enclosed space (e.g. vehicle) and, if necessary, wet clothing will be removed and replaced with dry clothing 
or a blanket.  The frostbite affected area should be warmed gradually with warm water (not hot) or with wet 
heat until the skin appears red and warm.  Heat should not be applied directly, like with a heating pad, and 
the area should not be rubbed or massaged.  Loosely bandage the area with sterile gauze. 

Any person developing frostbite cannot return to work unless cleared by a medical professional. 

3.2.3. Heat Stress 

When personnel are working in hot environments, all field personnel shall be trained to recognize the 
symptoms of heat stress and provide initial first aid treatment if required.  Heat stress occurs when the 
rate at which the body gains heat is greater than the body’s ability to dissipate the heat.  Refer to Table 
3.2-1 for common heat stress symptoms and treatment. 

Effects of Personal Protective Equipment (PPE) 

Heat stress may occur with or without the use of PPE.  PPE adds layers of clothing that insulate the wearer 
from cooling air.  Chemical protective clothing generally has a vapor barrier to keep out chemical vapors. 
The vapor barrier also prevents a body from cooling by evaporation of perspiration. In short, PPE affects the 
body’s ability to tolerate heat. 

Practical Methods to Reduce Heat Stress 

Become acclimated to heat for several days whenever possible.  Plan work in the cooler portions of the day.  
Early morning hours and evening hours are cooler. 
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Do site preparations before the field team dresses out.  Instrument calibrations, equipment preparation, 
and planning for the work day, etc., should be performed before dressing in chemical PPE.   

Take frequent breaks and consume at least one pint of cool fluid every hour.  Replenish electrolytes through 
the consumption of diluted drinks.  The body loses more water than electrolytes.  Concentrated salt, 
electrolyte, or juices can increase susceptibility to heat stress. 

Occupational Exposure Standards for Heat Stress Monitoring 

The EPA and the American Conference of Governmental Industrial Hygienists (ACGIH) have published heat 
stress monitoring recommendations.  The EPA recommends heat-stress monitoring at environmental 
temperatures above 70° Fahrenheit when chemical PPE is used.  The ACGIH provides screening criteria for 
heat stress exposures based on temperature, measurements, work / rest percentage, and work activity level.  
If screening criteria are exceeded, more detailed analysis or physiological monitoring is required to 
determine whether controls are needed.   

Table 3.2-1 Heat Stress Symptoms and Treatment 

CONDITION COMMON SYMPTOMS TREATMENT 

Slightly elevated 

body temperature 

Temperature 100 to 101 OF 

Headache 

Drink cool fluids.  Rest in cool place 

until temperature and pulse are 

below 100 and 110, respectively. 

Heat rash Rash mainly on back Shower at the end of the shift. 

Heat cramps Muscle cramps or twitching often 

starting in abdominal area. 

Pain in hands, feet and abdominal 

areas. 

Remove from field work.  Take off 

PPE.  Encourage consumption of cool 

fluids designed to replenish 

electrolytes (e.g., Gatorade).   

Heat exhaustion  Temperature between 99-102 OF 

Elevated pulse 

Profuse sweating 

Pale skin 

Cool wet/clammy skin 

Lethargy 

Nausea 

Dizziness 

Remove from field work.  Take off 

PPE.  Drink cool fluids.  Rest in cool 

place. 

No field work for at least 48 hours. 

If in doubt about whether the 

condition is heat exhaustion or heat 

stroke, seek medical attention.   

Heat stroke  Temperature greater than 102 OF 

Hot, dry skin 

Flushed skin 

Light or no sweating 

Rapid pulse 

 LIFE THREATENING 

Remove PPE.  Remove from field 

work.  Flush with cool, not cold water.  

If in doubt about whether the 

condition is heat exhaustion or heat 

stroke, seek medical attention.   
Written release from doctor 

required to return to work. 
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3.2.4. Noise Exposure 
Personnel working around pressure tanks or pumps may be exposed to excessive noise causing temporary 
or permanent damage to hearing.  A good indication that noise protection is necessary is the inability to 
verbally communicate with coworkers without shouting.  Continuous exposure to high decibels of noise 
could cause: 

• Physical damage to the ear 
• Communication impediment that may increase potential hazards 

 
Personal protection (ear plugs or muffs) against the effects of noise shall be provided whenever personnel 
noise exposures equal or exceed an 8-hour, time-weighted average sound level of 85 decibels.   

3.2.5. Biological Hazards 
Several biological hazards may be encountered while conducting site work activities including snakes and 
spiders and biting insects such as bees, gnats, ticks, and mosquitoes. 

3.2.5.1. Biting Insects 
Site personnel shall be notified of the potential risk of biting insects such as bees, ticks, gnats, flies, and 
mosquitoes.  Ticks have the potential to carry and transmit Lyme Disease and Rocky Mountain Spotted 
Fever.  Mosquitoes have the potential to transmit West Nile Virus.  Appropriate measures, such as the use 
of bug repellent, use of bug resistant clothing (i.e., head nets and long sleeve shirts), and daily inspection 
of body parts shall be utilized.  Bug repellent that contains DEET (N, N-diethyl-meta-toluamide) may be 
used in accordance with the manufacturer’s directions and the following precautions: 

• For adults, a maximum concentration of 30 percent is recommended. 
• When applying, avoid wounds, scratches and the area around the eyes and mouth. 
• Avoid over-saturation.  It is not necessary for adequate protection. 
• Cleanse the skin with soap and water after returning indoors. 

 
Care for insect bites shall include the use of ice and insect bite ointment.  In the event of an allergic reaction 
to DEET containing bug repellent or insect bites, the worker will be taken immediately to seek medical 
attention. 

3.2.5.2. Spiders / Snakes 
The potential exists to encounter spiders and / or snakes while working on the site. Leather work gloves, 
steel-toe work boots covering the worker’s ankle and long pants are required when working at the site.  
Workers should thoroughly look around the area for spiders, snakes, and other wildlife when conducting 
site work and sampling activities.  Site workers should also use the buddy system when conducting field 
activities.  If a spider or snake bites a site worker, seek immediate medical attention.  

3.2.5.3. Hanta Virus 
The potential exists to encounter materials contaminated with mouse feces in structures around the site.  
Site personnel shall be made aware of mouse dropping and nesting material discovered in the work area.  
If suspect mouse droppings or nesting material are found, the Field Team Leader shall be immediately 
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notified and work in these areas shall stop until the appropriate level of respiratory protection and PPE is 
donned.  

3.2.6. Training and Medical Surveillance Requirements 
Workers on this project are required to receive site specific HASP training on the known and potential 
hazards present in the project area. Training will include information on the investigations performed in 
this area to identify potentially hazardous situations.  A tailgate safety meeting will be completed daily 
prior to starting work.  Tailgate safety meeting forms are found in Appendix E. 

Table 3.2-2 List of Activities with their Respective Hazards and Mitigation 

ACTIVITY POTENTIAL HAZARD HAZARD MITIGATION 

Groundwater 

Monitoring 

Skin contact with hazardous 

groundwater contaminants 

Wear protective gloves and safety glasses 

Release of dust containing 

contaminant from opening 

enclosed spaces 

Respiratory protection if required 

General safety hazards Comply with OSHA guidelines 

Chemical Handling Contact with chemical 

contamination 

Avoid direct contact with chemicals and wear 

required PPE. 

Contact with contaminated 

groundwater 

Avoid contact with contaminated waters and 

wear required PPE. 

Exposure to contaminated 

dusts 

Use dust control to minimize the release of 

contaminated dusts.   

Inhalation of toxic vapors 

 

Avoid the area immediately downwind of 

monitoring and sampling activities. Proper use 

of PPE and air monitoring.  Evacuate areas that 

exceed  

Biological  Biological biting insects, 

snakes, flora and fauna  

Workers shall follow the protocol established 

under Biological hazards and shall wear 

protective equipment including gloves, steel-

toe boots, and long pants when working on site.    

 Snakes, stinging insects, ticks, 

poison ivy, wildlife 

Avoid other site biological hazards by staying 

out of tall grasses and weeds.  If a worker 

experiences a wasp/bee sting or snakebite, the 

worker shall be immediately taken to seek 

medical attention. 

General Site Safety Lightning and  weather 

extremes 

Provide for frequent weather broadcasts. 

Establish site-specific contingencies for severe 

weather conditions. 

 Cold Stress Discontinue work during severe weather. 

Wear water proof and layered clothing. 
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Table 3.2-2 List of Activities with their Respective Hazards and Mitigation 

ACTIVITY POTENTIAL HAZARD HAZARD MITIGATION 

 Heat Stress Drink plenty of fluids, take frequent breaks in 

cool areas and out of the sun, train workers on 

symptoms of heat stress, conduct heat stress 

monitoring and seek medical attention. 

 

 Noise exposure Wear hearing protection when working in noisy 

environments 

 

 Sunburn Apply sunscreen, wear hats / caps and long 

sleeves 

 

 Lifting / working with heavy 

objects 

Use proper lifting techniques, mechanical aides, 

steel-toe boots. 

 

3.2.7. Air Monitoring 
Air monitoring will be used to identify and quantify airborne levels of hazardous substances. Continuous 
monitoring is required when conducting site activities which may generate elevated levels of groundwater 
contaminants.   A MultiRAE Lite will be used to monitor the quality of the air in the breathing zone of the 
work area. The following action levels will be utilized to determine precautionary measures to be used for 
all activities performed within the scope of this project.  

Table 3.2-3 List of Air Monitoring Action Levels  

Instrument Reading in Breathing Zone Action 

MultiRAE Lite (VOCs) 
> 1 ppm 

 

Evacuate area, wait for vapors to dissipate, and 

report to Field Team Leader 

MultiRAE Lite (LEL) 

0 - 10% of LEL Continue work and monitoring 

> 10% of LEL 
Evacuate area, notify Field Team Leader, wait for 

vapors to dissipate 

MultiRAE Lite (O2) 

<19.5% or >22% Evacuate area 

19.5%-20. or 3% 21.5%- 22% 

Monitor continuously, ventilate area and prepare 

to evacuate if oxygen levels do not return to 

normal 

20.3% - 21.5% Normal Range, monitor periodically 

MultiRAE Lite (CO) 0 – 25 ppm Continue Monitoring 
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Table 3.2-3 List of Air Monitoring Action Levels  

Instrument Reading in Breathing Zone Action 

>25 ppm Evacuate area 

MultiRAE Lite (H2S) 
0-10 ppm Continue monitoring 

>10 ppm Evacuate area 

3.2.8. Level of Protection for Project Personnel  
Based on evaluation of potential hazards and the proposed activities, the level of PPE designated for this 
project is a modified "Level D" ensemble.  “Level D” consists of wearing steel-toe boots and safety glasses, 
with an optional hardhat in areas in which overhead hazards are present (basements, crawl spaces, etc.).  
Nitrile gloves will be worn during monitoring and sampling and while handling equipment and sampling 
containers.  Additional levels of protection will not be required as field personnel will be evacuating the site 
based on criteria listed in Table 3.2-3.   

3.2.9. Emergency Response Plan 

3.2.9.1. Contacts 

In the event of any situation or unplanned occurrence requiring assistance, the appropriate contact(s) 

should be made from the following list.  The contacts below will be programmed into the cell phones of 

field personnel prior to commencing work at the site.  Lowham vehicles are equipped with cell phone signal 

boosters to increase the likelihood of cellular phone service in remote areas.  

 

Emergency Contacts      Phone Number 

Fire Department       911 
Police        911 
Ambulance       911 
EPA National Response Center for spill reporting   (800) 424-8802 
Fremont Public Health Office     (307) 332-1073 
Wyoming Poison Control     (800) 222-1222 
WDEQ Spill Hotline      (307) 777-5885 
 

Employer Contacts 

Project Director    Gene Florentino  (cell) (716) 982-1952   
Project Manager / Field Team Leader Kyle Smith  (cell) (307) 349-6182 
Lowham Walsh General Manager Andrew Strike  (cell) (307) 349-3453 
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3.2.10. Personnel Roles: Lines of Communication and Authority 
In the event of an emergency situation at any work site, the Field Team Leader or Project Manager will 
assume control and will be responsible for onsite decision making.  This individual has the authority to 
resolve all disputes about health and safety requirements and precautions.  This person will also be 
responsible for coordinating all activities until emergency response teams (ambulance, fire department, etc.) 
arrive at the site.  The Field Team Leader will ensure that the necessary personnel are contacted as soon as 
possible after the emergency occurs.   

3.2.11. Accident Prevention 
All site activities present a degree of risk to onsite personnel.  During routine operations, risk is minimized 
by establishing good work practices, staying alert, and using proper personal protective equipment.  
Unpredictable events such as physical injury, chemical exposure, or fire may occur and must be anticipated.  
All employees are encouraged to participate in first aid and CPR courses in order to more effectively handle 
physical and medical emergencies that may arise in the field. 

The discovery of any condition that would suggest the existence of a situation more hazardous than 
anticipated will result in the evacuation of the work crew and re-evaluation of the hazard.  Corrective action 
will be taken following any incident or near miss. 

3.2.12. Emergency Medical Treatment / Emergency Room Directions 
Should it be necessary to seek professional medical attention the NEAREST EMERGENCY ROOM / 
HOSPITAL to the site is Sage West Health Care located in Riverton, Wyoming.  All field personnel must be 
made aware of this prior to starting work.  The hospital address and the route to the emergency room are 
detailed below: 

 

SAGE WEST HEALTH CARE – 2100 WEST SUNSET DRIVE, RIVERTON, WYOMING – (307) 856-4161 

 

Emergency Room Driving Directions: from Pavillion, WY travel south on WY-133 6.4-mi to US-26 East.  
Turn left onto US-26 East and travel southeast for 17-mi to College View Drive.  Turn left onto College View 
Drive and travel north for 0.5-miWest Sunset Drive.  Turn right onto West Sunset Drive and the hospital is 
to the left.  A map is included as Figure 3.2.12-1 on the following page. 
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3.2.12.1. Chemical Exposure 
In the event of chemical exposure (skin contact, inhalation, ingestion), the following procedures should be 
implemented: 

• Another team member should remove the individual from the immediate area of contamination.

• Precautions should be taken to avoid exposure of other individuals to the chemical.

• If the chemical is on the individual's clothing, the clothing should be removed if it is safe to do so.

• If the chemical has contacted the skin, the skin should be washed with copious amounts of water.

• In case of eye contact, emergency eyewash should be used.  Eyes should be washed for at least 15
minutes.

• If necessary, the affect person should be transported to the nearest hospital or medical center with
emergency facilities.  If necessary, an ambulance should be called to transport the affected person.  It
may be necessary to wrap the affected person in a blanket or plastic to avoid contamination of the
transport vehicle or hospital emergency room.

3.2.12.2. Personal Injury 
In the event of personal injury: 

• Workers trained in first aid/ CPR can administer treatment to an injured worker.

• Workers with suspected back or neck injuries should not be moved, except by emergency medical
personnel, unless there is a serious threat to life or health.

• The affected person should be transported to the nearest hospital or medical center.  If necessary, an
ambulance should be called to transport the victim.  The Field Team Leader should be informed of the
incident.

3.2.12.3. Fire or Explosion 
In the event of fire or explosion, personnel will evacuate the area immediately and administer necessary first 
aid to injured employees.  Personnel will proceed to a safe area and phone the local fire department or 
emergency support services.  Upon contacting the emergency support service, state your name, nature of 
the hazard (fire, explosion), the location of the incident, and whether there were any physical injuries 
requiring an ambulance. 

3.2.13. Record of Health and Safety Plan Review 
The undersigned have reviewed the contents of this HASP.  They understand the means and objectives of 
the work plan and have been fully apprised of the risks and hazards involved in accomplishing the work. 
They further agree to comply with the requirements and protocols set forth in this document. 

Record of Health and Safety Plan Review 

Name / Affiliation Signature Date 
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 Well ID: LD02, Page 1 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well LD02 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 

 



   

 Well ID: LD02, Page 2 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in                 Pump Depth: N/A         

Land Use 

Changes to Historical Information  

Septic System: N/A             
                

Land Use: Agricultural, livestock, farm and equipment storage (adjacent properties).   
Reported Petroleum Storage / Usage Onsite:  N/A        
                

Reported Chemical Usage: N/A           
                

Livestock: N/A              

Irrigation: Irrigation ditch located approximately 90-ft south of well head      

Oil and Gas Production Infrastructure:   N/A         
               
                

                
                                
               
               

Site/Well ID: LD02         Wellhead Location: 43.251542, -108.591198 
Well Depth: 610-ft (collapsed to 398-ft)   Use: Not Used              Status: Not Used   

Dedicated Pump: No        Reported GW Depths: 166.1-ft, measured 2014    
Sampling Point: well has no pump or spigot; wellhead accessible through slip cap; grab sample .

Pump: No            Pump Type (if applicable): N/A        

Treatment System: No           Treatment Type (if applicable): N/A         

Sampled Before Pressure Tank: N/A         Sampled Before Treatment:  N/A              

Access Port (GW Measurement): Yes (measured depth collected via acoustic depth sounder)    

Surface Casing Depth: >398-ft       Screened Interval: >398-ft  Casing Material: PVC   

Top of Casing Elevation (Above Ground Surface): 2.0-ft    

Reported Ground Surface Elevation (Approximate): 5324.4-ft    
Reported Well Yield: N/A   



   

 Well ID: LD02, Page 3 

Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: LD02, Page 4 

Sample Collection Field Data / Observations — NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: LD02, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 



   

 Well ID: LD02, Page 6 

Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 

     

     

     

     

     

     

     

     

     

     

     

     



   

 Well ID: LD02, Page 7 

Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              



   

 Well ID: PGDW05, Page 1 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW05 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 

 



   

 Well ID: PGDW05, Page 2 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 7-in (6-in on permit)      Pump Depth: 189-ft        

Land Use 

Changes to Historical Information  

Septic System: ~75-ft southwest of the well.  Leach lines extend southwest from septic system.  Domestic 
use; no chemicals are used in the system.           

Land Use: Agricultural and livestock          
Reported Petroleum Storage / Usage Onsite: Four ASTs approximately 100-ft south of the well along drive-
way. Two tanks contain diesel and gasoline.  Two tanks are empty.      

Reported Chemical Usage: Vehicle / equipment maintenance performed in shop 52-ft north of well.  Spray-
ing for weeds on lawn.  Field sprayed 2009 or 2010 to exterminate alfalfa.     

Livestock: “… have been kept approximately 150-ft north…”        

Irrigation: Sprinklers near well head, flood irrigation in surrounding fields. Ditch ~350-ft south.   

Oil and Gas Production Infrastructure:   Pipeline trending east from a gas well approximately 900-ft to the 
northwest of the well.            
                

                
                                
               
               

Site/Well ID: PGDW05     Wellhead Location: 43.258851,  -108.61263 
Well Depth: 210-ft      Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 110-feet (approximate)    
Sampling Point: 3/4-in spigot on north wall of house (on west end).  Low yield reported.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No (TD reported by SEO, but accessed for video survey: check) 

Surface Casing Depth: 161.5-ft       Screened Interval: 161.5-ft to TD          Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): -1.5-ft (subgrade)  

Reported Ground Surface Elevation (Approximate): 5353.2-ft    
Reported Well Yield: 2.3-gpm  



   

 Well ID: PGDW05, Page 3 

Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: PGDW05, Page 4 

Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW05, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 



   

 Well ID: PGDW05, Page 6 

Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 

     

     

     

     

     

     

     

     

     

     

     

     



   

 Well ID: PGDW05, Page 7 

Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              



   

 Well ID: PGDW14, Page 1 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW14 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 

 



   

 Well ID: PGDW14, Page 2 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Unknown            

Land Use 

Changes to Historical Information  

Septic System: ~175-ft south / southwest of the well.          
                

Land Use: Agricultural             
Reported Petroleum Storage / Usage Onsite: AST containing gasoline approximately 250-ft to south /
southeast.  AST containing diesel approximately 500-ft to southeast.     

Reported Chemical Usage:  Fields to north of well have been sprayed using tractor.  Aerial spraying of 
same fields for alfalfa weevil.           

Livestock: Horses have been corralled to the southwest of the well previously.    

Irrigation: Hose used to water landscaping, flood irrigation in surrounding fields.      

Oil and Gas Production Infrastructure:   Cuttings from gas well Government Tribal 33X-10 were allegedly 
disposed of in a gully approximately 800-ft west / northwest of the well.     
               

                
                                
               
               

Site/Well ID: PGDW14     Wellhead Location: 43.251533,  -108.627365 
Well Depth: 190-ft (reported by EPA)   Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 25.8-ft        
Sampling Point: 3/4-in spigot on pipe 10 (units unknown, assume feet) north of well.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: Unknown       Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.5-ft     

Reported Ground Surface Elevation (Approximate): 5395.2-ft    
Reported Well Yield: 6-gpm  



   

 Well ID: PGDW14, Page 3 

Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: PGDW14, Page 4 

Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              



   

 Well ID: PGDW20, Page 1 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW20 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 5-in                 Pump Depth: 245.8-ft  

Land Use 

Changes to Historical Information  

Septic System: N/A             
                

Land Use: Agricultural, livestock, farm and equipment storage (adjacent properties).   
Reported Petroleum Storage / Usage Onsite:  N/A        
                

Reported Chemical Usage: N/A           
                

Livestock: Hydrant used as sampling point is located in horse corral.     

Irrigation: Concrete irrigation ditch ~55-ft north of the hydrant sampling point.     

Oil and Gas Production Infrastructure:   N/A         
               
                

                
                                
               
               

Site/Well ID: PGDW20        Wellhead Location: 43.251660, -108.591265 
Well Depth: 410-ft (collapsed to 380-ft)   Use: Domestic              Status: Not Used   

Dedicated Pump: Yes        Reported GW Depths: 166-ft (estimated from proximity to LD02) 
Sampling Point: hydrant with 3/4-in hose thread in corral ~250-ft north of the well. Check press. tank. 

Pump: Yes            Pump Type (if applicable): Submersible       

Treatment System: Yes           Treatment Type (if applicable): Reverse Osmosis    

Sampled Before Pressure Tank: No          Sampled Before Treatment: No      

Access Port (GW Measurement): No            

Surface Casing Depth: >245.8-ft       Screened Interval: >245.8-ft  Casing Material: Steel   

Top of Casing Elevation (Above Ground Surface): 1.5-ft    

Reported Ground Surface Elevation (Approximate): 5324.6-ft    
Reported Well Yield: 3.2-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations — NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW23 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in                 Pump Depth: 358.5-ft       

Land Use 

Changes to Historical Information  

Septic System: ~90 north of well head; graywater and blackwater systems; no reported chemical disposal 
in either system.              

Land Use: Agricultural            
Reported Petroleum Storage / Usage Onsite: Gasoline AST ~ 1200-ft to west; Diesel AST ~ 1000-ft to 
west; vehicle maintenance performed in shop bldg. ~ 1000-ft to west      

Reported Chemical Usage: Spot use of herbicide; no fertilizer usage in vicinity of well head for ~10-yrs.
                

Livestock: Corralled ~ 1000-ft to west during the winter months       

Irrigation: Hay fields are flood irrigated.  Drip irrigation used near residence for landscaping.   

Oil and Gas Production Infrastructure:   Pipeline trending N/S ~ 800-ft west of  PGDW23 with a valve near 
shop building; pipeline to well pad ~ 330-ft northeast of PGDW23. Owner reported seeing gas bubbles near 
abandoned well 33X-10 when standing water was present.        

                
                                
               
               

Site/Well ID: PGDW23     Wellhead Location: 43.248660,  -108.622587 
Well Depth: 475-ft      Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 120-ft (est.) to 195.8-ft    
Sampling Point: 3/4-in hydrant near well head.  Well head is SW of  residence .              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: Yes           Treatment Type (if applicable): Reverse Osmosis          

Sampled Before Pressure Tank: Yes           Sampled Before Treatment: Yes              

Access Port (GW Measurement): Yes (measured depth collected via video measurement)    

Surface Casing Depth: 445-ft       Screened Interval: 445-ft to 465-ft        Casing Material: PVC   

Top of Casing Elevation (Above Ground Surface): 1.7-ft    

Reported Ground Surface Elevation (Approximate): 5415.2-ft    

Casing Diameter: 6-in                 Pump Depth: 358.5-ft       

Reported Well Yield: 6-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc.): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW23, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW30 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 176.6-ft                        

Land Use 

Changes to Historical Information  

Septic System: ~100-ft northwest of the well.           
                

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: N/A        
                

Reported Chemical Usage:  N/A           
                

Livestock: Goats in the vicinity of the shed that houses the well head.     

Irrigation: Flood irrigation in surrounding fields.           

Oil and Gas Production Infrastructure:   Pipeline to the south of the well (no distance given) that trends 
south /southwest to north / northeast.          
               

                
                                
               
               

Site/Well ID: PGDW30     Wellhead Location: 43.257541,  -108.622522 
Well Depth: 260-ft      Use: Livestock / Irr.               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 100-ft (assumed)     
Sampling Point: 3/4-in spigot on west wall of shed to northeast of residence.    

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: 260-ft        Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.5-ft     

Reported Ground Surface Elevation (Approximate): 5364.8-ft    
Reported Well Yield: 5-gpm  



   

 Well ID: PGDW30, Page 3 

Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: PGDW30, Page 4 

Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW32 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 384-ft                         

Land Use 

Changes to Historical Information  

Septic System:  1) ~250 to 300-ft northwest of the well for the house and 2) ~250 to 300-ft east of the well, 
which is used for the shop.             

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: Diesel AST (no location given).    
               

Reported Chemical Usage:  Pesticides/herbicides.  Nothing specific reported.    
               

Livestock: Cows corralled in the winter approximately 300-ft or greater from the well.     

Irrigation: Irrigation from ditch 2700-ft south of well.         

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW32     Wellhead Location: 43.240751,  -108.594132 
Well Depth: 675-ft (owner reported 900-ft)  Use: Domestic / Stock            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 250.3-ft      
Sampling Point: 3/4-in spigot approximately 100-ft northeast of the well.       

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: Yes           Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes            

Surface Casing Depth: 30-ft        Screened Interval: 550-675-ft   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): 1.5-ft     

Reported Ground Surface Elevation (Approximate): 5334.6-ft    
Reported Well Yield: 7.5-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW33 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Surface (Jet Type)      

Land Use 

Changes to Historical Information  

Septic System:  ~450-ft from the well for the barn apartment.       
               

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: Diesel AST (no location given, same description as 
PGDW32).              

Reported Chemical Usage:  Pesticides/herbicides.  Nothing specific reported.    
               

Livestock: Livestock pastured on the adjacent field >100-ft from well during winter months.  

Irrigation: Irrigation from ditch 2200-ft south of well.         

Oil and Gas Production Infrastructure:   None reported       
               
                

                
                                
               
               

Site/Well ID: PGDW33     Wellhead Location: 43.238541,  -108.596406 
Well Depth: 33-ft       Use: Domestic              Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 20-ft (assumed)     
Sampling Point: 3/4-in hydrant approximately 50-ft southwest of the house.      

Pump: Yes             Pump Type (if applicable): Jet         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: 30-ft        Screened Interval: Unknown   Casing Material: Unknown 

Top of Casing Elevation (Above Ground Surface): -4-ft  (subgrade)   

Reported Ground Surface Elevation (Approximate): 5341.1-ft    
Reported Well Yield: 0.8-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: PGDW33, Page 4 

Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW41A Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 352.1-ft                         

Land Use 

Changes to Historical Information  

Septic System: 130-ft southeast of the well.  Leach lines extend to southeast of the septic tank.  
               

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: One diesel and one gasoline AST are located approximately 
200-ft northeast of the well.            

Reported Chemical Usage:  Weed spray applied by tractor / machine.  No specifics given.  
               

Livestock: Livestock corralled 100-ft west of the well.           

Irrigation: Flood irrigation of nearby fields.           

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW41A     Wellhead Location: 43.262126,  -108.63786 
Well Depth: 376-ft       Use: Stock / Irrigation            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 50-ft (assumed)     
Sampling Point: 3/4-in hydrant by the north wall of the vault containing pressure tanks and breakers.   

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (downhole video)       

Surface Casing Depth: >352.1-ft        Screened Interval: >352.1-ft   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 1.3-ft     

Reported Ground Surface Elevation (Approximate): 5395.7-ft    
Reported Well Yield: 3-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW41B Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 8-in    Pump Depth: 60-ft                         

Land Use 

Changes to Historical Information  

Septic System: 130-ft southeast of the well.  Leach lines extend to southeast of the septic tank.  
               

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: One diesel and one gasoline AST are located approximately 
200-ft northeast of the well.            

Reported Chemical Usage:  Weed spray applied by tractor / machine.  No specifics given.  
               

Livestock: Livestock corralled 100-ft west of the well.           

Irrigation: Flood irrigation of nearby fields.           

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW41B     Wellhead Location: 43.262139,  -108.637845 
Well Depth: 70-ft       Use: Stock / Irrigation            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 30-ft (assumed)     
Sampling Point: 3/4-in hydrant by the north wall of the vault containing pressure tanks and breakers.   

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (downhole video)       

Surface Casing Depth: 53-ft        Screened Interval: 53-68-ft   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.8-ft     

Reported Ground Surface Elevation (Approximate): 5395.6-ft    
Reported Well Yield: 6-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW41B, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW44 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 9-in    Pump Depth: 176.6-ft                        

Land Use 

Changes to Historical Information  

Septic System: ~500-ft northwest of the well.           
               

Land Use: Agricultural             
Reported Petroleum Storage / Usage Onsite: AST containing gasoline approximately 250-ft to northwest.  
AST containing diesel approximately 250-ft to northeast.        

Reported Chemical Usage:  Fields to north of well have been sprayed using tractor.  Aerial spraying of 
same fields for alfalfa weevil.           

Livestock: Horses have been corralled to the north of the well previously.     

Irrigation: Hose used to water landscaping, flood irrigation in surrounding fields.      

Oil and Gas Production Infrastructure:   Cuttings from gas well Government Tribal 33X-10 were allegedly 
disposed of in a gully approximately 800-ft west / northwest of well PGDW14.    
               

                
                                
               
               

Site/Well ID: PGDW44     Wellhead Location: 43.250277,  -108.626442 
Well Depth: >176.6-ft     Use: Livestock               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 278-ft reported in 2014 (see pump depth) 
Sampling Point: 3/4-in hydrant 10-ft north of well head near fence.                 

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: Yes          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes            

Surface Casing Depth: >176.6-ft       Screened Interval: Unknown   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): -0.4-ft (subgrade)  

Reported Ground Surface Elevation (Approximate): 5401.9-ft    
Reported Well Yield: 1.3-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW45 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Unknown            

Land Use 

Changes to Historical Information  

Septic System: ~50-ft south of the well.  Leach lines extend southwest from septic system.  Domestic use; 
no chemicals are used in the system.            

Land Use: Agricultural and livestock          
Reported Petroleum Storage / Usage Onsite: Four ASTs approximately 175-ft southeast of the well along 
driveway. Two tanks contain diesel and gasoline.  Two tanks are empty.     

Reported Chemical Usage: Vehicle / equipment maintenance performed in shop 52-ft north of well.  Spray-
ing for weeds on lawn.  Field sprayed 2009 or 2010 to exterminate alfalfa.     

Livestock: “… have been kept approximately 150-ft northeast…”      

Irrigation: Sprinklers near well head, flood irrigation in surrounding fields. Ditch ~350-ft south.   

Oil and Gas Production Infrastructure:   Pipeline trending east from a gas well approximately 900-ft to the 
northwest of the well.            
                

                
                                
               
               

Site/Well ID: PGDW45     Wellhead Location: 43.258888,  -108.612953 
Well Depth: 48-ft      Use: Stock/Irrigation              Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 25.8-ft        
Sampling Point: 3/4-in spigot on pipe 10 (units unknown, assume feet) north of well.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (5/8-in access port)       

Surface Casing Depth: Unknown       Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 1.5-ft     

Reported Ground Surface Elevation (Approximate): 5353.7-ft    
Reported Well Yield: 10-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                                                                   
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                                    
Have any spills occurred in the vicinity of the well head since 2014?       
               
                          
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW49 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 31-ft                         

Land Use 

Changes to Historical Information  

Septic System: N/A             
           

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: N/A        
                

Reported Chemical Usage:  Weed spray applied.  No specifics given.     
               

Livestock: Livestock pen around wellhead noted in previous field effor.       

Irrigation: Flood irrigation of nearby fields.  Irrigation ditch ~170-ft south of well.    

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW49     Wellhead Location: 43.25508,  -108.618107 
Well Depth: 50.7-ft       Use: Stock               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 30-ft (assumed)     
Sampling Point: 3/4-in spigot immediately above the wellhead.        

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (3/4-in)         

Surface Casing Depth: 53-ft        Screened Interval: 23 to ?-ft   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): 1.0-ft     

Reported Ground Surface Elevation (Approximate): 5369.3-ft    
Reported Well Yield: 8-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Designation: D 4448 – 01

Standard Guide for
Sampling Ground-Water Monitoring Wells1

This standard is issued under the fixed designation D 4448; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers sampling equipment and procedures
and “in the field” preservation, and it does not include well
location, depth, well development, design and construction,
screening, or analytical procedures that also have a significant
bearing on sampling results.This guide is intended to assist a
knowledgeable professional in the selection of equipment for
obtaining representative samples from ground-water monitor-
ing wells that are compatible with the formations being
sampled, the site hydrogeology, and the end use of the data.

1.2 This guide is only intended to provide a review of many
of the most commonly used methods for collecting ground-
water quality samples from monitoring wells and is not
intended to serve as a ground-water monitoring plan for any
specific application. Because of the large and ever increasing
number of options available, no single guide can be viewed as
comprehensive. The practitioner must make every effort to
ensure that the methods used, whether or not they are ad-
dressed in this guide, are adequate to satisfy the monitoring
objectives at each site.

1.3 The values stated in SI units are to be regarded as
standard. The values given in parentheses are provided for
information only.

1.4 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitoring Well (Observation
Well)

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Sites

D 5792 Practice for Generation of Environmental Data
Related to Waste Management Activities: Development of
Data Quality Objectives

D 5903 Guide for Planning and Preparing a Ground-Water
Sampling Event

D 6089 Guide for Documenting a Ground-Water Sampling
Event

D 6452 Guide for Purging Methods for Wells Used for
Ground-Water Quality Investigations

D 6517 Guide for Field Preservation of Ground-Water
Samples

2.2 EPA Standards:
EPA Method 9020A
EPA Method 9022

3. Terminology

3.1 Definitions:
3.1.1 low-flow sampling—a ground water sampling tech-

nique where the purge and sampling rates do not result in
significant changes in formation seepage velocity.

3.1.2 minimal purge sampling—the collection of ground
water that is representative of the formation by purging only
the volume of water contained by the sampling equipment (that
is, tubing, pump bladder).

3.1.2.1 Discussion—This sampling method should be con-
sidered in situations where very low yield is a consideration
and results from this sampling method should be scrutinized to
confirm that they meet data quality objectives (DQOs) and the
work plan objectives.

3.1.3 passive sampling—the collection of ground-water
quality data so as to induce no hydraulic stress on the aquifer.

3.1.4 water quality indicator parameters—refer to field
monitoring parameters that include but are not limited to pH,
specific conductance, dissolved oxygen, oxidation-reduction
potential, temperature, and turbidity that are used to monitor
the completeness of purging.

4. Summary of Guide

4.1 The equipment and procedures used for sampling a
monitoring well depend on many factors. These include, but
are not limited to: the design and construction of the well, rate
of ground-water flow, and the chemical species of interest.

1 This guide is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.01 on Sampling
and Monitoring.

Current edition approved Aug. 10, 2001. Published November 2001. Originally
published as D 4448–85. Last previous edition D 4448–85a (1992).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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Sampling procedures may be different if analyses for trace
organics, volatiles, oxidizable species, or trace metals are
needed. This guide considers all of these factors by discussing
equipment and procedure options at each stage of the sampling
sequence. For ease of organization, the sampling process can
be divided into three steps: well purging, sample withdrawal,
and field preparation of samples. Certain sampling protocols
eliminate the first step.

4.2 The sampling must be well planned and all sample
containers must be prepared prior to going to the field. These
procedures should be incorporated in the approved work plan
that should accompany the sampling crew so that they may
refer to it for guidance on sampling procedures and analytes to
be sampled (see Guide D 5903).

4.3 Monitoring wells must be either purged to remove
stagnant water in the well casing or steps must be taken to
ensure that only water meeting the DQOs and the work plan
objectives is withdrawn during sampling (see Practice D 5792).
When well purging is performed, it is accomplished by either
removing a predetermined number of well volumes or by the
removal of ground water until stable water quality parameters
have been obtained. Ideally this purging is performed with
minimal well drawdown and minimal mixing of the formation
water with the stagnant water above the screened interval in the
casing. Passive sampling and the minimal purge methods do
not attempt to purge the water present in the monitoring well
prior to sampling (1).3 The minimal purge method attempts to
purge only the sampling equipment. Each of these methods is
discussed in greater detail in Section 6.

4.4 The types of chemical species that are to be sampled as
well as the reporting limits are prime factors for selecting
sampling devices (2, 3). The sampling device and all materials
and devices the water contacts must be constructed of materials
that will not introduce contaminants or alter the analytes of
concern in any way. Material compatibility is further discussed
in Section 8.

4.5 The method of sample collection can vary with the
parameters of interest. The ideal sampling scheme employs a
completely inert material, does not subject the sample to
pressure change, does not expose the sample to the atmosphere,
or any other gaseous atmosphere before conveying it to the
sample container or flow cell for on-site analysis. Since these
ideals are not always obtainable, compromises must be made
by the knowledgeable individual designing the sampling pro-
gram. These concerns should be documented in the data quality
objectives (DQOs) of the sampling plan (see Practice D 5792)
(4).

4.6 The degree and type of effort and care that goes into a
sampling program is always dependent on the chemicals of
concern and their reporting levels as documented in the
project’s DQOs. As the reporting level of the chemical species
of analytical interest decreases, the precautions necessary for
sampling generally increase. Therefore, the sampling objective
must clearly be defined ahead of time in the DQOs. The
specific precautions to be taken in preparing to sample for trace

organics are different from those to be taken in sampling for
trace metals. A draft U.S. EPA guidance document (5) concern-
ing monitoring well sampling, including considerations for
trace organics, is available to provide additional guidance.

4.7 Care must be taken not to contaminate samples or
monitoring wells. All samples, sampling devices, and contain-
ers must be protected from possible sources of contamination
when not in use. Water level measurements should be made
according to Test Method D 4750 before placing, purging, or
sampling equipment in the well. Redox potential, turbidity, pH,
specific conductance, DO (dissolved oxygen), and temperature
measurements should all be performed on the sample in the
field, if possible, since these parameters change too rapidly to
be conducted by a fixed laboratory under most circumstances.
Field meter(s) or sondes equipped with flow-through cells are
available that are capable of continuously monitoring these
parameters during purging if they are being used as water
quality indicator parameters. These devices prevent the mixing
of oxygen with the sample and provide a means of determining
when the parameters have stabilized. Certain measurements
that are used as indicators of biological activity, such as ferrous
iron, nitrite, and sulfite, may also be conducted in the field
since they rapidly oxidize. All temperature measurements must
be done prior to any significant atmospheric exposure.

5. Significance and Use

5.1 The quality of ground water has become an issue of
national concern. Ground-water monitoring wells are one of
the more important tools for evaluating the quality of ground
water, delineating contamination plumes, and establishing the
integrity of hazardous material management facilities.

5.2 The goal in sampling ground-water monitoring wells is
to obtain samples that meet the DQOs. This guide discusses the
advantages and disadvantages of various well sampling meth-
ods, equipment, and sample preservation techniques. It reviews
the variables that need to be considered in developing a valid
sampling plan.

6. Well Purging

6.1 Water that stands within a monitoring well for a long
period of time may become unrepresentative of formation
water because chemical or biochemical change may alter water
quality or because the formation water quality may change
over time (see Guide D 6452). Even if it is unchanged from the
time it entered the well, the stagnant water may not be
representative of formation water at the time of sampling.
There are two approaches to purging that reflect two differing
viewpoints: to purge a large volume of ground water and to
purge a minimum of, or no ground water before collecting a
sample. The approach most often applied is to purge a
sufficient volume of standing water from the casing, along with
sufficient formation water to ensure that the water being
withdrawn at the time of sampling is representative of the
formation water. Typically, three to five well volumes are used.
An alternative method that is gaining acceptance is to minimize
purging and to conduct purging at a low flow rate or to
eliminate purging entirely.

6.2 In any purging approach, a withdrawal rate that mini-
mizes drawdown while satisfying time constraints should be

3 The boldface numbers in parentheses refer to a list of references at the end of
this guide.
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used. Excessive drawdown distorts the natural flow patterns
around the well. Two potential negative effects are the intro-
duction of ground water that is not representative of water
quality immediately around the monitoring well and artificially
high velocities entering the well resulting in elevated turbidity
and analytical data that reflects the absorption of contaminants
to physical particles rather than soluble concentrations in
ground water. It may also result in cascading water from the
top of the screen that can result in changes in dissolved gasses,
redox state, and ultimately affect the concentration of the
analytes of interest through the oxidation of dissolved metals
and possible loss of volatile organic compounds (VOCs). There
may also be a lingering effect on the dissolved gas levels and
redox state from air being introduced and trapped in the
sandpack. In no instance shall a well be purged dry. If
available, the field notes or purge logs generated during
previous sampling or development of the well as well as
construction logs should be reviewed to assist in the selection
of the most appropriate sampling method.

6.3 The most often applied purging method has an objective
to remove a predetermined volume of stagnant water from the
casing prior to sampling. The volume of stagnant water can
either be defined as the volume of water contained within the
casing and screen, or to include the well screen and any gravel
pack if natural flow through these is deemed insufficient to
keep them flushed out. Research with a tracer in a full scale
model 2-in. polyvinyl chloride (PVC) well (6) indicates that
pumping 5 to 10 times the volume of the well via an inlet near
the free water surface is sufficient to remove all the stagnant
water in the casing. This approach (with three to five casing
volumes purged) was suggested by the U.S. EPA (7).

6.4 In deep or large diameter wells having a volume of
water so large as to make removal of all the water impractical,
it may be feasible to lower a pump or pump inlet to some point
well below the water surface, purge only the volume below that
point then withdraw the sample from a deeper level. Research
indicates this approach should avoid most contamination
associated with stagnant water (6, 8). Sealing the casing above
the purge point with a packer may make this approach more
dependable by preventing migration of stagnant water from
above. But the packer must be above the top of the screened
zone, or stagnant water from above the packer may flow into
the purged zone through the well’s gravel/sand pack.

6.5 An alternate method is based on research by Barcelona,
Wehrmann, and Varlien (1) and Puls and Powell (2). Their
research suggests that purging at rates less than 1 L/min
(approximately 0.25 gal/min) provides more reproducible
VOCs and metals analytical results than purging at high rates.
This method is based on the premise that at very low pumping
rates, there is little mixing of the water column and laminar
ground-water flow through the screen provides a more consis-
tent sample. This sampling method also produces less turbid
samples that may eliminate the need for filtration when
collecting metals. This method is commonly referred to as
low-flow sampling.

6.6 The low-flow sampling approach is most applicable to
wells capable of sustaining a yield approximately equal to the
pumping rate. A monitoring well with a very low yield may not

be applicable to this technique since it may be difficult to
reduce the pumping rate sufficiently to prevent mixing of the
water column in the well casing in such a well. The water level
in the well being sampled should be continuously monitored
using an electronic water-level indicator during low-flow
sampling. Such a water-level indicator could be set below the
water surface after sufficient water has been withdrawn to fill
the pump, tubing, and flow cell. The water-level indicator
would then produce a continuous signal indicating submersion.
When the well is purged, if the water level falls below the
water-level indicator probe, the signal indicates that the water
level has fallen below the maximum allowable drawdown and
the pumping rate should be decreased. Pumping is started at
approximately 100 mL/min discharge rate and gradually ad-
justed to match the well’s recharge rate. The selection of the
type of pump is dependent on site-specific conditions and
DQOs. The bladder pump design is most commonly used in
this sampling method, however, the depth limitation of this
pump may necessitate the use of a gas-driven piston pump in
some instances.

6.7 A variation on the above purging approaches is to
monitor one or more indicator parameters until stabilization of
the selected parameter(s) has been achieved. Stabilization is
considered achieved when measurements are within a pre-
defined range. This range has been suggested to be approxi-
mately 10 % over two successive measurements made 3 min
apart by the U.S. EPA (4). More recent documents (9) have
suggested ranges 60.2°C for temperature, 60.1 standard units
for pH, 63 % for specific conductance, 610 % for DO, and
610 mV for redox potential. A disadvantage of the stabiliza-
tion approach is that there is no assurance in all situations that
the stabilized parameters represent formation water. These
criteria should therefore be set on a site by site basis since if set
too stringent, large volumes of contaminated purge water may
be generated without ensuring that the samples are any more
representative. In a low yielding formation, this could result in
the well being emptied before the parameters stabilize. Also, if
significant drawdown has occurred, water from some distance
away may be pulled into the screen causing a steady parameter
reading but not a representative reading. If these criteria are
properly selected, the volume of investigative derived waste
water may be reduced.

6.8 The indicator parameters that may be monitored include
pH, temperature, specific conductance, turbidity, redox poten-
tial, and DO. A combination of a pump and field meter(s) or
sondes equipped with a flow-through cell is ideal for this
purpose since it allows the monitoring of one or more of these
parameters on a continuous basis without exposure to the
atmosphere. A typical flow-through cell application is shown in
Fig. 1. The pump used in this technique may be any pump
capable of producing a steady flow such as a peristaltic or
bladder pump. If a submersible pump is used, the hydraulic
pressure developed in the flow-through cell may be sufficient to
force the probes out of their position. This problem may be
eliminated by installing a tee connector in the discharge line to
allow only a portion of the flow to enter the flow-through cell.
Another concern with the low-flow sampling method is sorp-
tion onto the tubing. Studies have indicated that at flow rates of
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0.1 L/min (0.026 gal/min), low-density polyethylene (LDPE)
and plasticized polypropylene tubings are prone to sorption and
TFE-fluorocarbon should be used. This is especially a concern
if tubing lengths of 15 m (50 ft) or longer are used (10).

6.9 Gibb and Schuller (11) have described a time-drawdown
approach using knowledge of the well hydraulics to predict the
percentage of stagnant water entering a pump inlet near the top
of the screen at any time after flushing begins. Samples are
collected when the percentage is acceptably low. As before, the
advantage is that well volume has no direct effect on the
duration of pumping. A current knowledge of the well’s
hydraulic characteristics is necessary to employ this approach.
Downward migration of stagnant water due to effects other
than drawdown (for example, density differences) is not
accounted for in this approach.

6.10 An alternative to purging a well before sampling is to
collect a water sample within the screened zone without
purging. These techniques are based on studies that under
certain conditions, natural ground-water flow is laminar and
horizontal with little or no mixing within the well screen (12,
13). To properly use these sampling techniques, a water sample
must be collected within the screened interval with little or no
mixing of the water column within the casing. Examples of
these techniques include minimal purge sampling which uses a
dedicated sampling pump capable of pumping rates of less than
0.1 L/min, discrete depth sampling using a bailer that allows
ground water entry at a controlled depth, (for example,
differential pressure bailer (14)), or diffusion sampling. These
sampling techniques are discussed in 8.1.10.

7. Materials and Manufacture

7.1 The choice of materials used in the construction of
sampling devices should be based upon knowledge of what
compounds may be present in the sampling environment and
how the sample materials may interact via leaching, adsorp-
tion, or catalysis. A second concern is that corrosion or
degradation may compromise the structural integrity of the
sampling device. In some situations, PVC or other plastic may
be sufficient. In others, an all TFE-fluorocarbon apparatus may
be necessary. The potential presence of nonaqueous phase

liquid (NAPL) should also be a consideration since its presence
would expose the sampling equipment to high concentrations
of potential solvents. No one material is ideal in that each
material will, to some degree absorb or leach chemicals or may
degrade on exposure to a chemical.

7.2 The advantages and disadvantages of these materials for
sampling equipment are summarized in Table 1.

7.3 PVC:
7.3.1 If adhesives are avoided, PVC is acceptable in many

cases although their use may still lead to some problems if
trace organics are of concern or NAPL is present (15). At
present, interactions occurring between PVC and ground water
are not well understood. Tin, in the form of an organotin
stabilizer added to PVC, may enter samples taken from PVC
(16).

7.3.2 The structural integrity concerns with PVC increase
with the concentration of PVC solvents in ground water. As
such, NAPLs that are PVC solvents are a primary concern.
Potential NAPLs that are of a concern for PVC and other
commonly used plastics are listed in Table 2. Degradation of
these materials is primarily by solvation, which is the penetra-
tion of the material by the solvent that ultimately causes
softening and swelling that can lead to failure. Even in lower
concentrations, however, PVC solvents may deteriorate PVC.
Methylene chloride, which is a very effective PVC solvent, will

FIG. 1 Flow-Through Cell

FIG. 2 Single Check Valve Bailer
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soften PVC at one tenth its solubility limit while trichloroeth-
ylene, which is a less effective solvent, will begin to soften
PVC at six tenths its solubility limit (17).

7.4 TFE-Fluorocarbon Resins:
7.4.1 TFE-fluorocarbon resins are highly inert and have

sufficient mechanical strength to permit fabrication of sampling
devices. Molded parts are exposed to high temperature during
fabrication that destroys any organic contaminants. The evo-
lution of fluorinated compounds can occur during fabrication,
will cease rapidly, and does not occur afterwards unless the
resin is heated to its melting point. Relative to PVC and
stainless steel, TFE-fluorocarbon is less sorptive of cations
(18).

7.4.2 Extruded TFE-fluorocarbon tubing may contain sur-
face traces of an organic solvent extrusion aid. This can be
removed easily by the fabricator and, once removed by
flushing, should not affect the sample. TFE-fluorocarbon flu-
orinated ethylene propylene (FEP) and TFE-fluorocarbon per-
fluoroalkoxy (PFA) resins do not require this extrusion aid and
may be suitable for sample tubing as well. Unsintered thread-
sealant tape of TFE-fluorocarbon is available in an “oxygen
service” grade and contains no extrusion aid and lubricant.

7.5 Glass and Stainless Steel:
7.5.1 Glass and stainless steel are two other materials

generally considered inert in aqueous environments. Glass is
generally not used, however, because of difficulties in handling
and fabrication. Stainless steel is strong and easily machined to

fabricate equipment. It is, however, not totally immune to
corrosion that could release metallic contaminants (see Table
1). Stainless steel contains various alloying metals, some of
these (that is, Nickel) may catalyze reactions. The alloyed
constituents of some stainless steels can be solubilized by the
pitting action of nonoxidizing anions such as chloride, fluoride,
and in some instances sulfate, over a range of pH conditions.
Aluminum, titanium, polyethylene, and other corrosion resis-
tant materials have been proposed by some as acceptable
materials, depending on ground-water quality and the constitu-
ents of interest.

7.5.2 Where temporarily installed sampling equipment is
used, the sampling device that is chosen should be able to be
cleaned of trace organics, and must be cleaned between each
monitoring well use to avoid cross-contamination of wells and
samples. Decontamination of equipment PVC and stainless
steel constructed sampling equipment exposed to organic
chemicals, pesticides or nitroaromatic compounds generally
can be successfully accomplished using a hot detergent solu-
tion followed by a hot water rinse. Equipment constructed of
LDPE and TFE-fluorocarbon should also be hot air dried or
oven dried at approximately 105°C to remove residual pesti-
cides and organic contaminants, respectively (19, 20). A
common method to verify that the device is “clean” and
acceptable is to analyze a sample (equipment blank) that has
been soaked in or passed through the sampling device, or both,
to check for the background levels that may result from the
sampling materials or from field conditions. Thus, all sam-
plings for trace materials should be accompanied by samples
that represent the sampling equipment blank, in addition to
other blanks (field blank and trip blank). Decontamination
procedures are further discussed in Practice D 5088.

7.6 Additional samples are often collected in the field and
spiked (spiked-field samples) in order to verify that the sample
handling procedures are valid. The American Chemical Soci-
ety’s committee on environmental improvement has published
guidelines for data acquisition and data evaluation, which
should be useful in such environmental evaluations (21).

8. Sampling Equipment

8.1 The choice of sampling technique must be based on an
understanding of the hydrogeology of the site under investiga-
tion and the end use of the data. Since each technique has its
advantages and disadvantages, no one technique can be chosen
as the best overall technique. Since different techniques will
likely yield different results, it is best to be consistent through-
out an investigation to facilitate the comparison of data values
over time. There is a fairly large choice of equipment presently
available for ground-water sampling. The sampling devices
can be categorized into the following nine basic types as
described in the following sections:

8.1.1 Down-Hole Collection Devices:
8.1.1.1 Bailers, messenger bailers, or thief (22, 23) are

examples of down-hole collection devices. They are not
practical for removal of large volumes of water but are
relatively inexpensive permitting their dedicated use and are
widely used. These devices can be constructed in various
shapes and sizes from a variety of materials. They do not
subject the sample to pressure extremes.

FIG. 3 Double Check Valve Bailer
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8.1.1.2 A schematic of a single check valve unit is illus-
trated in Fig. 2. The bailer may be threaded in the middle so
that additional lengths of blank casing may be added to
increase the sampling volume. TFE-fluorocarbon, stainless
steel, and PVC are the most common materials used for
construction (24).

8.1.1.3 In operation, the single check valve bailer is gently
lowered into the well to a depth just below the water surface,
water enters the chamber through the bottom, and the weight of
the water column closes the check valve upon bailer retrieval.
The specific gravity of the ball should be about 1.4 to 2.0 so
that the ball almost sits on the check valve seat during chamber
filling. Upon bailer withdrawal, the ball will immediately seat
without sample loss through the check valve.

8.1.1.4 A double check valve bailer allows point source
sampling at a specific depth (25, 26). The double check valve
bailer is also effective at collecting dense, non-aqueous phase

liquid (DNAPL) from the bottom of a monitoring well. An
example is shown in Fig. 3. In this double check valve design,
water flows through the sample chamber as the unit is lowered.
A venturi tapered inlet and outlet ensures that water passes
through the unit with limited restriction. When a depth where
the sample is to be collected is reached, the unit is retrieved.
Because the difference between each ball and check valve seat
is maintained by a pin that blocks vertical movement of the
check ball, both check valves close simultaneously upon
retrieval. A drainage pin is placed into the bottom of the bailer
to drain the sample directly into a collection vessel to reduce
the possibility of air oxidation.

8.1.1.5 A top-filling bailer is a closed bottom tubular device,
opened on top and provided with a loop or other fixture to
attach to the drop line. The top-filling bailer is gently lowered
below the water surface in the well and water pours into the
bailer from the top. Although this variation on the bailer design

TABLE 1 Material Considerations In Selection Of Sampling Equipment (76)

Material Considerations

Polytetrafluoroethylene • Virgin PTFE readily sorbs some organic solutes (17)
• Ideal material in corrosive environments where inorganic compounds are of interest
• Useful where pure product (organic compound) or high concentrations of PVC solvents exist
• Potential structural problems because of its low tensile and compressive strengths, low wear resistance, and the
extreme flexibility of the casing string as compared to other engineering plastics (40, 70, 71)
• Potential problems with obtaining a seal between the casing and the annular sealant because of PTFEs low
coefficient of friction and antistick properties as compared to other plastics (71)
• Maximum string length of 2-in. (~5-cm) diameter schedule PTFE casing should not exceed about 375 ft (~115 m)
(72)
• Expensive

Polyvinylchloride • Leaching of compounds of tin or antimony, which are contained in original heat stabilizers during polymer
formulation, could occur after long exposure
• When used in conjunction with glued joints, leaching of volatile organic compounds from PVC primer and glues,
such as THF (tetrahydrofuran), MEK (methylethylketone), MIBK (methylisobutylketone) and cyclohexanone could
leach into ground water. Therefore, threaded joints below the water table, sealed with O-rings or Teflon tape, are
preferred
• Cannot be used where pure product or high concentrations of a PVC solvent exist
• There is conflicting data regarding the resistance of PVC to deterioration in the presence of gasoline (73)
• Maximum string length of 2-in. (~5-cm) diameter threaded PVC casing should not exceed 2000 ft (~610 m) (72)
• PVC can warp and melt if neat cement (cement and water) is used as an annular or surface seal because of
heat of hydration (74, 40)
• PVC can volatilize CFCs into the atmosphere within the unsaturated zone, which can be a potential problem for
studies of gas and moisture transport through the unsaturated zone
• Easy to cut, assemble, and place in the borehole
• Inexpensive

Stainless steel • Generally has high corrosion resistance, which differs with type
• Corrosion can occur under acidic and oxidizing conditions
• Corrosion products are mostly iron compounds, with some trace elements
• Primarily two common types:

(1) Type 304 Stainless Steel: Iron alloyed with the following elements (percentages): Chromium (18-20 %),
Nickel (8-11 %), Manganese (2 %), Silicon (0.75 %), Carbon (0.08 %), Phosphorus (0.04 %), Sulfur (0.03 %)

(2) SS 316: Iron alloyed with the following elements (in percentages): Chromium (16-18 %), Nickel (11-14 %),
Manganese (2 %), Molybdenum (2-3 %), Silicon (0.75 %), Carbon (0.08 %), Phosphorus (0.04 %), Sulfur (0.03 %)
• Corrosion resistance is good for Type 304 stainless steel under aerobic conditions. Type 316 stainless steel has
improved corrosion resistance over Type 304 under reducing conditions (75)
• Expensive

Galvanized steel • Less corrosion resistance than stainless steel and more resistance to corrosion than carbon steel (see Carbon
steel entry)
• Oxide coating could dissolve under chemically reduced conditions and release zinc and cadmium, and raise pH
• Weathered or corroded surfaces present active adsorption sites for organic and inorganic constituents
• Inexpensive

Carbon steel • Corrosion products can occur (for example, iron and manganese oxides, metal sulfides, and dissolved metal
species)
• Sorption of organic compounds onto metal corrosion products is possible
• Weathered surfaces present active adsorption sites for organic and inorganic constituents
• Inexpensive
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results in greater agitation of the sample, it may be used to
collect a sample of light, non-aqueous phase liquid (LNAPL)
by lowering it just below the surface of the LNAPL and
allowing the bailer to skim the LNAPL from the surface of the
water column.

8.1.1.6 The differential pressure bailer is a sealed canister
body with two small diameter tubes of different heights built
into its removable top (14). The bailer is usually constructed of
stainless steel to provide sufficient weight to allow it to sink
relatively quickly to the desired sampling depth. Once the
bailer’s downward progress is stopped, differences in hydro-
static pressure between the two tubes allows the bailer to fill
through the lower tube as air is displaced through the upper
tube. This type of bailer minimizes the exposure of the sample
to air especially if fitted with internal 40 mL vials for direct
sample bottle filling.

8.1.1.7 Special care must be taken to minimize exposing the
sample to the atmosphere during the transfer of the sample
from the bailer to the sample bottle. There are several ap-
proaches to overcome this issue. Bottom-emptying bailers used
for sampling of VOCs, for example, should have an insertable
sample cock or draft valve cock (often referred to as a bottom
or bailer emptying device) in or near the bottom of the sampler
allowing withdrawal of a sample from the bailer with minimal
atmosphere exposure.

8.1.1.8 Suspension lines for bailers and other samplers
should be kept off the ground and free of other contaminating
materials that could be carried into the well. A plastic sheet
may be spread out on the ground around the monitoring well
for this purpose. Disposable TFE-fluorocarbon, PVC, polyeth-
ylene, and polypropylene bailers are available which offer time

savings and all but eliminates the potential for cross contami-
nation during sampling.

8.1.1.9 Sample oxidation is a concern with single check
valve and top filling bailers. Sample oxidation might occur
during the extended time it takes to bail a sample if water levels
are a great depth below the ground surface or if there is a delay
in the transfer of the sample from the bailer to the sample
bottles. Using point source bailers, however, minimizes the
oxidation problem.

8.1.1.10 Another approach for obtaining point source
samples employs a weighted messenger or pneumatic change
to “trip” plugs at either end of an open tube (for example, tube
water sampler or thief sampler) to close the chamber (27).
Foerst, Kemmerer, and Bacon samplers are of this variety (23,
24, 26). A number of thief or messenger devices are available
in various materials and shapes. Differential pressure bailers
(14) also provide a point source sample but do not require
manual tripping.

8.1.2 Bladder Pumps:
8.1.2.1 Bladder pumps consist of a flexible membrane

enclosed by a rigid housing. Water enters the pump cavity
through an inlet, usually located on the bottom of the pump.
Compressed gas either from a compressor or air cylinder is
injected into a bladder within the pump cavity forcing the
check valve on the inlet to close and the sample up through a
second check valve at the top of the pump and into a discharge
line (Fig. 4). Water is prevented from re-entering the bladder
by the top check valve. The bladder is then depressurized,
allowing the pump to refill. The process is repeated to cycle the
water to the surface. Samples taken from depths of 122 m (400
ft) have been reported.

TABLE 2 Chemical Compatibility Table For Selected NAPL (78)

Chemical PTFE (Teflon) PP (Polypropylene) PVC (Type I) PVC (Type II) 304 Stainless 316 Stainless Carbon Steel

Benzene R X U U G G G
Carbon Tetrachloride R U X U E E G
Dichlorobenzene R R U U . . . G . . .
Dichloroethane (DCA) R X U U G G G
Dichloroethylene (DCE) R R U U G G . . .
Diesel Fuel R R R . . . E E G
Ethyl Benzene R U U U S G U
Gasoline R X R . . . G G G
Hydraulic Oil (petro.) R X R . . . R R . . .
Hydraulic Oil (synthetic) R X R . . . R R . . .
Jet Fuels R X R R G G G
Kerosene R R R R G G G
Motor Oil R X R R G G G
Napthalene R R U U E E G
Tetrachloroethylene (PCE) R U U U E E G
Toluene R R U U E E E
Trichloroethylene (TEC) R R U U G G G
Xylenes R R U U G G G

For Metals
E < 2 mills Penetration/Year
G < 20 mills Penetration/Year
S < 50 mills Penetration/Year
U > 50 mills Penetration/Year

(1 mill = 0.001 in.)
R = Resistant (No corrosion rate reported)

For All Non-Metals
R = Resistant
U = Unsatisfactory
X = Conflicting Data, at least one reference reported unsatisfactory
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FIG. 4 Squeeze Type Bladder Pump
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8.1.2.2 A variety of design modifications and materials are
available (29, 30) however, TFE-fluorocarbon bladders, either
PVC, TFE-fluorocarbon resin or stainless steel bodies and
fittings are most common. An automated controller system is
used to control the time between pressurization cycles and
regulate pressure.

8.1.2.3 Bladder pumps have a distinct advantage over gas
displacement pumps in that there is no contact with the driving
gas. Disadvantages include the large gas volumes required, and
difficulty in decontaminating the pump. This pump design is
most applicable to dedicated well installations and where low
pump rate or flow rate (less than 0.5 L/min) are required. The
flow rate from a bladder pump is dependent on the dimensions
of the bladder pump, controller settings, gas pressure, and total
dynamic head.

8.1.3 Suction Lift Pumps:
8.1.3.1 Three types of suction lift pumps are the direct line,

centrifugal, and peristaltic. A major disadvantage of any
suction pump is that it is limited in its ability to raise water by
the head available from atmospheric pressure. The theoretical
suction limit is about 10.4 m (34 ft), but most suction pumps
are capable of maintaining a water lift of only 7.6 m (25 ft)
(31).

8.1.3.2 Many suction pumps draw water through a volute in
which impellers, pistons, or other devices operate to induce a
vacuum. Such pumps are probably unacceptable for most
sampling purposes because they are usually constructed of
non-inert materials such as brass or mild steel and may expose
samples to lubricants. They often induce very low pressures
around rotating vanes or other such parts such that degassing or
potentially cavitation may occur. They can mix air with the
sample via small leaks in the casing, and they are difficult to
adequately clean between uses. Such pumps may be acceptable
for purging of wells, but should not generally be used for
sampling.

8.1.3.3 An exception to the above statements is a peristaltic
pump (also known as a rotary peristaltic pump). A peristaltic
pump is a self-priming, low-volume suction pump that consists
of a rotor with rollers (32). Flexible tubing is inserted around
the pump rotor and squeezed by rollers as they rotate. One end
of the tubing is placed into the well (a weighted end may be
used) while the other is connected directly to a receiving
vessel. As the rotor moves, reduced pressure is created in the
well tubing and an increased pressure on the tube leaving the
rotor head. Pumping rates may be controlled by varying the
speed of the rotor or by changing the size of the pump head,
which contains the pump rotor.

8.1.3.4 The peristaltic pump moves the liquid totally within
the sample tube. No part of the pump contacts the liquid. The
sample may be degassed (cavitation is unlikely), but the
problems due to contact with the pump mechanism are
eliminated. Peristaltic pumps do require a fairly flexible section
of tubing within the pump head itself. A section of silicone
tubing is commonly used within the peristaltic pump head, but
other types of tubing can be used particularly for the sections
extending into the well or from the pump to the receiving
container. The National Council of the Paper Industry for Air
and Stream Improvement (33) recommends using medical

grade silicone tubing for VOC sampling purposes as the
standard grade uses an organic vulcanizing agent which has
been shown to leach into samples. Various manufacturers offer
tubing lined with TFE-fluorocarbon or Viton4 for use with their
pumps. Plasticized polypropylene tubings and LDPE should be
avoided if flow rates less than 0.1 L/min (0.025 g/min) are used
(10). The extraction rate with this method can range from 0.04
to 30 L/min (0.01 to 8 gal/min) (34).

8.1.3.5 There is disagreement on the applicability of peri-
staltic pumps for the collection of groundwater samples.
Research by Tai, et al (35) has shown that peristaltic pumps
provide adequate recovery of VOCs. The U.S. EPA (4) does
not recommend its use because of studies that suggest that
VOCs may be lost during sampling (36).

8.1.3.6 A direct method of collecting a sample by suction
consists of lowering one end of a length of plastic tubing into
the well or piezometer. The opposite end of the tubing is
connected to a two-way stopper bottle and a hand held or
mechanical vacuum pump is attached to a second tubing
leaving the bottle. A check valve is attached between the two
lines to maintain a constant vacuum control. A sample can then
be drawn directly into the collection vessel without contacting
the pump mechanism (37, 38).

8.1.3.7 A centrifugal pump can be attached to a length of
plastic tubing that is lowered into the well. A foot valve is
usually attached to the end of the well tubing to assist in
priming the tube. The maximum lift is about 4.6 m (15 ft) for
such an arrangement (37, 38, 39).

8.1.3.8 Suction pump approaches offer a simple sample
retrieval method for shallow monitoring wells. The direct line
method is portable though considerable oxidation and mixing
may occur during collection. A centrifugal pump will agitate
the sample to an even greater degree although pumping rates of
19 to 151 L/min (5 to 40 gal/min) can be attained. A peristaltic
pump provides a lower sampling rate with less agitation than
the other two pumps, as discussed in 8.1.3.4.

8.1.3.9 All three systems can be specially designed so that
the water sample contacts only the TFE-fluorocarbon or
silicone tubing prior to sample bottle entry. Dedicated tubing is
recommended for each well or piezometer sampled. Each of
these methods that relay on suction can change solution
chemistry by causing degassing which may result in loss of
volatile compounds and dissolved gasses and this should be a
consideration in their application (34).

8.1.4 Electric Submersible Pumps:
8.1.4.1 A submersible pump consists of a sealed electric

motor that powers a piston, impeller, or helical single thread
worm. Water is brought to the surface through a discharge tube.
Similar pumps are commonly used in the water well industry
and many designs exist (40).

8.1.4.2 Submersible pumps provide relatively high dis-
charge rates for water withdrawal at depths beyond suction lift
capabilities. A battery operated unit 3.6 cm (1.4 in.) in diameter
and with a 4.5 L/min (1.2 gal/min) flow rate at 33.5 m (110 ft)
has been developed (41). Another submersible pump has an

4 Viton is a trademark of E. I. du Pont de Nemours & Co., Wilmington, DE 19898
and has been found suitable for this purpose.
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outer diameter of 11.4 cm (4.5 in.) and can pump water from
91 m (300 ft). Pumping rates vary up to 53.0 L/min (14
gal/min) depending upon the depth of the total dynamic head
(42).

8.1.4.3 A submersible pump provides higher extraction rates
than many other methods. Considerable sample agitation
results, however, in the well and in the discharge tube during
sampling. The possibility of introducing trace metals into the
sample from pump materials also exists; however, submersible
pumps designed specifically for environmental work do exist.
These pumps are constructed of relatively inert materials such
as stainless steel, TFE-fluorocarbons and Viton. Decontamina-
tion procedures are discussed in Practice D 5088. Recent
research, however, has suggested that steam cleaning followed
by rinsing with unchlorinated, deionized water should be used
between samplings when analysis for VOCs is required (43).
Complete decontamination of submersible pumps is difficult
and should be confirmed by the collection of equipment blanks.

8.1.4.4 Submersible pumps have several disadvantages that
should be considered. The silt and fine sand commonly present
in monitoring wells may cause excessive wear to internal
impellers and staters. These pumps also commonly require a
high-amperage 120/220-V power source and a reel and winch
system that limit their mobility. Submersible pumps may also
not be suitable for collecting liquids containing VOCs or
dissolved gasses because of their potential to degas the sample.

8.1.5 Gas-Lift Pumps:
8.1.5.1 Gas-lift pumps use compressed air to bring a water

sample to the surface. Water is forced up an eductor pipe that
may be the outer casing or a smaller diameter pipe inserted into
the well annulus below the water (44, 45).

8.1.5.2 A similar principle is used for a unit that consists of
a small diameter plastic tube perforated in the lower end. This
tube is placed within another tube of slightly larger diameter.
Compressed air is injected into the inner tube; the air bubbles
through the perforations, thereby lifting the water sample via
the annulus between the outer and inner tubing (45). In
practice, the eductor line should be submerged to a depth equal
to 60 % of the total submerged eductor length during pumping
(40). A 60 % ratio is considered optimal although a 30 %
submergence ratio is adequate.

8.1.5.3 The source of compressed gas may be a hand pump
for depths generally less than 7.6 m (25 ft). For greater depths,
air compressors, and pressurized air cylinders have been used.
When air compressors are used, an air-oil filter must be
installed to minimize the introduction of oil to the well.

8.1.5.4 As already mentioned, gas-lift methods result in
considerable sample agitation and mixing within the well, and
cannot be used for samples which will be tested for VOCs or
dissolved gasses (for example, DO, methane). The eductor pipe
or weighted plastic tubing is a potential source of sample
contamination. In addition, Gibb (11) expressed concerns in
sampling for inorganics. These concerns were attributed to
changes in redox, pH, and species transformation due to
solubility constant changes resulting from stripping, oxidation,
and pressure changes.

8.1.6 Gas Displacement Pumps:

8.1.6.1 Gas displacement or gas drive pumps are distin-
guished from gas-lift pumps by the method of sample trans-
port. Gas displacement pumps force a discrete column of water
to the surface via mechanical lift without extensive mixing of
the pressurized gas and water as occurs with air-lift equipment.
The principle is shown schematically in Fig. 5. Water fills the
chamber. A positive pressure is applied to the gas line closing
the sampler check valve and forcing water up the sample line.
The cycle is repeated by removing the pressure. Vacuum can
also be used in conjunction with the gas (46). The device can
be permanently installed in the well (47, 48, 49) or lowered
into the well (50, 51).

8.1.6.2 A more complicated two stage design constructed of
glass with check valves made of TFE-fluorocarbon has been
constructed (52, 53). The unit was designed specifically for
sample testing for trace level organics. Continuous flow rates
of up to 38 L/min (10 gal/min) are possible.

8.1.6.3 Gas displacement pumps offer reasonable potential
for preserving sample integrity because little driving gas comes
in contact with the sample as the sample is conveyed to the
surface by a positive pressure. There is, however, a potential
loss of dissolved gasses and contamination from the driving
gas and the housing materials.

8.1.7 Gas Driven Piston Pumps:
8.1.7.1 A double piston pump powered by compressed air is

illustrated in Fig. 6. Pressurized gas enters the chamber
between the pistons; the alternating chamber pressurization
activates the piston that allows water entry during the suction
stroke of the piston and forces the sample to the surface during

FIG. 5 The Principle of Gas Dispalcement Pumping
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the pressure stroke (54). Pumping rates between 0.16 and 0.51
L/min (0.04 and 0.13 gal/min) have been reported from 30.5 m
(100 ft). Depths in excess of 457 m (1500 ft) are possible.

8.1.7.2 The gas piston pump provides continuous sample
withdrawal at depths greater than is possible with most other
approaches. Nevertheless, contribution of trace elements from
the stainless steel and brass is a potential problem and the
quantity of gas used is significant.

8.1.8 Packer Pump Arrangement:
8.1.8.1 A packer pump arrangement provides a means by

which two expandable “packers” isolate a sampling unit
between packers within a well. Since the hydraulic or pneu-

matic activated packers are pressed against the casing wall, the
sampling unit will obtain water samples only from the isolated
well portion. The packers are deflated for vertical movement
within the well and inflated when the desired depth is attained.
Submersible, gas lift, and suction pumps can be used for
sampling. The packers are usually constructed of a rubber
compound (54-57). A packer pump unit consisting of a vacuum
sampler positioned between packers is illustrated in Fig. 7 (58).

8.1.8.2 A packer assembly allows the isolation of discrete
sampling points within a well. A number of different samplers
can be situated between the packers depending upon the
analytical specifications for sample testing. Because access to

FIG. 6 Gas-Driven Piston Pump
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the interval between packers is blocked once the packers are
inflated, the selection of sampling devices is limited to sam-
pling pumps. Vertical movement of water outside the well
casing during sampling is possible with packer pumps but
depends upon the pumping rate and subsequent disturbance.
Deterioration of the expandable materials will occur with time
with the increased possibility of undesirable organic contami-
nants contributing to the water sample.

8.1.9 Inertial-Lift Pumps:
8.1.9.1 The inertial-lift pump consists of a foot valve at the

end of a flexible tube. The tube and foot valve is inserted into
the well with one end of the tube remaining at the surface. The
tube is then rapidly moved in a continuous up-and-down
motion. Each upward stroke lifts the water column in the
tubing a distance equal to the stroke length. At the end of the
upstroke, the water continues to move slightly upward by
inertia. On the down stroke, the foot valve opens allowing fresh
water to enter the tube. This process continues resulting in a
flow to the surface.

8.1.9.2 The inertial-lift pump is capable of operating effi-
ciently at depths to 30 m (100 ft). It is effective in small
diameter wells or direct-push technology probes which are
typically 12.5 mm (1⁄2-in.) diameter. The pumping rate ranges
from 0 to 7.6 L/min (0 to 2 gal/min) (34), depending on the rate
of the up and down pumping stroke and the tube diameter. The
equipment used in this pump is inexpensive enough to be
dedicated to a well with the exception of the pump handle or
motor drive that do not contact the sample.

8.1.9.3 The inertial-lift pump, however, has several disad-
vantages. It is difficult to operate in deep, large diameter wells.
Although a motor drive can overcome this limitation, the
incorporation of a motor drive limits the portability of the
equipment. The foot valve must be selected to match the casing
material since it will tend to ride against the casing and
potentially will either damage the casing or wear out. The
discharge tubing must be stiff for the pump to operate properly.
This makes the tubing awkward to install and remove from a
monitoring well.

8.1.10 Minimal Purge, Discrete Depth, and Passive
Sampling—Sampling techniques that do not rely on, or require
only minimal purging may be used if a particular zone within
a screened interval is to be sampled or if a well is not capable
of yielding sufficient ground water for purging. These tech-
niques include minimal purge, discrete depth sampling, and
passive sampling.

8.1.10.1 A dedicated pump is used for minimal purge
sampling so that only enough water is purged through the
pump so that the volume of water contained by the pump and
discharge tube is removed before sampling. No attempt is
made to purge the casing, screen, or formation. This volume
should be minimized by the selection of small diameter tubing
and the smallest possible pump chamber. This initial volume of
discharged water is discarded since it had prolonged contact
with the sampling device.

8.1.10.2 The discrete depth sampler is often non-dedicated.
It is lowered very slowly to the depth of the screen where a

Taken from Ref (79)
FIG. 7 Packer Pump Arrangement
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water sample is drawn into the sampling chamber. This is
accomplished either manually by using a triggering mechanism
such as a cable or automatically such as with a differential
pressure bailer (14). Discrete depth samplers, however, must be
used with great caution because of the potential of mixing of
the water column in the well casing while lowering the sampler
to its sampling depth.

8.1.10.3 Passive sampling, using diffusion samplers (a
water-filled membrane), is based on the principle of molecular
diffusion of VOCs from the ground water into the sampler.
(Research is currently being conducted by the U. S. Geological
Survey to evaluate diffusion samplers for the collection of
non-VOC parameters, however, study results have not been
published.) The samplers must remain in the borehole for an
adequate time for the water initially within the sampler to
equilibrate with that in the borehole. The diffusion sampler
typically consists of water-filled, low-density polyethylene
tubing, which acts as a semi-permeable membrane. The sam-
pler is attached to a weighted line, and lowered to a predeter-
mined depth within the screened interval. Since the sample is
depth specific, multiple samplers may be strung together to
provide samples from different depths within the well. After
adequate residence time has elapsed, the sampler(s) are re-
moved from the well, punctured and the sample transferred
into sample bottles. The samples are preserved and submitted
to the laboratory for analysis. In a study of this technique, a
minimum of 11 days was required to achieve equilibration (59,
60). Concerns about the applicability of this sampling method
to specific VOCs have been raised, however, no detailed
evaluation of this issue has been published. In a comparison of
sampling techniques, samples collected by the diffusion
method were found to be biased lower than samples collected
using a low-flow method (61), however, this difference was
attributed to issues with the laboratory or to the depth-specific
nature of diffusion samplers.

9. Sample Containers and Preservation

9.1 The order of sample container filling, method of filling,
selection of sample container type, and preservation method
should be provided in the sampling and analysis plan. Gener-
ally, the order of sample container filling should proceed from
most volatile to least volatile compound.

9.2 Complete and unequivocal preservation of samples,
whether domestic wastewater, industrial wastes, or natural
waters, is practically impossible. At best, preservation tech-
niques only retard the chemical and biological changes that
inevitably continue after the sample is removed from the
source. Therefore, insuring the timely analysis of a sample
should be one of the foremost considerations in the sampling
plan schedule. Methods of preservation are somewhat limited
and are intended to retard biological action, retard chemical
reactions and complexes, and reduce the volatilization of
constituents. Preservation methods are generally limited to pH
control, chemical addition, refrigeration, and freezing. For
water samples, immediate refrigeration just above freezing
(4°C in wet ice) is often the best preservation technique
available, but it is not the only measure nor is it applicable in
all cases. There may be special cases where it might be prudent
to include the temperature to which the samples were exposed.

Inexpensive devices for this purpose, such as a recording
thermometer, are available for this purpose. A water-filled
bottle may be included in the sample-shipping container for
temperature measurement by the laboratory receiving the
samples.

9.3 All bottles and containers must be specially pre-cleaned,
and organized in ice chests (isolating samples and sampling
equipment from the environment) before one goes into the
field. The time in the field is very valuable and should be spent
on taking field notes, measurements, and in documenting
samples, not on labeling and organizing samples. Therefore,
the sampling plan should include clear instructions to the
sampling personnel concerning the information required in the
field data record logbook (notebook), the information needed
on container labels for identification, the chain-of-custody
protocols, and the methods for preparing field blanks and
spiked samples. Examples of detailed plans and documentation
procedures have been published (23, 62, see Guide D 6089).

9.4 The exact requirements for the volumes of sample
needed and the number of containers to use may vary from
laboratory to laboratory. This will depend on the specific
analyses to be performed, the concentration levels of interest,
the individual laboratory protocols, and the required QC
samples. Since a well may not be capable of yielding adequate
sample volume, a minimum required sample volume should be
provided to the sample crew. The manager of the sampling
program should make no assumptions about the laboratory
analyses. He should discuss the analytical requirements of the
sampling program in detail with the laboratory coordinator
beforehand. This is especially the case since some analyses and
preservation measures must be performed at the laboratory as
soon as possible after the samples arrive. Thus, appropriate
arrangements must be made.

9.5 There are a number of excellent references available
which list the containers and preservation techniques appropri-
ate for water and soils (22, 23, 29, 58, 63-65). Some of this
information is summarized in Table X1.1 and Guide D 6517,
however, different regulatory programs have specific require-
ments that must be met.

9.6 Sample containers for VOC samples require special
cleaning and handling considerations (66). The sample con-
tainer for purgeable organics consist of a screw-cap vial (25 to
125 mL) fitted with a TFE-fluorocarbon faced silicone septum.
The vial is sealed in the laboratory immediately after cleaning
and is only opened in the field just prior to pouring a sample
into it. The water sample then must be sealed into the vial
headspace free (no air bubbles) and immediately cooled (4°C)
for shipment. Multiple samples are taken because leakage of
containers may cause losses, may allow air to enter the
containers, and may cause erroneous analysis of some constitu-
ents. Also, some analyses are best conducted on independently
preserved samples. The sampling program for VOCs should
include at a minimum trip blanks. Trip blanks and field spikes
should also be considered for low level analysis.

9.7 The laboratory must analyze the purgeable samples
within 14 days after collection. For samples for solvent
extractions (extractable organics-base neutrals, acids, pesti-
cides, herbicides), the sample bottles are narrow mouth, screw
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cap quart bottles or half-gallon bottles that have been pre-
cleaned, rinsed with the extracting organic solvent and oven
dried at 105°C for at least 1 h. These bottles must be sealed
with TFE-fluorocarbon lined caps (Note 1). Samples for
organic extraction must be extracted within 7 days and ana-
lyzed within 40 days after extraction.

NOTE 1—When collecting samples, the bottles should not be overfilled
or prerinsed with sample before filling because oil and other materials may
remain in the bottle. This can cause erroneously high results.

9.8 For a number of ground-water parameters, the most
meaningful measurements are those made in the field at the
time of sample collection or at least at an on-site laboratory.
These include the water level in the well (see Test Method
D 4750) and parameters that can change rapidly with storage.
A discussion of the various techniques for measuring the water
level in the well is contained in a NCASI publication (67) and
detailed procedures are outlined in a U.S. Geological Survey
publication (68, 69). Although a discussion of water level
measuring techniques is beyond the scope of this guide, it is
important to point out that accurate measurements must be
made either before a well is purged or after it has had sufficient
time to recover. Parameters that can change rapidly with
storage include pH, turbidity, redox potential, DO, and tem-
perature. Specific conductance, although most accurately de-
termined in a laboratory setting, often is measured in the field
where it is used as an indicator parameter to determine the
completeness of purging. For some of the other parameters, the
emphasis in ground-water monitoring is on the concentration
of each specific dissolved component, not the total concentra-
tion of each. Samples for these types of measurements should
be filtered through 0.45 µm membrane filters ideally in the field
or possibly at an on-site laboratory as soon as possible.
Analyses often requiring filtered samples include metals,
radioactivity parameters, dissolved organic carbon, dissolved
orthophosphate, and total dissolved phosphorous (22, 23). If
metals are to be analyzed, filter the sample prior to acid
preservation. If concerns related to the loss of mobile colloidal
material by filtering is a consideration, sampling protocol

should be modified to limit sample turbidity during collection
so that filtering is not necessary. This is often done by using
very low purge and sample flow rates. For total organic carbon
(TOC), the filter material should be tested to assure that it does
not contribute to the TOC. The type or size of the filter to be
used is not well determined. However, if results of metal, TOC
or other parameters that could be affected by solids are to be
compared, the same filtering procedure must be used in each
case. Repeated analytical results should state whether the
samples were filtered and how they were filtered.

9.9 Shipment and receipt of samples must be coordinated
with the laboratory to minimize time in transit or weekend
delivery receipt. All samples for organic analysis (and many
other parameters), should be maintained at 4°C (62°C) (65)
during storage and shipping and should arrive at the laboratory
within one day after shipment. Sample receipt should be
verified to provide an opportunity to trace a lost shipment or to
resample if breakage occurs during shipment.

9.10 A commonly used shipping container is an insulated
ice chest (cooler) equipped with bottle dividers. An overnight
courier service is recommended, if personal delivery service is
not practical. Care must be taken in packaging the ice so that
no leakage occurs. Such leakage may damage sample labels or,
if it escapes the sample cooler, may be misconstrued to be
hazardous liquid by the courier. Sample paperwork, including
the chain-of-custody, should be enclosed in a sealed plastic bag
and taped to the inside lid of the shipping container to protect
it from water. Sample containers may be sealed in plastic bags
to protect sample labels from water damage from melting ice or
sample leakage from other bottles.

9.11 Many courier services have strict shipping require-
ments for samples that are “hazardous.” The courier service
should be contacted prior to field activities if there is a concern
about how to ship a sample.

10. Keywords
10.1 diffusion sampling; ground water; low flow; low stress;

minimal purge; monitoring; purge; sampling; stabilization;
well

APPENDIX

(Nonmandatory Information)

X1. SAMPLE HANDLING PROCEDURES FOR GROUND WATER MONITORING PARAMETERS

X1.1 See Table X1.1 for procedures for handling samples.
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Designation: D 4840 – 99 (Reapproved 2004) An American National Standard

Standard Guide for
Sample Chain-of-Custody Procedures 1

This standard is issued under the fixed designation D 4840; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide contains a comprehensive discussion of
potential requirements for a sample chain-of-custody program
and describes the procedures involved in sample chain-of-
custody. The purpose of these procedures is to provide account-
ability for and documentation of sample integrity from the time
samples are collected until sample disposal.

1.2 These procedures are intended to document sample
possession during each stage of a sample’s life cycle, that is,
during collection, shipment, storage, and the process of analy-
sis.

1.3 Sample chain-of-custody is just one aspect of the larger
issue of data defensibility (see 3.2.2 and Appendix X1).

1.4 A sufficient chain-of-custody process, that is, one that
provides sufficient evidence of sample integrity in a legal or
regulatory setting, is situationally dependent. The procedures
presented in this guide are generally considered sufficient to
assure legal defensibility of sample integrity. In a given
situation, less stringent measures may be adequate. It is the
responsibility of the users of this guide to determine their exact
needs. Legal counsel may be needed to make this determina-
tion.

1.5 Because there is no definitive program that guarantees
legal defensibility of data integrity in any given situation, this
guide provides a description and discussion of a comprehen-
sive list of possible elements of a chain-of-custody program, all
of which have been employed in actual programs but are given
as options for the development of a specific chain-of-custody
program. In addition, within particular chain-of-custody ele-
ments, this guide proscribes certain activities to assure that if
these options are chosen, they will be implemented properly.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D 1129 Terminology Relating to Water
D 3325 Practice for Preservation of Waterborne Oil

Samples
D 3370 Practices for Sampling Water from Closed Con-

duits
D 3694 Practices for Preparation of Sample Containers and

for Preservation of Organic Constituents
D 3856 Guide for Good Laboratory Practices in Laborato-

ries Engaged in Sampling and Analysis of Water
D 4210 Practice for Intralaboratory Quality Control Proce-

dures and a Discussion on Reporting Low Level Data3

D 4841 Practice for Estimation of Holding Time for Water
Samples Containing Organic and Inorganic Constituents

2.2 U.S. EPA Standard:
U.S. EPA Good Automated Laboratory Practices4

3. Terminology

3.1 Definitions:For definitions of terms used in this guide,
refer to Terminology D 1129.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 custody—physical possession or control. A sample is

under custody if it is in possession or under control so as to
prevent tampering or alteration of its characteristics.

3.2.2 data defensibility—a process that provides sufficient
assurance, both legal and technical, that assertions made about
a sample and its measurable characteristics can be supported to
an acceptable level of certainty. See Appendix X1 for a
discussion of the elements of a data defensibility process.

3.2.3 sample—a portion of an environmental or source
matrix that is collected and used to determine the characteris-
tics of that matrix.

1 This practice is under the jurisdiction of ASTM Committee D19 on Water and
is the direct responsibility of Subcommittee D19.02 on General Specifications,
Technical Resources, and Statistical Methods.

Current edition approved Dec. 10, 1999. Published January 2000. Originally
approved in 1988. Last previous edition approved in 1995 as D 4840 – 95.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.
4 Available from Superintendent of Documents, Government Printing Office,

Washington, DC.
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3.2.4 sample chain-of-custody—a process whereby a
sample is maintained under physical possession or control
during its entire life cycle, that is, from collection to disposal.

3.2.5 sample chain-of-custody record— documentation pro-
viding evidence that physical possession or control was main-
tained during sample chain-of-custody.

4. Summary of Guide

4.1 This guide addresses chain-of-custody procedures as
they relate to field practices, shipping methods, and laboratory
handling of samples.

5. Significance and Use

5.1 Chain-of-custody procedures are a necessary element in
a program to assure one’s ability to support data and conclu-
sions adequately in a legal or regulatory situation, but custody
documentation alone is not sufficient. A complete data defen-
sibility scheme should be followed.

5.2 In applying the sample chain-of-custody procedures in
this guide, it is assumed that all of the other elements of data
defensibility have been applied, if applicable.

6. Procedure

6.1 Facility Chain-of-Custody Standard Operating
Procedure—Each organization should have a chain-of-custody
procedure document. This document should spell out in detail
the specific procedures utilized at this facility to achieve
sample chain-of-custody. It should contain copies of all the
forms used in the chain-of-custody process and detailed
instructions for their use. It should be kept current and
revisions tracked. This guide may serve as a template for the
chain-of-custody procedure document.

6.2 Sample Collection Phase:
6.2.1 Custody Assignment—A single field sampling person

should be assigned responsibility for custody of samples. An
alternate custodian should also be assigned to cover the prime
custodian’s absence. As few people as possible should handle
samples. The assigned field sampler should be personally
responsible for the care and custody of the samples collected
until they are properly transferred. While samples are in their
custody, field personnel should be able to testify that no one
was able to tamper with the samples without their knowledge.

6.2.2 Documentation/Field Custody Forms:
6.2.2.1 Standard forms should be designed and available for

recording custody information related to field sample handling.
The forms may be designed to handle one sample or multiple
samples. A single sample form may allow room for laboratory
chain-of-custody.

6.2.2.2 In any sampling effort, there is field information
related to sample collection and field measurements that are
recorded. This information is not specifically part of chain-of-
custody, but part of the larger aspect of data defensibility. This
information may be recorded on chain-of-custody forms or
other forms specific for the purpose. Record keeping may be
simplified if separate forms are used.

6.2.2.3 It may be useful to print field forms on polyethylene
or other plastic coated paper to keep them from being affected
by water or chemicals. An indelible ink, paint, or crayon should
be used to enter information on the forms.

6.2.2.4 Spaces for the following information should be on
the form:

(a) Sample identifying name.
(b) Sampling location ID, sampling point ID, date, and

sampling time interval.
(c) Signatures of sampling personnel and signatures of all

personnel handling and receiving the samples.
(d) Project identification code (if applicable).
(e) Preservation (to alert lab personnel): amount and type.
(f) Number of containers (where field sub-sampling oc-

curs). Indicate number of replicates if there are multiple
containers of the same sample.

(g) Field notes.
(h) Analyses desired (may be required in some situations).
(i) Sample type: grab, composite, etc.

Example forms are shown in Appendix X2.
6.2.2.5 Freight bills, post office receipts, and bills of lading

should be retained as part of the permanent custody documen-
tation.

6.2.3 Sample Labeling:
6.2.3.1 Sample labels may be in the form of adhesive labels

or tags, or both. Tags have the advantage of being removable to
become part of the record keeping process, although their
inadvertent loss or inappropriate removal may leave the sample
without documentation. Labels should be made of waterproof
paper and indelible ink should be used to make entries.
Alternatively, sample information may be written directly on
the sample container, as long as the writing can be done
indelibly. Containers should be free from other labels and other
writing to prevent any confusion. If both tags and labels are
used, care should be taken to ensure that the information on
both is identical.

6.2.3.2 Labels or tags should be filled out just before or
immediately after sample collection. Labels should contain
spaces for the following information:

(a) Project identification code (if applicable).
(b) Sample identifying name (exactly as it appears on the

chain-of-custody record).
(c) Sampling location ID, sampling point ID, and sampling

time interval.
(d) Safety considerations (if applicable).
(e) Analysis schedule or schedule code (if applicable).
(f) Company or agency name.

An example label is shown in Appendix X2.
6.2.4 Sample Sealing:
6.2.4.1 Sample custody seals of waterproof adhesive paper

may be used to detect unauthorized tampering with samples
prior to receipt by the lab. When seals are used, they shall be
applied so that it is necessary to break them in order to open the
sample container.

6.2.4.2 Electrical (vinyl) tape may be used to prevent bottle
closures from loosening in transit. Tape should be applied
before any custody seals are applied.

NOTE 1—Electrical tape should not be used to seal vials used for
volatile organic analyses due to the potential for sample contamination.

6.2.5 Field Transfer of Custody and Shipment:
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6.2.5.1 Package samples properly for shipment and trans-
port them to the laboratory for analysis. Special care should be
taken when packaging in glass. It is important that all laws and
regulations related to the transport of materials have been
adequately addressed before shipping samples.

6.2.5.2 When employing a common carrier, the use of
padlocks or custody seals on shipping containers should be
considered. If padlocks are employed, the keys shall be shipped
separately from the samples. Alternatively, padlocks may be
sent unfastened to the field and the keys can be retained by the
laboratory sample custodian (see 6.3.2.1). A separate custody
record should accompany each shipment. Enter the method of
shipment, courier name(s), and other pertinent information in
the “remarks” section on the custody record.

6.2.5.3 If sent by mail, register the package with return
receipt requested.

6.2.5.4 When transferring the possession of samples, the
individuals relinquishing and the individuals receiving the
samples should sign, date, and note the time on the custody
record. Document any opening and closing of the sample
containers on the custody record. Provisions should be made
for receipt of samples at nonstandard hours, such as nights and
weekends by nonlaboratory personnel. Shipping documents,
with noted time of receipt and receipt by whom, should be
made part of the custody record.

6.3 Laboratory Handling and Analysis Phase:
6.3.1 Documentation—Laboratory Custody Forms:
6.3.1.1 The sample chain-of-custody record in the labora-

tory is traditionally maintained on paper forms. Based on the
data defensibility needs of the organization, it may be possible
to maintain the laboratory record in an electronic format.
Various computer systems, such as a laboratory information
management systems (LIMS) or other electronic data manage-
ment systems, may meet the data integrity needs. It is the
responsibility of each organization to assure that an electronic
record system meets these needs. Users of such systems are
encouraged to assure compliance of their electronic data
system with the U.S. EPA Good Automated Laboratory Prac-
tices. All references to laboratory custody record forms in this
guide should be understood to refer to either paper or electronic
documents.

6.3.1.2 Design a form for the recording of chain-of-custody
information related to sample possession in the laboratory. If
samples are to be split and distributed to multiple analysts,
multiple forms will be needed to accompany the sample splits.
Transfer sample identification information to the forms accom-
panying the splits exactly as it appears on the primary receipt
laboratory chain-of-custody form. If an LIMS label is used for
the sample splits, a duplicate should be placed on the chain-
of-custody form that accompanies them. Example forms are
shown in Appendix X2.

6.3.2 Laboratory Sample Receipt and Handling:
6.3.2.1 In the laboratory, assign a sample custodian(s) to

receive the samples. It is preferable to assign one person the
primary responsibility to receive samples as the sample custo-
dian for the laboratory. A second person should serve only as
an alternate.

6.3.2.2 Upon receipt of a sample, the custodian should
inspect the condition of the sample and the custody sample
seal, if used. If sample seals are used, record condition on
chain-of-custody record. Reconcile the information on the
sample label against that on the chain-of-custody record. The
temperature of the samples should be recorded on the chain-
of-custody record. If samples are not delivered in a cooler,
indicate on record. If pH adjustment to preserve the sample
was done in the field, the pH of the samples should be checked
and recorded on the chain-of-custody record.

6.3.2.3 If a sample container is leaking, note it on the
custody record. The custodian, along with the supervisor
responsible for the analytical work, should decide whether the
leaky sample is valid. If seals are used, the custodian should
examine whether the sample seal is intact or broken, since a
broken seal may mean sample tampering and may make
analytical results inadmissible as evidence in court. Any
discrepancies between the information on the sample label and
seal and the information on the chain-of-custody record should
be resolved before the sample is assigned for analysis. This
effort might require communication with the sample collector.
Record the results of any such investigation.

6.3.2.4 After processing the sample, (splitting, logging,
preserving) record all sample splits on the laboratory chain-of-
custody form. When the sample is logged, the sample identi-
fying information should be transcribed exactly as it appears on
the field chain-of-custody form. If custody transfer to analyti-
cal staff will not occur immediately or if sample processing is
delayed, the samples should be transferred to the custody
lockup (see 6.3.3). Record all transfers to and from a lockup on
the chain-of-custody form. The custody form should remain
with the sample.

6.3.3 Laboratory Security:
6.3.3.1 In some situations, legally defensible custody in the

laboratory has been achieved without regulating possession
within the laboratory but rather by assuring controlled and
restricted access to the laboratory facility through keying,
guarding access points, and other measures. Sufficiency of
security measures for legal defensibility can only be assessed
on a case by case basis and should involve legal counsel.

6.3.3.2 Within the laboratory, a secure, locked location (a
refrigerator or freezer), if appropriate, should be available.
Multiple locations may be necessary to provide access to
analysts after they receive their portions of the sample.

6.3.3.3 Limit the number of keys to locked locations and
maintain control over them. Limiting keys to laboratory
supervisors or providing multiple lockups assigned to specific
analysts are appropriate options. Limiting access to samples
provides greater security against accidental mishandling of
samples.

6.3.3.4 As an alternative to secure lockups, tamperproof
seals may also be used in the laboratory. Note any application
of seals and their removal on the chain-of-custody forms.

6.3.4 Analyst Sample Receipt and Handling:
6.3.4.1 When analytical staff take possession of their

samples or sample aliquots, they should acknowledge receipt
on the primary laboratory chain-of-custody form.

D 4840 – 99 (2004)

3



6.3.4.2 When an analyst takes possession of a sample split,
he or she should also receive the accompanying chain-of-
custody form. At that time, the analyst should inspect the
condition of the sample and the sample seal, if used, and
reconcile the information on the sample label against that on
the chain-of-custody form.

6.3.4.3 While a sample is in their custody, analysts should
be able to testify that no one tampered with the sample without
their knowledge. If the sample, a portion of the sample, or
processed sample such as a digestate will be held for an
extended period of time, the analyst should store it in a security
lockup and record all such transfers on the chain-of-custody
form.

6.3.4.4 At such time as there is no further need for the
sample, it should be disposed of properly and the disposal
recorded. If the sample or processed sample is to be retained,
it may be transferred to appropriate personnel. This transfer
should be recorded on both the analyst custody form and the
primary laboratory custody form. The primary custody form
then accompanies the sample until its disposal.

6.3.5 Interlaboratory Transfer:
6.3.5.1 On some occasions, another laboratory will be

performing analytical work that is not directly a part of the
project plan, that is, data from this laboratory is not planned to
be part of the data defensibility scheme. An example might be

when a facility discharge is being monitored and the facility
laboratory wishes a split of the sample. Under these circum-
stances, the chain-of-custody record remains with the owner.
Prepare a receipt (an example receipt is shown in Appendix
X2) for these samples and mark to indicate with whom the
samples are being split. The person relinquishing the samples
to the other laboratory should request the signature of a
representative of the appropriate party acknowledging receipt
of the samples. If a representative is unavailable or refuses to
sign, note this in the“ received by” section. Complete this form
and give a copy to the owner, operator, or agent in charge. The
original is retained by the project supervisor. When appropri-
ate, as in the case where the representative is unavailable, the
custody record should contain a statement that the sample splits
were delivered to the designated location at a designated time.

6.3.5.2 On some occasions, the sample may have to be split
with another laboratory in order to obtain all of the necessary
analytical information required in the study plan. In this case,
identical chain-of-custody procedures should be employed at
the alternate laboratory. Transfer of custody of the split should
be handled in like fashion to that used to an intralaboratory
transfer (see 6.3.4).

7. Keywords

7.1 chain of custody; custody; data defensibility; validation

APPENDIXES

(Nonmandatory Information)

X1. DISCUSSION OF THE ELEMENTS OF DATA DEFENSIBILITY

X1.1 Data defensibility can be thought of as “proof” that a
sample represents the material from which it was taken; that
the sample integrity was maintained; that the measurements
made on the sample produced valid results; and, that the
documentation of the “proof” (custody records, data sheets,
etc.) is a factual record. Data defensibility involves the
following:

X1.1.1 The use of proper procedures (for sample collection,
preservation, analysis, etc.),

X1.1.2 Protection of samples from inappropriate alteration
(from tampering, loss, mishandling, etc.), that is, chain-of-
custody,

X1.1.3 The use of proper record collection, record handling,
and record security procedures, and

X1.1.4 Accurate documentation of all sample related infor-
mation.

X1.2 There are six principal elements of data defensibility
besides chain-of-custody. For a discussion of many of these
elements, see Data Validation in Guide D 3856.

X1.2.1 Project Setup and Preparation—The production of
data on environmental and source samples for the purpose of
drawing valid conclusions requires good experimental design.
Aspects of the project from sample collection to data interpre-
tation shall be designed from a valid model.

X1.2.2 Measurement Methods—Measurements, both field
determinations and lab analyses, shall be made using validated
techniques with known levels of uncertainty. Use of methods
such as those produced by ASTM Committee D-19 can provide
assurance that the procedures used will produce useful infor-
mation.

X1.2.3 Sample Collection Methods—Sample results can
only be as good as the sample analyzed. It is vital that the
sample analyzed be representative of the designated variables
in the environmental matrix of concern. It should not be
inferred that the experimental design is appropriate or repre-
sentative for any other environmental variables than those
designated in the experimental design. Containers shall be
made of appropriate materials and properly cleaned. See
Practices D 3370, specific test methods, and other practices
related to sampling procedures for more information.

X1.2.4 Sample Processing and Handling Methods—During
the course of a sample’s life cycle, a variety of sample
processing techniques shall be employed, such as sample
splitting and preservation. Valid procedures shall be employed
to maintain sample integrity. See Practices D 4841, D 3694,
D 3325, and specific test methods for more information.

X1.2.5 Data Recording, Archiving, and Retrieval
Methods—Information collected and observations made shall
be correctly, legibly, and safely recorded. After a project is
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completed and information recorded, it is important that this
record be safe from tampering and can be reliably retrieved.

X1.2.6 Quality Control and Quality Assurance
Procedures—During stages of information generation, pro-
cesses shall be maintained in a state of statistical control so that

data uncertainties can be quantified. In addition, there shall be
an“ external” audit procedure to assure that the quality control
procedures are effective. See Guide D 3856, Practice D 4210,
and specific test methods for more information.

X2. EXAMPLE FORMS

X2.1 See sample forms in Figs. X2.1-X2.5.
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FIG. X2.1 Example of Sample Identification Tag
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FIG. X2.2 Example of Field Sample Chain of Custody Record

FIG. X2.3 Example of Receipt for Samples
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FIG. X2.4 Example Field, Laboratory Receipt, and Laboratory Sample Chain-of-Custody Record (Two-Sided)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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make your views known to the ASTM Committee on Standards, at the address shown below.
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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FIG. X2.5 Side Two of Custody Record
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Designation: D 5088 – 02

Standard Practices for
Decontamination of Field Equipment Used at Waste Sites 1

This standard is issued under the fixed designation D 5088; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This practice covers the decontamination of field equip-
ment used in the sampling of soils, soil gas, sludges, surface
water, and ground water at waste sites which are to undergo
both physical and chemical analyses.

1.2 These practices are applicable only at sites where
chemical (organic and inorganic) wastes are a concern. It is not
intended for use at radiological, mixed (chemical and radio-
logical), or biohazard sites.

1.3 Procedures are included for the decontamination of
equipment which comes into contact with the sample matrix
(sample contacting equipment) and for ancillary equipment
that has not contacted the portion of sample to be analyzed
(non-sample contacting equipment).

1.4 These practices are based on commonly recognized
methods by which equipment may be decontaminated. The
procedures described for sample contacting equipment are
commonly prescribed, however there is a minimum of scien-
tific data that supports these methods (Mickam et al. 19892,
Parker34, 1995). Therefore the user is reminded of the impor-
tance of QA/QC samples that document decontamination
effectiveness and that these samples can be used to modify or
enhance decontamination techniques. Decontamination at ra-
diologically contaminated sites should refer to Practice
D 5608.

1.5 This practice is applicable to most conventional sam-
pling equipment constructed of metallic and synthetic materi-
als. The manufacturer of a specific sampling apparatus should
be contacted if there is concern regarding the reactivity of a
decontamination rinsing agent with the equipment.

1.6 This practice offers an organized collection of informa-
tion or a series of options and does not recommend a specific

course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgement. Not all aspects of this practice may be applicable in
all circumstances. This ASTM standard is not intended to
represent or replace the standard of care by which the
adequacy of a given professional service must be judged, nor
should this document be applied without consideration of a
project’s many unique aspects. The word “Standard” in the
title of this document means only that the documents has been
approved through the ASTM consensus process..

1.7 This standard does not purport to address the safety
problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock, and Contained

Fluids5

D 5608 Practice for Decontamination of Field Equipment
Used at Low Level Radioactive Waste Sites5

3. Terminology

3.1 Definitions:
3.1.1 contaminant—an undesirable substance not normally

present or an unusually high concentration of a naturally
occurring substance in water or soil.

3.1.2 control rinse water—water used for equipment wash-
ing and rinsing having a known chemistry.

3.1.3 decontamination—the process of removing or reduc-
ing to a known level undesirable physical or chemical constitu-
ents, or both, from a sampling apparatus to maximize the
representativeness of physical or chemical analyses proposed
for a given sample.

3.1.4 non-sample contacting equipment—related equipment
associated with the sampling effort, but that does not directly
contact the sample (for example, augers, drilling rods, excava-
tions machinery).

3.1.5 quality assurance/quality control (QA/QC)—the ef-
forts completed to evaluate the accuracy and precision of a
sampling or testing procedure, or both.

1 This practice is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.14 on Geotechnics of
Waste Management.

Current edition approved Jan. 10, 2002. Published April 2002.. Originally
published as D 5088–90. Last previous edition D 5088–90.

2 Mickam, J.T., R. Bellandi, and E.C. Tifft, Jr., 1989,Equipment Decontamina-
tion Procedures for Ground Water and Vadose Zone Monitoring Programs: Status
and Prospects, Ground Water Monitoring Review 9, No 2:100–121.

3 Parker, L.V., 1996A Literature Review on Decontaminating Groundwater
Sampling Devices: Organic Contaminates.CRREL Report 95–14, U.S. Army Cold
Regions Research and Engineering Laboratory, Hanover, NH.

4 Parker, L.V., and T.A. Ranney, 1997a.Decontamination Materials Used in
Groundwater Sampling Devices.CRREL Special Report 97–24, U.S. Army Cold
Regions Research and Engineering Laboratory, Hanover, NH. 5 Annual Book of ASTM Standards, Vol 04.08.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.1.6 sample contacting equipment—equpiment that comes
in direct contact with the sample or portion of sample that will
undergo chemical analyses or physical testing (for example,
ground water well bailer, split-spoon sampler, soil gas sam-
pling probe).

3.1.7 For definitions of other terms used in this practice, see
Terminology D 653.

4. Summary of Practice

4.1 Two different procedures are presented for the decon-
tamination of sample-contacting and non-sample contacting
equipment. The procedures have been developed based on a
review of current state and federal guidelines, as well as a
summary of commonly employed procedures. In general,
sample contacting equipment should be washed with a deter-
gent solution followed by a series of control water, desorbing
agents and deionized water rinses. Nonsample contacting
equipment should be washed with a detergent solution and
rinsed with control water. Although such techniques may be
difficult to perform in the field, they may be necessary to most
accurately evaluate low concentrations of the chemical con-
stituent(s) of interest.

4.2 Prior to initiating a field program that will involve
equipment decontamination, a site specific equipment decon-
tamination protocol should be prepared for distribution to the
individuals involved with the particular sampling program.
Information to be presented in the protocol should include:

4.2.1 Site location and description,
4.2.2 Statement of the sampling program objective and

desired precision and accuracy, that is, is sampling effort for
gross qualitative evaluation or for trace concentration, param-
eter specific evaluations,

4.2.3 Summary of available information regarding soil
types, hydrogeology and anticipated chemistry of the materials
to be sampled,

4.2.4 Listing of equipment to be used for sampling and
materials needed for decontamination,

4.2.5 Detailed step by step procedure for equipment decon-
tamination for each piece or type of equipment to be utilized
and procedures for rinse fluids containment and disposal as
appropriate,

4.2.6 Summary of QA/QC procedures and QA/QC samples
to be collected to document decontamination completeness
including specific type of chemical analyses and their associ-
ated detection limit, and

4.2.7 Outline of equipment decontamination verification
report.

5. Significance and Use

5.1 An appropriately developed, executed and documented
equipment decontamination procedure is an integral and essen-
tial part of waste site investigations. The benefits of its use
include:

5.1.1 Minimizing the spread of contaminants within a study
area and from site to site,

5.1.2 Reducing the potential for worker exposure by means
of contact with contaminated sampling equipment, and

5.1.3 Improved data quality and reliability.
5.2 This practice is not a substitute for a well-documented

Quality Assurance/Quality Control (QA/QC) program. Be-
cause the ultimate test of a decontamination procedure is its
ability to minimize erroneous data, a reasonable QA/QC
program must be implemented.

5.3 This practice may not be applicable to all waste sites.
When a sampling effort is completed to determine only the
general range of chemical concentrations of interest less
rigorous decontamination procedures can be adequate. Inves-
tigators should have the flexibility to modify the decontamina-
tion procedures with due consideration for the sampling
objective or if QA/QC documentation supports alternative
decontamination methods.

5.4 At sites where the reactivity of sampling equipment to
decontamination washes creates concern for the generation of
undesirable chemical by-products, the use of dedicated sam-
pling equipment should be considered.

5.5 This practice, where applicable, should be used before,
between, and after the completion of sampling events.

5.6 These practices are appropriate for use at sites where
chemical (organic and inorganic) contamination is known or
expected. The application of these practices to other types of
sites radiological, mixed (radiological and chemical), or bio-
hazard contaminated sites may not be applicable. The applica-
tion of these practices to these types of sites should be
undertaken with care and consideration, along with QA/QC
documentation that supports the effectiveness of these decon-
tamination techniques.

6. Reagents

6.1 Detergent, non-phosphate detergent solution.6

6.2 Acid rinse (inorganic desorbing agent), 10 % nitric or
hydrochloric acid solution-made from reagent grade nitric or
hydrochloric acid and deionized water (1 % is to be applied to
low-carbon steel equipment).

6.3 Solvent rinse (organic desorbing agent), isopropanol,
acetone, or methanol; pesticide grade.

6.4 Control rinse water, preferably from a water system of
known chemical composition.

6.5 Deionized water, organic-free reagent grade.

7. Procedure for Sample Contacting Equipment

7.1 At a minimum, sample contacting equipment should be
washed with a detergent solution and rinsed with control water.

7.2 For programs requiring more rigorous decontamination
to meet the sampling or QA/QC objectives, the following
procedures are indicated+. Table 1 provides applications of
various solutions for decontamination of field equipment and
materials. Table 2 provides commonly recommended decon-
tamination procedures for various equipment and materials,

7.2.1 Wash with detergent solution, using a brush made of
inert material to remove any particles or surface film.

7.2.1.1 For equipment that, because of internal mechanism
or tubing cannot be adequately cleaned with a brush, the
decontamination solutions should be circulated through the
equipment.

6 Liquinox or Detergent 8 or similar solution has been found suitable for this
purpose. Detergent 8 is recommended for spray cleaning.
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7.2.2 Rinse thoroughly with control water.
7.2.3 Rinse with an inorganic desorbing agent (may be

deleted if samples will not undergo inorganic chemical analy-
sis). This rinse is effective only on non-metal surfaces.

7.2.4 Rinse with control water.
7.2.5 Rinse with organic desorbing agent (may be deleted if

samples will not undergo organic chemical analyses).
7.2.6 Rinse with deionized water.
7.2.7 Allow equipment to air dry prior to next use.
7.2.8 Wrap equipment for transport with inert material

(aluminum foil or plastic wrap) to direct contact with poten-
tially contaminated material.

7.3 Nonsample Contact Equipment:
7.3.1 Clean the equipment with portable power washer or

steam cleaning machine. Alternatively, hand wash with brush
using detergent solution.

7.3.2 Rinse with control water.
7.3.3 The more rigorous decontamination procedures may

be employed if necessary to meet sampling or QA/QC objec-
tives.

7.4 Depending on site conditions, it may be appropriate to
contain spent decontamination rinse fluids. If this is the case

the appropriate vessel7 for fluid containment should be used
depending on the ultimate disposition of the material.

7.5 Depending on site conditions, it may be desirable to
perform all equipment decontamination at a centralized loca-
tion as opposed to the location where the equipment was used.
If this is the case, care must be taken to transport the equipment
to the decontamination area such that the spread of contami-
nants is minimized.

8. Quality Assurance/Quality Control

8.1 It is important to document the effectiveness of the
decontamination procedure. To that end the projects QA/QC
program should include provisions for the collection of
samples to evaluate the completeness of a specific decontami-
nation procedure. This could include:

8.1.1 Collection of rinse or wipe samples before the initial
equipment decontamination prior to its use for sampling to
establish a base line level of contaminants residing on or in the
equipment,

7 A drum approved by the Department of Transportation or similar container has
been found suitable for this purpose.

TABLE 1 Applications of Various Solutions for Decontamination
of Field Equipment and Materials ABC

Solution Concentrations Remarks
Portable Water Tap water

(demonstrated to be
analyte free)

Used under high pressure or steam to remove heavy mud and dirt, or
to rinse off other solutions

Laboratory-grade
water

Distilled
Deionized
Reagengrade distilled
and deionized water

Low sudsing
non-phosphate
detergents
(Liquinox,
Detergent 8)

Typical concentrations
are 0.5 to 2% solution
by volume

General all-purpose cleaner.
Detergent 8 is recommended for spray cleaning.

Sodium
carbonate
(baking soda)

5 to 15% aqueous
solution

Used to neutralize either acidic or strongly basic contaminants

Sodium
carbonate
(washing soda)

10 to 20% aqueous
solution

Effective for neutralizing inorganic acids, organic acids, heavy
metals, metal processing wastes.

Trisodium
phosphate (TSP
Oakite)

10% aqueous solution Similar to sodium carbonate. Good rinsing solution for organic
compounds (such as toluene, chloroform, TCE, PBBs, and PCBs).

Calcium
hypochlorite
(HTH)

10% aqueous solution Disinfectant, bleaching, and oxidizing agent for pesticides, fungicides,
chlorinated phenols, dioxins, cyanides, ammonia and other non-acidic
inorganic wastes.

Hydrochloric
acid, nitric acid

10% nitric
10% to 20%
hydrochloric

Used for inorganic bases, alkali and caustic wastes

Citric, tartaric,
oxalic acids or
their respective
salts

5% solution Used to clean heavy-metal contaminants

Organic solvents Concentrated Used to remove organic compounds that have poor solubility in
water, such as oil and grease. do not use a solvent that is one of the
analytes of interest or interferes with analyses. Porous materials such
as polymers can absorb these solvents.

AExamples of commonly recommended cleaning solvents include pesticide-
grade” isopropanol, acetone, methanol, hexane, heptane, and ethanol.

BAdapted for Mickam et al. (1989), Moberly (1985), and Richter and Collentine
(1983).

CMany of the solvents listed are themselves hazardous materials. Care should
be taken in both use and disposal of these materials.
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8.1.2 Collection of final rinse or wipe samples after equip-
ment decontamination following its use, and

8.1.3 The frequency of sampling to demonstrate the com-
pleteness of equipment decontamination is dependent upon
objectives of the project as they relate to QA/QC. At a
minimum it is recommended after every ten decontamination
washings.

9. Report

9.1 The activities completed for each equipment decontami-
nation should be documented in writing. Included in this report
should be the following information:

9.1.1 Site location, date, time, and weather,
9.1.2 Sample location where equipment was employed,

9.1.3 Location where decontamination was performed,
9.1.4 Individuals performing the decontamination,
9.1.5 Decontamination procedures,
9.1.6 Source of materials (solutions) used for decontamina-

tion,
9.1.7 Handling of rinse fluids and accumulates solids, if any,

and
9.1.8 QA/QC sampling performed and analytical results of

QA/QC samples whether completed in the field or laboratory
subsequent to sampling event.

10. Keywords

10.1 contaminant; decontamination; sampling; waste

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the 90 edition that may impact the use of this standard.

(1) Revised title to reflect that radiological contamination
exists at some level at all sites.
(2) Revised Section 1.2 to reflect that this practice may not be
appropriate for radiological, mixed or biologically contami-
nated sites.
(3) Editorial changes to comply with current ASTM form and
styleand D18 procedures.
(4) Added information on the importance of QA/QC process
and samples.
(5) Added new section 5.6 to Significance and Use regarding
applicability to radiological, mixed, and biologically contami-
nated sites.

(6)Added professional care caveat to Section 1.

(7) Removed Alquinox from footnote to section 6 as it is not a
non-phosphate detergent. Added Detergent 8 as a replacement
and information on its application.

(8) Section 7.2 added additional information on decontamina-
tion procedures and materials and Tables 1 and 2.

(9) Section 7.2.3 added that this rinse is only effective on
non-metal components.

(10) Added Summary of Changes section.

(11)Added footnotes in 1.4.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: D 6089 – 97 (Reapproved 2003)

Standard Guide for
Documenting a Ground-Water Sampling Event 1

This standard is issued under the fixed designation D 6089; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers what and how information should be
recorded in the field when sampling a ground-water monitoring
well. Following these recommendations will provide adequate
documentation in most monitoring programs. In some situa-
tions, it may be necessary to record additional or different
information, or both, to thoroughly document the sampling
event. In other cases, it may not be necessary to record all of
the information recommended in this guide. The level of
documentation will be based on site-specific conditions and
regulatory requirements.

1.2 This guide is limited to written documentation of a
ground-water sampling event. Other methods of documenta-
tion (that is, electronic and audiovisual) can be used but are not
addressed in this guide. The specific activities addressed in this
guide include documentation of static water level measure-
ment, monitoring well purging, monitoring well sampling, field
measurements, ground-water sample preparation, and ground-
water sample shipment.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards:

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitoring Well (Observation
Well)2

D 5088 Practice for Decontamination of Field Equipment
Used at Non-Radioactive Waste Sites2

D 5608 Practice for Deontamination of Field Equipment
Used at Low-Level Radioactive Waste Sites2

D 5903 Guide for Planning and Preparing for a Ground-
Water Sampling Event3

2.2 Government Document:
40 CFR 261.4 (d) (ii)4

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this guide, refer to

Terminology D 653.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 chain of custody—the process of maintaining account-

ability of the samples for the purpose of identifying potential
breaches in sample integrity.

3.2.2 chain of custody record—a record of all individuals
who possess the samples from the time of collection until
analysis.

4. Significance and Use

4.1 When sampling ground-water monitoring wells, it is
very important to thoroughly document all field activities.
Sufficient field data should be retained to allow one to
reconstruct the procedures and conditions that may have
affected the integrity of a sample. The field data generated are
vital to the interpretation of the chemical data obtained from
laboratory analyses of samples. Field data and observations
may also be useful to analytical laboratory personnel.

5. Documentation Methods

5.1 Field records should be generated by a member of the
sampling team. It is important to record procedures used and
measurements immediately after they have been accomplished
and are fresh in the memory. In general, notes should not be
taken after returning from the field.

1 This guide is under the jurisdiction of ASTM Committee D 18 on Soil and Rock
and is the direct responsibility of Subcommittee D 18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved May 10, 1997. Published January 1998.

2 Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 04.09.
4 Available from the Superintendent of Documents, U.S. Government Printing

Office, Washington, DC 20402.
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5.2 The format of the documentation is discretionary, but
should be consistent from well to well and in accordance with
regulatory requirements. Forms are often used for consistency
and to reduce the chance of failing to record needed informa-
tion. It may be desirable for records to be entered with indelible
ink in a hard cover, stitch-bound book for credibility in
litigation.

6. Documentation Content

6.1 General:
6.1.1 Record the facility or site name, or both, and the well

identification.
6.1.2 Record the weather conditions.
6.1.3 Record the names of all sampling team members.
6.1.4 Record any instrument calibration details to include

instrument identification and date and time of last calibration.
6.1.5 Note any changes in the physical condition of the well.
6.1.6 Note changes in land use or physical conditions of the

site.
6.1.7 Record wellhead observations and measurements (for

example, odor, organic vapor measurements).
6.1.8 Record any quality control samples collected or pre-

pared in the field.
6.1.9 Describe decontamination procedures for non-

dedicated equipment (See Practice D 5088 and D 5608).
6.1.10 Record any deviations from the sampling and analy-

sis plan.
6.2 Static Water Level Measurement:
6.2.1 Record the depth to water in the well from a reference

point of known elevation. Optimally, there will be a mark or
notch on the well casing to indicate the exact reference point
(See Test Method D 4750).

6.2.2 Record the reference point from which the measure-
ment was taken (that is, ground surface, top of well casing, top
of protective casing).

6.2.3 Document the presence and estimated thickness of an
immiscible layer.

6.2.4 Record the total depth of the well from either histori-
cal records or actual measurement.

6.2.5 Record the units of the measurement (that is, feet or
metres).

6.2.6 Record the method or equipment (include serial num-
ber) used for measuring the depth to water in the well.

6.2.7 Record the date and time that the water level is
measured.

6.2.8 Record any other relevant information (for example,
were any nearby wells being pumped).

6.3 Monitoring Well Purging:
6.3.1 Briefly describe the purging method used.
6.3.2 Record the calculated purge volume (if applicable).
6.3.3 Record the volume of water removed from the well.

Indicate if the well was purged to dryness.
6.3.4 Record all measurements taken during purging (that

is, water levels, indicator parameter levels, organic vapor
monitoring data).

6.3.5 Record the pumping rate, if known.
6.3.6 Record the type of equipment used to purge the well.

Include the materials of construction of the equipment used.
6.3.7 Record the length of time spent purging the well.

6.3.8 Record the appearance of the water before and after
purging.

6.3.9 Record the date and time that well purging is com-
pleted.

6.3.10 Briefly describe management of purged water.
6.4 Monitoring Well Sampling:
6.4.1 Record the analytes for which samples are being

collected.
6.4.2 Record the order, by analyte, that sample containers

are filled.
6.4.3 Record the volume, material of construction, and

number of sample containers.
6.4.4 Record the equipment used to collect the samples.

This should include a description of any component materials
used that contact the ground water (for example, tubing, pump
parts, bailer material, etc.).

6.4.5 Record the pumping rate, if applicable.
6.4.6 Record the date and approximate time that the sam-

pling is accomplished.
6.4.7 Record the general appearance of the sample (that is

color, clarity).
6.4.8 Note any problems or unusual events during the

sampling.
6.4.9 Record the name of the person collecting the sample.
6.5 Field Measurements:
6.5.1 Record all field measurement data.
6.5.2 Record the units of measurement for each measure-

ment taken.
6.5.3 Record all of the equipment/instrumentation used for

field measurements and any calibration activities to include
calibration standard information and date and time of calibra-
tion.

6.5.4 Record the date and time that field measurements are
taken.

6.6 Ground-Water Sample Preparation:
6.6.1 Record the method of ground-water sample filtration,

filter type and medium, and for which analytes filtration is
performed.

6.6.2 Record any chemical preservatives used.
6.6.3 Record the manner of storage and shipment of samples

(that is, refrigeration and packaging methods)
6.6.4 Record the name of the person who performs the

sample preparation.
6.7 Sample Container Labeling—Ground-water samples

should be labeled such that they will be intact and legible even
if wet. The labels should contain, at a minimum, the following
information: sample identification number, name of collector,
date and time of collection, site identification, parameter(s)
requested, and preservation methods.

6.8 Ground-Water Sample Shipment:
6.8.1 Record the method of shipment.
6.8.2 Record the type and number of shipping containers.
6.8.3 Note if a temperature check sample is included in the

shipping container.
6.8.4 Provide a chain of custody record in each shipping

container identifying the exact contents of that container. At a
minimum, the chain of custody records should list the site
identification, the sample identifiers and analyses required,
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container sizes and types, chemical preservatives used, sam-
pling dates, shipping date, and the samples preparer’s name.

6.8.5 Other information that must accompany each shipping
container as required in 40 CFR 261.4(d)(ii) follows: “the
sample collector’s name, mailing address, and telephone num-
ber; the laboratory’s name, mailing address, and telephone
number; the quantity of the sample; the date of shipment; and
a description of the sample”.

6.9 Analytical Request Forms—The analytical laboratory
will need a written request for analytical support. The request
is usually generated before the sampling event; however, a
copy of the request or other forms for laboratory use may need
to be included in the sample shipment. The laboratory will
instruct the project manager on the forms to be submitted for

their use. Analytical request forms may include project man-
ager’s name, organization and phone number; project number
or identifier; project location; brief description of the project
objectives; any known contaminants associated with the
project site, when sample containers and preservatives are
needed; date samples will arrive; number and types of samples
for each analyte; date results needed; desired detection limits
and analytical methods; and, remarks or other special require-
ments.

7. Keywords

7.1 documentation; ground-water sampling; monitoring
well

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: D 6911 – 03

Standard Guide for
Packaging and Shipping Environmental Samples for
Laboratory Analysis 1

This standard is issued under the fixed designation D 6911; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard provides guidance on the selection of
procedures for proper packaging and shipment of environmen-
tal samples to the laboratory for analysis to ensure compliance
with appropriate regulatory programs and protection of sample
integrity during shipment.

1.2 This standard does not address transport of hazardous
wastes for disposal purposes.

1.3 This standard does not address the selection of
parameter-specific sample bottles or containers.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific course
of action. This guide cannot replace education or experience
and should be used in conjunction with professional judgment.
Not all aspects of this guide may be applicable in all circum-
stances. This guide is not intended to represent or replace the
standard of care by which the adequacy of a given professional
service must be judged, nor should this guide be applied
without consideration of the many unique aspects of a project.
The word “standard” in the title of this guide means only that
the guide has been approved through the ASTM consensus
process.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock and Contained

Fluids2

D 4220 Practice for Preserving and Transporting Soil
Samples2

D 4840 Guide for Sample Chain of Custody Procedure2

D 5079 Practices for Preserving and Transporting Rock
Core Samples2

D 5903 Guide for Planning and Preparing for a Ground-
Water Sampling Event3

D 6089 Guide for Documenting a Ground-Water Sampling
Event3

D 6517 Practice for Field Preservation of Ground-Water
Samples2

2.2 Shipping Regulations:
International Air Transport Association (IATA) Dangerous

Goods Regulations, 43rd Edition, January 2002
International Atomic Energy Agency (IAEA) Regulations

for the Safe Transport of Radioactive Material, Section 10,
Publication IAEA TS-R-1

International Civil Aviation Organization (ICAO) Technical
Instructions for the Safe Transport of Dangerous Goods by
Air, Document #9284-AN/905

U.S. Government Printing Office, Title 40 Code of Federal
Regulations Resource Conservation and Recovery Act
(RCRA), Part 261

U.S. Government Printing Office, Title 49 Code of Federal
Regulations Transportation (DOT), Parts 170-174

U.S. Postal Service, Hazardous, Restricted and Perishable
Mail USPS Publication 52

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 carrier—a commercial company that is responsible

for the actual shipment of environmental samples from the
point of sample receipt from the shipper to the sample’s final
destination.

3.1.2 dangerous goods—those goods that meet the criteria
of one or more of nine United Nations (UN) hazard classes
and, where applicable, one of three UN packaging groups
according to the provisions of shipping regulations.

3.1.3 environmental sample—containerized liquids, solids
or gases that are collected for the purpose of laboratory
analysis.1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock

and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved July 10, 2003. Published August 2003.
2 Annual Book of ASTM Standards, Vol 04.08. 3 Annual Book of ASTM Standards, Vol 04.09.

1
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3.1.4 inner packaging—packaging for which an outer pack-
age is required for transport (for example, a sample bottle or
container).

3.1.5 outer packaging—the outer protection of a composite
or combination packaging together with any absorbent mate-
rials, cushioning and any other components necessary to
contain and protect sample bottles or inner packaging.

3.1.6 shipper—the person who actually packages and pre-
sents environmental samples to a commercial carrier for
shipment or who personally transports samples. The shipper is
commonly the person who collected the environmental
samples.

3.1.7 shipping—the commercial or private transport of en-
vironmental samples via highway, rail, vessel or aircraft.

4. Significance and Use

4.1 This standard provides guidance in determining the
most appropriate procedures for packaging and shipping envi-
ronmental samples. Use of this guide by personnel involved in
packaging and shipping environmental samples will facilitate
safe, effective and compliant procedures.

5. Regulatory Requirements

5.1 The shipment of many environmental samples falls
under the jurisdiction of national and standardized international
regulations whenever samples exhibit one or more properties
that classify the samples as being dangerous or hazardous. Not
all environmental samples, however, satisfy the criteria for
being classified as dangerous or hazardous substances. These
samples can be packaged and shipped as non-regulated or
non-hazardous environmental samples.

5.2 It is the shipper’s responsibility to determine which
regulations apply to the environmental samples requiring
shipment. This determination must be made prior to sample
collection to ensure compliance with shipping regulations at
the conclusion of sample collection. The primary sources of
shipping regulations that can apply to environmental samples
include the U.S. Department of Transportation (DOT), the
International Air Transport Association (IATA), and the U.S.
Postal Service (USPS). DOT regulations govern transport of
samples by water, rail, roadway and air; IATA regulations
govern air transport of samples; USPS regulates both ground
and air delivery of samples through the U.S. Postal System.
Other agencies such as the U.S. Department of Agriculture
(USDA) (restrictions on interstate shipment of soil samples to
prevent the spread of biological contaminants), The Interna-
tional Atomic Energy Agency (IAEA) (transport of radioactive
materials by air), the International Civil Aviation Organization
(ICAO) (shipment of the dangerous goods by air). The Inter-
national Maritime Dangerous Goods Code (shipment by ves-
sel) may also need to be considered. Sample shippers must also
be aware of the potential for restrictions on shipping samples at
both the state and local levels. Shippers should contact state
and local agencies to determine any shipping restrictions.

5.3 Should dangerous or hazardous samples be shipped
using methods not in full compliance with applicable regula-
tory requirements, the following penalties can be assessed to
the shipper:

5.3.1 Refusal to deliver the environmental samples to their
intended destination, which can result in sample integrity being
compromised, chain-of-custody being broken, or sample hold-
ing times being exceeded;

5.3.2 Assessment of financial penalties which can be severe;
and/or

5.3.3 Imprisonment for blatant illegal shipment of danger-
ous or hazardous substances.

6. Procedures for Packaging and Shipping
Environmental Samples

6.1 Planning—As indicated in Guide D 5903, the Sampling
and Analysis Plan (SAP) for a project will specify the number
of samples to be collected for each medium being sampled (for
example, soil, ground-water, surface water, soil gas, sediment
and corresponding quality control samples). This SAP will also
include a discussion on the need to plan for the appropriate
number, size(s), and type(s) of outer packaging based on the
number and sizes of sample containers to be filled and to plan
for adequate space in outer packaging to accommodate inner
packing materials and temperature controls. The SAP will
specify the analyses to be performed on each sample and
should also indicate the type of sample bottle or container and
volume required for each analyte. The SAP should also provide
guidance on selection of the methods for sample packaging and
shipment of samples to the laboratory for analysis when
dangerous or hazardous samples are anticipated.

6.2 Regulatory Responsibilities of the Shipper—The sample
shipper is responsible for ensuring that all environmental
samples are packaged, labeled, and marked in a manner that is
consistent with applicable shipping regulations. Failure to do
so puts the shipper at risk of the penalties discussed in 5.3.

6.3 Determination of Dangerous or Hazardous Properties
of Environmental Samples:

6.3.1 Prior to collection of environmental samples, it is
necessary to determine the hazard class of a sample. If this is
unknown, the shipper must use best professional judgment to
determine the potential for samples to exhibit one or more
hazardous characteristics (for example, through background
research review, interviews and review of purchasing and
disposal records) and to determine the appropriate degree of
danger associated with those hazardous properties as defined
by applicable shipping regulations (see Note 1). Table 1
summarizes the nine United Nations (UN) hazard classes that

TABLE 1 Summary of United Nations Hazard Classes

Class 1 Explosives
Class 2 Gases
Class 3 Flammable Liquids
Class 4 Flammable Solids; Substances Liable to Spontaneous

Combustion; Substances Which, in Contact with Water, Emit
Flammable Gases (for example, soil sample contaminated
with high concentrations of gasoline released from an
underground storage tank)

Class 5 Oxidizing Substances and Organic Peroxide
Class 6 Toxic and Infectious Substances (for example, samples of

refuse collected from a solid waste landfill)
Class 7 Radioactive Material
Class 8 Corrosives (for example, nitric acid used for preservation of

some ground-water samples) (see Note 2)
Class 9 Miscellaneous Dangerous Goods

D 6911 – 03
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are defined within shipping regulations and provides three
examples of environmental samples that might meet the criteria
of a given hazard class. Table 2 summarizes the degree of
hazard associated with dangerous goods being shipped as
defined by applicable shipping regulations.

NOTE 1—Dangerous or hazardous properties of environmental samples
are as defined specifically by shipping regulations. Definitions developed
for use under other regulatory programs may be substantially different and
are not applicable. For example, a corrosive liquid under IATA definition
is “a substance which, in the event of leakage, can cause severe damage
by chemical action when in contact with living tissue or can materially
damage other freight or the means of transportation.” This is determined
through a series of intact skin tissue exposure tests and/or corrosive tests
on steel or aluminum for defined exposure periods. Under the Resource
Conservation and Recovery Act (RCRA), a corrosive liquid is defined as
a liquid with a pH less than or equal to 2 or greater than or equal to 12.5,
as determined by a pH meter using Method 9090.

NOTE 2—In a letter dated April 11, 1979, the Associate Director for
Hazardous Materials Regulation of the Research and Special Programs
Administration granted exception to the DOT hazardous materials regu-
lations for water samples containing the corrosives: hydrochloric acid,
mercuric chloride, nitric acid, sulfuric acid, sodium hydroxide and
phosphoric acid. The listed corrosives include the preservatives com-
monly used in water samples. This exception was revalidated in a letter
issued on December 13, 1993 and again in a letter dated February 14,
1997. This exception may not apply in other shipping regulations.

6.3.1.1 When the actual hazard class of a sample is un-
known, the most conservative packaging group possible for the
chosen shipping name must be used. Refer to 6.4.1 for
guidance on choosing the appropriate shipping name.

6.3.2 It is possible that environmental samples may not
exhibit a dangerous or hazardous property and, as such, may be
packaged and shipped as a non-regulated sample using meth-
ods described in 6.5 and 6.6. Other packaging and shipping
guidance is provided in Practices D 4220, D 5079, and D 6517.

6.3.3 The shipper must make the determination of sample
hazard prior to collection to ensure that an appropriate carrier
has been selected to transport samples to the laboratory and to
ensure that appropriate packaging materials are available in the
field at the time of sample preparation for shipping.

6.4 Determination of Proper Shipping Name and UN Num-
ber for Dangerous or Hazardous Samples:

6.4.1 Once the shipper has determined that an environmen-
tal sample does or will likely exhibit one or more hazardous
characteristics, the shipper must select the “proper shipping
name” for the sample as defined by the regulations under which
the sample is to be shipped (see Table 3). These shipping
names are standard names used in the shipping industry to
identify the dangerous article or substance on the outside of the
package and on the “Shipper’s Declaration for Dangerous
Goods” and are not names created at random by the shipper. To
determine the proper shipping name for each environmental
sample, the shipper must refer to the shipping regulations that
will be followed directly. It is possible for there to be more than
one shipping name. The selected shipping name must accu-

rately reflect the chemical, physical or biological characteris-
tics of the sample being shipped and must not include a Trade
name.

6.4.2 When selecting the proper shipping name, the shipper
must consider:

6.4.2.1 The dangerous or hazardous property of the sample,
6.4.2.2 If the sample is classified as a solid (for example,

soil or sediment), liquid (for example, ground-water or surface
water) or gas (for example, soil gas or atmospheric air),

6.4.2.3 The anticipated or known contaminant(s) contained
in the sample,

6.4.2.4 Whether the contaminant is present in a pure form or
a mixture, and

6.4.2.5 The preferred method of sample shipment (for
example, ground transportation versus overnight air transpor-
tation).

6.4.3 Once selected, the proper shipping name is used by the
shipper to obtain the following information from the appropri-
ate shipping regulations:

6.4.3.1 The corresponding UN number,
6.4.3.2 Correct sample packaging (inner and outer packag-

ing),
6.4.3.3 Required package labels and markings,
6.4.3.4 Restrictions on sample volumes per package,
6.4.3.5 Applicable exceptions for small quantity shipments

(see Note 3), and
6.4.3.6 Available shipping options (for example, passenger

versus cargo aircraft).

NOTE 3—In some cases, very small quantities of dangerous goods may
be transported in such a manner that they may be excepted from the
marking, labeling and documentation requirements of dangerous or
hazardous materials. Actual definitions of excepted small quantities vary
by hazard class, carrier and, in some circumstances, by state. Typically,
shipments under these exceptions do require the use of DOT or IATA
accepted packaging, and the package must be appropriately marked and
labeled as specified by the regulations being followed. For example, small
quantity exceptions exist for corrosive liquids (Class 8, Packing Groups II
and III) which can be applied when shipping vials, ampoules or pre-
preserved bottles containing nitric acid preservatives to the field.

6.5 Selection of Shipping Method:
6.5.1 Once the hazardous or dangerous nature of an envi-

ronmental sample has been determined by the shipper, and the
shipping name has been selected, the method of shipment must
be determined. For both non-regulated and hazardous or
dangerous environmental samples, the following sample op-
tions must be evaluated by the shipper for applicability and
compliance with shipping regulations:

TABLE 2 Summary of Packing Groups By Hazard Level

Packing Group I—High Danger
Packing Group II—Medium Danger
Packing Group III—Low Danger

TABLE 3 Examples of Proper Shipping Names and Associated
UN Numbers

Proper Shipping Name/
Description

UN
Number

Example of Environmental Sample

Flammable solid, organic,
n.o.s.

1325 Soil sample saturated with gasoline

Nitric acid 2031 Sample preservative that is other
than red fuming, with 70 % or
less, but more than 20 % nitric
acid

Refrigerant gas, n.o.s.
(Tetrafluoromethane,
Trifluoromethane)

1078 Surface water sample containing
mixture of Freon 14Y and Freon
23Y
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6.5.1.1 Direct sample delivery by the sampling team to the
laboratory,

6.5.1.2 Sample pickup and subsequent delivery by a
laboratory-provided courier,

6.5.1.3 Commercial overnight carriers,
6.5.1.4 Public transportation systems (for example, public

buses, ferries, passenger aircraft),
6.5.1.5 Commercial ground transportation carriers, and
6.5.1.6 U.S. Postal Service delivery options (for example,

overnight, three-day etc.).
6.5.2 Each method presented in 6.5.1 must be evaluated

with regard to the:
6.5.2.1 Potential for sample breakage and loss due to carrier

handling practices,
6.5.2.2 Potential for sample tampering during shipment,
6.5.2.3 Sample delivery time versus sample holding time,
6.5.2.4 Ability to maintain sample chain-of-custody proce-

dures,
6.5.2.5 Compliance with regulatory requirements for dan-

gerous or hazardous samples,
6.5.2.6 Existence of any regulatory restrictions, limitations

or exceptions
6.5.2.7 Carrier-specific variances on shipping regulations

(see Note 4), and
6.5.2.8 Locations of drop-off stations accepting dangerous

or hazardous samples for shipment.
6.6 Selection of Proper Sample Packaging and Packing

Procedures:
6.6.1 Packaging Non-Regulated or Non-Hazardous

Samples for Shipment—The shipper is responsible for all
aspects of the packaging of samples for shipment to the
laboratory. In cases where samples have been determined to be
non-hazardous or unregulated, samples should be packaged in
a manner that will protect both the physical and chemical
integrity of the samples during transport to the laboratory as
described in Practices D 4220, D 5079, D 6517, and Guide
D 5903. Sample packaging should be selected with the follow-
ing considerations in mind:

6.6.1.1 Total Weight of the Final Package Once Filled With
Samples—The weight of the empty package should be such
that, once filled with samples, the final package weight will not
be so great that it will be too difficult to move and may exceed
standard per-package weight limits for shipping.

NOTE 4—The shipper must be aware that commercial sample carriers
must comply with all shipping regulations, but that carriers are permitted
to develop and enforce company-wide variations from the DOT or IATA
regulations that are more restrictive than DOT or IATA regulations. The
shipper must know what these carrier-specific variances are because they
can affect whether a sample can be accepted for shipping, and if, accepted,
in what quantity.

6.6.1.2 Package Volume—The package should be suffi-
ciently large to hold a reasonable number of sample containers
or bottles without exceeding weight limitations.

6.6.1.3 Ability to Securely Seal the Package—For some
projects, it is necessary to implement a program of sample
tamper-proofing which involves the use of security seals and
tags on both the sample container or bottle as well as the outer
packaging materials.

6.6.1.4 Leak-proof Package—When shipping liquid
samples or samples packed on wet ice, it is necessary to
prevent the release of any liquids in the event of sample
container breakage or melting of wet ice. Leakage can be
prevented by lining the inside of the outer package with plastic,
placing individual sample containers or bottles inside sealed
plastic bags, ensuring that outer drain plugs are sealed shut, and
placing wet ice inside two bags, at least one of which can be
tied closed.

6.6.1.5 Insulation—For parameters that require shipment
below a specific temperature, it is essential that the outer
package be sufficiently insulated to minimize changes in
sample temperature during shipment. This is especially true
when the shipping period is longer than overnight.

6.6.1.6 Ease of Handling—Outer packages may become
heavy and awkward once filled, making them difficult to
maneuver. It may be preferable to use containers with handles
on larger packages, although some carriers assess additional
fees if packages have handles.

6.6.1.7 Materials of Construction—Package materials
should be durable, easy to clean, should not introduce either
positive or negative sample bias to the samples, and should be
able to hold the weight of the samples being shipped. Materials
of construction should be non-absorbent.

6.6.1.8 Durability and Reusability—When shipping non-
regulated or non-hazardous samples, it is acceptable to reuse
shipping packages, such as coolers. Selected packages must be
strong enough to retain all structural integrity.

6.6.1.9 Ease of Cleaning—The shipping package should be
designed so it is easy to access the interior for cleaning.

6.6.2 Packing Non-Regulated or Non-Hazardous Samples
for Shipment—Once collected, labeled and ready to ship to the
laboratory, the shipper must pack the sample containers in a
manner to ensure that the physical and chemical integrity of the
samples are protected. The shipper must take the following into
account when packing these samples for shipment:

6.6.2.1 Sample Container Breakage—There are many dif-
ferent materials that can be used to pack sample containers to
prevent breakage during shipment. Examples include: bubble
wrap, protective sleeves or foam blocks over individual con-
tainers, and expanded polystyrene peanuts. Containers should
be packed with enough packing material to ensure that con-
tainers do not bang against each other or move freely during
shipment.

6.6.2.2 Protection of Sample Labels—When shipping
samples that are liquid or that are being shipped on wet ice, it
is important to prevent sample labels from getting wet. Wetting
the labels can cause the ink to run or fade, disintegration of the
label, or the label to come off the container. It is a common
practice to use waterproof labels and indelible ink. Various
measures can be taken to prevent or reduce water contact with
the labels such as placing a single layer of clear packing tape
over the labels.

6.6.2.3 Preventing Leakage from Outer Packaging—No
liquids should leak from the outer packaging as the result of
sample container breakage, condensation on containers or
release of melted wet ice. It is recommended that absorbent
materials be placed on the bottom of the outer packaging,
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between sample containers, and on the top of all containers
within the outer packaging once filled. This will help secure
sample containers within the outer packaging and will absorb
any free liquids. It is also recommended that any outside drain
plugs be secured shut. It may also be appropriate to place
individual sample containers in a zipper-seal bag within the
outer packaging to act as secondary containment for the sample
in the event of container breakage. Some containers are coated
with a plastic film to prevent leakage of sample in the event the
container is broken.

6.6.2.4 Temperature Control—For some samples, it is nec-
essary to ship samples below 4.0°C. As discussed in Practice
D 6517, it is recommended that wet ice be used for this
purpose. Sufficient ice should be used to cool and maintain
samples at the desired temperature until receipt by the labora-
tory. It is recommended that all wet ice be double-bagged to
contain melt water and that at least one bag should be sealed
with a knot which will not fail under pressure changes when
being shipped by aircraft.

6.6.2.5 Labeling the Outer Packaging—Regulations do not
specify any particular requirements for the outer packaging of
non-regulated samples. It is necessary to include the complete
ship to and return addresses including telephone numbers.
Optional, but recommended labeling includes: “Fragile,” “This
Side Up,” and “Packed in Wet Ice,” especially when a
commercial carrier is shipping samples. It is also recom-
mended by some carriers that a Shipper’s Declaration be
placed on the outside of the outer packaging that indicates why
samples are being shipped as a non-regulated substances. This
can prevent unnecessary opening of the outer packaging by

shipping officials that could compromise any security tags or
seals in use. This Shipper’s Declaration must be signed and
dated by the shipper. (see Note 5).

6.6.3 Packaging Dangerous or Hazardous Samples for
Shipment—Environmental samples that are dangerous or haz-
ardous in nature must be packaged according to the specifica-
tions of the selected shipping regulations (Federal, Interna-
tional, state or local) and in compliance with carrier variance
requirements. Packaging of environmental samples includes
not only the sample bottle or container that is specified by the
laboratory’s analytical method, but also includes inner and
outer packaging materials. It is the shipper’s responsibility to
ensure that the packaging complies with Packing Group
requirements, as specified by the shipping regulations, for the
hazard associated with the samples being shipped. Only those
packaging materials permitted by regulation are to be used and
inner and outer packaging materials cannot be reused. Shippers
need to be aware that there are restrictions on the number and
weight of samples permitted per package and that these limits
cannot be exceeded under any circumstance. The shipper must
ensure that all packaging materials are assembled correctly and
that all required labels and markings are presented on the outer
packaging. When shipping materials under the small quantities
exception rule, a Dangerous Goods in Small Quantities Label
must be used as illustrated in Fig. 1.

NOTE 5—A Shipper’s Declaration is a statement made in writing by the
shipper that explains what the contents of the package being shipped are
and why the shipment is considered unregulated or non-hazardous. The
statement is dated and signed by the shipper and includes a telephone
number for the shipper.

FIG. 1 Example of Small Quantities Exception Label
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7. Timing of Sample Packaging and Shipment

7.1 Timing of Sample Packaging—All environmental
samples should be packaged in the field after sample collection
and labeling. It may be necessary to cool some water samples
to 4.0°C prior to final packaging as discussed in Practice
D 6517.

7.2 Timing of Sample Shipment—Environmental samples
should be shipped in time to assure the arrival of the samples
at the laboratory prior to the expiration of the holding time for
the analytical parameters of interest The holding time is
specified by the analytical method being used in the laboratory
and can vary from hours to months depending upon the
parameter. Scheduling of sample shipments should be coordi-
nated with the laboratory as discussed in Guide D 5903.

8. Documentation

8.1 Chain-of-Custody—In many circumstances, a Chain-of-
Custody form should accompany environmental samples being
submitted to a laboratory regardless of the hazard classification
of the samples. Chain-of-Custody forms should be completed
as described in Guide D 6089. The original Chain-of-Custody
form should be included in the outer packaging of samples and
contained within a water-proof package to prevent it from
becoming wet during sample shipment. A copy of the Chain-
of-Custody should be retained by the shipper. Guide D 4840
provides a standardized Chain-of-Custody form.

8.2 Laboratory-Specific Forms—In some programs, indi-
vidual laboratories may have special forms that must accom-
pany samples. These can include project contact information
forms and analytical request forms.

8.3 Shipping Manifests:

8.3.1 If samples are being shipped as non-regulated or
non-hazardous samples, standard shipping labels, forms and air
bills can be used on outer packages. Although not required, it
is recommended that outer packages be marked with “This
Side Up” arrows to help minimize sample breakage due to
mishandling of the package and that a Shipper’s Declaration be
placed on the exterior of the outer packaging to indicate why
samples are being shipped as non-regulated substances. The
shipper should retain the shipper’s copy of any manifest and
should have a copy of any tracking, delivery confirmation or
air bill numbers.

8.3.2 When shipping dangerous or hazardous samples, the
shipper must complete the appropriate dangerous goods/
hazardous materials manifests. The shipper should retain the
shipper’s copy of any manifest and should have a copy of any
tracking, delivery confirmation or air bill numbers.

8.4 Verification of Sample Delivery—The laboratory should
be contacted the day samples are expected to be delivered to
verify that samples were received and that samples were in
good condition. If samples have not been received, the shipper
should use air bill or tracking numbers to determine the
location of the samples and anticipated delivery times. In the
event that improper packaging of hazardous or dangerous
materials causes refusal of sample delivery by the carrier, the
shipper will need to contact the carrier to determine what must
be done to facilitate sample shipment to the laboratory.

9. Keywords

9.1 carrier; dangerous goods; environmental samples; haz-
ard classifications; packaging; shipper; shipping; transport
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Designation: D8006 − 16

Standard Guide for
Sampling and Analysis of Residential and Commercial
Water Supply Wells in Areas of Exploration and Production
(E&P) Operations1

This standard is issued under the fixed designation D8006; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide presents a methodology for obtaining repre-
sentative groundwater samples from domestic or commercial
water wells that are in proximity to oil and gas exploration and
production (E&P) operations. E&P operations include, but are
not necessarily limited to, site preparation, drilling,
completion, and well stimulation (including hydraulic
fracturing), and production activities. The goal is to obtain
representative groundwater samples from domestic or commer-
cial water wells that can be used to identify the baseline
groundwater quality and any subsequent changes that may be
identified. While this guide focuses on baseline sampling in
conjunction with oil and gas E&P activities, the principles and
practices recommended are based on well-established methods
that have been in use for many years in other industrial
situations. This guide recommends sampling and analytical
testing procedures that can identify various chemical species
present including metals, dissolved gases (such as methane),
hydrocarbons (and other organic compounds), as well as
overall water quality.

1.2 This guide provides information on typical residential
and commercial water supply well systems and guidance on
developing and implementing a sampling program, including
determining sampling locations, suggested purging techniques,
selection of potential analyses and laboratory certifications,
data management, and integrity. It also includes guidance on
personal safety. The information included pertains to baseline
sampling before beginning any activities that could present
potential risks to local aquifers, periodic sampling during and
after such work, and ongoing monitoring relating to known or
potential groundwater constituents in the area. This guide does
not address policy issues related to frequency or timing of

sampling or sampling distances from the wellhead. In addition,
it does not address reporting limits, sample preservation,
holding times, laboratory quality control, regulatory action
levels, or interpretation of analytical results.

1.3 These guidelines are not intended to replace or super-
sede regulatory requirements and technical methodology or
guidance nor are these guidelines intended for inclusion by
reference in regulations. Instances where this guide is in
conflict with statutory or regulatory requirements, practitioners
shall defer to the latter. These guidelines are intended to assist
in developing sampling programs to meet project goals and
objectives. However, site-specific conditions, regulatory
requirements, site-specific health and safety issues, technical
manuals and directives, and program data quality objectives
should be evaluated and consulted along with the information
contained in this guide for each individual site and sampling
program.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific course
of action. This document cannot replace education or experi-
ence and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

1.5 Users are responsible for investigating and identifying
all the legal and regulatory requirements that are applicable for
the location where the sampling is being performed.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1 This test method is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.26 on Hydraulic
Fracturing.
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2. Referenced Documents

2.1 ASTM Standards:2

D511 Test Methods for Calcium and Magnesium In Water
D512 Test Methods for Chloride Ion In Water
D516 Test Method for Sulfate Ion in Water
D653 Terminology Relating to Soil, Rock, and Contained

Fluids
D858 Test Methods for Manganese in Water
D888 Test Methods for Dissolved Oxygen in Water
D1067 Test Methods for Acidity or Alkalinity of Water
D1068 Test Methods for Iron in Water
D1125 Test Methods for Electrical Conductivity and Resis-

tivity of Water
D1246 Test Method for Bromide Ion in Water
D1293 Test Methods for pH of Water
D1687 Test Methods for Chromium in Water
D1976 Test Method for Elements in Water by Inductively-

Coupled Argon Plasma Atomic Emission Spectroscopy
D2330 Test Method for Methylene Blue Active Substances

(Withdrawn 2011)3

D2908 Practice for Measuring Volatile Organic Matter in
Water by Aqueous-Injection Gas Chromatography

D2972 Test Methods for Arsenic in Water
D3082 Test Method for Boron in Water
D3223 Test Method for Total Mercury in Water
D3557 Test Methods for Cadmium in Water
D3559 Test Methods for Lead in Water
D3648 Practices for the Measurement of Radioactivity
D3859 Test Methods for Selenium in Water
D3920 Test Method for Strontium in Water
D4191 Test Method for Sodium in Water by Atomic Absorp-

tion Spectrophotometry
D4192 Test Method for Potassium in Water by Atomic

Absorption Spectrophotometry
D4327 Test Method for Anions in Water by Suppressed Ion

Chromatography
D4382 Test Method for Barium in Water, Atomic Absorption

Spectrophotometry, Graphite Furnace
D4658 Test Method for Sulfide Ion in Water
D5673 Test Method for Elements in Water by Inductively

Coupled Plasma—Mass Spectrometry
D5907 Test Methods for Filterable Matter (Total Dissolved

Solids) and Nonfilterable Matter (Total Suspended Solids)
in Water

D5980 Guide for Selection and Documentation of Existing
Wells for Use in Environmental Site Characterization and
Monitoring

D7315 Test Method for Determination of Turbidity Above 1
Turbidity Unit (TU) in Static Mode

D7678 Test Method for Total Petroleum Hydrocarbons
(TPH) in Water and Wastewater with Solvent Extraction
using Mid-IR Laser Spectroscopy

2.2 EPA Standards:4

EPA 160.1 Total Dissolved Solids (TDS)
EPA 300.0 Determination of Inorganic Anions by Ion Chro-

matography
EPA 300.1 Determination of Inorganic Anions in Drinking

Water by Ion Chromatography
EPA 310.1 Ortho-Phosphorus, Dissolved Automated, Ascor-

bic Acid
EPA 310.2 Alkalinity (Colorimetric, Automated, Methyl Or-

ange)
EPA 325.1 Chloride (Colorimetric, Automated Ferricyanide

AAI)
EPA 425.1 Methylene Blue Active Substances (MBAS)
EPA 900.0 Gross Alpha and Beta Activity in Water, Official

Name: Gross Alpha and Gross Beta Radioactivity in
Drinking Water

EPA 903.1 Radium-226 in Drinking Water, Official Name:
Radium-226 in Drinking Water (Radon Emanation Tech-
nique)

EPA 906.0 Tritium in Drinking Water EPA 908.0 Uranium in
Drinking Water-Radiochemical Method

EPA 9030B Acid-Soluble and Acid-Insoluble Sulfides: Dis-
tillation

EPA 9034 Titrimetric Procedure for Acid-Soluble and Acid-
Insoluble Sulfides

EPA 9056A Determination of Inorganic Anions by Ion
Chromatography

RSKSOP-175 Sample Preparation and Calculations for Dis-
solved Gas Analysis in Water Samples Using a GC
Headspace Equilibration Technique (Advisory)

SW846 8015D Nonhalogenated Organics Using GC/FID
SW846 8260C Volatile Organic Compounds by Gas

Chromatography/Mass Spectrometry (GC/MS)
SW846 8270D Semivolatile Organic Compounds by Gas

Chromatography/Mass Spectrometry (GC/MS)
SW846 6010D Inductively Coupled Plasma-Atomic Emis-

sion Spectrometry
SW846 6020B Inductively Coupled Plasma-Mass Spectrom-

etry
SW846 7470A Mercury in Liquid Waste (Manual Cold-

Vapor Technique)
2.3 Federal Standard:5

40 CFR Part 136 Guidelines Establishing Test Procedures
for the Analysis of Pollutants

2.4 Other:
ISO/IEC 17025 General Requirements for the Competence

of Testing and Calibration Laboratories6

PA DEP 3686 REV 1 Light Hydrocarbons in Aqueous
Samples via Headspace and Gas Chromatography with
Flame Ionization Detection (GC/FID)

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

4 Available from United States Environmental Protection Agency (EPA), William
Jefferson Clinton Bldg., 1200 Pennsylvania Ave., NW, Washington, DC 20460,
http://www.epa.gov.

5 Available from U.S. Government Printing Office, Superintendent of
Documents, 732 N. Capitol St., NW, Washington, DC 20401-0001, http://
www.access.gpo.gov.

6 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.
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3. Terminology

3.1 Definitions—For definitions of terms used in this guide,
refer to Terminology D653.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 cistern, n—receptacle for the collection or storage of

groundwater or rainwater.

3.2.2 groundwater spring, n—place where groundwater
flows naturally from underground onto the land surface or into
a body of surface water.

3.2.2.1 Discussion—The occurrence of a groundwater
spring depends on the nature of geologic formations, especially
permeable and impermeable strata, on the position of the water
table, and on topography.

3.2.3 pitless adaptor, n—device located below the ground
surface used to connect the submersible pump in a water
supply well to a pressure tank or other form of water storage.

3.2.3.1 Discussion—This device serves to protect the well-
head from freezing conditions and may center the submersible
pump in the well.

3.2.4 point-of-entry treatment (POET) system, n—or whole
house or building treatment systems, treats all water entering
the building.

3.2.4.1 Discussion—These systems are typically situated in
the basement of a home or building or in a vault within
proximity to the home or building.

3.2.5 point-of-use (POU) system, n—treats water at the
point where it is used.

3.2.5.1 Discussion—These systems are typically situated
under kitchen or bathroom sinks or both or in closets/cabinets
in proximity to kitchens or bathrooms.

3.2.6 pressure tank, n—closed vessel used to store water
from a supply well or spring under pressure for use within a
home or building.

3.2.6.1 Discussion—Typically “bladder” pressure tanks are
used in association with supply wells and springs; these tanks
contain a rubber bladder filled with air that is used in
association with a pressure switch to regulate the pressure of
the water in the tank.

3.2.7 water softener, n—water treatment system that substi-
tutes sodium ions for ions that cause water to be “hard,” in
most cases, calcium and magnesium ions and having a cation
resin in the sodium form that removes cations such as calcium
and magnesium from water and releases another ion such as
sodium.

3.2.7.1 Discussion—Water softeners are also used to re-
move iron, manganese, some radiological materials, nitrate,
arsenic, chromium, selenium, and sulfate.

4. Significance and Use

4.1 A supply well provides groundwater for household,
domestic, commercial, agricultural, or industrial uses.

4.2 Using a standardized protocol based on an existing
industry standard or approved regulatory methods and proce-
dures to collect water samples from a supply well is essential
to obtain representative water quality data. These data can be
critical to efforts to protect water uses, and human health, and

identify changes when they occur. Use of this guide will help
the project team to design and execute an effective water
supply sampling program.

4.3 It is important to understand the objectives of the
sampling program before designing it. Water supplies may be
sampled for various reasons including any or all of the
following:

(1) baseline sampling before an operation of concern,
(2) periodic sampling during such an operation,
(3) investigative responses to perceived changes in water

quality, or
(4) ongoing monitoring related to known or potential

groundwater constituents of concern in the area.
Sampling programs should be based on these objectives and

be developed in coordination with the prospective laborato-
ry(ies) to ensure its procedures, capabilities, and limitations
meet the needs of the program, protect human health and fulfill
regulatory requirements.

5. Well Purging and Sampling Requirements

5.1 Sampling Equipment:
5.1.1 Gas or multiple meters to provide, at a minimum,

information on lower explosive limits for combustible gases
and oxygen levels to be used for atmospheric screening;

5.1.2 Sample containers, made of compatible materials,
preservatives appropriate for the sampling to be performed,
labels, and chain-of-custody forms (COCs).

5.1.3 Field notebook, preferably with waterproof, numbered
pages or electronic equivalent such as a tablet.

5.1.4 Schedule and contact information for the properties
(locations) to be sampled and contact information for labora-
tory and carrier/shipping company (if used).

5.1.5 Area maps, including GPS coordinates of well(s).
5.1.6 Large cooler and bagged ice for storing all samples

and a mini cooler that can be brought inside the home/building
to put samples directly on ice after collection and gallon and
quart size zip-lock bags in which to put sample containers, ice,
and COC, and trash bags for site-derived waste.

5.1.7 Intrinsically safe flashlight or headlamp (sample ports
are commonly located in low light areas).

5.1.8 Pan or other secondary containment system to catch
any water that may have dripped during sampling. Make sure
cleanup is performed after sampling is complete.

5.1.9 Safety equipment including: gloves (work and latex or
nitrile), safety glasses, shoes with slip resistant soles, clean
rags or towels, pails and buckets, basic tool kit, first aid kit, and
fire extinguisher.

5.1.10 Specific health and safety plan.
5.1.11 Watch or wristwatch with second hand, or a digital

timer, and graduated container to calculate flow rate and
volume.

5.1.12 Supplies need to include apparatus used to measure
field parameters such as pH, turbidity, specific conductance,
and dissolved oxygen.

5.1.13 Digital Camera.

5.2 Field Visit and Sample Collection—After arrangements
with the property owner or responsible party have been made,
the following steps should be taken:
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5.2.1 Confirm location and note time of arrival, weather
conditions, including barometric pressure, and all onsite per-
sonnel.

5.2.2 Provide the property owner/occupant an explanation
of the work to be undertaken, how long it is expected to take,
and what the owner/occupant can expect. Provide identification
(for example, personal identification badge (with photograph)
and a card or letter that can be provided to the property
owner/occupant with the appropriate contact information).

5.2.3 Document information from property owner including
comments on water quality and water usage the day of the
sampling.

5.2.4 Record the well permit number if one has been issued
(check with local authorities), and refer to D5980 for further
information on pulling monitoring well permits that show the
depth of the well and the location of the screened interval.

5.2.5 Sketch the area including the location of the supply
well(s) and photo-document with a digital camera, and sketch
location in logbook. Be aware that a property may have more
than one supply well or other water sources. It is important to
understand and document the uses of these supply sources (for
example, drinking and agricultural) and understand and docu-
ment if they are connected to the system being sampled (into
one pressure tank or separate pressure tanks); this will allow
the sampling team to choose the correct sample location(s) and
the source of the sample.

5.2.6 As appropriate, photograph features on the property
(buildings, septic systems, wells, surface water, chemical
storage areas, fuel tanks, vehicle and equipment storage/
parking areas, visual surface staining, signs of stressed
vegetation, and cracks in foundation) and the water delivery
system (pressure tank, water treatment equipment, wellhead
and pump, sampling port, and floor drain if present). All
photographs should have a date/time stamp and be annotated to
where the photograph was taken.

5.2.7 Locate the water shutoff valve. It is critical this step is
undertaken before starting any purging or sampling to reduce
any potential damage if a leak or break does occur.

5.3 Determining Sample Locations—Samples should be col-
lected as close to the water well as possible; however, the
actual water supply well should only be accessed by a licensed
plumber or similarly qualified individual as contaminants can
be introduced if this work is undertaken by untrained person-
nel. The sampling team should not remove well caps, plugs, or
ports from water supply wells, unless permissible by applicable
statue or regulations.

5.3.1 The sampling team should review the water system
configuration to determine the closest water tap to the water
source; this is commonly, but not always, a drain port on the
front near the base of the bladder/pressure tank. Care should be
taken to ensure the valve is operational. Do not force valves
open. Treatment systems and exact sample locations should be
documented. Samples should be collected before the water
reaches any treatment systems. Collecting treated water should
be avoided since it will not be representative of actual inflow
conditions. Usually, water treatment systems are designed to
allow temporary bypass flow without alteration to the system

itself. If the sample is collected after treatment, it should be
noted in the field notebook.

5.3.2 Water lines should be traced to determine exactly what
is being sampled (for example, water from pressure tank, water
treated through a treatment system). The sampling team should
not alter the piping or water delivery system in any way,
including turning treatment systems off or removing tubing or
both; however, if the sampling team needs to take a sample
through existing tubing, this should be noted.

5.4 Purging and Sampling of Supply Wells—Stagnant, non-
representative water should be purged from the water supply
system before samples are collected to ensure that the sample
is representative of actual well conditions. The convention of
purging monitoring wells of three well volumes before sam-
pling is not necessarily applicable to nor practical for supply
wells. Supply wells may contain hundreds of gallons of water,
the purging of which would be time-consuming, potentially
detrimental to the well pump, may result in short-term deple-
tion of the property owner’s water supply, could overfill septic
systems if discharged to a sink, and increase electric utility cost
to the property owner. Additionally, while monitoring wells
tend to remain stagnant for long durations, supply wells are
commonly pumped more frequently. Thus, it is important to
purge the plumbing system but not necessarily the supply well.
An unused or infrequently used supply well may require a
greater purge volume. The water supply system should be
purged until two times the holding tank volume is removed or
field parameter measurements stabilize. This ensures water is
coming from the well and not just residual water in the
plumbing system.

5.4.1 Holding tank volumes are commonly listed on the side
of the pressure tank, or can be determined based on the
dimensions of the tank or both. A good rule of thumb is to
listen for the bladder/pressure tank switch to click, which
indicates that the bladder/pressure tank is filling with water
from the well.

5.4.2 Field parameters, including temperature, pH, specific
conductance, dissolved oxygen, color/appearance, and flow
rate should be recorded at established sample time intervals
(every 3 to 5 min) during purging with instruments calibrated
in accordance with manufacturer specifications. This is most
accurately and efficiently accomplished with flow-through cells
equipped with probes for temperature, pH, and specific con-
ductance. When the field parameters vary less than 610 % in
replicate measurements for dissolved oxygen and specific
conductance, 60.2 pH units, and 610 NTUs for turbidity, the
well is adequately stabilized. Purging may be terminated 30
minutes following removal of two holding tank volumes
should parameter stabilization not be achieved. In this case at
least one casing volume should be removed. This sample may
not reflect groundwater conditions, because it may consist only
of water from the well casing, which has been in the well
casing for an unknown period of time. Barometric pressure and
field temperature should also be recorded.

5.4.3 The sampling team should establish whether the well
has deliverability problems and if a drawdown would be
objectionable to the well user. In such a case, it may be
acceptable to obtain a sample before purging, prior to removal
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of two holding tank volumes, or prior to parameter stabilization
and note the exceptionable circumstances.

5.4.4 In the event a treatment system must be bypassed, the
sampling team should also take into account the presence of
unwanted residual treated water that will be present in the line
that is to be purged. The treatment system shall be returned to
its original working status immediately after the sample is
collected. Treatment systems designed for bacteriological de-
contamination (such as UV lights or chlorinators) should not be
switched off or bypassed.

5.4.5 Typically, purging occurs at a sink connected to the
water delivery system and water runs down the drain; however,
the property owner/occupant should be consulted about this in
case they would like this water collected for another use. Flow
rate shall be estimated and recorded during purging.

5.4.6 Once purging is complete, the flow rate should be
reduced to a steady, non-turbulent stream before collecting the
samples (if possible) to minimize suspended solids and the
potential for loss of dissolved gas or other volatile constituents,
if present.

5.4.7 The sample should be collected directly from the
water delivery system as close to the well as possible into
laboratory supplied sample containers; intermediate collection
containers should not be used. There may be times when
samples will need to be collected from taps located in other
areas. Taps in residential homes are often equipped with
screens that may aerate samples before collection. In those
sampling scenarios, and where feasible, screens should be
removed before sampling. If samples cannot be collected
without removing screens, it should be documented in the field
sampling logbook and included in the notes for the analytical
laboratory. The sampling team should include sampling
location, collection date and time, and method and purge
details (for example, field parameters) in the field notebook.
Sampling methodology should be documented in such detail
that a third party could duplicate it in the future. Preservatives
and mitigation of interferences may be necessary depending on
the laboratory analysis to be performed.

5.4.8 The sampling team should also record a physical
description of the water including color, odor, and sediment.
Note that samples that require analysis for dissolved
constituents, or that are excessively turbid, may need to be field
filtered to obtain representative analytical results for dissolved
constituents. Resulting solids should be retained for separate
analyses. If analysis for total and dissolved constituents is
desired, a filtered sample for dissolved analysis and a separate
unfiltered sample for total analysis may be needed for
digestion, prior to analysis.

5.4.9 Following sampling, the sampling team must ensure
the sample point is completely closed and not leaking and the
area is clean. If the leak cannot be stopped, the sampling team
must notify the owner or the property who should call a
plumber to fix the leak at the expense of the responsible party.
The sampling team must document the time of completion and
inform the owner/occupant of task completion. It is recom-
mended that the sampling team complete a pre- and post-
sampling checklist to document the condition for the water
delivery system before and after sampling.

6. Sampling Team Qualifications

6.1 It is strongly recommended that the sampling be per-
formed by a third-party sampling company or agency indepen-
dent of the firm requesting the services. The sampling team
should consist of experienced individuals who have received
training in the areas shown below and work under the
direction/supervision of an appropriately credentialed profes-
sional (for example, registered or licensed professional) or an
independent laboratory approved in the jurisdiction where the
water supply well is located. In addition, a qualified sampling
team shall have the following knowledge and experience:

6.1.1 Collection, interference mitigation, preservation,
storage, and handling procedures of representative water
samples for chemical analysis.

6.1.2 Appropriate quality control and quality assurance
procedures to meet data quality objectives.

6.1.3 Practices regarding cross-contamination prevention.
6.1.4 Use pre-cleaned sampling containers of proper mate-

rial and size, mitigate interferences and use preservatives as
specified by each analytical procedure.

6.1.5 Appropriate sample collection procedures and proto-
cols.

6.1.6 Configuration and operation of residential water sup-
ply systems.

6.1.7 Interface with property owners/occupants.
6.1.8 Proficient with the use and operation of field param-

eter meters including calibration, functioning, and evaluation.
6.1.9 General knowledge of laboratory methods.
6.1.10 Knowledge of gaseous sampling methods and proce-

dures.
6.1.11 In addition, the sampling team should be familiar

with sampling containers and labeling, chain of custody,
sample preservation and shipping procedures, equipment
decontamination, insertion of blind field standards, sample
splits, duplicates, blanks and documentation, sample prepara-
tion and handling, holding times, storage, and transport.

7. Evaluation of Well Condition/Construction

7.1 Conduct an owner/occupant interview to get informa-
tion on the well and water system operation history, boring logs
and construction details, service experience and concerns and
any previous analyses. If possible, obtain copies of prior testing
reports. Before the collection of supply well samples, the
condition and construction of the supply well should be
evaluated and documented in accordance with this section, and
the total depth of the well and depth to water determined where
possible from existing documentation. This evaluation will
help with the interpretation of analytical data and should
include the following considerations:

7.1.1 Condition of sanitary cap/seal of well head.
7.1.2 Evidence of the presence of biota, refuse, compost,

chemicals, animal husbandry, septic systems, and/or waste that
may represent a potential contaminant source in immediate
surrounding areas.

7.1.3 Topography and proximity to potential contaminant
sources/utilities (for example, septic system, treatment system
discharge streams, sewage lines, natural gas lines, heating and
fuel oil tanks, vehicles, equipment, or chemical storage).
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7.1.4 Construction information including whether the well
head is aboveground or underground (stickup or vault); well
construction details based on landowner records or anecdotal
data or both if available; well design and depth; casing
materials (if cased); and submersible pump type, age, and
depth. Research local, county, or state well permit records, if
necessary.

7.1.5 Evaluation of treatment system maintenance records,
system operation history, and pump/well servicing records.

7.2 Information gathered during this evaluation should be
thoroughly documented in field logbooks or tablets and pho-
tographs with date and time stamp should be taken.

7.3 A map indicating the location of the water well, or
source and other pertinent features (for example, oil and gas
wells, pipelines, tanks, pits, and so forth) in the vicinity of the
well should be documented. In addition, global positioning
system (GPS) coordinates and elevations of the well and other
pertinent features should also be collected.

7.4 There is the potential for other water supply sources to
exist on a property. These sources should be documented and,
depending on the sampling program or regulatory
requirements, in some cases, sampled. The sampling team
should determine if these water supply sources are from
groundwater, surface water, municipal sources, or rainwater.
Samples should not be collected from rainwater or municipal
water sources unless specifically required by the program or
the applicable regulatory authority.

8. Assessment of Water Supply System

8.1 Water supply systems may also include water treatment
systems. It is important to be aware of the various types of
treatment systems as they can be indicative of preexisting
groundwater quality issues and concerns.

8.2 Treatment systems can generally be separated into two
types:

8.2.1 Point-of-entry treatment, or whole house or building
treatment system, which treats all water entering the building.
These systems are typically situated in the basement of a home
or building, or in a vault within proximity to the home or
building.

8.2.2 Point-of-use systems treat water at the point where it
is used. These systems are typically situated under kitchen or
bathroom sinks or both or in closets/cabinets in proximity to
the end use.

8.3 Where possible, photographs should be taken of the
water delivery and treatment systems. When collecting a
sample, the sampling team should attempt to collect a sample
upstream to the treatment system; however, the treatment
system should not be altered. The sampling location should be
noted in the field book and photographed.

9. Supply Well and System Damage Prevention

9.1 This section addresses considerations for typical water
supply wells but it should be adapted as appropriate to prevent
damage to the site-specific water supply well and delivery
systems. Note that taps or valves associated with supply well
delivery systems are typically not used and may become

rusted, brittle, or corroded. The condition of taps and valves
should be assessed before use and only used if deemed in
operable condition. Taps or valves in questionable condition
should be replaced before sampling upon receipt of written
consent from the occupant, property, or well owner. Note that,
in some areas, this work may be required to be done by a
licensed plumber.

9.2 Water systems should not be altered in any way by the
sampling team unless the owner provides written approval and
the sampling team secures the services of a licensed plumber,
well driller, or pump contractor, as necessary.

9.3 Purge water discharge options should be fully evaluated
before purging. If discharging to the ground, the location of the
discharge should be at a location so as to not impact the well.

9.3.1 If discharging down a drain, ensure the floor or sinks
drain properly before using it as a purging outlet.

9.3.2 If using an outdoor spigot, ensure purge water will be
directed away from the building and any other nearby features.

9.4 Before starting work, it is critical that the sampling team
locates the water shutoff valve. This step is undertaken before
starting any purging or sampling or both to reduce any
potential damage if a leak or break does occur.

9.5 Secondary containment (for example, a pan) should be
used to catch any dripping. If not possible, use absorbent
materials (towels).

9.6 Sampling methodology should be documented in such
detail that a third party would be able to duplicate it in the
future.

9.6.1 Water samples collected from a cistern or other water
collection system should be sampled with a new, clean,
disposable bailer and monofilament line lowered to mid depth
to minimize stagnant water issues; where possible, samples
should be collected from the center of the water collection
system.

10. Personal Safety

10.1 In the initial phases of planning, personal safety should
be evaluated since it may influence the field plan, including the
number of personnel needed, the work hours, and/or contact
methods. The sampling team will be coming into direct contact
with the public and likely entering the houses of unknown
persons. Before sampling, the owner/occupant should be con-
tacted to set up an appointment for the work and obtain an
access agreement. The access agreement should contain the
property’s legal address, owner of record, reason for sampling,
jurisdiction requiring the sampling (if any), names of the
individual’s doing the sampling, who will be responsible for
mitigation of damage resulting from the sampling (if any), and
their company’s contact information. A copy of the signed
access agreement should be carried by the sampling team.
While the vast majority of homeowners or owners of commer-
cial buildings are friendly and cooperative with people per-
forming sampling, the following safety considerations should
be considered:

10.1.1 All sampling should be performed by teams of at
least two people when feasible and permitted by the property
owners. This substantially reduces the risk of one individual
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sustaining a debilitating injury under conditions in which there
is no timely help available. The sampling team members need
to be able to be in contact with each other at all times
electronically (cell phone, walkie talkie) or remain in voice or
visual contact with each other.

10.1.2 Determine if it is safe for a sampling team to be
working after dark in an emergency situation. Work should
only be performed during daylight hours whenever possible.

10.1.3 The sampling team should consider whether cell
phones may work in basements or remote areas. If remote
communications are not possible then alternate means should
be considered. The sampling team should be equipped with
portable lighting to assure a visually safe work environment.
The portable lighting should be intrinsically safe.

10.1.4 Have a communication plan for the site (such as
frequency of check-ins). Have a plan of action to be taken if a
check-in is missed.

10.1.5 In addition to the potential for produced gases (such
as methane and hydrogen sulfide), confined spaces such as
underground vaults can develop low oxygen content. Confined
spaces should only be accessed by qualified personnel who
follow applicable safety and work permitting procedures (that
is, OSHA Confined Space Training. Oxygen sensors should be
used to warn against this risk.

10.2 The sampling team should continue to evaluate their
personal safety and make changes to the plan as needed. Any
changes to the plan should be communicated immediately to
other team members on location.

10.3 The sampling team shall use proper personal protective
equipment when handling any chemical reagents such as
sample preservatives.

10.4 A site-specific health and safety plan (HASP) shall be
developed by the sampling company, reviewed and signed by
the sampling team, and be in their possession during sampling
activities.

11. Parameters/Analytical Categories

11.1 The analytical suite selected will depend on the objec-
tives of the sampling program, protection of human health and
applicable federal, state, and local government regulations and
site-specific monitoring agreements. The recommended mini-
mum sampling and analyses program for wells potentially
affected by oil and gas operations is shown in Table 1.
Site-specific parameters (for example, potential contaminants
known to be associated with the geological formation, key
chemicals used in drilling muds and large volume or mobile
chemicals or both found in the planned fracturing fluid system)
may also be required based on knowledge of potential con-
taminants not listed in Table 1. If it is well documented that
analyses of a specific parameter is not necessary, it can be
deleted after demonstration that it is not applicable. The
accompanying notes to Table 1 are an essential component of
the program. Recommended analytical methods are provided
in Table 2. Select the methods that provide the sensitivity that
meets the data quality objectives of the sampling program.
Additional acceptable methods can be found in 40 CFR Part
136 and State and local regulations.

11.2 The laboratory should be contacted before preparing
the sampling and analysis plan to ensure that the sampling plan
is prepared in accordance with the laboratory approved sample
collection, mitigation of interferences preservation, quality
control and assurance, handling procedure, chain of custody,

TABLE 1 Potential Analysis for Residential and Commercial Water Supply Well Sampling and Analysis Program Related to E&P
Operations

NOTE 1—All analyses shall be conducted using methods approved by the local regulations authority that has certified the laboratory. Table 2 lists ASTM
and US EPA published methods that may be used. The user of this guide is strongly encouraged to search and obtain the latest edition of the standards
and guidance’s that are used for this work.

NOTE 2—It is recognized that there will be naturally occurring variability in constituent concentrations between the baseline analyses and subsequent
analyses. Extreme caution shall be exercised in drawing conclusions on the significance of the results. The same (or equivalent) analytical methods used
in the baseline analyses shall be used in all subsequent analyses.

NOTE 3—Reporting limits for post baseline sampling shall be the same as baseline reporting limits, which shall meet the data quality objectives of the
sampling analysis program. The reporting limits for the baseline samples shall be the standard reporting limit for the certified laboratory performing the
analyses. The laboratory shall be certified for the analyses they are reporting. For instance, a laboratory with certification for metals cannot perform
organic analyses unless they also have certification for organics. Results less than the reporting limit shall be reported with a “J” flag to show the result
is an estimated value. If a regulatory authority allows another form of certification than NELAP, this laboratory may be used, but the other requirements
still apply.

NOTE 4—Sample preservatives, containers, mitigation of interferences and holding times shall meet requirements of the referenced standard analytical
methods used in the standard operating procedures (SOP).

Classification Notes

Organics (for example, VOCs, PAHs) Minimum analyses include benzene, ethylbenzene, toluene, and xylenes (BETX),
TPH.

Dissolved Gases Minimum analyses include methane and ethane.
Water Quality Minimum analyses include pH, specific conductance, total alkalinity, total dis-

solved solids, chloride, sulfate, temperature, and turbidity. Acidity, bromide and
sulfide (and others) may be required on a site-specific basis.

Metals Minimum analyses include arsenic, barium, iron, magnesium, sodium, calcium,
manganese, and lead. Boron, potassium, chromium, selenium, cadmium,
mercury, and strontium may be required on a sitespecific basis.

Radioactivity Optional analyses based on professional judgment and regulatory requirements.
MBAS/Surfactants Optional analyses based on professional judgment and regulatory requirements.
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and applicable data quality objectives so that the data quality
objectives can be met.

12. Laboratory Certifications

12.1 The selected laboratory shall be accredited by the
National Environmental Laboratory Accreditation Program
(NELAP),7 the International Laboratory Accreditation

Cooperation, International Standardization Organization/
International Electrotechnical Commission (ISO/IEC) 17025
accrediting body, or another similar body such as a state-
certified laboratory.

13. Sample Shipment/Chain of Custody Documentation

13.1 Each sample collected should be assigned a unique
sample tracking number and labeled with the street address of
the building (if a building exists), sample location, sample date,
collection time, and parameter/test name. Samples should be

7 National Environmental Laboratory Accreditation Program (NELAP), http://
www.nelac-institute.org/newnelap.php.

TABLE 2 Recommended Analytical Methods

ASTM Methods EPA Methods

Organics
Benzene, ethylbenzene, toluene, xylenes (BTEX) D2908 SW846 8260C or 8021CA

TPH D7678 SW846 8015DB

Dissolved Gases
Methane SeeC SeeC

Ethane SeeC SeeC

Water Quality
pH FIELD D1293 FIELD
Specific conductance FIELD D1125 FIELD
Temperature FIELD FIELD
Turbidity FIELD D7315 FIELD
Dissolved oxygen FIELD D888 FIELD
Total alkalinity D1067 EPA 310.1 and 310.2
Total dissolved solids D5907 EPA 160.1
Chloride D512; D4327 EPA 300.0, 300.1, 325.1; 9056A
Sulfate D516; D4327 EPA 300.0; 300.1; 9056A
Bromide D1246; D4327 EPA 300.0; 300.1; 9056A
Sulfide D4658 EPA 9030 and 9034

Metals and Trace Elements
Arsenic D5673; D1976; D2972 SW846 6020B or 6010D
Barium D5673; D4382 SW846 6020B or 6010D
Iron D1976; D1068 SW846 6020B or 6010D
Magnesium D1976; D511 SW846 6020B or 6010D
Sodium D4191 SW846 6020B or 6010D
Calcium D511 SW846 6020B or 6010D
Manganese D5673; D1976; D858 SW846 6020B or 6010D
Lead D5673; D1976; D3559 SW846 6020B or 6010D
Boron D1976; D3082 SW846 6020B or 6010D
Potassium D4192 SW846 6020B or 6010D
Chromium D1976; D1687; D5673 SW846 6020B or 6010D
Selenium D1976; D3859; D5673 SW846 6020B or 6010D
Cadmium D1976; D3557; D5673 SW846 6020B or 6010D
Mercury D3223 SW846 7470A
Strontium D3920 SW846 6020B or 6010D

Radioactivity D3648 Gross Alpha/Beta EPA 900.0
Tritium EPA 906.0

Uranium EPA 908.0
Radium EPA 903.1

MBAS/Surfactants D2330 EPA 425.1
ASTM—ASTM International
EPA—U.S. Environmental Protection Agency
SM—Standard methods for the examination of water and wastewater
PA-DEP—Pennsylvania Department of Environmental Protection
AMethod 8260C is performed using GC/MS that has greater specificity for compounds such as chlorinated solvents.
BDRO and GRO measured separately.
CRSK 175 is not an official method, but is currently recommended. ASTM is developing a revised procedure (WK43267). WK43267 is based largely on PA-DEP 3686 Rev
1.
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contained, interferences mitigated if necessary, preserved, and
stored as required by the specific analytical procedure imme-
diately following sampling, and procedures used and docu-
mented in the field. Where possible, the sample location should
be photographed and GPS coordinates of the well documented.

13.2 The number of each of the quality assurance and
quality control (QA/QC) samples including duplicates, trip
blanks, temperature blanks, field blanks and blind field stan-
dards inserted, should be prepared as part of the sampling
program and collected and identified as appropriate.

13.3 Before the laboratory begins analyzing the samples,
the project manager or designated person responsible for this
task should check the COCs against the sampling plan.
Following receipt of analytical results, the project manager or
designated person responsible for this task should review the
results compared to the field notes, past results, and regulatory
criteria.

13.4 Anomalous results should be evaluated based on field
notes, historical data, and data from the surrounding area.

13.5 The entire data collection process from sample collec-
tion through to delivery of the results to the regulatory agency,
owner/occupant, and/or additional party as appropriate should
be documented and tracked.

14. Report

14.1 A report providing the results of the sampling should
be provided to the customer and the property owner. Reporting
should include the following:

14.1.1 Methodology for sample collection and analysis, in
sufficient detail to permit replication by a third party.

14.1.2 Sample results and relevant federal, state, and local
standards/criteria.

14.1.3 Map, street address, and GPS coordinates (if avail-
able) for supply well locations.

14.1.4 Photographs of supply well location and associated
water delivery equipment (if available), clearly annotated to
indicate where the photograph was taken.

14.1.5 QA/QC results.
14.1.6 Individuals involved in the work.

14.2 All correspondence relating to the sampling program
should also be tracked.

15. Keywords

15.1 baseline sampling; hydraulic fracturing; natural gas
wells; oil and gas operations; production; water quality
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Product Registration 
Register your product online by visiting: 

http://www.raesystems.com/support/product-registration 

By registering your product, you can: 
 

 Receive notification of product upgrades or enhancements  
 Be alerted to Training classes in your area  
 Take advantage of RAE Systems special offers and promotions 

 

IMPORTANT! 
 
MultiRAE-series instruments use instrument firmware version 1.40/sensor firmware version 1.40. 
 
MultiRAE Lite instruments with the WiFi option uses instrument firmware version 1.36/sensor firmware 
version 1.36. 
 

CAUTION! 
 
Firmware version 1.36 is not compatible with  MultiRAE-series instruments that do not use a WiFi module 
(and vice and versa). 
m

© 2015 RAE Systems by Honeywell. 
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WARNINGS 

 
Read Before Operating 

 
This manual must be carefully read by all individuals who have or will have the responsibility of using, 
maintaining, or servicing this product. The product will perform as designed only if it is used, maintained, 
and serviced in accordance with the manufacturer’s instructions. 
 

CAUTION! 
Never operate the monitor when the cover is removed. Remove the monitor rear cover or battery only in 
an area known to be non-hazardous. 

 

ANY RAPID UP-SCALE READING FOLLOWED BY A DECLINING OR ERRATIC READING 
MAY INDICATE A GAS CONCENTRATION BEYOND UPPER SCALE LIMIT, WHICH MAY 
BE HAZARDOUS. 
 
TOUTE LECTURE RAPIDE ET POSITIVE, SUIVIE D’UNE BAISSE SUBITE AU ERRATIQUE 
DE LA VALEUR, PEUT INDIQUER UNE CONCENTRATION DE GAZ HORS GAMME DE 
DÉTECTION QUI PEUT ÊTRE DANGEREUSE 
ONLY THE COMBUSTIBLE GAS DETECTION PORTION OF THIS INSTRUMENT HAS 
BEEN ASSESSED FOR PERFORMANCE. 

UNIQUMENT, LA PORTION POUR DÉTECTOR LES GAZ COMBUSTIBLES DE CET 
INSTRUMENT A ÉTÉ ÉVALUÉE. 

 
CAUTION:  BEFORE EACH DAY’S USAGE, SENSITIVITY OF THE LEL SENSOR MUST BE 
TESTED ON A KNOWN CONCENTRATION OF METHANE GAS EQUIVALENT TO 20 TO 50% 
OF FULL-SCALE CONCENTRATION.  ACCURACY MUST BE WITHIN 0 AND +20% OF 
ACTUAL.  ACCURACY MAY BE CORRECTED BY CALIBRATION PROCEDURE. 

ATTENTION:  AVANT CHAQUE UTILISATION JOURNALIERE, VERIFIER LA SENSIBILITE 
DU CAPTEUR DE LIE AVEC UNE CONCENTRATION CONNUE DE METHANE EQUIVALENTE 
DE 20 A 50% DE LA PLEINE ECHELLE.  LA PRECISION DOIT ETRE COMPRISE ENTRE 0 ET 
20% DE LA VALEUR VRAIE ET PEUT ETRE CORRIGEE PAR UNE PROCEDURE 
D’ETALONNAGE. 

 
CAUTION: HIGH OFF-SCALE READINGS MAY INDICATE AN EXPLOSIVE 
CONCENTRATION. 
       
ATTENTION: DES LECTURES HAUTES ET HORS D’ECHELLE PEUVENT INDIQUER DES 
CONCENTRATIONS DE GAZ INFLAMMABLES 
 
CAUTION: SUBSTITUTION OF COMPONENTS MAY IMPAIR INTRINSIC SAFETY. 
 
Note: Users are recommended to refer to ISA-RP12.13, Part II-1987 for general information on 
installation, operation, and maintenance of combustible gas detection instruments. 

 

The MultiRAE multi-gas detector must be calibrated if it does not pass a bump test, or at least once every 
180 days, depending on use and sensor exposure to poisons and contaminants. 



MultiRAE User’s Guide 

8 
 

SPECIAL CONDITIONS FOR SAFE USE 
 

1. The PGM-62xx shall only be fitted with RAE Systems Battery Pack type M01-3051-000, 
M01-3053-000, M01-3055-000, or M01-3056-000 or Battery Adapter M01-3052-000 or 
M01-3054-000 fitted with Duracell MN1500 batteries. 

2. The PGM62xx shall only be charged outside hazardous areas. 

3. No precautions against electrostatic discharge are necessary for portable equipment that has 
an enclosure made of plastic, metal, or a combination of the two, except where a significant 
static-generating mechanism has been identified. Activities such as placing the item in a 
pocket or on a belt, operating a keypad or cleaning with a damp cloth, do not present a 
significant electrostatic risk. However, where a static-generating mechanism is identified, 
such as repeated brushing against clothing, then suitable precautions shall be taken, e.g., the 
use of anti-static footwear. 

 
The model PGM62xx is certified according to the IECEx scheme, ATEX and cCSAus (for US and 
Canada).  PGM62xx is intrinsically safe and may be used in hazardous locations.  SUBSTITUTION OF 
COMPONENTS MAY IMPAIR INTRINSIC SAFETY. 
 

MARKING 
 
The product is marked with the following information: 
 
RAE SYSTEMS 
3775 N. 1st. St., San Jose 
CA 95134, USA 
 
Type PGM62x0, PGM 62x6, PGM 62x8 
Serial No/matrix: XXX-XXXX-000 
 

IECEx SIR 11.0069X, 
 
Ex ia IIC T4 Ga 
Ex ia I Ma 
(PGM62x0/PGM62x6) 
 
Ex ia d IIC T4 Gb 
Ex ia I Ma 
(PGM62x8) 

 0575 SIRA 11ATEX2152X 
II  1G Ex ia IIC T4 Ga  
I M1 Ex ia I Ma 

(PGM62x0/PGM62x6) 
 

 II  2G Ex ia d IIC T4 Gb  
I M1 Ex ia I Ma 

(PGM62x8) 

 Exia Cl I, Dv 1  
Gr. A, B, C, D, T4; 
Cl II, Dv 1 Gr. E, F, G; 
T85ºC  
C22.2 No 152-1984  
ISA-12.13.01-2000 
 

IECEx TSA 13.0021X / 
ANZEx 13.3023X 
 
Ex ia IIC T4 Ga 
Ex ia I Ma 
(PGM62x0/PGM62x6) 
Ex ia d IIC T4 Gb 
Ex ia I Ma 
(PGM62x8) 

 
Warnings: Understand manual first before operating. 
Warning: Do not change batteries in hazardous location. 

Do not mix old/new or different type of batteries 
 
PGM62x0: Use only RAE Systems battery pack, PN: M01-3051-000, M01-3056-000, or M01-3052-000. 
PGM62x6/62x8: Use only RAE Systems battery pack, PN: M01-3053-000, M01-3055-000, or  
M01-3054-000. 
Um: 20V 
-20º C ≤ Tamb ≤ +50º C 
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FCC Part 15 Statement 
This device complies with Part 15 of the FCC rules. Operation is subject to the following two conditions: 
(1) This device may not cause harmful interference, and (2) this device must accept any interference 
received, including interference that may cause undesired operation. 

Operation Area and Conditions 

Hazardous Areas classified by Zones 
PGM62x0/PGM62x6 are intended to be used in hazardous areas zone 0, zone 1 or zone 2, and PGM62x8 
in hazardous areas zone 1 or zone 2 within the temperature range of -20º C to +50º C, where gases of 
explosion groups IIA, IIB or IIC and T4 may be present. 
 

Hazardous Areas classified by Divisions 
PGM62x0/PGM62x6/PGM62x8 are intended to be used in hazardous areas classified for Class I &II Div. 
1 or 2, within the temperature range of  -20º C to +50º C, where gases of explosion groups A, B, C, D, T4; 
Groups E, F, G; T85°C. 
  
WARNINGS: 
1. NDIR sensors shall not be installed in PGM62x0 or PGM 62x6 models.  
2. NDIR LEL sensors shall not be installed in PGM62x8 diffusion models bearing cCSAus logo. 
 
 

Proper Product Disposal At End Of Life 
 

The Waste Electrical and Electronic Equipment (WEEE) directive (2002/96/EC) is 
intended to promote recycling of electrical and electronic equipment and their 
components at end of life. This symbol (crossed-out wheeled bin) indicates separate 
collection of waste electrical and electronic equipment in the EU countries. This 
product may contain one or more Nickel-metal hydride (NiMH), Lithium-ion, or 
Alkaline batteries. Specific battery information is given in this user guide. Batteries 
must be recycled or disposed of properly. 
 
At the end of its life, this product must undergo separate collection and recycling 

from general or household waste. Please use the return and collection system available in your 
country for the disposal of this product. 
 
Sensor Specifications, Cross-Sensitivities, And Calibration Information 
For information on sensor specifications, cross-sensitivities, and calibration information, refer to RAE 
Systems Technical Note TN-114: Sensor Specifications And Cross-Sensitivities (available for free 
download from www.raesystems.com/downloads/tech-notes). All specifications presented in this 
Technical Note reflect the performance of stand-alone sensors. Actual sensor characteristics may vary 
when the sensor is installed in different instruments. As sensor performance may change over time, 
specifications provided are for brand-new sensors. 
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1 Features Comparison 
This chart shows the differences between the various MultiRAE models. (For information on the 
MultiRAE MX, refer to the MultiRAE MX data sheet and User’s Guide.) 
 

 MultiRAE 
Pro 

MultiRAE MultiRAE Lite MultiRAE 
Benzene 

 
 
 
 Appearance 

 
 
 
 

 
 
 
 

 
 
 
 
 

 
 

Gamma Radiation Sensor Yes    
ppb PID 
(10.6 eV; 0.01 - 2,000 ppm; 10 ppb 
resolution) 

Yes    

High-Range ppm PID 
(10.6 eV; 0.1 - 5,000 ppm;  
0.1 ppm res.) 

Yes Yes   

ppm PID 
(10.6 eV; 1 - 1,000 ppm;  
1 ppm resolution) 

  Pumped Only  

ppm PID (9.8 eV; 0.1 - 2,000 ppm; 0.1 ppm 
resolution) 

   Yes 

ETO-C Extended-range Sensor   Diffusion Only  
20+ Electrochemical Sensors Yes Yes Yes Yes 
Hydrogen (H2) Sensor   Diffusion Only  

H2S, HR Extended-range Sensor   Diffusion Only  
Catalytic %LEL Sensor Yes Yes Yes Yes 
Combustible NDIR Sensors (%LEL or 
%Vol. CH4) 

Yes Yes Pumped Only  

CO2 NDIR Sensor Yes Yes Yes  

Integrated Wireless Modem (Optional) Yes Yes Yes Yes 

Integrated WiFi Modem (Optional)   Yes  
Sampling Pumped Pumped Pumped or 

Diffusion 
Pumped 

IP Rating IP-65 IP-65 IP-65 (Pumped) 
IP-67 

(Diffusion) 

IP-65 

Default Rubber Boot Color Black Yellow Yellow Red 

Automatic Test and Calibration System AutoRAE 2 AutoRAE 2 AutoRAE 2, 
pumped version 

only 

AutoRAE 2 
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2 Standard Contents 
The MultiRAE is available in four configurations, each with different kits, outlined below. 
 

 

MultiRAE 
Lite  

Pumped* 

MultiRAE 
Lite  

Diffusion* 

MultiRAE MultiRAE 
Pro 

MultiRAE 
Benzene 

Monitor with sampling mode, 
sensors, battery, and wireless 
options as specified and 
protective rubber boot, 
external filter, and belt clip 
installed 

Pumped 
Yellow 

Rubber boot 

Diffusion 
Yellow 

Rubber boot 

Pumped 
Yellow 
Rubber 

boot 

Pumped 
Black 

Rubber 
boot 

Pumped 
Red 

Rubber 
boot 

Travel Charger/PC 
communications adapter 

Yes Yes Yes Yes Yes 

AC adapter Yes Yes Yes Yes Yes 
Desktop charging / PC 
communications cradle 

No No No Yes No 

Alkaline battery adapter 

Included with 
rechargeable 
configurations 

only 

Included with 
rechargeable 
configurations 

only 

Yes Yes Yes 

PC communication cable Yes Yes Yes Yes Yes 

Calibration adapter Yes Yes Yes Yes Yes 

6" flexible probe No No Yes Yes No 

3 spare external filters Yes No Yes Yes Yes 

10 charcoal filters (reduce 
CO sensor’s cross-sensitivity 
to VOCs) 

Yes No Yes Yes Yes 

RAE-Sep Tube Cartridges     Yes 

PID sensor cap removal tool Yes No Yes Yes Yes 

PID zeroing charcoal filter No No No Yes Yes 

Toolkit Yes Yes Yes Yes No 

QuickStart Guide Yes Yes Yes Yes Yes 

CD with documentation Yes Yes Yes Yes Yes 
CD with ProRAE Studio II 
instrument configuration and 
data management software 

Yes Yes Yes Yes Yes 

Technical Note TN-106 with 
ionization energies and 
correction factors for 300+ 
VOCs 

No No Yes Yes Yes 

Calibration and test certificate Yes Yes Yes Yes Yes 

Warranty/registration card Yes Yes Yes Yes Yes 
Cardboard box with a colorful 
sleeve 

Yes Yes No No No 

Hard transport case No No Yes No Yes 

Pelican case Optional Optional Optional Yes Optional 
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3 General Information 
The MultiRAE is a family of multi-threat gas detectors that combine continuous monitoring capabilities 
for volatile organic compounds (VOCs), toxic and combustible gases, and radiation, with Man Down 
Alarm functionality in one highly portable instrument. MultiRAE monitors offer an industry-leading 
selection of interchangeable field-replaceable electrochemical, combustible, infrared, PID 
(photoionization detector), and gamma radiation sensors to fit a wide variety of applications. The 
MultiRAE family’s wireless capability elevates worker protection to the next level by providing safety 
officers real-time access to instrument readings and alarm status from any location for better visibility and 
faster response. 
 
Notes: 
 

 NDIR combustible sensors are not supported on the diffusion version with CSA certification. 
 The PID sensor requires a pumped configuration. 
 If a %Vol. NDIR sensor is installed in an instrument, a catalytic bead %LEL sensor must also be 

installed in the instrument for CSA certification. 
 MultiRAE Benzene is designed specifically for use with the benzene-specific cartridge. 

 
IMPORTANT! 

The benzene-specific cartridge cannot be used on other MultiRAE models. 
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3.1 Key Features 
 All-in-one continuous monitoring capabilities for gamma radiation, VOCs, oxygen, toxic 

and combustible gases, for a total of up to six threats at a time 
 Highly customizable with over 25 field-interchangeable intelligent sensor options 
 Wireless access to real-time instrument readings and alarm status from any location 

through ProRAE Guardian Real-Time Wireless Safety System 
 Unmistakable five-way local and remote wireless notification of alarm conditions, 

including Man Down Alarm 
 Large graphical display with easy-to-use, icon-driven user interface 
 Simple maintenance with easily accessible sensors, pump, and plug-and-play battery 
 Fully automated charging, data management, bump testing and calibration with AutoRAE 2 

 
 
 
 
 

 
 
 

 
 
 
 
 
 

[N/-] key [MODE] key 

Gas inlet 

Display 

Alarm LEDs 

Alarm 
Buzzer 

Belt clip 
(on back) 

Alarm 
LED 

LED 

[Y/+] key 

External filter 

Charging and 
Communication 
Contacts 

MultiRAE With Pump, front view 
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The belt clip on the back of the pump-equipped MultiRAE can be swiveled for carrying it at different 
angles: 

Gas inlets 

Alarm 
LEDs 

Alarm 
Buzzer 

MultiRAE Lite Diffusion Model, 

rear view 

Note: The front of the diffusion model 
of the MultiRAE Lite is the same as the 
pumped model, but instead of a single 
gas inlet at the top, there are five inlets 
on the back side, as well as an extra 
alarm buzzer and LEDs. 

MultiRAE Benzene with  

RAE-Sep Tube Cartridge 
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4 User Interface 
The MultiRAE’s user interface consists of the display, alarm LEDs, an alarm buzzer, and three keys. 
 
4.1 Display Overview 
The LCD display provides visual feedback that includes the sensor types, readings, alarm status, battery 
condition, and other information. 
 
 
 
 

 

 
 
 

 

4.1.1 Status Indicator Icons 
Along the top of most screens are status indicators that tell you whether a function is operating and/or its 
strength or level. 
 

Icon Function 

 Wireless status:  the Mesh radio is on (blinks when network is not found) 

 
Wireless status: the Mesh radio is off 

 
Mesh radio signal 0% to 20% 

 
Mesh radio signal 21% to 40% 

 
Mesh radio signal 41% to 80% 

 
Mesh radio signal 81% to 100% 

 

 Roaming status: “R” blinks when trying to find a network (replaced by antenna when 
Roaming is off and if radio-enabled) 

 

 Roaming status: “R” solid when network communication established (replaced by 
antenna when Roaming is off) 

 Roaming status: Power is off 

 Roaming status: Network joined, received signal strength very low (0% to 20%) 

 
Roaming status: Network joined, received signal strength low (21% to 40%) 

 
Roaming status: Network joined, received signal strength medium (41% to 60%) 

 Unit of measure 

 Reading 

Sensor type 

Soft keys 
(functions change 
by activity) 

Status indicators Wireless radio on/off 
statusand signal strength 

Man Down alarm 
enabled 

Sensor due for a bump test 

“All sensors tested and calibrated 
according to policy” tick mark 

Sensor due for calibration 

Alarm type (High, 
Low, etc.) 
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Icon Function 

 
Roaming status: Network joined, received signal strength good (61% to 80%) 

 
Roaming status: Network joined, received signal strength very good (81% to 100%) 

 Pump status (only on pump-equipped models) 

 Datalogging status (shown when datalogging is on, blank when off) 

 Battery status (three segments show battery charge level) 

 
Man Down alarm enabled 

  Sensor due for calibration 

  Sensor due for a bump test 

  “All sensors tested and calibrated to policy” tick mark (all sensors have been bump 
tested and calibrated; no sensor is overdue for a bump test or calibration according to 
the intervals configured on the instrument) 
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4.1.1.1  Status Indicator Icons For Instruments Equipped with WiFi 
Instead of the standard Wireless icons used on other MultiRAE models, instruments equipped 
with optional WiFi have their own set, which includes messaging icons. 
 

Icon Description Notes 

 

WiFi is connected to the 
wireless access point 

If the instrument’s WiFi is not 
associated with the access 
point,  blinks at 1-second 
intervals 

 
WiFi received signal strength 
0% to 20% 

 

 
WiFi received signal strength 
21% to 40% 

 

 
WiFi received signal strength 
41% to 80% 

 

 
WiFi received signal strength 
81% to 100% 

 

 

Access Point is connected and 
communication has been 
established with Location 
Manager 

The  icon if there is 
communication with Location 
Manager within 4 minutes. 
Otherwise, it blinks at 1-
second intervals. 

 

There are unread messages If the instrument’s WiFi and 
access point are not 
associated and there are 
unread messages,  

 blinks at 1-second 
intervals 

 Message has been read  

 Message is unread  

 
Message received  

 
Send/Sent message  

 
Panic alarm  
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4.1.2 Keys And Interface 
The MultiRAE has three keys: 
  

   
Y/+ MODE N/- 

 
In addition to their labeled functions, [Y/+], [MODE], and [N/-] act as “soft keys” that control different 
parameters and make different selections within the instrument’s menus. From menu to menu, each key 
controls a different parameter or makes a different selection. 
 
Three panes along the bottom of the display are “mapped” to the keys. These change as menus change, 
but at all times the left pane corresponds to the [Y/+] key, the center pane corresponds to the [MODE] 
key, and the right pane corresponds to the [N/-] key. Here are examples that show the relationships of the 
keys and functions: 
 

                       
 
In addition to the functions described above, any of the keys can be used to manually activate display 
backlighting. Press any key when the backlighting is off to turn it on. A subsequent key press is required 
to carry out an actual function corresponding to that key. 
 
4.1.3 LCD Flip 
The MultiRAE senses its vertical/horizontal orientation, and can automatically flip the display 180 
degrees, making it easy to read if the MultiRAE is upside down. (You can turn this feature on or off in 
Programming Mode, under “Monitor/LCD Flip.”) 
 

 
 

                                                                                                  
 
 
 

As the MultiRAE is tilted, the gravity sensor 
detects its orientation and inverts the screen 
when it is past its horizontal position. 
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4.1.4 Key Remapping When LCD Is Flipped 
When the instrument is inverted and the LCD flips, the keys are remapped to the functions 
shown on the screen. 
 
Display with MultiRAE in non-inverted position: 
 

                       
 

 
Display with MultiRAE inverted: 
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4.2 Screen Display For Various Numbers Of Active Sensors 
The MultiRAE family of instruments can display readings from one to six sensors (including dual 
sensors), depending on the configuration. In order to maximize readability and the amount of information 
shown, the display is automatically reconfigured, according to the number and types of sensors in the 
MultiRAE. 
 
If the configuration includes five sensors, and one of them is a PID, then the lamp value is shown, along 
with the currently applied correction factor (CF) and measurement gas. 
 

    
One sensor. Two sensors. Three sensors. Four sensors. 

   

 

Five sensors, 
including Gamma 
radiation sensor. 

Five sensors, 
including PID, 
showing lamp 
type, correction 
factor, and 
measurement gas. 

Six-sensor 
configuration with 
CO+H2S combo 
sensor. 

 

   
When used in 
TVOC mode, 
MultiRAE Benzene 
shows all sensor 
readings 
continuously 

In benzene mode, 
the display prompts 
for snapshot 
sampling. 

Toggle Display is standard on MultiRAE 
Benzene to alternate between LEL and VOC 
reading and their CFs. ProRAE Studio II 
allows other MultiRAE instruments to 
toggle the display for PID and LEL readings 
and CFs. 
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4.3  Menus 
The reading menus are easy to step through by pressing the [N/-] key. 
 
Hygiene Mode: Sampling is continuous, and Hygiene Mode allows you to clear peak and minimum 
values at any time. 
 
Search Mode: Samples only when you tell it to sample. This allows you to save sample readings as 
individual events in the datalog. You can also clear peak and minimum values. 
 
Notes: 

 You can switch between Hygiene and Search modes via the Programming Menu (Select Monitor 
and then Operation Mode). 

 
 If the instrument is not equipped with a VOC sensor (PID), or is not equipped with an LEL 

sensor, then screens for those sensors (VOC Gas Status and LEL Gas Status, respectively) are not 
shown. 

 
 Operation of Wifi-equipped MultiRAE Lite is shown on page 19. 

 
 Search Mode is not available on MultiRAE Benzene. 

 
 MultiRAE Benzene operation is shown on page 22. 

 
 

4.3.1 Hygiene Mode 
 

 
 Note: Dashed line indicates automatic progression. 
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4.3.2 Search Mode 
Notes:  
 

 If the instrument is not equipped with a VOC sensor (PID), or is not equipped with an LEL 
sensor, then screens for those sensors (VOC Gas Status and LEL Gas Status, respectively) are not 
shown. 

 
 If the Peak or Min is cleared, the Average is also cleared. In addition, each cycle through the 

main screen after they are cleared will route from “Ready… Start sampling?” directly to Date and 
Time if you press [N/-] (see red line in diagram below), until you perform a new sample. Also, if 
you start sampling again and stop sampling, clear the Peak, or clear the Min, it advances to Date 
and Time, as well. 
 

 

 
 
 
 
  

Note: Dashed line indicates automatic progression. 
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MultiRAE Benzene (TVOC and Benzene Modes) 
 
Notes:  
 

 When prompted to start benzene sampling, there is an option to view a tutorial. This is helpful if 
you do not have this User’s Guide in the field or if you are unfamiliar with how to ready the 
MultiRAE Benzene for benzene sampling. If the option is not shown, follow the procedure on 
page 35. 

 Benzene sampling is done in a “snapshot,” meaning that the instrument does not continuously 
monitor for benzene. 

 

 
 
 
 
Note: Dashed line indicates automatic progression. 
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4.3.3 Instruments Equipped With WiFi 
 

 
 
 
 

Note: Dashed line indicates automatic progression. 
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5 Wireless Control And Submenus 
When you step through the main menu, as shown in the previous diagrams, there are screens for 
wireless communication. 
 

Note: These are only present if the MultiRAE is equipped with a wireless module. 
 

At the Radio On/Off screen, you can turn the radio on or off, if the MultiRAE is in Advanced User 
Mode. The radio turns off instantly, but turning on the radio takes a few seconds, so you see a screen 
that indicates the radio is being turned on. If the instrument is in Basic User Mode, the option for 
turning the radio on or off does not appear (you can turn it on or off in Programming Mode). 
 

          
 

All wirelessly equipped models, except those with WiFi, also have the following screens. At the 
Wireless screen, you can check communication with other wireless devices and get other useful 
information about the wireless settings. The Wireless menu is divided into a sequence of four 
“pages,” each presenting different information. As you press [Y/+] on each of the “pages,” you 
advance to the next one.  
 

                 
 

Unit ID (unique identifier of the instrument’s radio), Pan ID, and Channel are read-only 
parameters that help you to check whether the instrument’s wireless settings are correct (very 
helpful for troubleshooting). 
 

The next “page,” Parent ID and Device Type are also read-only. The Parent ID (the ID of the 
“Parent” wireless device to which the monitor is connected) is not changeable. The device type 
tells you that it is “Standard,” meaning it transmits and receives. 
 

The third “page” is labeled “Ping,” where you can check the signal strength via RSSI (received 
signal strength indication) and “ping” the network to confirm an active two-way communication 
network. Each time you press [MODE] to “ping” the network, a number of sends is included 
under “Sent.” If the network receives the signal and sends one back, which is in turn received by 
the MultiRAE, then a number is added under “Received.” 
 

The fourth “page” includes the type of transmitter (Region), Radio Type (model), and Tx Power 
(transmission power). These are primarily for diagnostics and troubleshooting. 
 

When you reach the fourth “page,” you can wrap around to the first one by pressing [Y/+]. 
Otherwise, you can press [N/-] to quit, which advances to the next screen. 
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6 Battery 
Always make sure the batteries are fully charged before using the MultiRAE. Three battery options are 
available for the MultiRAE (PGM 62x6/62x8): 
 

1. Standard duration rechargeable Li-ion battery (PN: M01-3051-000) 
2. Extended-duration rechargeable Li-ion battery delivering 50% more runtime than the standard 

battery (PN: M01-3056-000) 
3. Alkaline battery pack for four standard AA-sized batteries (PN: M01-3052-000) 

 
Its standard or extended-duration batteries are charged inside the instrument by placing the MultiRAE in 
its cradle or using the Travel Charger. Contacts on the bottom of the instrument meet the cradle’s contact 
pins, transferring power. 
 
Note: Before setting the MultiRAE into its MultiRAE Desktop Cradle or attaching its Travel Charger, 
visually inspect the contacts to make sure they are clean. If they are not, wipe them with a soft, dry cloth. 
Do not use solvents or cleaners.  
 

WARNING 
To reduce the risk of ignition of hazardous atmospheres, recharge, remove or replace the battery 
only in an area known to be non-hazardous! Do not mix old and new batteries or batteries from 
different manufacturers. 

 
6.1  Charging With The MultiRAE Desktop Cradle 
Follow this procedure to charge the MultiRAE: 
 
 1. Plug the AC/DC adapter into the MultiRAE’s Desktop Cradle. 
 2. Plug the AC/DC adapter into the wall outlet. 
 3. Place the MultiRAE into the cradle (make sure the bottom of the instrument and the alignment 

pins on the cradle mate properly) and press down until it is locked in place. 
 

The MultiRAE begins charging automatically. The LED in the cradle should glow red to indicate 
charging. When charging is complete, the LED in the cradle glows green. 
 
To remove the MultiRAE from the Desktop Cradle, tilt it toward you until it releases, and then lift it up. 

 

 

 
 
 

Press down until 
MultiRAE is seated 
firmly in the cradle 

Release the 
MultiRAE by 
tilting it forward 
and lifting 
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Next, put the plug from the power supply into the jack on the side of the Desktop Cradle: 
 

 
 

Plug the other end of the charger into a power source. 
 
6.2 Automatic PID Cleaning 
MultiRAE products offer auto-cleaning, a unique feature that reduces PID lamp cleaning. When a 
MultiRAE equipped with a PID lamp is charging in a desktop cradle, truck mount, or AutoRAE 2 
cradle (but not a Travel Charger), the PID lamp turns on for two hours and generates a small 
concentration of ozone. Ultraviolet light and ozone molecules then burn off heavy contaminants that 
may have built up on the lamp and sensor. Then the pump runs for 20 minutes to exhaust gas 
contained inside the gas plate. After the pump stops, the battery continues to be charged, if necessary. 
Note: This function also works when the instrument is turned off 
 

                                                                     
 
6.3  Charging With The Travel Charger 
The Travel Charger is a lightweight portable alternative to the Desktop Cradle for charging and PC 
communications. Follow these steps to use the Travel Charger. 
 
Before attaching the Travel Charger, check that it is aligned correctly with the base of the MultiRAE. 
There are two alignment pins on one side and one alignment pin on the other side, designed to mate with 
matching points on the bottom of the MultiRAE: 
  

 
 

1. Check bottom of MultiRAE 
Travel Charger’s alignment pins 
for correct orientation with the 
MultiRAE. 

2. Align Travel Charger with 
bottom of MultiRAE. 

 

  
3. Press Travel Charger onto 
bottom of MultiRAE. 

4. Make sure the Travel Charger 
clicks into place and attaches 
firmly. 
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Next, put the plug from the power supply into the jack on the side of the Travel Charger: 
 

                
 

Plug the other end of the charger into a power source (AC outlet or 12VDC mobile power port, depending 
on the model). When power is applied and the MultiRAE’s battery is charging, the LED glows red. The 
LED glows green when the battery is fully charged. 
 
6.4  Carrying The MultiRAE In A Vehicle 
The MultiRAE Truck Mount, used in conjunction with the front part of the Desktop Cradle, provides an 
NFPA requirement-compliant way to mount and carry the MultiRAE in a vehicle. 
 

 

CAUTION! 
Do not use the Truck Mount in hazardous locations. 

 

 
6.4.1 Truck Mount Installation 
The Truck Mount must be used in conjunction with the front part of the MultiRAE Desktop Cradle. 
Follow the guidelines below to select the correct mounting hardware for the Truck Mount and install it in 
your vehicle. Use these dimensions to pre-drill a flat surface to accept the Truck Mount. The maximum 
screw diameter must not exceed 6.4mm (0.25"). Vertical clearance should be at least 26cm (10"). 
 

Letter Measurement 
A 61.6 mm (2.42") 
B 96 mm (3.8") 
C 113 mm (4.5") 
D 150.8 mm (6") 

 
 
 

6.4.2 Using The Truck Mount With The 12-Volt Travel Charger 
Slide the cradle into the Truck Mount as shown below. The capture tabs on both sides of the Truck Mount 
slip into the cradle and lock it in place. Make sure the cradle sits securely in the Truck Mount.  (To 
separate the cradle from the Truck Mount, press the rubber release buttons on both sides of the cradle and 
pull the cradle free.) Next, insert the straight plug from the 12-volt charging adapter into the port on the 
side of the Truck Mount/Cradle. Then plug the other end into the 12-volt outlet in the vehicle. Note: If the 
12-volt charging adapter has an angle (“L”-shaped) plug, follow the Angle-Plug Configuration. This 
requires inserting the angle plug before placing the cradle into the Truck Mount. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Important! 
Make sure that there is sufficient 
clearance around and above the 
mounting plate so that the 
MultiRAE can be easily placed in 
the cradle and removed.  

Truck 
Mount 

Straight 
Plug 

Rubber 
Release Button 

Angle-Plug Configuration Straight-Plug Configuration 

Velcro 
Strap 
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Place the MultiRAE into the cradle (make sure the bottom of the instrument and the alignment pins on the 
cradle mate properly) and press down until it is locked in place. Then wrap the Velcro strap around the 
MultiRAE and fasten its end to the mating Velcro on the side of the Truck Mount. 
 

                                                         
 
 
 
Plug the other end of the charger into a power source. When power is applied and the MultiRAE’s battery 
is charging, the LEDs on the left and right sides of the front of the cradle glow red. The LEDs glow green 
when the battery is fully charged. 
 
6.5  Charging With The AutoRAE 2 
A MultiRAE’s battery can be charged by placing the monitor in an AutoRAE 2 Cradle. Details are 
covered in the AutoRAE 2 User’s Guide.  
 
Note: If the instrument has a PID lamp, auto-cleaning occurs. Refer to the information on page 27 for 
further details. 
 
6.6  Replacing A Battery 
The MultiRAE battery packs are plug-and-play, and can be replaced on the go without tools. To replace 
the MultiRAE battery: 
 

1. Remove the battery from the instrument by sliding the tab and tilting out the adapter. 
 
Note: The belt clip and rubber boot are removed in the illustration for clarity. They can be left on 
while replacing a battery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

2. Tilt a fully charged battery (or alkaline battery adapter) into the battery compartment and place it in the 
instrument. 

3. Slide the tab back into place to secure the battery. 

 

To remove: Unfasten the Velcro strip, tilt 
the MultiRAE forward, and lift it out 

To secure: Press the MultiRAE into the cradle  
and fasten the Velcro strip. 
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6.7  Charging Batteries With A MultiRAE Battery Charger 
The MultiRAE Battery Charger is designed to charge MultiRAE-family batteries when they are not 
installed in an instrument. If you are using a single MultiRAE Battery Charger, you only need the 0.5A 
power supply (P/N: 500-0036-100 or 500-0036-101), which comes with a universal power cord. The 
One-To-Five Power Cable and Holder For External Battery Charger are only necessary if you have 
multiple MultiRAE Battery Chargers. 
 
 
6.7.1 Assembly 

1. Assemble multiple External Battery Chargers on a Holder For External Battery Charger as 
shown: 

 
 
 

2. Connect the power cables and the power supply: 
 
 

 
 

3. Plug the AC power cord into an AC power outlet. 
 

 
 
 
 
 

Holder For External 
Battery Charger  
(P/N: M01-2110-000) 

External Battery Charger  
(P/N: M01-3025-000) 

Power Supply 
(P/N: 500-0087-000) 

One-To-Five Power Cable 
(P/N: 020-2480-000) 

Power Cord  
with U.S. Plug 
(P/N: 410-0036-000) 

Power Cord  
with E.U. Plug 
(P/N: 410-0036-001) 

or 
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6.7.2 Charging 
 
IMPORTANT! Follow all instructions here before operating the MultiRAE Battery Charger. Do not try 
to charge alkaline batteries. Do not charge batteries in a hazardous area. Charge batteries where the 
temperature is between 0° and 45° C (32° and 113° F). 

 
1. Tilt the battery into the MultiRAE Battery Charger, making sure to align it properly. Charging 

begins immediately. 
 

                                 
 
 
While a battery is charging, the LED on the charger glows red. When the battery is fully charged, 
the LED glows green. 
 

2. Once the battery is charged, remove it from the MultiRAE Battery Charger. 
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6.8  Battery States 
The battery icon on the display shows how much charge is in the battery and alerts you to any charging 
problems. 
 

     
Full charge 2/3 charge 1/3 charge Low charge Battery alert 

 
When the battery’s charge falls below a preset voltage, the instrument warns you by beeping 
once and flashing once every minute, and the “empty battery” icon blinks on and off once per 
second. The instrument automatically powers down within 10 minutes, after which you will 
need to either recharge the battery, or replace it with a fresh one with a full charge.  
 
6.9  Alkaline Battery Pack 
An alkaline battery adapter is supplied with each instrument. The adapter (part number M01-3052-000 or M01-
3054-000) is installed and removed just like the rechargeable battery. It accepts four AA alkaline batteries (use 
only Duracell MN1500) and provides approximately 8 hours of normal operation. 

Note: The vibration alarm is disabled whenever the alkaline adapter is used. 

To replace the alkaline adapter’s batteries: 

1. Remove the hex-socket screw at the end of the adapter. 

2. Lift the cover off the battery compartment. 

3. Insert four fresh AA batteries as indicated by the polarity (+/-) markings. 

4. Replace the cover and replace the hex screw. 

 

     
 

 
IMPORTANT! 

Alkaline batteries cannot be recharged. The instrument’s internal circuit detects alkaline battery pack and 
will not allow recharging. If you try to charge alkaline batteries installed in the instrument, the Charging 
Cradle or Travel Charger’s charging LED does not glow, indicating that it will not charge them. 

The alkaline battery adapter accepts four AA alkaline batteries (use only Duracell MN1500). Do not mix 
old and new batteries or batteries from different manufacturers. 
 
Note: When replacing alkaline batteries, properly dispose of old ones. 
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7 Turning The MultiRAE On And Off 
 
7.1  Turning The MultiRAE On 
With the instrument turned off, press and hold the [MODE] key until the beep sounds and the display and LED 
alarm lights turn on, and then release. 
 
A RAE Systems logo (or a company name) should appear first. This is followed by a progression of 
screens that tell you the MultiRAE’s current settings: 
 

 Product name and model number, air flow type, and serial number 
 Application firmware version, build date, and build time 
 Sensor firmware, build date, build time 
 Installed sensors (including serial number/production/expiration/calibration date and alarm limit 

settings) 
 Current date, time, temperature, and relative humidity 
 User mode and operation mode 
 Battery type, voltage, shutoff voltage 
 Alarm mode and alarm settings 
 Datalog period (if it is activated) and interval 
 Policy Enforcement settings (whether calibration and/or bump testing are enforced) 

 

Note: To speed up the startup time, the number of screens shown on startup can be reduced by enabling 
the Fast Startup option under Programming/Monitor. 
 
Then the MultiRAE’s main reading screen appears. It may take a few minutes for sensors to show a 
reading, so if any have not warmed up by the time the main screen is shown, you will see “- - -” instead of 
a numerical value until the sensor provides data (typically less than 2 minutes). Then it displays 
instantaneous readings similar to the following screen (depending on the sensors installed) and is ready 
for use. 
 

 
 

 

Note: If the battery is completely empty, then the display briefly shows the message “Battery Fully 
Discharged,” and the MultiRAE shuts off. You should charge the battery or replace it with a fully charged 
battery before turning it on again. 
 
7.2  Turning The MultiRAE Off 
Press and hold [MODE]. A 5-second countdown to shutoff begins. You must hold your finger on the key 
for the entire shutoff process until the MultiRAE is powered off. 
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7.3  Testing Alarm Indicators 
Under normal-operation mode and non-alarm conditions, the buzzer, vibration alarm, LED, and backlight 
can be tested at any time by pressing [Y/+] once. 
 

IMPORTANT! 
If any of the alarms does not respond to this test, check the Alarm Settings in Programming Mode. It is 
possible that any or all of the alarms have been turned off. If all of the alarms are turned on, but one or 
more of them (buzzer, LED lights, or vibration alarm) does not respond to this test, do not use the 
instrument. Contact your RAE Systems distributor for technical support. 
 
7.4  Pump Status 

 

IMPORTANT! 
During operation, make sure the probe inlet and the gas outlet are free of obstructions. Obstructions can 
cause premature wear on the pump, false readings, or pump stalling. During normal operation, the pump 
icon alternately shows inflow and outflow as shown here: 
 

          
 

If there is a pump failure or obstruction that disrupts the pump, the alarm sounds and you see this icon 
blinking on and off: 
 

 
 

Once the obstruction is removed, you can try to restart the pump by pressing the [Y/+]. If the pump does 
not restart, and the pump stall alarm continues, consult the Troubleshooting section of this guide or 
contact RAE Systems Technical Support. 
 
It is advisable to perform a pump stall test periodically, to make sure the pump is working properly and 
there are no leaks in the system. To perform a pump stall test, simply block the gas inlet with your finger. 
To pass the test, the instrument should go into a pump alarm. Press [Y/+] to disable the alarm and return 
to normal operation. 
 
Note: Pump Status is not indicated on diffusion MultiRAEs. 
 
Note: For all MultiRAE instruments with a PID (in Search or Hygiene mode), if the pump is in alarm for 
more than five minutes, the PID lamp automatically turns off. The display reading shows “- - -” and there 
is a “Lamp” alarm. Click [Y/+] to restart the pump. If there is no longer a pump alarm, then the PID lamp 
will require a 2-minute warm-up to stabilize. During this time, the PID’s reading shows “- - -”. Once the 
PID lamp is warmed up, the display shows the actual value. 
 
7.5  Calibration Status 
The instrument displays this icon next to the sensor that requires calibration: 
 

 
 

Calibration is required (and indicated by this icon) if: 
 

 The lamp type has been changed. 
 The sensor module has been replaced with one whose calibration is overdue. 
 The defined period of time between calibrations has been exceeded. 
 If you have changed the calibration gas type without recalibrating the instrument. 
 The sensor has failed a previous calibration. 
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7.6  Bump Status 
The instrument displays this icon next to the sensor that requires bump test: 
 

 
 

A bump test is required (and indicated by this icon) if: 
 

 The defined period of time between bump tests has been exceeded (bump test overdue). 
 The sensor has failed a previous bump test. 
 The sensor(s) should be challenged on a periodic basis. 

 
7.7 Toggle Display:  Alternating Between Correction Factor And 

Reading 
A MultiRAE’s display can alternate between showing readings for LEL and VOC and their 
respective correction factors. To enable this feature, you must do the following: 
 

1. Use the USB cable to connect the MultiRAE to a PC running ProRAE Studio II. 
2. Step through the screens on the MultiRAE using the [N/-] button until you see the screen 

that says, “Enter Communications Mode.” 
3. Press [Y/+]. 
4. With “PC” selected, press [Y/+]. 
5. Start ProRAE Studio II. 
6. Log in with your password. 
7. Click “Setup.” 
8. Once the setup is shown in the right pane, click “Toggle display.” 
9. Select “Enable.” 
10. Click on the button at the top labeled “Upload all settings to the instrument.” 
11. When uploading is complete, exit ProRAE Studio II and disconnect the USB cable. 
12. Press [Y/+] on the MultiRAE. 

 

Note: If you want to disable this feature and only see the reading without the correction factors, 
follow the same procedure, but instead of selecting “Enable,” select “Disable.” 
 
7.8 Enabling Benzene Sep-Tube Cartridge Tutorial  (MultiRAE Benzene) 
The MultiRAE Benzene’s display can show an animated tutorial to guide using a Benzene Sep-
Tube Cartridge. To enable this feature, you must do the following: 
 

1. Use the USB cable to connect the MultiRAE Benzene to a PC running ProRAE Studio II. 
2. Step through the screens on the MultiRAE Benzene using the [N/-] button until you see 

the screen that says, “Enter Communications Mode.” 
3. Press [Y/+]. 
4. With “PC” selected, press [Y/+]. 
5. Start ProRAE Studio II. 
6. Log in with your password. 
7. Click “Setup.” 
8. Once the setup is shown in the right pane, click “Tutorial Status.” 
9. Select “Enable.” 
10. Click on the button at the top labeled “Upload all settings to the instrument.” 
11. When uploading is complete, exit ProRAE Studio II and disconnect the USB cable. 
12. Press [Y/+] on the MultiRAE Benzene. 
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Note: To disable this feature, follow the same procedure, but instead of selecting “Enable,” 
select “Disable.” 
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8 Modes Of Operation 
The MultiRAE has two operation modes and two user modes.  

 
8.1 Hygiene Operation Mode 
Hygiene Mode provides continuous monitoring. 

 
8.2 Search Operation Mode 
Search Mode provides monitoring only when monitoring is initiated. This allows specific samples to be 
taken at different times, rather than continuously. 
 
8.3 Benzene-Specific Mode (MultiRAE Benzene Only) 
The MultiRAE Benzene can perform snapshot compound-specific (benzene) measurement in 
addition to general VOC measurement. This requires using a RAE-Sep Tube Cartridge (P/N: 
M01-3222-000, available in packs of 6: P/N M01-0312-000) and having the MultiRAE Benzene 
in Benzene Mode. 
 
 

                                    
 
 
 

WARNING! 
 

The RAE-SEP Tube Cartridge is designed to provide six one-time specific measurements of benzene. 
This cartridge has unique properties and performance features not found in other monitors.  It has been 
designed to provide accurate, benzene-only measurement and has only been evaluated and tested on the 
MultiRAE Benzene monitor.  
 
Failure to use the MultiRAE Benzene monitor with the RAE-Sep Tube Cartridge will result in inaccurate 
detection or measurement, which may include the failure to detect benzene and possible serious injury or 
death.   
 

IMPORTANT! 
 

The RAE-Sep Tube Cartridge is warranted by RAE Systems by Honeywell only for use with the 
MultiRAE Benzene monitor.  Any other use will void the product warranty.  In addition, RAE Systems 
by Honeywell specifically disclaims liability for all loss or damage arising out of any use of the RAE-Sep 
Tube Cartridge that violates the warnings and instructions in this manual.  
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8.3.1 Separation Tube Cartridge Installation 
Before using the MultiRAE Benzene for benzene-specific measurement, you must attach a RAE-Sep 
Tube Cartridge to the MultiRAE Benzene. Follow this procedure: 
 

1. Remove the dust filter from the MultiRAE Benzene (if one is currently attached). 
2. Align a new RAE-Sep Tube Cartridge with the MultiRAE Benzene’s inlet. 
3. Screw on the RAE-Sep Tube Cartridge until it is seated snugly in place. 
4. The “B” switch of the RAE-Sep Tube Cartridge should be aligned with the triangle on the inlet. 

 
 

 
IMPORTANT! 

Do not overtighten any portion of the sampling assembly. 
 
Note: When the MultiRAE Benzene is used only for VOC monitoring, there is no need to use a 
RAE-Sep Tube Cartridge. Make sure the cartridge is set for TVOC operation (the letter “T” 
should be visible). 
 
 
 
 
Always rotate the RAE-Sep Tube Cartridge clockwise. Turning it counterclockwise loosens it from the 
inlet.  Rotate the cartridge so that a new (unused) tube is aligned with the “B” marker. 
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Note the yellow tabs at both ends of each tube. These are for breaking the ends of the tubes to open them.  
 

IMPORTANT! 
Break the ends of only one tube at a time. 

 
 
Press the tab hard to break off the end of the tube to be used. (The broken glass is held inside the 
cartridge.) 

 
 
Press the tab at the other end to break open the other end of the tube. 

 
 

IMPORTANT! 
Once a tube’s ends are broken off, the material inside is exposed. Therefore, use the tube for 
sampling as soon as possible. 
 
Before performing a benzene measurement, check that the tab labeled “B” is pulled all the way out. 
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Before starting  another benzene sample session, turn the RAE-Sep Tube cartridge to the next unused 
tube. 

 
 

 

IMPORTANT! 
 

If the MultiRAE Benzene goes into pump stall (the pump stops, the LEDs flash, and the “Pump 
Stall” icon appears in the display), check the alignment of the tube and the RAE-Sep Tube 
Cartridge setting. Also check that the both ends of the tube have been cracked off. If one has not 
been cracked off, the sample will not be able to pass through, causing the pump to stall. 
 

 
Note: After all six RAE-Sep Tubes in the cartridge have been used, remove the cartridge and dispose of it 
in a safe manner. 
 
8.3.2 Measurement 
To perform a benzene-specific measurement, follow this order: 
 

1. Attach the RAE-Sep Tube Cartridge to the MultiRAE Benzene. Make sure it is set for 
TVOC measurement (the “T” is showing). 

2. Turn on the instrument. Allow it to go through its startup until the main reading screen is 
shown. 

3. Press [N/-] to advance to this screen: 
 

                                                  
 
Note: If the MultiRAE Benzene is in this mode for more than five minutes, it 
automatically returns to TVOC Mode. 
 



MultiRAE User’s Guide 

41 
 

4. Press [Y/+]. You see this screen: 
 

                                                
 
Make sure the cartridge is installed tightly, and the selector shows “B”: 
 

                                               
5. Press [Y/+]. You now see this prompt: 

 

                                            
 
Check that the ends of the selected tube are broken. 
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6. Press [Y/+]. Measurement starts and the instrument shows a countdown (time of 
measurement is automatically adjusted to gas sample temperature). Countdown time is 
automatically adjusted, depending on temperature. 
 

                                          
 
Once the countdown is completed, the display shows a benzene-specific snapshot result 
(and triggers an alarm if appropriate). 
 

                                          
 

7. Press [N/-] to exit. You see this screen again: 
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If you want to perform another snapshot benzene-specific measurement, press [Y/+] and 
continue, using the same procedure as outlined above. Otherwise, press [N/-] to abort. 
You see this screen: 
 

                                         
 

8. If you are done performing benzene measurements or if you want to use the MultiRAE Benzene 
for TVOC operation, either remove the RAE-Sep Tube Cartridge or press the button so that the 
“B” is hidden and the “T” side is fully exposed (all the way out): 
 

                                             
 

9. Press [N/-] to advance to the main reading screen. 
 

 
 
 
 

IMPORTANT! 
Do not overtighten any portion of the sampling assembly. 
 
Note: When the MultiRAE Benzene is used only for TVOC (total VOC) monitoring, there is no 
need to use a RAE-Sep Tube Cartridge. If the cartridge is left on during VOC monitoring, make 
sure it is set for TVOC measurement (the “T” is showing). 
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8.4 Basic User Mode 
In Basic User Mode, some restrictions are applied, including password protection that guards against 
entering Programming Mode by unauthorized personnel. 
 
8.5 Advanced User Mode 
In Advanced User Mode, there are no access restrictions (you do not need a password), and MultiRAE 
provides the indications and data you need most for typical monitoring applications. 
 
9 Programming 
The menu in Programming Mode is to adjust settings, calibrate sensors, and initiate communication with 
a computer. It has the following submenus: 
 

 Calibration 
 Measurement 
 Alarms 
 Datalog 
 Wireless 
 Monitor 

 
9.1 Enter Programming In Advanced Mode 
1. To enter Programming Mode, press and hold [MODE] and [N/-] until you see the Calibration screen. 

No password is necessary in Advanced Mode. 
2. Press [N/-] to step through the programming screens. 
 

 
 
To enter a menu and view or edit parameters in its submenus, press [Y/+]. 
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9.2 Enter Programming In Basic Mode 
1. To enter Programming Mode, press and hold [MODE] and [N/-] until you see the Password screen. 

 

 
 
2. Input the 4-digit password: 
 
 Increase the number from 0 through 9 by pressing [Y/+]. 
 Step from digit to digit using [N/-]. 
 Press [MODE] when you are done. 

 
If you make a mistake, you can cycle through the digits by pressing [N/-] and then using [Y/+] to change 
the number in each position. 
 
Note: The default password is 0000. 
 
Note: The password screen only appears when you enter the Programming Mode the first time after 
turning the instrument on in Basic Mode. If you have input the correct password, you do not have to input 
it again to enter Programming Mode until you turn the instrument off and on again.  
 
Once you enter Programming Mode, the Calibration menu is highlighted. Press [N/-] to step through the 
programming screens. 

 
 
To enter a menu and view or edit parameters in its submenus, press [Y/+]. 
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9.3 Menus And Submenus 
In Programming Mode, menus and submenus are organized as shown here: 
 

      
Calibration Measurement Alarms Datalog Wireless* Monitor 

Fresh Air Sensor On/Off Alarm Limits Clear Datalog Radio ON/OFF LCD Contrast 
Multi Sensor 
Span 

Change Meas. 
Gas 

Alarm Mode Datalog Interval Roaming Pump Speed** 

Single Sensor 
Zero 

Measurement 
Units 

Alarm Settings Sensor Selection PAN ID Zero At Start 

Single Sensor 
Span 

 Comfort Beep Data Selection Channel Fast Startup 

Multi Sensor 
Bump 

 Man Down 
Alarm 

Datalog Type Join Network Temperature 
Units 

Single Sensor 
Bump 

  Memory Full 
Action 

Interval Language 

Cal. Reference    Off Network 
Alarm 

Site ID 

Change Cal. 
Gas 

   Factory Reset User ID 

Multi Cal. 
Select 

    Date Format 

Change Span 
Value 

    Date 

Change Span2 
Value*** 

    Time Format 

     Time 
     User Mode 
     Backlight 
     LCD Flip 
 

* This menu is available on wirelessly equipped instruments only. The menu is different for MultiRAE Lites 
equipped with optional  WiFi. Refer to page 71 for details. 

** Pump-equipped version only. 
*** This menu item is shown only if a 3-point calibration is enabled. Change Span2 Value menu item is only 

shown if a 3-point calibration is enabled on the instrument. Three-point calibration is disabled by default, but 
can be enabled on MultiRAE and MultiRAE Pro instruments with 10.6eV PID sensors, including high-range 
ppm and ppb PID sensors. The MultiRAE Lite PID sensors only support 2-point calibration. 

 
9.3.1 Editing And Selecting Parameters And Sensors 
There are a few basic ways to edit parameters, select sensors, and perform other activities in the 
MultiRAE. The actions performed by pressing keys always match 1-to-1 with the boxes along 
the bottom of the display and the three keys. Some parameters are edited by scrolling and 
selecting individual items (black bars behind white text act as highlighters). Some include a 
choice via “radio buttons,” where only one item in a list can be selected, while other menus use 
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boxes for you to “check” with an “X,” and these allow for multiple items in a list to be selected. 
In all cases of editing, you can save or undo your choice. 
 
9.3.2 Calibration 
Use this menu to perform a bump test or zero or span calibration for one or more sensors, and change the gas 
concentration value used in bump tests and span calibration, as well as choose which sensors will be calibrated at the 
same time. 
 
9.3.2.1 Fresh Air 
This procedure determines the zero point of the sensor calibration curve for all the sensors that require a 
zero calibration. For the oxygen sensor, Fresh Air calibration sets the point equal to the concentration of 
oxygen in ambient air (approximately 20.9% volume).  

Note: Fresh air calibration is performed on all enabled gas sensors at the same time. 

To perform Fresh Air calibration on multiple sensors: 
1. If using dry air, install the calibration adapter and connect it to a source of dry air. Otherwise do not 

use calibration adapter to perform fresh air calibration. 

2. At the Calibration Menu, select “Fresh Air.” Press [Y/+] once to enter the fresh air calibration sub-
menu. 

 
 

3. Start the flow of dry air, if used. 

4. Press [Y/+] to start fresh air calibration.  

5. A countdown screen appears. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

 

 
 
 
 
 
6. If the calibration is not aborted, the display shows the sensor names and tells you whether the fresh air 

calibration passed or failed, followed by the sensors’ fresh air readings. 

 

Note: Dotted line indicates automatic progression. 
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9.3.2.2 Multi Sensor Span 
Depending on the configuration of your MultiRAE and span gas you have, you can perform a span 
calibration simultaneously on multiple sensors. You can define which sensors are calibrated together 
using the Multi Cal Select menu described in section 9.3.2.10. 
 
In case all sensors in the instrument cannot be calibrated with the same gas, the MultiRAE will 
intelligently split the span calibration process into several steps and will provide menu prompts 
accordingly.  
 
1. At the Calibration Menu, select “Multi Sensor Span.” 

2. Install the calibration adapter and connect it to a source of calibration gas. 

3. Start the flow of calibration gas. 

4. Press [Y/+] to start calibrating or wait for calibration to start automatically.  

5. A countdown screen is shown. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

 

 
 
 
 
6. If the calibration is not aborted, the display shows the sensor names and tells you whether the 

calibration passed or failed, followed by the sensor readings. 

 
9.3.2.3 Single Sensor Zero 
This allows you to perform zero (fresh air) calibration on individual sensors. Even though most toxic gas 
sensors can be zeroed in fresh air, sensors such as the CO2 and parts-per-billion PID sensor for volatile 
organic compounds (VOCs) should not be zeroed in fresh air. Both CO2 gas and VOCs are normally 
present in ambient air, so zeroing these sensors in ambient air will not allow for a true zero to be set for 
such sensors. The CO2 sensor should be zeroed in 99.9% nitrogen, and the parts-per-billion PID sensor 
with ambient air using a charcoal filter or a VOC zeroing tube. 
 
1. If you are using a charcoal filter, connect it to the instrument.  

2. If you are using dry air, install the calibration adapter and connect it to a source of dry air. 

Note: Dotted line indicates automatic progression. 
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3. At the Calibration Menu, select “Single Sensor Zero.” Press [Y/+] once to enter the zero calibration 
sub-menu. 

4. Start the flow of dry air, if used. 

5. Press [Y/+] to start zero calibration.  

6. A countdown screen appears. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

 

 
 
 
 
 
7. If the calibration is not aborted, the display shows the sensor names and tells you whether the zero 

calibration passed or failed, followed by the sensors’ zero calibration readings. 

 
9.3.2.4 Single Sensor Span 
Instead of performing a span calibration on multiple sensors simultaneously, you can select a single 
sensor and perform a span calibration.  
 
Note: If a calibration icon (bottle with bottom portion filled in) is shown next to any of the sensors, it 
means that the sensor is due for a full calibration. 
 
To perform span calibration of an individual sensor, follow these steps: 

1. At the Calibration Menu, select “Single Sensor Span.” 

2. Select a sensor to calibrate from the list. 

3. Install the calibration adapter and connect it to a source of calibration gas. 

4. Verify that the displayed calibration value meets the concentration specified on the gas cylinder. 

5. Start the flow of calibration gas. 

 

                                                              
 

6. Press [Y/+] to start calibrating or wait for calibration to start automatically.  

Note: Dotted line indicates automatic progression. 
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7. A countdown screen appears. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

 

 
 
 

 

8. If the calibration is not aborted, the display shows the sensor names and tells you whether the 
calibration passed or failed, followed by the sensor readings. 

Note: The gamma radiation sensor comes pre-calibrated from the factory and does not require routine 
calibration. However, you can check it by placing a check-source on the rear of the MultiRAE equipped 
with a gamma sensor to check the readings. There is a raised dot on the rubber boot that marks where the 
sensor is located inside the instrument. 

 

9.3.2.5 MultiRAE Benzene Calibration Process 
Calibrating the MultiRAE Benzene is similar to calibrating other MultiRAEs. Calibration is performed 
with isobutylene and benzene. Make sure the target gas is the same as the calibration gas and that it is in 
the correct concentration. 
 

IMPORTANT! 
 The MultiRAE Benzene must not have a RAE-Sep Tube Cartridge installed during calibration.  

 A filter must be attached to the inlet.  

 The calibration adapter must be used for calibration with both gases (isobutylene and benzene).  

 

Note: Dotted line indicates automatic progression. 
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9.3.2.6 Multi Sensor Bump 
Depending on the configuration of your MultiRAE and span gas you have, you can perform a bump test 
simultaneously on multiple sensors. Which sensors are bump tested simultaneously is defined in the Multi 
Cal Select menu. Refer to section 9.3.2.10 for more information. 
 
In case all sensors in the instrument cannot be calibrated with the same gas, the MultiRAE will 
intelligently split the span calibration process into several steps and will provide menu prompts 
accordingly.  
 

 
 
1. At the Calibration Menu, select “Multi Sensor Bump.” 

2. Install the calibration adapter and connect it to a source of calibration gas. 

3. Start the flow of calibration gas. 

4. Press [Y/+] to start calibrating or wait for calibration to start automatically.  

5. A countdown screen is shown. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

 

 
 
 
6. If the calibration is not aborted, the display shows the sensor names and tells you whether the 

calibration passed or failed, followed by the sensor readings. 

Note: Dotted line indicates automatic progression. 
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7. If a sensor requires different gas (such as a PID for VOCs), you are prompted. Change the calibration 
gas, and when you are ready, start bump testing by pressing [Y/+]. 

 
Note: You can quit the bump calibration procedure and exit to the menu whenever you see “Quit.” Press 
[MODE] to quit. 

 
 



MultiRAE User’s Guide 

53 
 

9.3.2.7 Single Sensor Bump 
This menu allows a bump test to be performed on an individual sensor of your choice. 
 
Note: If a bump test icon (bottle with bottom portion not filled in) is shown next to any of the sensors, it 
means that the sensor is due for a bump test. 
 

 
 
To perform a bump test on an individual sensor, follow these steps: 

1. At the Calibration Menu, select “Single Sensor Bump.” 

2. Scroll down the list using [N/-], and then press [Y/+] to select a sensor to calibrate. 

3. Install the calibration adapter and connect it to a source of calibration gas. 

4. Verify that the displayed calibration value meets the concentration specified on the gas cylinder. 

5. Start the flow of calibration gas. 

 
   

                                                           
 

 

6. Press [Y/+] to start calibrating or wait for calibration to start automatically.  

7. A countdown screen appears. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 

8. If the calibration is not aborted, the display shows the sensor names and tells you whether the 
calibration passed or failed, followed by the sensor readings. 

 

Important! 
After each sensor is bump tested, and you press 
“OK,” the next sensor in the menu list is highlighted. 

Note: Dotted line indicates automatic progression. 



MultiRAE User’s Guide 

54 
 

9.3.2.8 Cal. Reference 
It is sometimes desirable to calibrate a sensor (PID for VOC, and LEL) with a specific gas for best 
response to a gas you are surveying. The Cal. Reference library contains calibration curves for the PID 
and LEL sensors for select gases. Choose the sensor, and then select from the list of reference gases. 
 

 
 
9.3.2.9 Change Cal. Gas 
You can change the calibration gas for the MultiRAE’s PID and LEL sensors. Select from a custom list that you 
create (My List), the last ten gases used, the built-in gas library for your PID lamp, and user-defined custom gases. 
Each gas is shown in the list for selection and the screen automatically changes to show its full name, chemical 
formula, molecular weight (M.W.) and correction factor (CF). 
 

 
 
  
9.3.2.10 Multi Cal Select 
This menu allows you to define a group of sensors to be bump tested and span calibrated together. 
Simultaneous testing and calibration of multiple sensors shortens the bump test and calibration processes 
and reduces the number of individual gas cylinders you need. For example, it may be more efficient to use 
a single cylinder with a four-gas mix including 50% LEL Methane, 18% O2, 10 ppm H2S, and 50 ppm 
CO, to calibrate the LEL, O2, CO, and H2S sensors at one time, compared to using four distinct gas 
cylinders and calibrate these sensors individually in sequence. In order for sensors to be calibrated 
together, all of them must be selected using Multi Cal. Select.  
 

1. Scroll down the list of sensors using the [N/-] key. 
2. Add or remove that gas from the list by pressing [Y/+]. An “X” in a box to the left of a sensor’s 

name indicates it is selected.  
3. Once you have made all your selections, press [MODE] for “Done.” 
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9.3.2.11 Change Span Value 
You can individually set the span gas concentration for each sensor. This concentration setting will also 
be used for a bump test. The units of measure (ppm, %LEL, etc.) are shown on the display. 
  

1. Scroll down the list of sensors using the [N/-] key. 
2. Press [Y/+] to select it. 
3. Press [N/-] to step through the digits. 
4. Press [Y/+] to increase the number from 0 through 9. Once the number 9 is reached, pressing 

[Y/+] causes the numbers to “wrap around” to 0 and count up again. 
5. Once you have set the desired value, press [MODE] for “Done.” This registers the new span value. 

 
 

 
 

9.3.2.12 Change Span2 Value 
If your MultiRAE is equipped with a high-range, or parts-per billion, PID sensor, you can set the span gas 
value for a third calibration point (Span2). The unit of measure is shown on the display. 
 

1. Press [Y/+] to select the highlighted sensor (VOC). 
2. Press [N/-] to step through the digits. 
3. Press [Y/+] to increase the number from 0 through 9. Once the number 9 is reached, pressing 

[Y/+] causes the numbers to “wrap around” to 0 and count up again. 
4. Once you have set the desired value, press [MODE] for “Done.” This registers the new Span 2 value. 

 
 

 
 
 

Note: Three-point calibration is disabled by default, but can only be enabled on MultiRAE and MultiRAE 
Pro instruments with 10.6eV PID sensors, including high-range ppm and ppb PID sensors. The MultiRAE 
Lite PID sensor only supports 2-point calibration. 
 
 



MultiRAE User’s Guide 

56 
 

9.3.3  Measurement 
The submenus for Measurement include Sensor On/Off, Change Measurement Gas, and VOC and 
Gamma (if equipped) Measurement Units. 
 

 
 
9.3.3.1 Sensor On/Off 
You can turn sensors on or off via this submenu. An “X” in a box to the left of a sensor’s name indicates 
it is turned on. 
 

 
 

1. Scroll down the list of sensors using the [N/-] key. 
2. Add or remove that gas from the list by pressing [Y/+]. An “X” in a box to the left of a sensor’s 

name indicates it is selected.  
3. Once you have made all your selections, press [MODE] for “Done.” 

 

 
 
9.3.3.2 Change Meas. Gas 
The MultiRAE has extensive onboard gas libraries for combustible gases and VOCs that you can use to 
configure your MultiRAE to automatically apply the appropriate correction factors and produce readings 
in the units of the desired combustible gas or VOC. 
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Measurement gases are organized in four lists: 
 
 My List is a customized list of gases that you create. It contains a maximum of 10 gases and can only 

be built in ProRAE Studio II on a PC and transferred to the instrument.  
 

Note: The first gas in the list is always isobutylene (it cannot be removed from the list). 
 

 Last Ten is a list of the last ten gases used by your instrument. The list is built automatically and is 
only updated if the gas selected from Custom Gases or Library is not already in the Last Ten. This 
ensures that there is no repetition. 

 Gas Library is a library that consists of more than 200 gases for the PID sensor and more than 50 for 
the catalytic LEL sensor. 

 Custom Gases are gases with user-modified parameters. Using ProRAE Studio II, all parameters 
defining a gas can be modified, including the name, span value(s), correction factor, and default alarm 
limits. 

 

 
 
 
9.3.3.3 Measurement Units 
In some cases, the measurement unit for displaying data from sensors can be changed. 
 

 
 

Standard available measurement units include: 
  

Abbreviation Unit Sensor Type 
ppm, ppb parts per million, parts per billion PID for VOC 
mg/m3, ug/m3 milligrams per cubic meter, micrograms per cubic meter PID for VOC 
ppm, mg/m3 parts per million, milligrams per cubic meter EC (electrochemical) 
ppm Only, %VOL only, 
Auto Range 

parts per million, percent by volume, automatically 
switch from ppm to %VOL at 10,000 ppm and higher* 

CO2 

urem, mrem microrems and millirems Gamma 
uSv, mSv microSieverts and milliSieverts Gamma 
uR, mR microRoentgens and milliRoentgens Gamma 
uGy, mGy microGrays and milliGrays Gamma 
 

* The CO2 switch point from ppm to %VOL can be changed via ProRAE Studio 2. 
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Here are two examples of menu hierarchies (select the sensor type and then the measurement unit): 
 

 
 
9.3.4 Alarms 
Use this menu to change high, low, STEL, and TWA alarm limits - the points at which alarms are 
triggered. The Alarms menu also allows changing alarm mode (latched or automatic reset) and alarm 
output methods (combinations of light, buzzer, and vibration alarm indications).   
 
9.3.4.1 Alarm Limits 
There are four groups of alarm settings that you can adjust for each individual sensor for which a 
particular alarm type is available. 
 
Settings: 
 

 High Alarm 
 Low Alarm 
 STEL (Short-Term Exposure Limit) Alarm 
 TWA (Time-Weighted Average) Alarm 
 

Note: Some alarm settings are not applicable to all sensors. If a setting is irrelevant to a sensor (for 
example, STEL for a gamma radiation sensor), then that sensor does not appear in the list. 
 
9.3.4.2 Alarm Mode 
You can program the MultiRAE so that there are two ways to shut off an alarm: 
 
Auto Reset When the alarm condition is no longer present, the alarm stops automatically. 
Latch You must manually turn off an alarm when one is triggered. The latched setting 

only controls alarms for High Alarm, Low Alarm, STEL Alarm, and TWA Alarm. 
 
9.3.4.3 Alarm Settings 
You can enable/disable any combination of light (visible), buzzer (audible), and vibration alarms. 
 
Settings: 
 

 All Enabled 
 Light 
 Vibration 
 Buzzer 
 Buzzer & Light 
 Buzzer & Vibration 
 Vibration & Light 
 All Disabled 

  
9.3.4.4 Comfort Beep 
A Comfort Beep is a single beep of the audible alarm at 60-second intervals that informs the person using 
the MultiRAE that it is functioning. It can be turned on or off. 
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9.3.4.5 Man Down Alarm 
The Man Down Alarm is a critical and potentially lifesaving feature of every MultiRAE. The Man Down 
Alarm is based on the premise that if the instrument is motionless when it is not supposed to be, 
something wrong may be happening to its user. If that is the case, a wirelessly enabled MultiRAE not 
only goes into alarm locally on the instrument to notify people in the vicinity, but also remotely, over a 
wireless network, to transmit the alarm to remote safety officers at a command center, that a person is 
down, so that help can be dispatched quickly. 
 

Whenever the Man Down feature is enabled, the main screen displays a Man Down icon along the top to indicate 
it is active: 
 

 
 

The MultiRAE has a 3D gravity sensor that can track the slightest motion of the instrument in any 
direction. If the instrument is not moved during that time, then a pre-alarm is activated to alert the user, 
and shows the “Are You OK?” screen. Pressing [Y/+] clears the alarm and returns the MultiRAE to its 
normal operation. Pressing [N/-] sets it into Man Down Alarm (and if wireless connectivity is enabled, a 
Man Down message is sent in real time to remote observers). If neither key is pressed, then after the count-
down, it goes into Man Down Alarm (again sending a message to remote observers if wirelessly enabled). 
 

         
 

Settings are available for: 
 

 Off/On (off by default) 
 Motionless Time: time the instrument is motionless before initiating a pre-alarm (30 seconds by 

default) 
 Motion Sensitivity:  set to low, medium, or high to compensate for ambient vibration or motion 

(medium by default) 
 Warning Time: countdown, in seconds, from pre-alarm to Man Down alarm (30 seconds by default) 

 

When the Man Down pre-alarm is activated, the buzzer sounds and LEDs flash twice per second, and a countdown 
begins.  
 

 If the MultiRAE’s user presses [Y/+] for “Yes” in response to the “Are You OK?” question on the 
screen before the countdown reaches zero, the Man Down alarm stops and the main reading screen is 
displayed. 

 If the person does not press [Y/+] for “Yes” in response to the “Are You OK?” question on the screen 
before the countdown reaches zero, the Man Down alarm is triggered.  

 If the person presses [N/-] during the countdown, answering the “Are You OK?” question with “No,” 
the Man Down alarm starts. 

 

If wireless connectivity is enabled, a Man Down message is also sent to remote observers. 
 

IMPORTANT! 
When gas or radiation alarm conditions exist at the same time as the Man Down is activated, the pre-
alarm stage is skipped and the instrument goes straight into a Super Alarm (gas or radiation and Man 
Down) with four beeps/flashes per second. 
 

IMPORTANT! 
MultiRAE Benzene only: Man Down alarm capability is off during Benzene Mode measurements.  
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9.3.4.6 Man Down Messaging (WiFi-Equipped Instruments Only) 
In addition to the Man Down function in other MultiRAE monitors, instruments equipped with 
WiFi provide an option for sending a message to Location Manager. 
 
When the Man Down is triggered, this screen is shown: 
 

 
 
If you do not need assistance, press [Y/+] before the countdown reaches 0 to stop the Man Down 
alarm from being activated. Otherwise, press [N/+] to trigger the Man Down alarm immediately, 
or do not press either key (the countdown will reach 0 and the alarm will start). When the Man 
Down alarm occurs, this screen is displayed: 
 

 
 
In addition, the instrument alarms (audible and visible) four times per second. The instrument 
also sends an emergency message to Location Manager. 
 
Press [Y/+] to clear the alarm. The alarm stops and the display returns to the main reading 
screen. 
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9.3.4.7 Panic Alarm (WiFi-Equipped Instruments Only) 
When you hold down the [Y/+] key for more than four seconds, the “Panic Alarm!” screen is 
shown and the instrument alarms (audible and visible) four times per second.  
 

 
 
Instruments equipped with WiFi also send an emergency message to Location Manager. 
 

 
 
To clear the alarm, press [Y/+]. 

Press and hold [Y/+] to 
activate Panic Alarm 
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9.3.5 Quick Access Menu (WiFi-Equipped Instruments Only) 
Instruments equipped with WiFi offer a Quick Access Menu that is accessible from the main 
reading screen. There is also a Panic Alarm, also accessible from the main screen. 
 
The Quick Access Menu is accessed by pressing [Y/+]: 
 

 
 
The Quick Access Menu provides three choices. Scroll through them by pressing [N/-], and 
select one by pressing [Y/+]. 
 
Clear Alarm. If an alarm is sounding, press [Y/+]. The alarms are cleared, and the display 
shows the main reading screen. 
 

 
 
Send Message. Send a preconfigured message via “Send Message.” Press [Y/+]. 
 

 
 

Press [Y/+] to enter 
Quick Access Menu 
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The “Send Message” screen shows the first message and the total number of available stored 
messages (in this example, 10 messages): 
 

 
 
Scroll through the messages by pressing [N/-]. When you reach the message you want to send, 
press [Y/+]. If the message is sent successfully, this message is show: 
 

 
 
After a few seconds, the display automatically returns to the Send Message screen. 
If the message was not sent, this message is shown: 
 

 
 
After a few seconds, the display automatically returns to the Send Message screen. Check that 
the radio module is turned on. If it is off, turn it on and try sending the message again. 
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Received Message. Check for received messages by selecting this option (press [Y/+]). 
 

 
 
Press [Y/+] to check for received messages. If there are no received messages, the display alerts 
you: 
 

 
 
After a few seconds, the display automatically returns to the Quick Access Menu. 
If there are received messages, the display shows the first one and tells you how many messages 
it has received, such as 1/6 (first message of six messages), etc. It also shows the time and date 
when the message was received: 
 

 
 
Step through the messages by pressing [N/-]. 
 
Return to the Quick Access Menu by pressing [MODE]. 
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9.3.6 Datalog 
The instrument displays a floppy disk icon to indicate that a datalog is being recorded. The instrument 
stores the measured gas concentration for each sensor, date and time for each measurement, Site ID, User 
ID, and other parameters. The MultiRAE memory is sufficient to record six months’ worth of data for 
five sensors at one-minute intervals, 24/7. All data are retained (even after the unit is turned off) in non-
volatile memory so that they can be downloaded at a later time to a PC.  

 
9.3.6.1 Clear Datalog 
This operation erases all data stored in the datalog. Select “Clear Datalog,” and then “Yes.” 
 

 
 
 
Note: Once the datalog is cleared, the data cannot be recovered. 
 
 
9.3.6.2 Datalog Interval 
Intervals are shown in seconds. The default value is 60 seconds. The maximum interval is 3600 seconds, 
and the minimum is 1 second. 

 
 

IMPORTANT! 
 

9.3.6.3 Sensor Selection 
You can choose which sensors’ data are included in the datalog. The entire list of installed sensors is 
shown, and you can individually select whether their data is included. 
 
Note: Turning a sensor off in the list does not change or erase its settings. 
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9.3.6.4 Data Selection 
Data Selection allows you to select which types of data are stored and made available when you 
download your datalog to a computer via ProRAE Studio II (version 1.04 or higher) software. 
 
You can choose any or all of four types of data (you must choose at least one): 
 

 Minimum 
 Average 
 Maximum 
 Real Time 

 
 
9.3.6.5 Datalog Type 
The instrument offers three options for starting the datalogging process: 
 
Auto Automatically collects datalog information every time the instrument is sampling until 

the datalog memory is full. 
Manual Datalogging occurs only when you manually initiate it (see below for details). 
Snapshot Captures a single event when you press [MODE]. 
 
Note: You can only choose one datalog type to be active at a time. 
 
About Manual Datalogging 
When the instrument is set to Manual Datalog, you can turn datalogging on and off by repeatedly pressing 
[N/-] and stepping through the screens from the main display until you reach the screen that says “Start 
Datalog?” 
 

 When you reach the screen that says “Start Datalog?” press [Y/+] to start it. You see “Datalog 
Started,” confirming that datalogging is now on. You can turn it off by pressing [Y/+] again. 

 If datalogging is running, you can leave it running. However, if you want to turn it off, follow this 
procedure: 

 

Press [N/-] repeatedly to step through the screens until you reach the screen that says, “Stop 
Datalog?” Press [Y/+] to stop datalogging. The screen displays “Datalog Stopped” for a few 
seconds, before displaying “Start Datalog?” and the datalog interval. You can restart it 
anytime by pressing [Y/+] from that screen. 
 

About Snapshot Datalogging 
When the instrument is in Snapshot datalogging mode, it captures a single “snapshot” of the data at the 
moment of your choosing. All you have to do is press [MODE] each time you want to capture a snapshot 
of the data at that instant. 
 

 

 

 
 

No snapshot. Press [MODE] for a snapshot. Datalog icon is shown 
momentarily during a 
snapshot 

 
9.3.6.6 Memory Full Action 
When the internal datalog memory is full, the MultiRAE can either stop collecting data (Stop when full) 
or go back to the beginning and overwrite the data from the first entry, second entry, etc. (Wraparound). 
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9.3.7 Wireless 
When a MultiRAE is equipped with a wireless modem, its settings are controlled via the menu items 
under “Wireless.”   
 
Note: Instruments equipped with WiFi provide different menu choices. Refer to page 71 for details. 
 

 
 
9.3.7.1 Radio ON/OFF 
Turn the radio on or off via this menu. 
 

1. Choose between “On” and “Off” by pressing [N/-]. 
2. Select the highlighted state by pressing [Y/+]. 
3. Save or  register the change: 

 Press [Y/+] to save the change. 
 Press [N/-] to undo the change. 

 

 
 
 
9.3.7.2 Roaming 
The Roaming function provides continuous wireless connectivity between zones enabling users of 
wireless monitors to travel from one zone/work area to another without losing communication between 
their monitor and ProRAE Guardian. You can turn Roaming on and off in your monitor, or you can set it 
via ProRAE Studio II.  
 

1. Press [N/-] to scroll down to “Roaming.” 
2. Press [Y/+] to select “Roaming.” 
3. Press [Y/+] to scroll to “On” or “Off.” 
4. Press [Y/+] to “Save.” 
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Note: When Roaming is on, you cannot change the instrument’s PAN ID. When Roaming is on, the 
“PAN ID” is not shown in the Wireless menu. To turn “PAN ID” back on: 

 
1. In the Wireless menu, press [N/-] to scroll down to “Roaming.” 
2. Press [Y/+] to select “Roaming.” 
3. Press [Y/+] to select “Off.” 
4. Press [Y/+] to save the change. 

 
Roaming is now off, and the “PAN ID” menu item is now visible and selected. 

9.3.7.3 PAN ID 
The MultiRAE and any other devices that you want to interconnect wirelessly must have the same PAN 
ID. You can set the PAN ID in the instrument or through ProRAE Studio II. Note: When Roaming is 
turned on, the PAN ID menu item is unavailable and therefore the PAN ID cannot be changed. To make 
the menu item available and to change the PAN ID in the instrument, turn Roaming off. 
 

1. Press [Y/+] to increase the number and [N/-] to advance to the next digit. 
2. After moving to the last digit and making changes, press [MODE].  

 Press [Y/+] to save the change. 
 Press [N/-] to undo the change. 

 

 
 

9.3.7.4 Channel 
The MultiRAE and any other devices that you want to interconnect wirelessly must be operating on the 
same channel. 
 

1. Press [Y/+] to increase the number and [N/-] to advance to the next digit. 
2. After moving to the last digit and making changes, press [MODE].  

 Press [Y/+] to save the change. 
 Press [N/-] to undo the change. 

 

 
 

Note: You cannot change the channel setting on an instrument equipped with a radio modem that operates 
at a frequency of 868 MHz. 
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9.3.7.5 Join Network 
You can tell the MultiRAE to automatically join a network with a certain PAN ID without having to 
specify the communications channel. The PAN ID is shown for reference (if it is incorrect, you can 
change it in ProRAE Studio II). Press [Y/+] to join. Note: If Roaming is turned on, instead of a PAN ID 
number, you see “- - -”. 
 

 
 

While it is searching for a network to join, the display shows this message:  
 

Joining Network 
    Please Wait 

 
If it is unsuccessful, you will see this message: 
 

Failed To Join Network 
 
Check your other settings, as well as those of the network you are trying to join. 
 
You can press [Y/+] to retry or [N/-] to quit. 
 
9.3.7.6 Interval 
This menu allows you to change the interval between wireless transmissions.  The interval can be set to 
10, 30, 60, 120, or 240 seconds. 
 

1. Scroll down the list of intervals by pressing [N/-] until the interval you want is highlighted. 
2. Select the highlighted interval by pressing [Y/+]. 
3. Save or  register the change: 

 Press [Y/+] to save the change. 
 Press [N/-] to undo the change. 

 

 
 

Note: The default interval is 30 seconds. 
 
Note: When in TVOC Mode, MultiRAE Benzene behaves exactly like other models. In Benzene Mode, 

however, ProRAE Guardian shows “sampling” during countdowns and then continuously shows snapshot 

measurement of  “Benzene: XXppm” until new measurement is done or until the instrument  is used in 

TVOC mode. 
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9.3.7.7 Off Network Alarm 
If you would like the MultiRAE to notify you when it loses connection with a network, turn this on. 
 

1. Choose between “On” and “Off” by pressing [N/-]. 
2. Select the highlighted state by pressing [Y/+]. 
3. Register the change.  

 Press [Y/+] to save the change. 
 Press [N/-] to undo the change. 

 

 
 
9.3.7.8 Factory Reset 
Restore all the wireless settings to their original factory defaults. 
 
Caution! Once you reset the wireless settings, you cannot retrieve any of the settings deleted by 
performing this reset. 
 

 
 

 Press [Y/+] to reset the wireless settings. 
 Press [N/-] to exit without resetting the wireless settings. 
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9.3.8 Wireless (Instruments Equipped With WiFi Only) 
To change wireless settings on instruments equipped with WiFi, go to “Wireless” in 
Programming Mode: 
 

 
 
Press [Y/+] to enter the Wireless menu. 
 

 
 
Radio ON/OFF. Press [Y/+] to select “Radio On/Off.” 
 
Press [N/-] to select “Off” or “On.” 
 

 
 
Press [Y/+] to save or [N/-] to undo. If you choose to turn the radio on and save the change, the 
screen tells you that it is turning the radio on, followed by a screen that says “Radio On” once the 
radio is on. Then it returns to the main Wireless menu. 
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Sent History. You can view messages that have been sent by selecting “Sent History.” 
 

 
 
Press [Y/+] to view messages that have been sent. If no messages have been sent, then the 
display shows this screen: 
 

     
 
After a few seconds, it automatically returns to the Wireless menu. 
If messages have been sent, the display shows the first one and tells you the total number of 
messages sent (such as 1/5, first message of five messages, etc.). It also shows the time and date 
when the message was sent: 
 

 
Step through the sent messages by pressing [N/-], or return to the Wireless menu by pressing 
[MODE]. 
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9.3.9 Monitor 
The submenus under “Monitor” control the LCD’s contrast, operation mode, pump speed, and other 
parameters. Press [N/-] to advance through the submenus, and when you reach the last one, it returns to 
the first selection. 
 

 
 
9.3.9.1 LCD Contrast 
The display’s contrast can be increased or decreased from its default setting. You may not need to ever 
change the default setting, but sometimes you can optimize the display to suit extreme temperature and 
ambient brightness/darkness conditions. 
 

 
  

Use the [Y/+] and [N/-] keys to decrease or increase LCD contrast, respectively (the bar graph aids in 
setting it). When you are done, press [MODE] to select “Done.” If you have not made a change, it exits to 
the submenu’s next selection. If you have made a change, you are prompted at the next screen to press 
[Y/+] to save the change or [N/-] to undo the change and exit to the next submenu selection. 
 
9.3.9.2 Operation Mode 
There are two operation modes, outlined below. 
 
Hygiene Mode 
When the MultiRAE is in Hygiene Mode, it continuously monitors, and if datalogging is on, it saves data 
continuously. Refer to page 37 for more information on operation in Hygiene Mode. 
 
Search Mode 
When the instrument is in Search Mode, it only samples when you activate sampling. When you see the 
display that says, “Ready…Start sampling?” press [Y/+] to start. The instrument automatically assigns a 
new Site ID to each measurement you take. The pump turns on and the instrument begins collecting data. 
To stop sampling, press [N/-] while the main display is showing. You will see a new screen that says, 
“Stop sampling?” Press [Y/+] to stop sampling. Press [N/-] if you want sampling to continue. Refer to 
page 37 for more information on operation in Search Mode. 
 
Benzene Mode (MultiRAE Benzene Only) 
The MultiRAE Benzene does not have Search Mode. It operates in TVOC MODE (equivalent to Hygiene 
Mode) or Benzene Mode. 
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9.3.9.3 Pump Speed 
If the MultiRAE is equipped with a pump, the pump can operate at two speeds, high and low. Running at 
low speed is quieter, extends pump lifespan, and conserves a small amount of power. There is almost no 
difference in sampling accuracy.  
 
9.3.9.4 Zero At Start 
If your MultiRAE has been configured to perform a zero (fresh air) calibration upon startup, called Zero 
At Start, then the startup routine is interrupted so that you can perform a fresh air calibration for all 
sensors prior to using the instrument. 
 
If you do not want to perform a zero calibration, press [MODE] to bypass it. If you start a zero calibration 
and want to abort it, press [N/-], and the calibration stops and the main display is shown. 
 
9.3.9.5 Fast Startup 
Fast Startup reduces the amount of time between when the instrument is turned on and is ready for use. It skips 
showing you many settings and is best suited to environments where the MultiRAE is turned on and off very 
often during a given day. If Fast Startup is not selected, then when the instrument starts, it shows you details of 
each sensor, including calibration information, high and low alarm settings, etc.  
 
9.3.9.6 Temperature Units 
The display unit of the internal temperature sensor can be switched between Fahrenheit and Celsius. 
 
9.3.9.7 Language 
English is the default language, but other languages can also be selected for the instrument. Note: The 
language can only be changed through ProRAE Studio II. 
 
9.3.9.8 Site ID 
Choose and enter an 8-digit Site ID to uniquely identify the particular site where the instrument is to be 
used. The first four digits can be an alphabet letter or number, while the last four digits can only be 
numbers. This Site ID is included in the datalog report. 
 
Note: Advance through the alphabet and numbers (0 through 9) by one with each press of the [Y/+] key. 
To scroll quickly, hold down the [Y/+] key for as long as you want it to scroll rapidly. 
 
9.3.9.9 User ID 
Enter an 8-digit alphanumeric User ID to uniquely identify a user. This User ID is included in the datalog 
report. The first four characters of a customized User ID act as an identifier for the monitor on the screen 
of the EchoView Host Wireless Mini-Controller to which the MultiRAE is wirelessly connected. 
 
Note: Advance through the alphabet and numbers (0 through 9) by one with each press of the [Y/+] key. 
To scroll quickly, hold down the [Y/+] key for as long as you want it to scroll rapidly. 
 
9.3.9.10 Date Format 
Month (MM) and Day (DD) have two digits each, while the year (YYYY) uses four digits. The 
Date can be expressed in three different formats: 
 

 MM/DD/YYYY 
 DD/MM/YYYY 
 YYYY/MM/DD 

 
9.3.9.11 Date 
Set the date according to the format selected in Date Format. 
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9.3.9.12 Time Format 
The time format can be either of these two options: 
 

 12 Hour (AM/PM) 
 24 Hour 

 
9.3.9.13 Time 
Regardless of the Time Format you select, the MultiRAE’s time must be set using the 24-hour format, 
following hours, minutes, and seconds (HH:MM:SS). 
 
9.3.9.14 User Mode 
Two User Modes are available: Advanced and Basic. The Advanced User Mode allows a greater number 
of parameters to be changed than Basic User Mode. It can be used with either of the Operation Modes, 
Hygiene or Search. No password is required to enter the Programming Menu when in Advanced User 
Mode. 
  
9.3.9.15 Backlight 
The display’s backlight can be set to illuminate either automatically, based on ambient light conditions, or 
manually, or it can be shut off. If manual backlighting is selected, when the backlight is turned off, 
pressing any key turns backlighting on. A key needs to be pressed again to perform its main function. 
 
9.3.9.16 LCD Flip 
The display can be configured to flip 180° automatically when the MultiRAE is turned upside-down. The 
LCD Flip feature can be set to On or Off. 
 
Note: When LCD Flip is enabled and the instrument is inverted, the screen flips, and the button functions 
also “flip” so that their orientation changes, as well. 
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10 Policy Enforcement 
 
The MultiRAE can be configured to enforce a facility/company’s requirements that calibration and/or 
bump testing be performed at specified intervals, and to explicitly prompt the user that calibration/bump 
testing is required. Depending on how Policy Enforcement features are configured, the user may be 
required to perform a bump test or calibration prior to being able to use the instrument. That is, it can be 
set to not allow normal operation of the instrument unless calibration or bump testing is performed. 
 
If the instrument has been bump tested and calibrated in compliance with the policy settings, a check-
mark icon is included along the top of the MultiRAE screen: 
 

      
 

If Policy Enforcement is enabled, then after startup the MultiRAE displays a screen that informs the user 
that the instrument requires either a bump test or a calibration. If both are required, then they are shown in 
sequence. 
 
Note: Policy enforcement features are disabled by default. 
 
10.1 Setting Policy Enforcement 
You must use ProRAE Studio II to make changes to Policy Enforcement settings. The procedure differs, 
depending on whether you are using an AutoRAE 2, a MultiRAE Travel Charger, or a MultiRAE 
Desktop Cradle. Policy violations are captured in the datalog. 
 
10.1.1 Using The AutoRAE 2 Automatic Test And Calibration System 
To program a MultiRAE via an AutoRAE 2, you need ProRAE Studio II Instrument Configuration and 
Data Management Software, the AutoRAE 2 connected to a power source, and a USB PC 
communications cable. 
 
1. Connect a USB cable between a PC with ProRAE Studio II and the AutoRAE 2. 
2. Apply power to the AutoRAE 2. 
3. Turn off the MultiRAE (or put the MultiRAE into AutoRAE 2 Mode) and set it in the cradle. 
4. Start ProRAE Studio II software on the PC. 
5. Select “Administrator” and input the password (the default is “rae”). 
6. Click “Detect the instruments automatically” (the magnifying glass icon with the letter “A” in it). 

After a few seconds, the AutoRAE 2 Cradle is found and it is shown, along with its serial number:  
 

 
 

7. Click on the icon to highlight it, and then click “Select.” 
 



MultiRAE User’s Guide 

77 
 

 
 

8. In ProRAE Studio II, the AutoRAE 2 Cradle is shown, including its Serial Number, under “Online”: 
 

 
 
9. Expand the view to show the MultiRAE in the AutoRAE 2 Cradle by clicking the “+” to the left of 

the image of the AutoRAE 2 Cradle: 
 

 
 

10. Double-click on the icon representing the MultiRAE. 
 
11. Click “Setup.” 
 

 
 

12. In the menu that now appears on the left side, click “Policy Enforcement.” It is highlighted, and the 
Policy Enforcement pane is shown: 
 



MultiRAE User’s Guide 

78 
 

       
 
For “Must Calibrate” and “Must Bump,” you have the options of no enforcement or enforcement 
(including “Can’t Bypass,” and “Can Bypass”). 
 
Must Calibrate. The user is prompted to calibrate the instrument when calibration is due (as set by the 
calibration interval). There are two programmable options: 
 

 Can’t Bypass. Unless calibration is performed, the instrument cannot be used, and the only 
option is to turn off the instrument. 

 Can Bypass. If calibration is due but the user does not want to perform a calibration, the 
instrument can still be used. In this case, the instrument records that the user has bypassed the 
calibration requirement in a Policy Violation report. 

 
Must Bump. The user is prompted to bump test the instrument when a bump test is due (as set by the 
bump test  interval). There are two programmable options: 
 

 Can’t Bypass. Unless a bump test is performed, the instrument cannot be used, and the only 
option is to turn off the instrument. 

 Can Bypass. If a bump test is due but the user does not want to perform one, the instrument can 
still be used. In this case, the instrument records that the user has bypassed the bump testing 
requirement in a Policy Violation report. 

 
These are the screens that are shown on a MultiRAE after startup if “Can Bypass” is selected: 
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If “Can’t Bypass” is selected, the display looks like this, and only allows the options of performing the 
test or shutting down: 

 

       
 
16. Once you have made your selections in ProRAE Studio II, you must upload the changes to the 

instrument. Click the icon labeled “Upload all settings to the instrument.”  
 
17. A confirmation screen is shown. Click “Yes” to perform the upload, or “No” to abort.  
 Uploading takes a few seconds, and a progress bar is shown. You can abort the upload by clicking 

“Cancel.” 
  

18. Exit ProRAE Studio II.  
 
19. Press [Y/+] on the MultiRAE to exit Communication Mode. 
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10.1.2  Using The MultiRAE Desktop Cradle Or Travel Charger 
Make sure the AC adapter is connected and that a USB cable is connected to a computer running ProRAE 
Studio II. 
 
1. Turn on the MultiRAE. 
2. Hold down [MODE] and [N/-] to enter Programming Mode. 
3. Provide the password. 
4. Press [N/-] until “Enter Communications Mode?” is displayed. 
5. Press [Y/+]. The screen shows three options: 
 

 PC 
 AutoRAE 2 
 Exit 

 
6. With “PC” highlighted, press [Y/+] to select it. 

The screen now displays: “Ready To Communicate With Computer.” 
 
7. Start ProRAE Studio II. 
8. Select “Administrator.” 
9. Input the password (the default is “rae”). 
10. Click “OK.” 
11. Click “A” (detects instruments automatically). 
12. Click on the instrument’s icon when it appears to highlight it. 
13. Click “Select.” 
14. Click “Setup.” 
15. Click “Policy Enforcement.” 
 
      The Policy Enforcement pane is shown: 
 

       
 

You can select “Must Calibrate” and/or “Must Bump” and then set whether the user must perform the 
selected operation in order to use the instrument. 
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16. Once you have made your selections in ProRAE Studio II, you must upload the changes to the 
instrument. Click the icon labeled “Upload all settings to the instrument.” 

 

       
 
17. A confirmation screen is shown. Click “Yes” to perform the upload, or “No” to abort. 
 

       
 

Uploading takes a few seconds, and this progress bar is shown. You can abort the upload by clicking 
“Cancel.” 

 

       
 
 
18. Exit ProRAE Studio II. 
19. Press [Y/+] on the MultiRAE to exit Communication Mode. 
 
 
 
10.2  Deactivating Policy Enforcement 
 
10.2.1 AutoRAE 2 Cradle 
 
To deactivate Policy Enforcement when using an AutoRAE 2 Cradle, follow the procedure for changing 
settings. See page 76 for details. 
 
10.2.2 MultiRAE Desktop Cradle Or Travel Charger 
 
If the MultiRAE screen displays the message that it must be bump tested or calibrated, and if the option to 
bypass bump testing or calibration is not available, you should shut off the instrument and follow the 
procedure outlined here if you want to change the Policy Enforcement settings: 
1. Use a USB cable to connect the MultiRAE in its Travel Charger or Desktop Cradle to a computer 

running ProRAE Studio II. 
2. Enter Diagnostic Mode on the MultiRAE (with the instrument turned off, press and hold [Y/+] and 

[MODE] until it starts up. 
3. After startup, enter the password when prompted (default is “0000”) and press [MODE]. 
4. Press [N/-] repeatedly until you see the “Enter Communications Mode?” screen. 
5. Press [Y/+] to enter Communications Mode. 
6. Start ProRAE Studio II. 
7. Select “Administrator.” 
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8. Input the password (the default is “rae”). 
9. Click “OK.” 
10. Click “A” (detect instruments automatically). 
11. Click on the instrument’s icon when it appears. 
12. Click “Select.” 
13. Click “Setup.” 
14. Click “Policy Enforcement.” The Policy Enforcement pane is shown. 
15. Deselect Policy Enforcement features you do not wish to use. 
16. Click “Upload all settings to the instrument.” 
 

       
 
17. When you see this confirmation. Click “Yes.” 
 

       
 
      Uploading will take a few seconds, and this progress bar is shown: 
 

       
 
18. When the upload is done, exit ProRAE Studio II. 
19. Press [Y/+] on the MultiRAE to exit Communication Mode. 
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11  Calibration And Testing 
 
11.1  Manual Alarms Test 
 
Under Normal Operation Mode and non-alarm conditions, the buzzer (audible alarm), vibration, visible 
alarms, and backlight can all be tested anytime by pressing [Y/+] twice. If any alarm does not respond, 
check the alarm settings in the Programming Menu to make sure all alarms are enabled (selected setting 
under Programming/Alarms/Alarm Settings should be “All Enabled”). If any alarms are enabled but not 
functional, the instrument should not be used. 
 
11.2  Bump Testing And Calibration 
 
RAE Systems recommends that a bump test be conducted prior to each day’s use. The purpose of a bump 
test is to ensure that the instrument’s sensors respond to gas and all the alarms are enabled and functional.  
 

 The MultiRAE multi-gas detector must be calibrated if it does not pass a bump test when a new 
sensor is installed, after sensor maintenance has been performed, or at least once every 180 days, 
depending on use and sensor exposure to poisons and contaminants. 

 Calibration and bump test intervals and procedures may vary due to national legislation and 
company policy.  

 
A bump test or calibration can be performed either manually or using the AutoRAE 2 Automatic Test and 
Calibration System. When a bump test or calibration is done manually, the instrument makes a pass/fail 
decision based on sensor performance, but the user still has the responsibility to make sure all the alarms 
are enabled and functional.  
 
An AutoRAE 2 bump test or calibration takes care of both the sensor and alarm tests. Consult the 
AutoRAE 2 User’s Guide for details. 
 
11.2.1 MultiRAE Equipped With A Pump  
With its pump speed setting of low or high, a MultiRAE normally draws in air at a flow rate of between 
200 cc/min and 300 cc/min. RAE Systems recommends that a calibration adapter  used with calibration 
gas flow rates from 500 cc/min to 1000 cc/min. 
 
Installing The Calibration Adapter 
WARNING: Make sure the calibration adapter clips on and stays in the correct position during 
calibration, as illustrated below. Otherwise, the calibration adapter must be manually held in the correct 
position. 

 

 
 
 
 

        Wrong             Wrong           Wrong           Correct 
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11.2.2 MultiRAE Lite Diffusion Model (No Pump)  
Because there is no single inlet on the diffusion (non-pumped) version of the MultiRAE, a Calibration 
Adapter is used for supplying calibration gas to all sensors at one time. Follow these steps for attaching 
the Calibration Adapter. 
 

 

 

 

 
 

 
 

 

Grasp the small handles on the 
Calibration Adapter. 

Align the Calibration Adapter’s 
two connectors with the screws 
on both sides of the MultiRAE’s 
gas inlets. 

Make sure the connectors are 
securely in place before starting 
the flow of calibration gas. (The 
Calibration Adapter has small 
grooves on its underside to allow 
gas to escape after passing over 
the sensors. 

 
11.2.3 Bump (Functional) Testing 
 
A bump test can be performed on an individual sensor (Single Sensor Bump) or a group of sensors (Multi 
Sensor Bump) combined into Multi Cal. Select. The same gas is used for a bump test as for calibration. 
Typically, two cylinders of calibration gas are needed to perform a bump test or calibration on an 
instrument with a PID sensor and electrochemical and LEL sensors. This may require one gas cylinder 
with Isobutylene or another VOC test gas to test the PID sensor, and another with a 4-gas mix to test 
electrochemical (such as CO, H2S, and O2) and LEL sensors. As with calibration, the instrument 
intelligently splits the process into two consecutive steps: first, the wizard prompts for testing 
electrochemical and LEL sensors, and then it tests the PID sensor.  
 
For a manual bump test, a constant-flow regulator producing 0.5 to 1 liters per minute should be used, and 
the calibration adapter must be installed on the instrument. Testing and calibration with an AutoRAE 2 
must be performed using demand-flow regulators. A calibration adapter must not be used. Teflon tubing 
must be used to test or calibrate the PID sensor. Follow the steps described here to perform a manual 
bump test: 
 

1. Turn on your MultiRAE by pressing and holding [MODE] (the middle button) and allow the 
instrument to boot up fully until the main measurement screen with sensor names and readings is 
shown. 

 
IMPORTANT! 

 Make sure all of the instrument’s sensors have warmed up before performing the bump test. The 
instrument will take the time to warm up the sensors prior to enabling access to bump test menus. 
You can tell a sensor has warmed up if you see a reading next to it name on the display. If it has not 
warmed up, you see three dashes (“---”) next to it. 

 

Calibration 
Adapter 

Hose to 
Calibration 
Gas 
Source 
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2. Enter the Bump Test menu. It is accessible either through Programming Menu/Calibration or 
using the following easy shortcut: 

 
With the instrument running in Normal Mode and the main measurement screen shown, 
press both [Y/+] and [N/-] at the same time and hold them for 5 seconds. If all the sensors 
have warmed up, the Multi-Bump Test menu then appears: 
 

                                                
 
Otherwise, the menu appears after the warm-up is complete (while it is warming up, the 
screen indicates that you must wait for the sensors to warm up). 
 

                                               
 
Note: If you do not apply gas within a couple of minutes, the screen changes briefly to 
indicate gas has not been applied, and then the instrument returns to its normal reading 
screen. 

 
3. Install the calibration adapter on the MultiRAE and connect it to the calibration gas. Turn on the 

gas to initiate flow.  
 

4. Press [Y/+] to start the bump test. While the bump test is being performed, the readings for each 
sensor are shown. Once the bump test completes, pass/fail test results and readings are shown for 
each sensor. 
 
Note: If a PID or other sensors are installed in the instrument require a dedicated cylinder of gas 
to calibrate, the instrument will prompt for calibrating such sensors at this point. 
 

5. If a PID or other sensors installed in the instrument require a dedicated gas cylinder to calibrate, 
the instrument will prompt to calibrate such sensors at this point. Disconnect the gas cylinder and 
connect the next (for example, 100 ppm Isobutylene for a PID). 

 
6. Press “OK” to proceed to the PID sensor test. Turn on the gas and press Start ([Y/+] button). 

While the bump test is being performed, PID sensor readings are shown. Once the bump test 
completes, pass/fail test results and readings are shown for the PID sensor.  
 
Note: If other installed sensors require a dedicated cylinder of gas to calibrate, the instrument 
prompts for calibrating these sensors at this point. 
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IMPORTANT! 

  If one or more sensors fails a bump test, be sure to calibrate those sensors. 

7. The bump test is now complete. Press Exit to return to the main measurement screen.  
 

8. Now perform a manual alarms test, as described in section 11.1. 

If all the alarms and all sensors have passed and no sensor is due for a calibration, the instrument is now 
ready for use. 

Note: When a manual bump test is performed, the readings shown are in the equivalent units of the 
calibration gas, and not the measurement gas (if different). 

 

11.2.4 Testing The Gamma Radiation Sensor 
The gamma radiation sensor does not require user calibration. You can check it by placing a check-source 
on the rear of the MultiRAE equipped with a gamma sensor to check the readings. A raised dot on the 
rubber boot marks where the sensor is located inside the instrument. 
 

 

Gamma 
Sensor 
Location 
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11.3  Zero/Fresh Air Calibration 
This operation sets the zero point of the sensor calibration curve for clean air. It should be performed 
before other calibrations. 
 

IMPORTANT! 
Even though most toxic gas sensors can be zeroed in fresh air, sensors such as the CO2 and the parts-per-
billion PID sensor for volatile organic compounds (VOCs) should not be zeroed in fresh air. Both CO2 gas and 
VOCs are normally present in ambient air, so zeroing these sensors in ambient air will not allow for a true zero 
to be set for such sensors. The CO2 sensor should be zeroed in 99.9% nitrogen and the parts-per-billion PID 
sensor should be zeroed with ambient air using a charcoal filter or a VOC zeroing tube. 
 
Note: If you use a zero air or other gas cylinder, you must use the MultiRAE Calibration Adapter. A 
calibration adapter is not necessary for calibration in fresh air. 
 
11.3.1 Zero Calibration For A CO2 Sensor 
IMPORTANT! If your MultiRAE is equipped with a CO2 sensor, it must be zero calibrated using 100% 
Nitrogen (N2), which is inert, instead of fresh air or zero air. 
 
11.3.2 Zero Calibration For Parts-Per-Billion (ppb) Sensor 
IMPORTANT! The parts-per-billion PID sensor for volatile organic compounds (VOCs) should not be 
zeroed in fresh air. VOCs are normally present in ambient air, so zeroing the sensor in ambient air will 
not allow for a true zero to be set. The parts-per-billion PID sensor should be zeroed with ambient air 
using a charcoal filter or a VOC zeroing tube. 
 
11.3.3 Fresh Air Calibration  
This procedure determines zero points of most sensors. The MultiRAE should be zero-calibrated in clean 
air with 20.9% oxygen or with a cylinder of clean zero air. 

At the Calibration menu, select “Fresh Air” by pressing [Y/+] once to enter fresh air calibration.  
 

 
 
After a timer countdown, the zero calibration is done. The LCD displays the sensor names and tells you 
whether each calibration passed or failed, followed by the sensor readings. 
 

 
 
Note: You can abort the calibration at any time during the countdown by pressing [N/-]. 
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11.3.4 Single-Sensor Zero Calibration  
Select the sensor and then start the calibration by pressing [Y/+]. You can abort the procedure anytime by 
pressing [N/-]. 
 

 
 
11.4  Span Calibration 
This procedure determines the second point of the sensor calibration curve for the sensor.  
 
Note: When a manual calibration is performed, the readings shown are in the equivalent units of the 
calibration gas, and not the measurement gas. 

11.5  Three-Point Calibration For Enhanced Linearity With Extended-  
   Range And ppb PID Sensors 

For better linearity at higher concentrations when a MultiRAE is equipped with a PID sensor, a 3-point 
calibration can be performed. 
 

IMPORTANT! 
Three-point calibration is disabled by default, but can be enabled using ProRAE Studio II Instrument 
Configuration and Data Management software on MultiRAE and MultiRAE Pro instruments with 10.6eV 
PID sensors, including high-range ppm and ppb PID sensors. The MultiRAE Lite PID sensor does not 
support three-point calibration. 
 
Default calibration gas settings for MultiRAE PID sensors are as follows: 
 

Sensor Specifications Zero Span Span 2 
(Third 

calibration point, 
if enabled) 

MultiRAE Pro 
parts-per-billion 
(ppb) PID 

0 to 2,000 ppm 
range, 10 ppb 
resolution 

With a 
charcoal 
filter or VOC 
zeroing tube 

10 ppm Isobutylene 100 ppm 
Isobutylene 

MultiRAE 
extended-range ppm 
PID 

0 to 5,000 ppm 
range, 0.1 ppm 
resolution 

Fresh air or 
dry air 

100 ppm Isobutylene 1,000 ppm 
Isobutylene 

MultiRAE Lite PID 0 to 1,000 ppm 
range, 1 ppm 
resolution 

Fresh air or  
dry air 

100 ppm Isobutylene Not supported 

MultiRAE Benzene 
9.8eV lamp 

0 to 2,000 ppm 
range, 1 ppm 
resolution 

Fresh air or 
dry air 

100 ppm Isobutylene 
5 ppm Benzene 

Not supported 
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11.5.1 Enabling 3-Point Calibration Via ProRAE Studio II  
 
The MultiRAE must be connected to a PC through the supplied Desktop Cradle, Travel Charger, or 
AutoRAE 2 and must be in the PC or AutoRAE 2 communications mode. 
 

1. Start up the ProRAE Studio II software, enter a password, and detect the instrument following the 
directions provided in the ProRAE Studio II User’s Manual. 

2. Click “Setup” to download the MultiRAE’s current configuration information. 
3. Click “Sensor Summary” to show the list of installed sensors. 
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4. Click “VOC(ppm)” or “VOC(ppb)” to get and set sensor parameters. 
 

 
 

5. Click 3-Point Calibration (the check mark should now be showing). 
 

 
 

6. Click the “Upload all settings to the instrument” icon. You will be asked whether you want to 
upload all configurations to the instrument. Click “Yes.” 

7. When you are done, quit ProRAE Studio II and then press [Y/+] on the MultiRAE to exit the PC 
communications mode. The instrument returns to operating in Normal mode. 
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11.5.2 Multi-Sensor Span Calibration 
This lets you perform a span calibration on multiple sensors simultaneously. It requires using the 
appropriate span gas and that the concentration labeled on the gas cylinder matches the concentration 
programmed in the MultiRAE. 
 

 
 
For a multi-sensor span calibration, a constant-flow regulator producing 0.5 to 1 liters per minute should 
be used, and the calibration adapter must be installed on the instrument. Testing and calibration with an 
AutoRAE 2 must be performed using demand-flow regulators. A calibration adapter must not be used. 
Teflon tubing must be used to test or calibrate the PID sensor. Follow the steps described here to perform 
a multi-sensor span calibration: 
 

1. Attach the calibration adapter and connect gas to the MultiRAE. 
2. Start the flow of gas and then either press [Y/+] to begin calibration or wait for calibration to start 

automatically once the sensor “senses” the gas. A countdown screen is shown. You can abort the 
calibration at any time during the countdown by pressing [N/-]. 

 
If the calibration reaches its conclusion, it shows the sensor names and tells you whether the calibration 
passed or failed, followed by the sensor readings. 
 
Note: If there are other sensors to be calibrated at this stage, the screens will guide you through the 
process. 
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11.5.3 Single-Sensor Span Calibration 
To perform span calibration of an individual sensor, follow these steps: 

1. At the Calibration Menu, select “Single Sensor Span.” 

2. Select a sensor from the list. 

3. Connect the calibration adapter and connect it to a source of calibration gas. 

4. Verify that the displayed calibration value meets the concentration label on the gas cylinder. 

5. Start the flow of calibration gas. 

                                                              
 

6. Press [Y/+] to start calibrating. You can abort the calibration at any time during the countdown by 
pressing [N/-]. 
 

 
 

After a timer countdown, the span calibration is done. The LCD will display whether the calibration was 
successful and the reading for that calibration gas. 
 
Note: If the sensor calibration fails, try again. If calibration fails repeatedly, turn off the instrument and 
then replace the sensor. 
 
 

WARNING: Do not replace sensors in hazardous locations. 
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12  MultiRAE Pro Normal & Gamma Operation  
MultiRAE Pro monitors equipped with a gamma radiation sensor in addition to one or more sensors for 
detecting chemical threats can operate in two different measurement modes: 
 

 Normal mode, in which the instrument monitors for both chemical threats and radiation 
simultaneously 

 Radiation-only mode, in which the instrument continuously monitors for gamma radiation and 
does not monitor for chemical threats 

The specifics of each operating mode are described in the following sections. 
 
12.1  Normal Mode For Simultaneous Radiation & Gaseous Threat  

 Measurements 
Normal mode is the default mode of MultiRAE Pro’s operation. It is only available on MultiRAE Pro 
monitors equipped with a gamma radiation sensor, provided the gamma sensor is enabled. The minimum 
instrument firmware requirements for the gamma sensor are: 
 

 Application firmware:  v.1.16 or higher 
 Sensor firmware:  v.1.06 or higher 

When the monitor is turned on, it boots up in normal mode to monitor for both gamma radiation and 
gaseous threats. Measurements are done continuously. 
 
 
12.2  Gamma Radiation-Only Measurement Mode 
When the instrument is in gamma-only mode, gas sensors are not shown on the display and gas 
measurements are not taken. The pump remains off and gamma radiation is measured all the time. 
 

WARNING 
Toxic and combustible gases cannot be detected by the MultiRAE when it is operated in gamma-
only mode. 

12.2.1 Activating Gamma-Only Measurement Mode 
To activate gamma-only measurement mode: 
1. Press [N/-] when the instrument is running in normal (multi-threat) mode: 
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2. Press [Y/+] when the following screen appears:  

 

 

 

 

 
 
 
 
 
 
 
12.2.2 Exiting Gamma-Only Measurement Mode 
To exit gamma-only mode and either switch back to normal mode (where both gamma radiation and 
gaseous threats are measured) or to gas-only mode: 
 
1. Press [N/-] when the instrument is running in gamma-only mode: 

 
 
 
 
 
 
 
 
 
 
 
 

2. The following screen appears: 

 
 
 Press [Y/+] to enter normal (multi-threat) mode. 
 Press [MODE] to enter gas-only mode. 

Notes:  
 If the monitor runs in gamma-only mode for over 20 minutes, TWA is not calculated for gas sensors. 
 STEL is reset for gas sensors when the instrument exits gamma-only mode. 
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13  Datalog Transfer, Monitor Configuration, and Firmware 
Upgrades Via Computer 
Datalogs can be downloaded from the MultiRAE to a computer, and firmware updates can be uploaded to 
the MultiRAE via the USB port on the Travel Charger, Desktop Cradle, or AutoRAE 2. Use the included 
Mini B USB (5-pin)-to-USB cable to connect the Travel Charger or Desktop Cradle to a computer 
running ProRAE Studio II or a USB A to USB B cable to connect the AutoRAE 2. 
 

             
 
 
13.1  Downloading Datalogs And Performing PC-Based Instrument  

 Configuration And Firmware Upgrades 
 
The MultiRAE communicates with a PC running ProRAE Studio II Instrument Configuration and Data 
Management software to download datalogs, configure the instrument, or upgrade the instrument’s 
firmware.  
 
Note: The most recent version of ProRAE Studio II Instrument Configuration and Data Management 
software is available for a free-of-charge download at: http://www.raesystems.com/downloads/product-
software 
 
The MultiRAE must be connected to a PC through the supplied Desktop Cradle, Travel Charger, or 
AutoRAE 2 and must be in the PC or AutoRAE 2 communications mode. 
 
13.1.1 Desktop Cradle or Travel Charger 
 

1. Use the supplied PC Communications Cable (USB to mini-USB cable) to connect the Desktop 
Cradle or Travel Charger to a PC. 

2. Turn on the MultiRAE. Make sure it is running in Normal mode (with the main measurement 
screen showing). 

3. Insert the MultiRAE in the Desktop Cradle or connect it to the Travel Charger.  
4. Activate the PC communications mode on the MultiRAE by pressing [N/-] repeatedly, starting 

from the main measurement screen until you reach the “Communicate With Computer?” screen. 
5. Press [Y/+]. Measurement and datalogging stop, and the instrument is now ready to communicate 

with the PC. The display now says “Ready To Communicate With Computer.” 
6. Start up the ProRAE Studio II software, enter a password, and detect the instrument following the 

directions provided in the ProRAE Studio II User’s Guide. 
7. Follow the instructions in the ProRAE Studio II User’s Guide to download the datalog, configure 

the instrument settings, or update the MultiRAE’s firmware. 
8. When you are done, press [Y/+] to exit the PC communications mode on the MultiRAE. The 

instrument returns to operating in Normal mode. 
 

Mini B USB 
(5-Pin) to 
USB cable 

Travel 
Charger 

Mini B USB 
(5-Pin) port 

Mini B USB 
(5-Pin) port 

Desktop 
Charging 
Cradle 
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13.1.2 AutoRAE 2 
 
1. Follow the instructions in the AutoRAE 2 User’s Guide to connect the AutoRAE 2 and the PC 

using the included cable. 
2. Make sure the monitor is either turned off or is in AutoRAE 2 Communications Mode. 
3. Place the instrument into the cradle face-down, making sure that it is aligned correctly with 

the contacts on the AutoRAE 2 Cradle’s charging port. There are two alignment points on one 
side and one alignment point on the other side, designed to mate with matching points on the 
bottom of the MultiRAE. 

4. Press in on the capture mechanism to lock the MultiRAE in place. 
5. Start up the ProRAE Studio II software, enter a password, and detect the instrument following the 

directions provided in the ProRAE Studio II User’s Guide. 
6. Follow the instructions in the ProRAE Studio II User’s Guide to download the datalog, configure the 

instrument settings, or to update the MultiRAE’s firmware. 
7. When you are done, press [Y/+] to exit the AutoRAE 2 Communications Mode on the MultiRAE. The 

instrument returns to operating in Normal mode. 
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14  Maintenance 
The MultiRAE requires little maintenance, aside from replacing sensors, the filter, and the battery. If the 
instrument is equipped with a pump, it may need replacement, as well. If the instrument has a PID, then 
the PID sensor lamp and sensor electrode panel may require periodic cleaning. 

 
14.1  Removing/Installing The Rubber Boot  
In order to open the MultiRAE, it is necessary to remove the belt clip and the rubber boot. Note that there 
are two hex screws on the bottom rear side that secure the boot.  
 
1. Remove the belt clip by unscrewing the Philips screw (pumped version only). 
2. Remove the two hex screws located below the battery area. 
3. Pull the bottom of the boot back over the rear side of the instrument. 
4. Carefully slide the boot upward, and slide it over the D-ring and clamp. 
 

 
 
14.2  Replacing The Filter(s)  
 
Pumped Version 
If a filter is dirty or clogged, remove it by unscrewing it from the black gas inlet adapter. Discard it and 
replace it with a new filter. Perform a pump stall test to make sure the inlet and the external filter are 
installed properly so that there are no leaks in the system. 
 

 
 

Diffusion Version 
If the filters appear dirty, remove the sensor compartment cover to access them (this requires removing the rubber 
boot first). 
 

           
 

 

     

Remove the four screws 
holding the sensor 
compartment cover in 
place. 
 

Remove the O-rings and then remove the filters. 
Replace them with new filters (press around the 
perimeter of each to ensure that the adhesive 
holds them firmly) and install the O-rings in 
their proper locations. O-rings may need to be 
replaced as well if they appear worn down, 
cracked, or dirty 

Replace the sensor 
compartment cover and 
tighten the four screws. 
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14.3  Replacing The Gas Inlet Adapter (Pumped Versions Only) 
When you remove the black gas inlet adapter, unscrew it in the same manner as the external filter. When 
replacing it, make sure that the arrow on the front points to the triangle on the rubber boot. Perform a 
pump stall test to make sure the inlet and the external filter are installed properly so that there are no leaks 
in the system. 
 

 
 
14.4  Removing/Cleaning/Replacing Sensor Modules  
 
 

WARNING! Do not replace sensors in hazardous locations. 
 

 

All sensors are located inside the sensor compartment in the upper half of the MultiRAE. They are 
accessed by removing the cover that is held on by four screws. 
 

 
1. Turn off the instrument. 
2. Remove the four screws holding the sensor compartment. 
3. Remove the cover. The sensors are plugged into the slots. 
4. Gently lift out the desired sensor module with your fingers. 
5. Install the replacement sensor. It can only go into its slot one way. The connector inside the 

MultiRAE and the indexing guides are good visual indicators of how to set the sensor into 
position. Make sure the indexing keys are aligned and that the sensor is seated firmly. 

 
 

                  
 
 

 
 
 
 
 

WARNING! 
If you are removing a sensor and not replacing it, the slot cannot be left empty. A MultiRAE “dummy” 
sensor must be installed in such slot. 
 

Match arrow on 
nozzle to triangle 
on rubber boot 

Match index keys on 
sensor module with  
socket 

Sensor 
indexing 
key 



MultiRAE User’s Guide 

99 
 

14.5  Removing/Cleaning/Replacing A PID (Pumped Versions Only) 
Note: If you need to access a PID for cleaning or replacement, you must remove the rubber boot and belt 
clip first. 
 

1. Turn off the instrument. 
2. Remove the four screws holding the MultiRAE sensor compartment cover in place. 
3. Remove the cover to expose the sensors. 

 

 
 

4. Gently lift out the PID module with your fingers. 
5. If the module requires replacement (for example, because the lamp does not illuminate, or the 

sensor repeatedly fails calibrations), place a new module into the slot, being careful to match the 
indexing keys. The sensor can only go into its slot one way. 
 

                                                     
 

6. If you want to open the sensor module to inspect and clean the lamp and sensor electrode panel, 
you must use the special tool (part number G02-0306-003, package of three). Its “C”-shaped end 
has small “teeth” inside. Slide the tool so that the teeth slip into the notch between the module’s 
cap and body: 

 

 
 

7. Gently pry up the cap using a rocking motion: 
 

 
  

8. Once the cap is removed, set it aside. 
 

 
 

PID Sensor slot  
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9. Now lift the sensor electrode panel from the module: 
 

 
 

10. Clean the sensor electrode panel (crystal) in a solution of isopropanol or methanol lamp cleaner 
(included, along with cleaning swabs, in a PID Lamp Cleaning Kit, sold separately), and allow it 
to dry. 
 

11. Clean the lamp’s window with a cleaning swab dipped in isopropanol or methanol lamp cleaner, 
and allow it to dry. Do not touch the lamp window with your fingers, as the residual oils will 
affect its performance and shorten its life. 

 

 
 

12. Inspect the electrical contacts. Clean them with a swab dipped in lamp cleaner if they appear to 
need cleaning: 
 

                                                   
 

13. Reassemble the sensor module by placing the sensor electrode panel back in place and firmly 
pressing the cap back onto the top. 

 

      
 

14. Place the sensor module back into the MultiRAE. Make sure the index points are aligned (it can 
only go in one way). 

15. Reinstall the rear cover. 
16. Tighten all four screws. 

 
Note: Always calibrate the MultiRAE after replacing the sensor module. 
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14.6  Replacing The Pump  
If your MultiRAE has a pump and it requires replacement, follow these steps. Make sure the rubber 
boot and the battery are removed before proceeding. 
 

1. Remove the sensor compartment cover.  
 
 
 
 
 
 
 
    Turn it upside down and set it on a soft flat surface. 
2. The pump is to the sensor compartment cover by a metal bracket and two Philips screws.  
    Remove the two screws. 
3. Lift off the metal bracket. 
4. Pressing down on the gas plate with one hand, disconnect the pump from internal tubing by  

 gently pulling it out. It has an inlet and outlet  
 that are held in the two holes with rubber gaskets to the left of the pump cavity. 

 
5. Press a new pump into place (a small amount of wiggling helps), making sure that both the inlet  
    and outlet from the pump go into the two holes. 
6. Place the metal bracket over the pump. 
7. Insert and tighten the two screws that attach the bracket to the housing. 
8. Replace the cover. 
9. Turn on the instrument and check for proper pump operation. 
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15 Alarms Overview 
The MultiRAE provides an unmistakable five-way alarm notification system that combines local alarms 
on the device with real-time remote wireless alarm notification (if the instrument is equipped with the 
optional wireless functionality) to take worker safety to the next level. Local alarms include audible 
buzzer alarm, visible alarm via bright LED lights, vibration alarm, and an alarm notification on the 
display. These can be selectively turned on or off. 
 

Note: The vibration alarm is automatically disabled whenever the instrument is run on alkaline batteries. 

15.1  Alarm Signals  
During each measurement period, the gas concentration and radiation levels are compared with the 
programmed alarm limits for Low, High, TWA, STEL, and other alarms, as applicable. If the 
concentration exceeds any of the preset limits, the alarms are activated immediately to warn both the 
MultiRAE user and a remote safety officer (if wireless is enabled) of the alarm condition. In addition to 
gas and radiation alarms, Man Down and other alarms are available. 
 

Furthermore, the MultiRAE alarms if one or more of the following conditions occurs: battery voltage low, 
pump blocked, PID lamp failed, etc.  
 

When the low battery alarm occurs, there may be approximately 10 minutes of operating time remaining. In this 
case, it is recommended that you promptly change or charge the battery in a non-hazardous location. 
 
15.2   Changing The Alarm Mode  
Your choices are Auto Reset and Latched. A latched alarm stays on until you acknowledge the alarm by 
pressing a button. An auto-reset alarm turns off when the condition that set off the alarm is no longer 
present (for instance, a high H2S reading that exceeds the preset threshold and triggers an alarm, but then 
lowers below that threshold, turning the alarm off). 
 

1. Enter the Alarm Mode sub-menu of the Alarms section under the Programming Menu.    
2. Select Auto Reset or Latched by pressing [N/-] to select, and [Y/+] to confirm the choice.   
3. Press [Y/+] to save your selection. 
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15.3   Alarm Signal Summary 
 
15.3.1 Hygiene Mode 
 

Alarm Type Buzzer & LED Display Vibration Reading Backlight Priority 

Super Alarm 4 beeps/sec “Super Alarm” screen 400ms - On Highest 

Man Down 
Alarm 3 beeps/sec “Man Down Alarm” 

screen 400ms - On  

Man Down 
Warning 2 beeps/sec “Are you OK” screen 400ms - On 

Fail 3 beeps/sec “Lamp” at PID location 
“Off” at LEL location 400ms Blinking 

reading On 

Pump 3 beeps/sec Blinking pump symbol 400ms Reading On 

Max 3 beeps/sec “Max” at sensor location 400ms Blinking 
reading On 

Over Range 3 beeps/sec “Over” at sensor location 400ms Blinking 
9999 On 

High 3 beeps/sec “High” at sensor location 400ms Reading On 

Low 2 beeps/sec “Low” at sensor location 400ms Reading On 

Negative 1 beep/sec “Neg” at sensor location 400ms 0 On 

STEL 1 beep/sec “STEL” at sensor 
location 400ms Reading On 

TWA 1 beep/sec “TWA” at sensor 
location 400ms Reading On 

Calibration 
Fail 1 beep/sec “Cal” at sensor location 400ms Reading On 

Bump Fail 1 beep/sec “Bump” at sensor location 400ms Reading On 

Datalog Full 1 beep/sec Blinking datalog symbol 400ms Reading On 
Calibration 
Required - “Full” Bottle symbol  - Reading - 

Bump 
Required - “Empty” Bottle symbol  - Reading - 

Battery 1 beep/min Blinking battery symbol 400ms Reading Stays as 
is 

Nwk Lost 1 beep/min Blinking RF offline 
symbol 400ms Reading On 

Nwk Joined 1 beep RF symbol with RSSI 400ms Reading On 
Comfort 

Beep 
1 beep/min 

no LED flash - - Reading - Lowest 
 

Notes 
“Negative” means that the true sensor reading is below zero, even though a zero reading is 
shown for the sensor. 
“Nwk Lost” means “Network Lost.” This indicates that the MuliRAE has lost wireless 
connectivity with its network. 
“Nwk Joined” means that the MultiRAE has joined a wireless network. 
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15.3.2 Search Mode 
 

Alarm Type Buzzer & LED Display Vibration Reading Backlight Priority 

Super Alarm 4 beeps/sec “Super Alarm” 
screen 400ms - On Highest 

Man Down 
Alarm 3 beeps/sec “Man Down Alarm” 

screen 400ms - On  

Man Down 
Warning 2 beeps/sec “Are You OK?” 

screen 400ms - On 

Fail 3 beeps/sec 

“Lamp” at PID 
location 

“Off” at LEL 
location 

400ms Blinking 
reading On 

Pump 3 beeps/sec Blinking pump 
symbol 400ms Reading On 

Max 3 beeps/sec “Max” at sensor 
location 400ms Blinking 

reading On 

Over Range 3 beeps/sec “Over” at sensor 
location 400ms Blinking 

9999 On 

G
ei

ge
r C

ou
nt

er
-s

ty
le

 
A

la
rm

 

G7 (>High) 7 beeps(30ms)/sec 

No change 400ms Reading On 

G6 6 beeps(40ms)/sec 
G5 5 beeps(50ms)/sec 
G4 4 beeps(60ms)/sec 
G3 3 beeps(70ms)/sec 
G2 2 beeps(80ms)/sec 

G1 (>Low) 1 beep(90ms)/sec 

Negative 1 beep/sec “Neg” at sensor 
location 400ms 0 On 

STEL 1 beep/sec “STEL” at sensor 
location 400ms Reading On 

TWA 1 beep/sec “TWA” at sensor 
location 400ms Reading On 

Calibration Fail 1 beep/sec “Cal” at sensor 
location 400ms Reading On 

Bump Fail 1 beep/sec “Bump” at sensor 
location 400ms Reading On 

Datalog Full 1 beep/sec Blinking datalog 
symbol 400ms Reading On 

Calibration 
Required - “Full” bottle symbol  - Reading - 

Bump Required - “Empty” bottle 
symbol  - Reading - 

Battery 1 beep/min Blinking battery 
symbol 400ms Reading Stays as 

is 

Nwk Lost 1 beep/min Blinking RF offline 
symbol 400ms Reading On 

Nwk Joined 1 beep RF symbol with 
RSSI 400ms Reading On 

Comfort Beep 1 beep/min 
No LED flashing - - Reading - Lowest 



MultiRAE User’s Guide 

105 
 

15.3.3 General Alarms 
Message  Condition  Alarm Indications  

HIGH  Gas exceeds “High Alarm” limit  3 beeps/flashes per second  

OVR  Gas exceeds sensor’s measurement range  3 beeps/flashes per second  

MAX  Gas exceeds electronic circuit’s maximum 
range  

3 beeps/flashes per second  

LOW  Gas exceeds “Low Alarm” limit*  2 beeps/flashes per second  

TWA  Gas exceeds “TWA” limit  1 Beep/flash per second  

STEL  Gas exceeds “STEL” limit  1 Beep/flash per second  

Crossed pump 
icon flashes  

Inlet blocked or pump failure  3 beeps/flashes per second  

 “Lamp” 
flashes 

PID lamp failure  3 beeps/flashes per second  

Empty battery 
icon flashes  

Low battery  1 flash, 1 beep per minute  

CAL  Calibration failed, or needs calibration  1 beep/flash per second  

NEG  True sensor reading is below zero, even 
though a zero reading is shown for the 
sensor.  

1 beep/flash per second 

* For oxygen, “low alarm limit” means a concentration is lower than the low alarm limit. 



MultiRAE User’s Guide 

106 
 

 
16 Troubleshooting 
 

Problem Possible Reasons & Solutions                
Cannot turn on power after 
charging the battery 

Reasons: Defective charging circuit. Defective battery.                     
 
Solutions: Replace battery or charger. Try another charge of 

battery. 
Lost password Solutions: Call Technical Support at +1 408-952-8461 

or toll-free at +1 888-723-4800 
Buzzer, LED lights, and 
vibration motor 
inoperative 

Reasons: Buzzer and/or other alarms disabled.  
Bad buzzer, LED lights, PCB, or vibration 
motor(s). 

 
Solutions: Check under “Alarm Settings” in 

Programming Mode that buzzer and/or other 
alarms are not turned off. 
Call authorized service center. 

“Lamp” message when 
power on. Lamp alarm. 
 

Reasons:  Low ion concentration inside PID lamp 
especially in cold environment when first 
powered on. Defective PID lamp or defective 
circuit. 

Solutions:  Turn the unit off and back on. Replace UV 
lamp. 

Pump failed message. 
Pump alarm. 
 

Reasons:  Inlet probe blocked. Direct connection to a 
gas outlet while the gas value is turned off. 
Water trap filter sucks in water. Water trap 
filter too dirty. Water condensed along the 
inlet probe. Bad pump or pump circuit. 

 
Solutions:  Remove the blocking objects and then press 

[Y/+] key to reset the pump alarm. Replace 
contaminated water trap filter. Be careful not 
to allow water condensation inside the unit. 
Replace the pump. 

 
If you need replacement parts, a list is available online: 
 

      www.raesystems.com 
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17 Pump Stall Threshold Adjustment 
 

Proper setting of the pump stall threshold is necessary so that if there is an obstruction to the 
inlet, the pump will stop and the instrument will go into alarm. This prevents unwanted debris or 
liquid from entering the pump and causing disruption or damage. The MultiRAE provides two 
methods to set the pump stall threshold: Static and Dynamic. 
 
Note: The Dynamic method uses an algorithm that takes external temperature into consideration 
for greater accuracy. 
 
If it is necessary to set the pump stall threshold, you must enter Diagnostic Mode. Also, 
regardless of which method is used, when you are done setting thresholds, exit Diagnostic Mode 
and test the instrument before actual use. 
 
17.1 Entering Diagnostic Mode To Set The Pump Stall Threshold 
 

1. Start with the instrument turned off. Hold down the [Y/+] and [MODE] keys until the 
MultiRAE starts. 

2. When you see the password screen, input your 4-digit password, and then press [MODE]. 
3. Once you have entered Diagnostic Mode, press [N/-] until the “Pump” screen is 

displayed.  
4. Set the high and low threshold settings for pump stall using the instructions in this 

section. 
 
17.2  Selecting The Pump Stall Threshold Method 
At the Pump screen, the settings are shown, including the Pump Speed and Pump Stall 
Algorithm (which can be Dynamic or Static). 
 

 
 
To change the Pump Speed or Pump Stall Algorithm setting: 
 

1. Press [MODE]. Either the Pump Speed or the Pump Stall Algorithm is highlighted. 
2. To change from “High” to “Low” or “Dynamic” to “Static,” press [Y/+]. 

 
Important! The Pump Speed must be set to “High” in order to access Dynamic pump stall 
settings. 
 
Now follow directions to change the pump stall threshold values, using the method that matches 
your choice of either Dynamic or Static. 
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17.3 Setting Pump Stall Threshold Values – Dynamic Method 
When the Dynamic pump stall threshold values are shown, you can perform calibration to set the 
pump stall values dynamically. 
 

 
 
Press [MODE] to begin calibration. This screen is shown, indicating that it is ready: 
 

 
 
Press [MODE] to begin calibration. There is a countdown shown in the box. Press [N/-] anytime 
to abort the calibration. 
 

 
 
Once the countdown is finished, this message is displayed: 
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Hold your finger over the inlet, and allow the countdown to proceed. Press [N/-] anytime to 
abort. 
 

 
 
When the countdown is finished, the main Dynamic pump stall screen is shown. 
 

 
 
Dynamic pump stall calibration is complete. You can now exit Diagnostic Mode. 
 
Important! When you are done setting thresholds, exit Diagnostic Mode and test the instrument 
before actual use. 
 
 
17.4  Setting Pump Stall Threshold Values – Static Method 
 
Use the following values for reference when using the Static method to adjust the pump stall 
threshold values: 
 
 Low Speed High Speed 
Vacuum  ≤ -2.5in Hg ≤ -10in Hg 
Flow rate  >200 cc/min >300 cc/min 
Idle (I) 100 to 200 counts 150 to 250 counts 
Block  (Block-Idle) > 100 counts (Block-idle) > 100 counts 
Stall Setting (Idle + Block)/2 (Idle + Block)/2 
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17.4.1 Stall High Threshold Setting – Static Method 
In Diagnostic Mode, press the [MODE] key repeatedly until the “Pump” screen is displayed. 
Shown are the Stall High and Stall Low values. “High” should be highlighted. Press [Y/+] to 
select the Stall High (high-speed) value. 
 

     
 
 
 The Idle value (shown as a value for “I”) should be 150 to 250. Record the value. 
 Block the inlet, and record the value after it goes up. 
 The blocked value minus the Idle (Unblocked) value should be greater than 100 counts: 

(Blocked value – Unblocked value) > 100. 
 If it is greater than 100, then the pump is working correctly and tubing leading from the inlet 

is not leaking. 
 To set the Stall High value, first add the Blocked and Unblocked values and divide by 2: 

(Blocked value + Unblocked value) / 2 = correct Stall High value.  
 Then, using the [Y/+] and [N/-] keys, set the Stall High value to this number. 
  
17.4.2 Verifying the Stall High Setting 
Exit Diagnostic Mode. In Normal Mode, with the pump at high speed, block the inlet. The pump 
should stall after a few seconds, sending the instrument into alarm. This tells you that the pump’s 
Stall Low setting is correct. 
 If the gas inlet is blocked but the pump does not shut down, or the pump shuts down too 

easily with a slight blockage, the pump stall threshold value may be set too high or too low. 
 If the pump does not stall or send the instrument into alarm, then there may be a leak in the 

gas inlet or the pump is weak or defective and should be replaced.   
 
17.4.3 Stall Low Threshold Setting - Static 
In Diagnostic Mode, press the [MODE] key until the “Pump” screen is displayed. Shown are the 
Stall High and Stall Low values. “Low” should be highlighted. Press [Y/+] to select the Stall 
Low (low-speed) value. 
 
 The Idle (shown as a value for “I”) value should be 100 to 200. Record the value. 
 Block the inlet, and record the value after it goes up. 
 The blocked value minus the idle (unblocked) value should be greater than 100 counts: 

(Blocked value – Unblocked value) > 100 
 If it is greater than 100, then the pump is working correctly and tubing leading from the inlet 

is not leaking. 
 To set the Stall Low value, first add the blocked and unblocked values and divide by 2: 

(Blocked value + Unblocked value) / 2 = correct Stall Low value 
 Then, using the [Y/+] and [N/-] keys, set the Stall Low value to this number. 
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17.5  Verifying the Stall Low Setting - Static 
Exit Diagnostic Mode. In Normal Mode, block the inlet. The pump should stall after a few 
seconds, sending the instrument into alarm. This tells you that the pump’s Stall Low setting is 
correct. 
 If the gas inlet is blocked but the pump does not shut down, or the pump shuts down too 

easily with a slight blockage, the pump stall threshold value may be set too high or too low. 
 If the pump does not stall and send the instrument into alarm, then there may be a leak in the 

gas inlet or the pump is weak or defective and should be replaced.   
 
Important! When you are done setting thresholds, exit Diagnostic Mode and test the instrument 
before actual use. 
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18 Configuring WiFi Communication (WiFi-Equipped 
      Instruments Only) 
 
WiFi on WiFi-equipped instruments is designed to operate on a wireless network anchored by 
Location Manager monitoring software and using WiFi access points. Operational distance 
between the instrument and the access point (wireless router) varies, depending on distance, 
interference, and obstacles. It uses the 802.11b/g protocol using the 2.4GHz  ISM (license-free) 
frequency band. 
 
Note: To ensure the best communication, it is recommended that the WiFi-equipped instruments 
and access point not be located close to microwave ovens, cordless telephones, or Bluetooth 
devices. 
 
A green LED in the lower left portion of the WiFi-equipped instrument indicates whether the 
WiFi radio module is on, and if so, whether it is associated with an access point. There are three 
possible states: 
 

 LED blinks once per second: Radio module is on, but it is not associated with an access 
point. 

 LED glows steadily: Radio module is on and is associated with an access point. 
 LED is off: Radio module is off. 

 
18.1  Setting WiFi Communication Parameters In ProRAE Studio II 
WiFi-equipped instruments’ parameters for communication must be set in ProRAE Studio II. 
 

1. Connect WiFi-equipped instrument via USB to a PC running ProRAE Studio II. 
2. Place the instrument in Communications Mode.  
3. From the main screen, press [N/-] until you see “Enter Communications Mode?” 
4. Press [Y/+]. 
5. Select PC. 

 
The message on the display should say “Ready To Communicate With Computer”. 
 

1. Start ProRAE Studio II. 
2. Log in using your Administrator’s password. 
3. Click the “Detect Instruments Automatically” icon. 
4. When your WiFi-equipped instrument is detected, click on its information and then click 

“Select”. 
5. Click “Setup” to download the current settings from the WiFi-equipped instrument. The 

main screen appears. 
6. Find and click “WiFi” in the list. 

7.  
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WiFi parameters appear in the right pane: 
 

 
 
You can now change settings for the WiFi-equipped instrument. When you are done, click this 
icon to send the new settings to the instrument: 
 

 
 
18.1.1 WiFi Power 
Select either “On” or “Off” to set the default power setting for your WiFi-equipped instrument. 
 

 
 
18.1.2 Address 
Select “Use Static IP Address” if you have a static IP or “Use DHCP” if your system allows 
dynamic hosting configuration. Check with your system administrator to determine which is 
appropriate for your network. 
 
If you use a static IP address, you must provide the Static IP address, Gateway, and Subnet 
Mask. If you are using DHCP, you do not have to provide these, because they will be filled in 
automatically. 
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18.1.3 Channels And Security 
Check with your system administrator for the settings in this section. 
 
18.1.4 Scan Channel List 
Choosing the best WiFi channel on your router helps to reduce interference and improve your 
WiFi connectivity. If you know that some channels are not used, then uncheck them. This 
eliminates searching for channels that either are not used and saves time when connecting to a 
network. 
 

 
 
18.1.5 Security Mode 
Different types of wireless security guard your network against possible instances of 
unauthorized access.  Using security, you can: 

 Ensure that no one can easily connect to your wireless network without permission 
 Personalize access regarding who can configure your wireless settings 
 Protect all data that is transmitted through the wireless network 

Check with your system administrator for the wireless security mode you should use. 

Use the drop-down menu to select the type of security: 

 
 
Then set your Security Key. 
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18.1.6 Security Key 
Depending on the type of security you choose, your key will have to be a different number of 
characters. Here are characteristics of the different types, their relative security strength, and the 
number of characters needed in the key: 
 

Security Type Security Rank Number of Characters 
WEP (Wired Equivalent Protocol) Basic 40/64-bit (10 characters) 

128-bit (26 characters) 
WPA Personal 
Wi-Fi Protected Access Personal 

Strong 8 to 63 characters 

WPA2 Personal 
Wi-Fi Protected Access 2 Personal 

Strongest 8 to 63 characters 

WPA2/WPA Mixed Mode WPA2: Strongest 
WPA: Strong 

8 to 63 characters 

 
Warning! Using a network with security disabled is not recommended. 
 
18.1.7 SSID 
The SSID (Service Set Identifier) is a case-sensitive unique identifier attached to the header of 
packets sent over a wireless local-area network. Each wireless network in your range will have 
its own SSID. Consult with your IT department for the SSID. 
 
18.1.8 Location Anchor SSID 
This field is similar to the SSID field. LocaXion Anchors are shipped pre-configured with the 
SSID "LocaXion_Anchor". Refer to the LocaXion Anchor manual to change this SSID.  
 
18.1.9 Location Manager IP 
This is the destination IP address for the instrument to communicate via UDP (User Datagram 
Protocol) with a computer running Location Manager. 
 
18.1.10 Location Manager UDP Port 
Location Manager’s UDP uses an IP address for the destination host and a port number to 
identify the destination application. The UDP port number is distinct from any physical port on a 
computer such as a COM port or an I/O port address. It is a 16-bit address that exists only for the 
purpose of passing certain types of datagram information to the correct location above the 
transport layer of the protocol stack. 
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18.2  Configuring Messaging 
Select “Messaging” from the list. 

 
 
The Messaging pane is shown. You can input up to 10 messages to be sent from the WiFi-
equipped instrument. 
 
After your WiFi-equipped instrument has accepted the new settings, disconnect the USB cable 
from the instrument and computer, and exit Communications Mode on the instrument by 
pressing [Y/+]. 
 

 
 
Note: Your messages are limited to 20 characters each, including spaces and hyphens. Text is 
automatically divided into lines at word spaces and hyphen characters. Therefore, you should 
include word spaces or hyphens. Otherwise, it cannot create a new line when necessary. 
 
Note: When you type a message, it will not accept more characters after you reach the 20-
character maximum. 
 
When you are done making changes to the configuration for WiFi and Messages, upload your 
changes to your WiFi-equipped instrument. Click this icon to send the new settings to the 
instrument: 
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19  Specifications 
 
Size 7.6" H x 3.8" W x 2.6" D (193 x 96.5 x 66 mm) 

Weight (without 
RAE-Sep Tube 
Cartridge attached) 

Pumped models: 31 oz. (880 g) 
Diffusion models: 26.8 oz. (760 g) 

Sensor 
 

Over 25 intelligent interchangeable field-replaceable sensors, including Gamma  
radiation, ppb and ppm PIDs, electrochemicals for toxics and oxygen, combustible 
LEL and NDIR, and CO2 NDIR 

Battery Options 
 

• Rechargeable Li-ion (over 12 hours runtime, pumped/over 18 hours, diffusion;  
  < 6 hours recharge time)  
• Extended-duration rechargeable Li-ion (over 18 hours runtime, pumped;  
  over 27 hours, diffusion) 
• Alkaline adapter for 4 x AA batteries (approximately 6 hours runtime, pumped/ 
  8 hours, diffusion) 

Display 
 

• Monochrome graphical LCD display (128 x 160) with backlighting (activated 
  automatically in dim ambient lighting conditions, when monitor is in alarm, or 
  with a button press) 
• Automatic screen flipping. 

Display Readout 
 

• Real-time reading of gas concentrations; PID measurement gas and correction  
  factor; battery status; datalogging on/off; wireless on/off and reception quality. 
• STEL, TWA, peak, and minimum values 
• Various instrument status-related information 

Keypad 3 operation and programming keys (MODE, Y/+, and N/-) 

Sampling Built-in pump or diffusion. Average flow rate, pumped: 250 cc/min. Auto shutoff 
in low-flow conditions 

Calibration Automatic with AutoRAE 2 Test and Calibration Station or manual 

Alarms 
 

• Wireless remote alarm notification; multi-tone audible (95 dB @ 30 cm),  
   vibration, visible (flashing bright red LEDs), and on-screen indication of alarm 
   conditions 
• Man Down Alarm with pre-alarm and real-time remote wireless notification 

Datalogging 
 

• Continuous datalogging (six months for 5 sensors at 1-minute intervals, 24/7)  
• User-configurable datalogging interval (from 1 to 3,600 seconds) 

Communication 
and  
Data Download 

• Data download and instrument set-up and upgrades on PC via charging and PC 
  communication cradle, Travel Charger, or AutoRAE 2 Automated Test and  
  Calibration Station1 
• Wireless data and status transmission via built-in RF modem (optional) 

Wireless Network Mesh RAE Systems Dedicated Wireless Network (or WiFi network for WiFi-
equipped instruments) 

Wireless 
Frequency 

ISM license-free band, 868 MHz or 900 MHz FCC Part 15, CE R&TTE, ANATEL 
IEEE 802.11 b/g bands (2.4 GHz) 

EM Immunity No effect when exposed to 0.43mW/cm2 RF interference (5-watt transmitter at 12") 

Operating 
Temperature 

-4° to 122° F (-20° to 50° C) 
Benzene-specific measurement operating range: 32° to 122° F (0° to 50° C) 
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Specifications 
Continued 
 

Humidity 0% to 95% relative humidity (non-condensing) 

Dust and Water 
Resistance 

IP-65 (pumped), IP-67 (diffusion) 

Hazardous 
Location  
Approvals 

 Exia Class I, Division 1, Groups A, B, C, D, T4; Class II, Division 1, Groups E, 
F, G; T85°C 
SIRA 11ATEX2152X,   0575 II  1G Ex ia IIC T4 Ga, I M1 Ex ia I Ma 
(for PGM62x0/PGM62x6)  
 
SIRA 11ATEX2152X,    0575  II  2G Ex ia d IIC T4 Gb,  I M1 Ex ia I Ma 
(for PGM62x8) 
 
UM=20V 
IECEx SIR 11.0069X, Ex ia IIC T4 Ga,  Ex ia I Ma  (for PGM62x0/PGM62x6) 
IECEx SIR 11.0069X, Ex ia d IIC T4 Gb, Ex ia I Ma  (for PGM62x8) 
 
IECEx TSA 13.0021X / ANZEx 13.3023X 
Ex ia IIC T4 Ga 

Ex ia I Ma 
(PGM62x0/PGM62x6) 

Ex ia d IIC T4 Gb 
Ex ia I Ma 
(PGM62x8) 

CE Compliance  
(European 
Conformity) 

EMC directive: 2004/108/EC 
R&TTE directive: 1999/5/EC 
ATEX directive: 94/9/EC 

FCC 
Compliance 

FCC Part 15 

Performance 
Tests 

LEL CSA C22.2 No. 152; ISA-12.13.01 
MIL-STD-810G and 461F compliant. 

Languages Arabic, Chinese, Czech, Danish, Dutch, English, French, German, Indonesian, Italian, 
Japanese, Korean, Norwegian, Polish, Portuguese, Russian, Spanish, Swedish, and 
Turkish 

Warranty • Two years on non-consumable components and catalytic LEL, CO, H2S,  
   and O2 sensors 
• Six months for 9.8eV lamp PID sensor 
• One year on all other sensors, battery, and other consumable parts 

Specifications are subject to change. 
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Brazil Radio Specifications 
 

Radio model: RM900A 
Frequency range: Within 902 to 907.5 MHz and 915 to 928 MHz, use IEEE 802.15.4 channel 
1, 6, 7, 8, 9 and 10 
Modulation: 802.15.4 DSSS BPSK 
RF power(Tx): 20dBm 
Data rate: 40kbps 
 
Wireless Approval For UAE In Middle East 
 

TRA REGISTERED No: ER36636/15 
DEALER No: HONEYWELL INTERNATIONAL MIDDLE EAST - LTD - DUBAI BR 
 
 
Wireless Approval for QATAR In Middle East 
 

ictQATAR 
Type Approval Reg. No.: R4697
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Sensor Specifications 
Radiation Sensor Range Resolution 
Gamma 0 to 20,000 µRem/h 1 µRem/h 
PID Sensors Range Resolution 
VOC 10.6 eV (HR) 
VOC 10.6 eV (LR)* 
VOC 10.6 eV (ppb) 
VOC 9.8eV  for use in TVOC mode*** 
VOC 9.8eV for use in Benzene mode 
(requires RAE-Sep Tube Cartridge)*** 

0.1 to 5,000 ppm 
1 to 1,000 ppm 
10 ppb to 2,000 ppm 
0.1 to 2,000 ppm 
 
0.1 to 200 ppm 

0.1 ppm 
1 ppm 
10 ppb 
0.1 ppm 
 
0.1 ppm 

Combustible Sensors Range Resolution 
Catalytic bead LEL 
NDIR (0-100% LEL Methane) 
NDIR (0-100% Vol. Methane) 

0 to 100% LEL 
0 to 100% LEL 
0 to 100% Vol. 

1% LEL 
1% LEL 
0.1% Vol. 

Carbon Dioxide Sensor Range Resolution 
Carbon Dioxide (CO2) NDIR 0 to 50,000 ppm 100 ppm 

Electrochemical Sensors Range Resolution 
Ammonia (NH3) 0 to 100 ppm 1 ppm 
Carbon Monoxide (CO) 
Carbon Monoxide (CO), Ext. Range 
Carbon Monoxide (CO), H2-comp. 
 

Carbon Monoxide (CO) +  
   Hydrogen Sulfide (H2S) Combo 

0 to 500 ppm 
0 to 2,000 ppm 
0 to 2,000 ppm 
 

0 to 500 ppm 
0 to 200 ppm 

1 ppm 
10 ppm 
10 ppm 
 

1 ppm 
0.1 ppm 

Chlorine (Cl2)  0 to 50 ppm 0.1 ppm 
Chlorine Dioxide (ClO2)  0 to 1 ppm 0.03 ppm 
Ethylene Oxide (EtO-A) 
Ethylene Oxide (EtO-B) 
Ethylene Oxide (EtO-C), Ext. Range** 

0 to 100 ppm 
0 to 10 ppm 
0 to 500 ppm 

0.5 ppm 
0.1 ppm 
10 ppm 

Formaldehyde (HCHO) 0 to 10 ppm 0.01 ppm 
Hydrogen (H2)** 0 to 1,000 ppm 10 ppm 
Hydrogen Sulfide 0 to 100 ppm 0.1 ppm 
Hydrogen Sulfide (H2S), Ext. Range** 0 to 1,000 ppm 1 ppm 
Hydrogen Cyanide (HCN) 0 to 50 ppm 0.5 ppm 
Methyl Mercaptan (CH3-SH) 0 to 10 ppm 0.1 ppm 
Nitric Oxide (NO) 0 to 250 ppm 0.5 ppm 
Nitrogen Dioxide (NO2) 0 to 20 ppm 0.1 ppm 
Oxygen (O2) 0 to 30% Vol. 0.1% Vol. 
Phosphine (PH3) 0 to 20 ppm 0.1 ppm 
Sulfur Dioxide (SO2) 0 to 20 ppm 0.1 ppm 
 

*     Supported in MultiRAE Lite Pumped version only. 
**   Supported in Diffusion version only. 
*** Supported in MultiRAE Benzene only. 
Note: Not all sensors listed are supported by all MultiRAE models.  
          All specifications are subject to change without notice.  
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LEL Range, Resolution & Response Time 
LEL 0-100%  1 %     15 sec 
  
LEL Correction Factors 

Compound LEL Relative 
Sensitivity* 

LEL 
CF 

Methane 100 1.0 
Propane 62 1.6 
Propene 67 1.5 
n-Butane 50 2.0 
Isobutylene 67 1.5 
n-Pentane 45 2.2 
n-Hexane 43 2.3 
Cyclohexane 40 2.5 
Benzene 45 2.2 
Toluene 38 2.6 
n-Heptane 42 2.4 
n-Octane 34 2.9 
Turpentine 34 2.9 
Leaded Gasoline 48 2.1 
Methanol 67 1.5 
Ethanol 59 1.7 
Isopropanol 38 2.6 
Acetone 45 2.2 
Methyl Ethyl Ketone 38 2.6 
Ethyl Acetate 45 2.2 
Carbon Monoxide 75 1.2 
Hydrogen 91 1.1 
Ammonia 125 0.80 

 

* Response of the RAE Systems LEL sensor to a range of gases at the same LEL, expressed as percent of  
methane response (=100).  These figures are for guidance only and are rounded to the nearest 5%.  For the 
most accurate measurements, the instrument should be calibrated with the gas under investigation. See 
RAE Systems Technical Note TN-156 for more details and other compounds. 
 
Caution: 
Refer to RAE Systems Technical Note TN-144 for LEL sensor poisoning. 
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Year Of Manufacture 
To identify the year of manufacture, refer to the serial number of the instrument. 
 

The second to last digit in the serial number indicates the year of manufacture. For example, “M” 
indicates the manufacturing year is 2010. 
 
First digit  Year 
J 2008 
K 2009 
M 2010 
N 2011 
P 2012 
Q 2013 
R 2014 
S 2015 
T 2016 
U 2017 
V 2018 
W 2019 
 
 
20   Technical Support 
To contact RAE Systems Technical Support Team: 
 
Monday through Friday, 7:00AM to 5:00PM Pacific (US) Time 
Phone (toll-free): +1 888-723-4800 
Phone: +1 408-952-8461 
E-mail:  RAE-tech@honeywell.com 
Web Site:  www.raesystems.com, www.honeywellanalytics.com 
 
Outside the Americas: 
E-Mail: HAexpert@honeywell.com 
 

Honeywell Analytics Ltd. 
4 Stinsford Road 
Nuffield Industrial Estate 
Poole, Dorset, BH17 0RZ 
United Kingdom 
Tel: +44 (0) 1202 645 544 
Fax: +44 (0) 1202 645 555 
 

Honeywell Analytics 
ZAC Athélia 4 – 375 avenue du Mistral 
Bât B, Expace Mistral 
13600 La Ciotat 
France 
Tel: +33 (0) 4 42 98 17 75 
Fax: +33 (0) 4 42 71 97 05 

Honeywell Analytics 
Elsenheimerstrasse 43 
80687 München 
Germany 
Tel: +49 89 791 92 20 
Fax: +49 89 791 92 43 

Honeywell Analytics 
P.O. Box-45595 
6th Street 
Musaffah Industrial Area 
Abu Dhabi 
UAE 
Tel: +971 2 554 6672 
Fax: +971 2 554 6672 
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21   RAE Systems by Honeywell Contacts 
 
RAE Systems by Honeywell 
World Headquarters 
3775 N. First St. 
San Jose, CA 95134-1708 USA 
Phone: +1 408.952.8200 
Fax: +1 408.952.8480 
  
WORLDWIDE SALES OFFICES 
USA/Canada: 1.877.723.2878  
Europe: +800.333.222.44/+41.44.943.4380 
Middle East: +971.4.450.5852 
China: +86.10.5885.8788-3000 
Asia Pacific: +852.2669.0828 
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Introduction

Thank you for purchasing the YSI Professional Digital Sampling System (ProDSS).  

ProDSS features include:

•  Digital smart probes that are automatically recognized by the instrument when connected
•  Waterproof (IP-67) case
•  Long-life rechargeable lithium-ion battery pack
•  Color display and backlit keypad
•  User-selectable cable options
•  USB connectivity
•   Global Positioning System (GPS) (optional) 
•  Depth sensor (optional)
•  Large memory with extensive site list capabilities
•  Rugged enclosure with rubber over-molded case and miltary-spec (MS) connectors
•  KorDSS data management software included with each instrument (Please see installation instructions on page 67)

Safety information 
Please read this entire manual before unpacking, setting up or operating this equipment. Pay attention to all 
precautionary statements. Failure to do so could result in serious injury to the operator or damage to the equipment. 
Make sure that the protection provided by this equipment is not impaired. Do not use or install this equipment in any 
manner other than that specified in this manual.

NOTICE:  The manufacturer is not responsible for any damages due to misapplication or misuse of this product 
including, without limitation, direct, incidental and consequential damages, and disclaims such 
damages to the full extent permitted under applicable law. The user is solely responsible to identify 
critical application risks and install appropriate mechanisms to protect processes during a possible 
equipment malfunction.

Precautionary symbols

NOTE:  Information that requires special emphasis

NOTICE:  Indicates a situation which, if not avoided, may cause damage to the instrument       

CAUTION: Indicates a potentially hazardous situation that may result in minor or moderate injury 

WARNING:  Indicates a potentially or imminently hazardous situation which, if not avoided, could result in death 
or serious injury 

Product components 
Carefully unpack the instrument and accessories and inspect for damage.  If any parts or materials are damaged, 
contact YSI Customer Service at 800-897-4151 (+1 937 767-7241) or the authorized YSI distributor from whom the 
instrument was purchased.

A
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Battery use and battery life
The ProDSS uses a rechargeable lithium-ion (Li-Ion) battery pack as a power source. The battery comes pre-installed in 
the ProDSS and does not need to be replaced until the battery charge capacity is deemed unacceptable by the user. 
The battery is shipped at less than 50% full capacity and charging the battery is not required before first use.

Battery life depends on use, enabled parameters, LCD brightness, and GPS use. As with all lithium-ion batteries, battery 
life will decline over time and use. This decay is typical and should be expected. 

A new ProDSS battery is expected to last for the following durations (25 °C (77 °F), auto sampling, GPS on, keypad 
backlight off):

•  ProDSS instrument only - 48 hours
•  ProDSS with fully loaded 4 port cable assembly and 25% LCD brightness - 20 hours
•  ProDSS with fully loaded 4 port cable assembly and 100% (Default) LCD brightness - 14 hours

To increase battery life, enable manual sampling mode (Sampling on page 20). Manual sampling mode powers the 
sensor/s on to take a measurement and then powers down to conserve battery life. Battery life may also depend on 
the battery charging practices used. For maximum battery life, keep the battery 40% to 80% charged. Also, a larger 
discharge (e.g. to 50%) is better than a small discharge (e.g. to 90%) between recharges.
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Charging the battery pack
A USB cable is included with the ProDSS to charge the instrument battery pack and connect the instrument to a PC. 
The instrument battery pack can be charged from the AC power adapter, directly from a computer USB connection or 
from an external, portable USB battery pack (sold separately, see ProDSS accessories on Page 79). 

Plug the USB connector into the AC power adapter, computer USB connector or external USB battery pack, then plug 
the micro USB connector into the ProDSS instrument (Figure 1). 

NOTE: The ProDSS internal charge controller only allows the battery pack to be charged if the temperature is 
between 0 and 45 °C (32 and 113 °F).

WARNING:   Charge the battery pack in an open area away from flammable materials, liquids, and surfaces. Read 
Rechargeable Lithium-Ion battery pack safety warnings and precautions on page 80.

The ProDSS will charge faster when plugged into an AC outlet for charging rather than a PC’s USB port. For the 
instrument to recognize that it is using AC power, you must start charging the ProDSS while on. After the instrument 
recognizes it is being charged, it can be turned off to finish charging.

When using the AC adapter, it takes approximately 14 hours to charge the ProDSS battery when the instrument is 
turned off during the charge. The amount of time required to completely charge the battery pack when the ProDSS is 
initially turned on during the charge is approximately 9 hours.

Figure 1  Connecting the ProDSS to AC power supply

A
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Battery replacement

NOTE: The battery pack is pre-installed in the ProDSS instrument.

WARNING:   Do not charge or handle a battery pack that is hot to the touch. Failure to follow the safety warnings 
and precautions can result in personal injury and/or instrument damage not covered under 
warranty. Read Rechargeable Lithium-Ion battery pack safety warnings and precautions on page 80.

1. Remove the battery pack cover by unscrewing (counter-clockwise) the four screws with a flat or Phillips head 
screwdriver (Figure 2 on page 7).  

NOTE: The retaining screws are captured into the battery pack cover and are not removable. 

2. If replacing an existing battery pack, remove the Li-Ion battery pack and battery pack gasket/cradle. With two 
fingers, grasp the battery pack connector and pull the connector straight up to disconnect and remove. 

NOTE: Properly dispose of the old battery pack (See Battery Disposal on page 81).

NOTE: A new gasket/cradle is included with a new battery pack to prevent water leaking into the instrument case. 
When replacing the battery pack, use the new battery pack gasket/cradle supplied with the replacement 
battery pack.  

3. Inspect the replacement battery pack and battery pack gasket/cradle for damage. Contact YSI customer service 
if the new battery pack and/or replacement gasket/cradle is damaged.

4. Correctly align and seat the battery pack gasket/cradle and battery pack into the instrument. 

5. Align the battery pack connector wire terminals with the three instrument pins, then connect the battery pack to 
the instrument.

NOTICE:  Make sure that the three wire terminal connectors and three instrument pins are correctly aligned 
before connecting the battery pack connector. Incorrect installation can damage the battery pack 
connectors or instrument pins. 

6. Install the battery pack cover, then hand tighten the cover screws with a screwdriver. DO NOT use any power 
tools. Make sure that the cover sealing surface is correctly aligned and free of any contamination or damage.  

NOTICE:  Overtightening the cover screws can damage the battery cover.  

A
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Figure 2  Battery replacement 

1  Battery pack cover 4  Instrument pin connectors

2  Battery pack 5  Battery pack gasket/cradle*

3  Battery pack connector 6  Battery pack gasket/cradle installed
*Color shown for reference

2
3

5

6

4

1
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Connect the handheld to the cable assembly
The ProDSS cable connectors are keyed for positive mating and to prevent connector damage (Figure 3). The ProDSS 
instrument retains its IP-67 rating when the cable is disconnected. However, the connectors are not wet-mateable and 
should be clean and dry before connecting.  

Align the keys on the cable assembly connector with the slots on the instrument connector. Push together firmly, then 
twist the outer ring clockwise until it locks into place. 

Figure 3  Keyed connectors

1 Handheld female 
connector

3     Keyed area of 
connectors

2 Cable male connector

112223

1

2

3
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ProDSS sensor installation/removal
 ProDSS cable assemblies that feature user-replaceable sensors include 4 port cables with (626910 and 626911) and 
without (626909) a built-in depth sensor. This section pertains to these cable assemblies.

Other ProDSS cable assemblies, like the ProDSS ODO/CT (627150), ProODO (626250) and ProOBOD (626400 and 
626401), feature integral (i.e. built-in) sensors. Therefore, sensors on these cable assemblies cannot be replaced by the 
user. A complete list of cable options can be found in the Accessories section.

NOTICE: The ProDSS bulkhead and sensor connectors are not wet-mateable. Make sure that the sensor and 
bulkhead connectors are clean and dry before sensor installation.  

NOTE: Sensor ports on the bulkhead (4 port cables only) are numbered (Figure 5). If multiple sensors of the 
same type are installed, the sensor port number will be added to the Run screen display to clarify the 
measurement value of each sensor.

Figure 4  Sensor installation

1 Sensor 4    Sensor retaining nut

2 Port plug 5    Sensor installation/removal tool  

3 Bulkhead (4 port pictured)

Sensor installation

The ports on the ProDSS bulkhead are universal; therefore, you can install any sensor into any port. 

NOTE: A conductivity/temperature sensor (626902) must be installed in a 4 port ProDSS cable for accurate 
measurement of all parameters except turbidity and TSS. All sensors, including conductivity/temperature, must 
be ordered separately.

1. Remove the port cover shipped with ProDSS cables. This cover fits over the bulkhead to protect the sensor 
connectors from contamination and damage during shipment. This cover can be kept for long-term cable 
storage.

2. Inspect the bulkhead port for contamination. If the port is dirty or wet, clean it with compressed air. 

3. Apply a thin coat of o-ring lubricant to the sensor o-rings. Wipe off excess o-ring grease with a lint-free cloth.

1

2

3

4

5
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4. Carefully align the sensor and bulkhead connectors by inserting the sensor into the port then gently rotating the 

sensor until the connectors align. Once aligned, push the sensor toward the bulkhead until the sensor seats in 
the port. 

5. Carefully finger-tighten the retaining nut clockwise. 

NOTICE:   If any resistance is felt, loosen the retaining nut completely to prevent cross-threading. Incorrect 
installation may cause damage to the sensor or bulkhead that is not covered by the warranty. 

6. Use the sensor installation/removal tool to tighten the retaining nut clockwise until snug, about a 1/4 to 1/2 
additional turn of the retaining nut.   

NOTICE:  Do not over-tighten the retaining nut. Over-tightening can cause damage to the sensor or bulkhead 
not covered by the warranty. 

Sensor removal
To remove a sensor, insert the sensor installation/removal tool into the retaining nut, then rotate the retaining nut 
counterclockwise to loosen. After the retaining nut has been completely unscrewed from the bulkhead, pull the sensor 
straight out of the port and place it on a clean surface. 

NOTICE:  Install a port plug if not reinstalling a sensor in the exposed port.  Exposure to water can cause 
damage or corrosion to the bulkhead connectors not covered by the warranty.

Port plugs 

Figure 5  Sensor port plugs and port numbering (4 port cables)

To protect the bulkhead connectors from damage, install a port plug into any port without an installed sensor. Port 
plugs and a tube of o-ring lubricant are included in the maintenance kit that ships with all 4 port ProDSS cables. Refer 
to the Accessories section if an additional maintenance kit is needed.

NOTICE: Do not submerge the bulkhead without a sensor or port plug installed in all ports. 

Installation 
1. Apply a thin coat of o-ring lubricant to the o-rings on the plug port. 

2. Remove any excess lubricant from the o-rings and port plug with a lint-free cloth. 

3. Insert the port plug into the empty port and press until firmly seated. 

4. Finger-tighten the port plug clockwise to install. If necessary, use the sensor installation tool to make sure that 
the plug is fully seated into the port.

NOTICE: The o-rings will not be visible if a port plug is correctly installed. Do not over-tighten the port plug. 
Over-tightening can cause damage to the port plug or bulkhead not covered by the warranty. 
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 Sensor guard and weight installation

1. Carefully slide the sensor guard over the bulkhead and attached sensors/port plugs. Push the sensor guard 
toward the bulkhead until the sensor guard threads align with the bulkhead threads.  

2. Carefully finger-tighten the sensor guard clockwise. 

NOTICE:   If any resistance is felt, loosen the sensor guard completely to prevent cross-threading. Incorrect 
installation may cause damage to the sensor guard or bulkhead that is not covered by the warranty. 

NOTICE:  Do not submerge the bulkhead without a sensor or port plug installed in all ports. 

Figure 6  Sensor guard and weight installation on a 4 port cable assembly

1   Sensor guard 4   Depth sensor (if equipped)

2   Bulkhead 5   Weight

3   Bulkhead threads

1

2

3

4

5
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Sensor guard weights
To help stabilize the sensors when profiling at deeper depths, a 1 lb. sensor guard weight is supplied with 4 port 
assemblies 10 meters and longer. To attach the weight, carefully hand-tighten it clockwise on to the bottom of the 
sensor guard (Figure 6 on page 11). 

NOTICE:   If any resistance is felt, loosen the sensor guard weight completely to prevent cross-threading. 
Incorrect installation may cause damage to the sensor guard. 

The bottom of the weight is threaded so that additional weights can be added if needed. See ProDSS accessories on 
page 79. 

NOTE: Do not have any weights installed on the sensor guard when calibrating using the calibration cup. 
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Keypad and navigation

Figure 7  Keypad description

1 System: Opens the system menu. Use to adjust 
system settings

7    ON/OFF: Turn on or turn off the instrument

2   Exit/Escape key: Exits to the Run screen. When in 
an alpha/numeric entry screen, returns to previous 
menu

8     Right arrow key: Navigate right in an alpha/
numeric entry screen. On the Run screen, push to 
show graphical representations of the displayed 
measurements. Push the right or left arrow to return 
to the Run screen. In the View Data screen, push to 
view additional parameters in the data set

3 Left arrow key: Navigate left in an alpha/numeric 
entry screen. Push to return to previous menu in all 
screens except alpha/numeric entry. On the Run 
screen, push to show graphical representations of 
the displayed measurements. Push the right or left 
arrow to return to the Run screen 

9     Backlight: Turns the keypad backlight on or off for 
use in low light conditions    

4  Help: Shows context sensitive help 10    File: Opens the file menu. Use to view logged data 
and GLP files, backup data to a USB stick, and delete 
data

5 Up/down arrow keys: Scroll through menus or 
enter numbers and letters

11    Calibrate: Opens the calibration menu. Use to 
calibrate all parameters except temperature

6 Enter key: Push to confirm selections. On the Run 
screen, push to log a single data point or start 
continuous data logging

12    Probe: Opens the sensor menu. Use to setup 
sensors, change the measurements shown on the 
run screen, select the sensor averaging mode, and 
turn on/off Auto Stable and GPS

 

3

2

1

4

5 6

7

9

8

1010

1112

5

?

Esc

Cal

ENTER

System Probe Calibration File
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Startup

Push the  key to turn on the handheld. If the handheld does not turn on, make sure that the battery pack is correctly 

installed and charged. Push and hold the  key for 1.5 seconds to turn the handheld off.  

Navigation 
The ProDSS contains menus to change user-defined options, functions, and parameters. Use the arrow keys  

(  and ) to highlight different options within menus and sub-menus, then push the  
ENTER

 key  to select the option. 
Push the  key to return to the previous menu.  

NOTE:  When in an alpha/numeric screen, the key is for alpha/numeric navigation only. Push the Esc  key to 
return to the previous menu.

Push the Esc  key to return to the Run screen. To enable or disable an option, highlight the option, then push the 
ENTER

 
key. Enabled functions appear as a circle with a dot  or a box with a check mark . Disabled functions appear as a 
circle only  or an empty box .

Alpha/numeric entry

When required, an alpha or alpha/numeric entry screen will be shown. When finished entering information, highlight 

ENTER, then push the 
ENTER

 key to save the entry (Figure 8). 

NOTE:  When in an alpha/numeric screen, the  key is for alpha/numeric navigation only. Push the Esc  key to 
return to the previous menu.

   

Figure 8  Alpha/numeric and numeric entry screens

1 User entry field 4    Enter selection 

2 Delete entire entry 5    Upper/lowercase  

3 Backspace     

1

2

3

4

5

2

3

1

4
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Main display description
The main display (Run screen) shows the current measurements as defined in the Sensor Display menu 
(Sensor Display on page 25).  If more measurements are selected than can be displayed on the Run screen, a scroll 
bar will be shown. Use the and arrow keys to view the additional measurements (Figure 9). 

The message area shows status messages, error messages, and information about selected functions.  

Figure 9  Main display example

1  Log or sampling (update measurements) prompt on   
 Run screen (single or continuous)

6    Battery charge %

2  Current screen/menu 7    USB/PC connection indicator

3  Date/Time 8    Scroll bar

4  GPS signal indicator 9     Message area 

5  Battery charging indicator 10  Displayed measurements 

2

3

1

4
5

6

7

9

10
8
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System menu

Push the System  key to view and adjust instrument settings. Highlight a sub-menu then push the  
ENTER

 key to view 
the sub-menu options (Figure 10). 

Pre-defined or user-selected options are noted within brackets ([]). See Alpha/numeric entry on page 14.

Figure 10  System menu

Use the System menu to:

•  Set the date and time (Date/Time on page 17)
•   Change the user-defined Good Laboratory Practices (GLP) options 

(GLP menu on page 17)
•  Change the instrument language setting (Language on page 19)
•  Change logging options (Logging on page 19)
•  Change sampling options (Sampling on page 20)
•  Set the handheld auto-shutoff time (Auto-Shutoff on page 20)
•  Change the radix point (Radix Point on page 21)
•  Set the backlight mode (Backlight on page 21)
•  View the software version (Software version on page 21)
•  View the handheld serial number (Serial # on page 21)
•  View and adjust the Unit ID (Unit ID on page 22)
•  View the sensor specific information (Sensor info on page 22)
•  Adjust the display brightness (Brightness on page 22)
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Figure 11  Date/Time

Date/Time

  → Date/Time

For accurate logging and GLP data, correctly set the date and time 
options (Figure 11). Select any of the following options to set the Date/
Time in the ProDSS.

Date/Time options:

•   Set YY/MM/DD, MM/DD/YY, DD/MM/YY or YY/DD/MM date format
•  Set the correct date
•  Select 12 or 24 hour time format
•  Set the correct time

GLP menu

Detailed sensor calibration information is stored in the Good Laboratory Practice (GLP) file for later review. 

One GLP file is used to store all calibration records. The instrument’s internal memory can save up to 400 individual 
calibration records. After 400 records, the instrument will overwrite previously stored calibration records, starting with 
the oldest.      

To prevent the permanent loss of GLP records, periodically download the GLP file to a computer using the KorDSS 
software. 

NOTE: Information included in each GLP record can be seen on page 30.

Figure 12  GLP Options

GLP Options 

  → GLP → Options

User ID, Probe ID, or User Field #1 or 2 can be user-defined for positive 
GLP file identification of:

•  The person calibrating the instrument.
•   The sensor/cable serial number used during calibration (or other, 

user-defined Probe ID).
•  Other user-specific identification (User Field #1 and #2) (Figure 12).

NOTE: User Field can be used to describe the condition of the 
probe. For example, new sensor or new ODO cap.  
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Figure 13   Re-Cal Prompts

Re-Cal Prompts

  → GLP → Options → Re-Cal Prompts

Re-Cal Prompts provide a reminder to recalibrate a probe in the  
user-defined number of days (Figure 13). 

The Re-Cal prompt will be displayed in the message area of the main 
display when the set time has elapsed (Figure 9 on page 15).   

Select the desired sensor Re-Cal prompt, then enter the desired number 
of days before the Re-Cal prompt occurs.

Set the sensor value to zero (0) days (default) to turn off Re-Cal prompts.
 

NOTE: When enabled and the set amount of time since the last 
calibration has passed, the Re-Cal prompt will be shown 
when the instrument is turned on.

Figure 14   GLP Security

GLP Security  

  → GLP → Security

The Calibration menu can be password protected to prevent accidental 
or unauthorized sensor calibration (Figure 14). 

1. From the GLP menu, select Security, then enter the default  
password “ysi123”. 

2. Select Set Password [] and change the default password. 

3. Select the Protect Cal check box to password protect the 
Calibration menu. 

NOTE: Write down and keep the password in a safe place. Contact 
YSI Technical Support if you lose the password (Technical 
support on page 82).
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Figure 15   Language 

Language

  → Language 

The ProDSS is shipped with English enabled. If a different language 
is desired and selected, the ProDSS will take approximately 10 to 20 
seconds to enable the new language (during the first installation only).

Optional languages:
•  Spanish
•  French
•  German
•  Italian
•  Portuguese
•  Norwegian
•  Japanese
•  Simplified Chinese
•  Traditional Chinese
•  Korean
•  Thai

Figure 16   Logging

 
Figure 17   Site List

Figure 18  Site

Logging

  → Logging  

The ProDSS can add a user-defined Site and/or Data ID to a data record 
if these functions are enabled under the Logging menu. A check mark in 
the box next to these features indicates they are enabled (Figure 16).  
  
After selecting Site [  ] or Data ID [  ], the Site List or Data ID List will be 
shown (Figure 17). New entries can be created by choosing Add new... 
When creating a new site, GPS coordinates and altitude can be entered.

NOTE: If the instrument has GPS signal, the current GPS 
coordinates will be used when creating a new site.

Choose an entry from the Site List or Data ID List to Select (i.e. will be 
added to data record), Edit, or Delete the entry (Figure 18).

NOTE: KorDSS can be used to send a picture of the Site to the 
instrument.

NOTE: Sites can be listed in order of Name (i.e. alphanumeric 
order) or Distance from the current position (Figure 16).
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Figure 19  Sampling

Continuous Mode ( Interval logging): Select the Continuous Mode check
box and enter the user-defined Log Interval (in HH:MM:SS - 
hours:minutes:seconds) to log samples continuously at the specified 
time interval. The Run screen will display Start Logging... when in 

Continuous Mode. Press 
ENTER

 to begin logging.

One sample logging: Clear the Continuous Mode check box. The  
Run screen will display Log One Sample. A sample will be logged each 

time the 
ENTER

 key is pushed when in the Run screen. 

NOTE: An option to change Site and/or Data ID (if enabled) 
appears once ENTER  is pressed to begin logging.

Sampling

  → Sampling

Auto sampling mode continuously updates measurements on the display 
(Figure 19).

Manual mode helps conserve battery power. The user-defined Sample 
Period determines the measurement time limit. 

When in Manual mode, the instrument will take measurements for the 
duration of the Sample Period then “lock” or hold the readings on the 
display (sample period default 50 seconds, user-defined between 15 to 
60 seconds). 

Once the measurements are locked, push the 
ENTER

 key to log the held 

data,  or the Esc  key and then the 
ENTER

 key to take a new measurement.

Enter the desired Sample Period time. 

NOTE: When both Continuous Logging Mode and Manual 
Sampling mode are enabled, the ProDSS will power the 
sensors on and take measurements for 15 seconds before 
logging a data set. 

Auto-Shutoff

  → Auto-Shutoff  

To conserve battery power, auto-shutoff powers off the instrument after 
a user-defined time period (in minutes). Set to 0 (zero) to disable Auto-
Shutoff.
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Figure 20  Radix Point

Radix Point

  → Radix Point 

The radix point can be changed to display a comma or a decimal in 
numeric displays (e.g. 1.00 becomes 1,00 when Comma is selected) 
(Figure 20). 

Backlight

  → Backlight

In Automatic mode, the instrument display will dim 60 seconds after the 
last key was pushed. Once any key is pushed, the instrument display will 
return to the user-defined brightness setting and the keypad backlight 
will turn on. The screen will dim and the keypad backlight will turn off 
after another 60 seconds of inactivity.

In manual mode, the instrument display remains at the user-defined 
brightness until manually changed and the keypad backlight is turned on 
and off by the Backlight key. 
 

NOTE: In bright conditions, set the backlight to Manual mode. 

Software (Sw) Version

  → Sw Version 

Sw Version shows the ProDSS software version number. The latest 
instrument software and update instructions are available at ysi.com. 
Instrument software can be updated through the KorDSS PC software 
program when connected to the internet or if the update file has been 
transferred to the PC. See the KorDSS help section for more information.

Serial #

  → Serial #  

Serial # shows the serial number of the ProDSS handheld instrument. 
Note the serial number when contacting YSI support.  

http://www.ysi.com


22

Operation

Unit ID

  → Unit ID 

Unit ID identifies the instrument in the KorDSS PC software program that 
was included with the instrument. 

Select Unit ID to change the default ID.  

Sensor info

  → Sensor info 

Sensor info shows measurement data, and hardware/software 
information for each component of the system: instrument, sensor, and 
bulkhead. Use the and arrow keys to scroll through the components.

Figure 21   Display Brightness 

Brightness

  → Brightness  

The screen brightness can be adjusted to accommodate lighting 
conditions and to conserve battery power (Figure 21).  

Select Brightness then use the and  arrow keys to adjust the screen 
brightness.

NOTE: In bright conditions, set the screen brightness to 75% or 
greater.

Sensor menu 

Use the Probe key to access the Sensor menu and change sensor settings (if applicable), enable the measurement 
units displayed on the Run screen, set Auto Stable parameters, change the sensor averaging mode, and if equipped, 
turn on/off GPS.  
 

Figure 22  Probe (Sensor) menu

Push the  key to access the sensor menu (Figure 22). Highlight a sub-

menu then push the 
ENTER

 key to view sub-menu options.

Pre-defined or user-selected sensor settings are noted within brackets 
([]). 
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Figure 23  Sensor Setup 

Figure 24  Setup ODO

Sensor Setup

  → Setup

The Sensor Setup menu will show all sensors connected to the instrument 
(Figure 23). If a sensor is connected but is not listed on the Sensor Setup 
menu (<None> displayed), check the sensor and cable connections 
(ProDSS sensor installation/removal on page 9). 

 

 Setup ODO

  → Setup → ODO

Local DO: Enable or disable localized DO% measurements. When 
enabled, the calibration value is set to 100% regardless of altitude or 
barometric pressure. When enabled, an L will be shown next to DO% on 
the run screen. DO mg/L measurements are unaffected when Local DO is 
enabled (Figure 24). 

LDS: Last Digit Supression (LDS) rounds the DO value to the nearest 
tenth, e.g. 8.27 mg/L becomes 8.3 mg/L. 

Sensor Cap Coefficients: The sensor cap coefficients must be updated 
after sensor cap replacement. Update the sensor cap coefficients using 
the KorDSS software and the coefficient sheet provided with the new 
sensor cap. 

Figure 25   TSS coefficients 

Setup Turbidity

  → Setup →  Turbidity

TSS Coefficients: Total Suspended Solids (TSS) can be measured if 
correlation coefficients are calculated in KorDSS. 

To obtain these coefficients, collect turbidity data at the sampling site 
with corresponding grab samples. Analyze the samples in a lab to 
determine a true TSS measurement (mg/L). At least 2 and up to 6 value 
pairs of turbidity and TSS measurements can be used. 

NOTE: For highest accuracy, obtain 6 value pairs.

NOTE: Correlation data must be collected for each unique 
sampling site, as this correlation is site-specific.

In KorDSS, enter the field-obtained turbidity measurements and the 
corresponding lab-obtained TSS measurements. Coefficients can then 
calculated with KorDSS and sent to the sensor.

NOTE: Although correlation coefficients can be entered directly 
into the ProDSS (Figure 25), only KorDSS can calculate the 
coefficients.
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Figure 26   Setup pH 

Setup pH

  → Setup →  pH

Select USA auto-buffer recognition (4.00, 7.00, and 10.00) or NIST auto-
buffer recognition (4.01, 6.86, and 9.18) (Figure 26). Calibration values 
are automatically compensated for temperature for both buffer sets. 

Figure 27  Setup Conductivity

Setup Conductivity

  → Setup → Conductivity

Temp Ref (Temperature reference): Reference temperature used to 
calculate temperature compensated specific conductance. All specific 
conductance values are compensated to the Temp Ref temperature. The 
default value is 25 °C (77 °C) (Figure 27). Enter a new value between 
15.00 °C (59 °F) and 25.00 °C (77 °F).

%/°C (Percent per degree Celsius): Temperature coefficient used to 
calculate temperature compensated specific conductance. The default is 
1.91% based on KCl standards. Enter a new value between 0 and 4%.

TDS Constant: Multiplier used to calculate an estimated Total Dissolved 
Solids (TDS) value from conductivity. The multiplier is used to convert 
specific conductance in mS/cm to TDS in g/L. The default value is 0.65. 
Enter a new value between 0 and 0.99.

This multiplier is highly dependent on the nature of the ionic species 
present in the water sample.  To be assured of moderate accuracy for 
the conversion, you must determine a multiplier for the water at your 
sampling site. Use the following procedure to determine the multiplier 
for a specific sample:

1. Determine the specific conductance of a water sample from the 
site. 

2. Filter a portion of water from the site. 

3. Carefully measure a volume of the filtered water. Completely 
evaporate to yield a dry solid. 

4. Accurately weight the remaining solid. 

5. Divide the weight of the solid (in grams) by the volume of water 
used (in liters) to yield the TDS value in g/L for the site. 

6. Divide the TDS value in g/L by the specific conductance of the 
water in mS/cm to yield the conversion multiplier. 

NOTE: Make sure to use the correct units.  

NOTE: If the nature of the ionic species at the site changes 
between sampling studies, the TDS values will be in 
error. TDS cannot be calculated accurately from specific 
conductance unless the make-up of the chemical species in 
the water remains constant.
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Figure 28  Setup Depth 

Setup Depth

  → Setup → Depth

For ProDSS bulkheads with the depth sensor:

The ProDSS cable assemblies with a depth sensor in the bulkhead can 
measure virtual vented depth. The virtual vented depth measurement 
allows for real time compensation for atmospheric pressure using the 
instrument’s barometer.

Depth offset: Depth offset can be used if referencing water elevation 
against a known datum. If a depth offset is entered (in meters), the output 
value will shift by the value of the offset (Figure 28). 

Altitude/Latitude: To compensate for atmospheric pressure based on 
elevation and gravitational pull, enter the local altitude in meters relative 
to sea level and latitude in degrees where the ProDSS is sampling. 

Latitude effect:  Varying latitudes cause a 200 mm change in depth from 
equator to pole.  

Altitude effect: Varying altitudes cause approximately 90 mm change 
from sea level to 8000 m. A 100 m change causes 1.08 mm of change to 
the readings. 

 

Figure 29  Sensor Display 

Sensor Display

  → Display (Figure 29)

The Sensor display menu determines the measurements that are 
shown on the Run screen (Figure 9). The Run screen will only show 
measurements for sensors that are attached to the cable bulkhead.  

If more measurements are selected than can be displayed on one screen, 
a scroll bar will be shown. Use the and keys to scroll through the 
measurements. 

NOTE: For depth profiling, enable Vertical Position under Depth 
Display to view the real-time position of the depth sensor 
in the water column. This is helpful in profiling applications 
to ensure the depth sensor is lowered to the desired depth 
without waiting for the depth data to stabilize.
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Figure 30  Auto Stable 

Figure 31  Auto Stable  
stability threshold

Auto Stable

  → Auto Stable 

Auto Stable indicates when a measurement is stable. Sensors with Auto 

Stable enabled will have 
A
S flash beside the measurement on the Run 

screen.  

 
A
S will flash green when the measurement is stable.  

Select a sensor to enable or disable Auto Stable. Set the stability 
threshold parameters (Figure 30).

The Auto Stable stability threshold can be set by percent of measurement 
or in the units of measurement selected in the Sensor Display menu. 

Enter the stability value, then select Use Percent or Use Meas. Units 
(Figure 31).  

This threshold is used to compare the last reading with the previous. The 
smaller the number entered in % or units, the longer it will take for the 
instrument to reach the auto stable criteria.

Example:  For temperature in °C, if unit threshold is set to 0.2 and the 

temperature reading changes by more than 0.2 degrees,  
A
S will 

continue to be red until the reading does not change by more 
than 0.2 °C over the defined sample period and sample count.

Hold All Readings: After all sensors have reached their stability criteria, 
the measurements will be held or ‘locked’ on the display. If disabled, the 
sensor measurements will continue to change in real time. 

Audio Enabled: An audio alert will sound when stability is reached. 

Continuous Mode: The ProDSS will continuously check sensor values 
against the stability criteria even after the sample period and sample 
count have been met.  

Log Samples: Logs the sample/s defined by the Sample Period to 
memory.  

Sample Period: Time interval between the sensor measurements 
(sample) that are used to determine stability.  Set the interval in seconds  
(1 to 900).

Sample Count: Number of consecutive samples required for stability  
(1 to 10). 

Select Start Auto Stable to enable. 
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Figure 32  Averaging

Averaging

  → Averaging (Figure 32)

The averaging mode determines how the ProDSS will filter data. A 
smaller time frame for the rolling average window allows changes in 
the sensor’s measurements to be more quickly observed, while a larger 
rolling window provides more stable measurement readings and a 
smooth result. Each averaging mode will decrease the time span of the 
rolling window if a large change in the sensor measurement is detected, 
allowing the ProDSS to adapt when an event occurs. 

The Default mode provides optimum averaging for all sensors. This 
mode has up to 40 seconds of averaging on the sensors. 

In Accelerated mode, changes in sensor measurements are more 
quickly observed than default (5-10 seconds of averaging). This mode is 
recommended when the sensors are moving through the water, such as 
profiling studies and most spot sampling applications.

NOTE: For profiling applications, enable Vertical Position under 
Depth Display to view unfiltered depth measurements. This 
helps to ensure the depth sensor is lowered to the desired 
depth without waiting for the averaged measurement. 

In Rapid mode, sensor response is very fast (2-3 seconds of averaging), 
but the instrument will never settle on a single steady number. This mode 
is recommended when the sensors are moving quickly through the water, 
such as rapid profiling and towed applications.

Salinity

  → Salinity 

Salinity is determined by calculations derived from the conductivity and 
temperature sensors. 

When a conductivity sensor is installed, the instrument will automatically 
use the salinity measurement for DO and “As Measured” will be 
displayed. If no conductivity sensor is installed (e.g. ProODO cable 
assembly used), the salinity value will be user-selectable. 

Because salinity is an important factor in determining dissolved oxygen, 
YSI does not recommend calibrating or taking dissolved oxygen 
measurements without conductivity and temperature sensors. 
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Figure 33  GPS

GPS (optional)

  → GPS

GPS turns the ProDSS Global Positioning System On or Off. The  
symbol is shown when a GPS signal is received (Figure 33). 

When enabled, the GPS coordinates will be saved with the GLP file and 
logged data. 

NOTE: GPS data will be most accurate when there is a clear line of sight 
to satellites. GPS will not typically receive a signal while inside a 
building.

Calibration menu 
Push the Cal key to access the Calibration menu (Figure 34). Highlight a sub-menu then push the 

ENTER

 key to view 
sub-menu options. 

Pre-defined or user-selected parameters are noted within brackets ([]). See Alpha/numeric entry on page 14.

Refer to the Calibration section for sensor specific calibration procedures (Calibration on page 33). 

NOTE: Attached sensors are listed according to the bulkhead port in which they are installed. 

NOTE: User ID, Probe ID, and User Field #1 and #2 must be enabled in the GLP menu to appear in the Calibration 
menu (GLP Options on page 17). 

Figure 34  Calibration menu

1 Sensors connected to bulkhead 5    User ID 

2 Optional Depth sensor calibration 6    Probe ID

3 Barometer calibration 7    User Field #1   

4 Restore Default Calibration - restores all 
calibrations to factory default

6
7

5
4

2
3

1
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Files menu 

Push the key to access the Files menu (Figure 35). Highlight a sub-menu then push the 
ENTER

 key to view sub-
menu options. 

Use the Files menu to view, delete or backup logged data or the GLP file.  Data can be filtered by a specific date and 
time range and by user-created site and Data ID lists. 

Figure 35  Files menu

Data Memory (free) % shows the remaining memory available. 
Download or delete data to free available internal memory. 

The Site List and/or Data ID List can be seen by selecting Site [  ] or   
Data ID [   ]. To enable the use of Site and/or Data ID when logging data, 
view the Logging menu on page 19. 

Figure 36  View Data Filter

Figure 37  View Filtered Log Data

View Data Filter

  → View Data 

Enter the desired filter criteria, then select Show Data or Graph Data to 
view the tabular or graphical data. If necessary, use the and arrow 
keys to scroll through the data (Figure 36 and Figure 37). 
 
Site: View data from one site or all sites. 

Data ID: View data from one ID or all IDs. 

Begin/End: View data within specific date and time ranges.   
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Figure 38  View GLP 

View GLP

  → View GLP

Select View GLP to show the stored sensor calibrations (Figure 38).  

Use the arrow keys to scroll through the GLP file data. 

GLP saved information

Information in each GLP record
•  Sensor calibrated
•  Date/time stamp
•  Sensor ID
•  Sensor software version
•  User ID (optional)
•  Probe ID (optional)
•  User fields #1 and #2 (optional)
•  Calibration status
•  Calibration value
•  Temperature

Parameter-specific GLP information 
•  Calibration method - ODO, Depth, Conductivity
•  Sensor value - pH, ODO, Ammonium, Nitrate, Chloride, Depth, 

        Turbidity
•  Pre cal value - Depth, Barometer, Turbidity, Conductivity, ORP
•  Cell constant - Conductivity
•  Cal offset - ORP
•  Slope - pH
•  Gain - ODO

Figure 39  Delete Data Filter 

Delete Data

  → Delete Data

Enter the desired filter criteria, then select Delete Selected Data to 
permanently delete the data (Figure 39). 

Select Delete All Data to permanently delete all logged data from the 
ProDSS.
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Figure 40  Backup Data 

Figure 41  Micro USB female connector

Backup Data

  → Backup Data

This function allows you to backup logged data to a flash drive based on 
Site, Data ID, and log date (Figure 40). A USB female to micro USB male 
adapter is included with new instruments for this data backup.

NOTE: The USB storage device must be formatted as FAT32, not 
NTFS or exFAT. The handheld will only support FAT32.

If the box next to “Include Sensor Info” is checked, each data set will 
be sent to a flash drive as a separate file with sensor serial number and 
sensor software information included. If the box is not checked (default), 
all data sets will be sent in a single backup file with no sensor serial 
number or sensor software information.

NOTE: It is suggested to send data to the USB flash drive as 
a single file (i.e. box is not checked) unless this sensor 
information is needed. This makes importing the data much 
faster and easier.

Once the filter settings are configured, select Backup Data to send the 
data to a flash drive.

NOTE: The data is exported in a CSV file. 

NOTE: If the data backup is not successful, ensure the correct filter 
criteria are selected and the USB connection indicator can 
be seen at the top of the screen (Figure 9).

Figure 42  Delete GLP 

Delete GLP

  → Delete GLP

To permanently delete the GLP file from the instrument, select Yes, then 

push the 
ENTER

 key (Figure 42). 
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Taking measurements 
For the highest accuracy, calibrate the instrument before taking measurements (Calibration on page 33). 

1. Create site and Data ID lists for logged data (if applicable) (Logging on page 19).

2. Set the logging method (single or interval) (Logging on page 19). 

3. Set the Auto Stable parameters (if applicable) (Auto Stable on page 26). 

4. Verify that the sensors and/or port plugs are correctly installed in all bulkhead ports (page 9). 

5. Install the sensor guard (page 11). 

6. Insert the sensors into the sample. 

NOTE: Make sure to submerge the sensors completely. If using a depth sensor, submerge to where the cable 
assembly attaches to the bulkhead.

7. Move the bulkhead in the sample to release any air bubbles and to provide a fresh sample to the sensors. 

8. Wait for the sensor/s to stabilize in the sample.

9. On the main run screen, press 
ENTER

 to begin logging (single or interval) (Logging on page 19).

NOTE: An option to change Site and/or Data ID (if enabled) appears once ENTER  is pressed to begin logging.
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ProDSS sensors (except temperature) require periodic calibration to maintain accurate measurements. Calibration 
procedures follow the same basic steps with variations for specific parameters.  

Before calibration
•   Enter GLP user-defined data if applicable to user requirements (User ID, Probe ID, User Field #1/2)  

(GLP Options on page 17).
•  Set up sensor options, settings, and coefficients as applicable (Sensor menu beginning on page 22). 

NOTICE:  Install a gray port plug in all exposed ports. Exposure to water can cause damage or corrosion to the 
bulkhead connectors not covered by the warranty.

Calibration setup (pH, ORP, ISE, conductivity, turbidity)

NOTE: Make sure the calibration cup, sensor guard, and all sensors are clean. 

NOTE: If using the calibration cup, make sure to install the sensor guard before placing the sensors into the 
calibration cup. 

NOTE: The sensor guard and calibration cup should be used for the turbidity and DO calibration. All other 
calibrations can be performed in other laboratory glassware.

1. Install a clean, dry sensor (Figure 4 on page 9) and sensor guard (Figure 6 on page 11) onto the bulkhead.  

NOTICE:  Install a gray port plug in any exposed port on 4 port ProDSS cable assemblies.  All sensor ports must 
have either a sensor or port plug installed. 

2. Fill the calibration cup with a moderate amount of water and tighten the calibration cup onto the bulkhead. Use 
the water to rinse the cup and the sensor to be calibrated. Discard the rinse. 

3. Thoroughly rinse the calibration cup with a small amount of the calibration standard for the sensor to be 
calibrated. Discard the standard. 

4. For 4 port cable assemblies, refill the calibration cup with fresh calibration standard to approximately the first 
line for pH, ORP, and turbidity calibration. Fill to the second line for conductivity calibration (Figure 43 on page 
34). If using the ODO/CT cable assembly and calibrating conductivity, ensure the vent holes at the top of the 
sensor are completely immersed and the solution level is at least 1/2 inch higher than these top vent holes 
(Figure 46 on page 36). A cylinder is included with ODO/CT cable assemblies for the purpose of calibrating 
conductivity.

NOTE: Volumes will vary. Make sure the temperature sensor and the sensor to be calibrated are submerged in 
calibration solution, except when performing a DO% saturation calibration. 

NOTE: Be careful to avoid cross-contamination with other standards. 

NOTE: These rinsing recommendations are only suggested guidelines for highest data accuracy. Make sure to 
follow your organization Standard Operating Procedures (SOPs) for instrument calibration and operation.

5. Immerse the sensor(s) in the standard and tighten the calibration cup onto the bulkhead. 

6. Calibrate the sensor(s). 

Alternately, pH, ORP, and conductivity calibrations can be completed in a beaker or other container using the same 
basic procedure described above. Make sure that the temperature sensor and the sensor to be calibrated are 
completely submerged. When submerging the conductivity sensor, make sure that the calibration solution covers the 
vent holes on the conductivity sensor. 
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Calibration cup installation

1. Ensure the calibration cup gasket is correctly seated (Figure 43). Loosely install the retaining nut on the cup. 

2. Slide the calibration cup over the sensors and sensor guard and tighten the retaining nut. 

1

2

3

4

5

Figure 43  Calibration cup standard volume (4 port cable)

1 Fill line one (used for Turbidity, pH, 
and ORP calibration solution)

4    Retaining nut 

2 Fill line two (used for conductivity 
calibration solution)

5    Calibration cup installed

3 Gasket

NOTE: When the 4 port calibration cup is empty (i.e. no sensor guard or sensors), it takes ~170 mL of solution to 
fill the calibration cup to line 1 while it takes ~225 mL to fill the cup to line 2. 

Calibration screen layout

The calibration screen has the same basic layout for each parameter (Figure 44). 

Calibration value: The value the sensor will be calibrated to. The Yellow Line on 
the graph corresponds to this value.

Accept Calibration: Calibrates the sensor to the calibration value.

Finish Calibration: Only available with multi-point calibrations (i.e. pH, ISE, 
turbidity). Finishes the calibration by applying previously accepted points. 

Press ESC to Abort: Press the ESC key to leave the calibration. The sensor will 
not be calibrated to any points. The last successful calibration will be used.

Last Calibrated: Date and time of the last successful sensor calibration.

Actual Readings: The current measurement value on the Run screen. The White 
Line on the graph corresponds to this value. Observe the White Line to ensure 
the measurement is stable before choosing Accept Calibration.

Post Cal Value: The same as the calibration value. This will be the measurement 
value in the current solution after the calibration is finished. 

Figure 44  Layout of calibration screen
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Conductivity
A conductivity/temperature sensor must be installed on the bulkhead (Figure 4 on page 9) for accurate temperature 
compensation and measurements of all parameters except turbidity and TSS. Temperature calibration is not available 
or required for accurate temperature measurements. 

The conductivity/temperature sensor can measure and calculate conductivity, specific conductance (temperature 
compensated conductivity), salinity, non-linear function (nLF) conductivity, TDS, resistivity, and density. Calibration 
is only available for specific conductance, conductivity, and salinity. Calibrating one of these options automatically 
calibrates the other conductivity/temperature parameters listed above. For both ease of use and accuracy, YSI 
recommends calibrating specific conductance.

Figure 45  Calibrate specific  
      conductance

Conductivity calibration

1. If necessary, clean the conductivity cell with the supplied soft 
brush. See Conductivity/temperature sensor maintenance on 
page 56.

2. Perform the Calibration setup (pH, ORP, ISE, conductivity, turbidity) 
on page 33.

3. Place the correct amount of conductivity standard into a clean and 
dry or pre-rinsed calibration cup. 

NOTE: Select the appropriate calibration standard for the 
conductivity of the sampling environment. Standards 
greater than 1 mS/cm (1000 μs/cm) are recommended for 
the greatest stability. For fresh water applications, calibrate 
to 1,000 or 10,000 μS. For salt water applications, calibrate 
to 50,000 μS.

4. Carefully immerse the sensors into the solution. Make sure the 
solution is above the vent holes on the side of the conductivity 
sensor. If using the ODO/CT assembly, ensure the vent holes at 
the top of the sensor are completely immersed and the solution 
level is at least 1/2 inch higher than these top vent holes (Figure 
46).

5. Gently rotate and/or move the sensor up and down to remove any 
bubbles from the conductivity cell. Allow at least one minute for 
temperature equilibration before proceeding. 

6. Push the Cal key, select Conductivity, then select Specific 
Conductance.  

NOTE: Calibrating any conductivity calibration option will 
automatically calibrate the other options. Specific 
conductance is recommended for both ease of use and 
accuracy.

7. Select Calibration value then enter the calibration value of the 
standard used. Note the measurement units the instrument is 
reporting and calibrating and be sure to enter in the correct 
calibration value for the units being used. For example, 10,000 μS 
= 10 mS. Make sure that the units are correct and match the units 
displayed on the handheld. 

8. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 45). “Calibration successful!” will be 
displayed in the message area. 
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NOTE: If the data is not stabilized after 40 seconds, gently rotate the sensor or remove/reinstall the calibration 

cup to make sure that no air bubbles are in the conductivity cell. 

NOTE: If the actual measurement data is about 1/2 if the expected calibration value, the conductivity sensor is 
not completely submerged. Add more calibration standard to the calibration cup.

NOTE: If you get calibration error messages, check for proper sensor immersion, verify the calibration solutions is 
fresh, the correct value has been entered into the ProDSS, and/or try cleaning the sensor.

9. Rinse the bulkhead and sensors in clean water then dry. 

Figure 46  ProDSS ODO/CT Cable Assembly

Barometer 
The barometer is factory calibrated and should rarely need to be recalibrated. The barometer is used for DO 
calibration, %Local measurements, and for virtual depth measurements. Verify that the barometer is accurately reading 
“true” barometric pressure and recalibrate as necessary. 

Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used “as is” for 
barometer calibration. Weather service readings are usually not “true”, i.e. they are corrected to sea level and cannot be 
used until they are “uncorrected”. Use this approximate formula:

True BP in mmHg=[Corrected BP in mmHg] - [2.5* (Local altitude in ft. above sea level/100)]
Example:

Corrected BP = 759 mmHg
Local altitude above sea level = 978 ft

True BP = 759 mmHg - [2.5*(978ft/100)] = 734.55 mmHg

Figure 47  Calibrate Barometer

Barometer calibration

1. Push the Cal  key, then select Barometer.  

2. Select Calibration value then enter the correct “true” barometric 
pressure.    

NOTE: The measurement units during calibration are dictated by 
what is enabled in the sensor setup menu. Be sure to enter 
in the correct units.

•  BP in mmHg=25.4 x BP inHg
•  BP in mmHg=0.750062 x BP mb
•  BP in mmHg=51.7149 x BP psi
•  BP in mmHg=7.50062 x BP kPa
•  BP in mmHg=760 x BP atm

3. Select Accept Calibration (Figure 47). “Calibration successful!” 
will be displayed in the message area. 

Top Vent Holes
Side Vent Holes
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Dissolved oxygen
ODO calibration requires the current “true” barometric pressure.  Make sure that the barometer is reading accurately 
and recalibrate the barometer as necessary.

Figure 48  Calibrate ODO %

ODO% and ODO% local - water saturated air calibration

NOTE: This method calibrates the instrument’s DO% measurement 
or DO% Local measurement if DO% local is enabled in the 
sensor setup menu. 

NOTE: Calibrating in DO% or DO% local automatically calibrates 
the mg/L and ppm measurement. There is no reason 
to calibrate both parameters. For both ease of use and 
accuracy, we recommend that you calibrate DO% or DO% 
Local and not mg/L. 

1. Place a small amount of clean water (1/8 inch) into the calibration 
cup. 

2. Make sure there are no water droplets on the ODO sensor cap or 
temperature sensor. 

3. Attach the sensor guard to the bulkhead and carefully place 
the guard/sensor into the calibration cup. Partially tighten the 
calibration cup to the bulkhead. 

NOTE: Do not fully tighten the calibration cup to the bulkhead. 
Atmospheric venting is required for accurate calibration. 

NOTE: Make sure the ODO and temperature sensors are not 
immersed in water. 

4. Turn the instrument on and wait approximately 5 to 15 minutes for 
the air in the storage container to be completely saturated with 
water.  

5. Push the Cal key, then select ODO. Select DO%. This will calibrate 
the instrument’s DO% measurement or DO% Local measurement 
if DO% Local is enabled in the sensor setup menu.

6. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 48). “Calibration successful!” will be 
displayed in the message area.  

NOTE: If you see a calibration error message, verify the barometer 
reading and inspect the sensor cap. Clean and/or replace 
the sensor cap as needed.
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Figure 49  Calibrate ODO mg/L

ODO mg/L calibration

1. Place the ODO and conductivity/temperature sensor into a water 
sample that has been titrated by the Winkler method to determine 
the dissolved oxygen concentration in mg/L.  

2. Push the Cal key, then select ODO. Select DO mg/L. 

3. Select Calibration value. 

4. Enter the dissolved oxygen concentration of the sample in mg/L.  

5. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 49). “Calibration successful!” will be 
displayed in the message area. 

6. Rinse the bulkhead and sensors in clean water then dry.

Figure 50  Calibrate ODO zero point

ODO zero point calibration 

1. Place the ODO and Conductivity/Temperature sensors in a  
solution of zero DO.

NOTE: A zero DO solution can be made by dissolving 
approximately 8-10 grams of sodium sulfite into 500 mL 
of tap water. Mix the solution thoroughly. It may take the 
solution 60 minutes to be oxygen-free.  

2. Push the Cal key, then select ODO. Select Zero. 

3. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 50). “Calibration successful!” will be 
displayed in the message area. 

4. Thoroughly rinse the bulkhead and sensors in clean water then 
dry.

5. Perform a ODO % water-saturated air calibration after performing 
a zero point calibration.
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pH/ORP

Figure 51  Calibrate pH 1-point 

pH calibration 1-point

NOTE: If performing a 1-point calibration, use buffer 7 (6.86) as 
your calibration point for highest accuracy.

NOTE: Observe the pH mV readings during calibration to 
understand the condition  and response of the pH sensor. 
In buffer 7, pH mVs should be between -50 and +50. In 
buffer 4, the mVs should be a +165 to 185 away from the 
pH 7 mV value. In buffer 10, the mVs should be a -165 to 
-185 away from the pH 7 mV value. Ideal slope is -59 mV 
per pH unit.

1. Perform the Calibration setup (pH, ORP, ISE, conductivity, turbidity) 
on page 33.

2. Fill the calibration cup to the appropriate level with pH 7 buffer 
solution (or 6.86 if using NIST buffers).  

3. Carefully immerse the probe end of the sensors into the buffer 
solution. 

4. Push the Cal key, then select pH or pH/ORP. 

NOTE: If using a pH/ORP sensor, select pH/ORP, then pH. 

5. Allow at least one minute for temperature stabilization. The 
Calibration value will automatically be adjusted based on the 
selected buffer set and temperature. Alternatively, the Calibration 
value can be manually entered.  

6. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 51). “Ready for cal point 2” will be 
displayed in the message area. 

7. After calibrating to the first point, select Finish Calibration for 
a 1-point calibration or continue on to the 2-3 point calibration 
procedure (Calibration cup installation on page 34). 
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Figure 52  Calibrate pH 2- or 3-point 

pH calibration 2- or 3-point

NOTE: If performing a 2- or 3-point calibration, one point should 
be in buffer 7; however, the calibration points can be in any 
order.

1. Perform steps 1-7 of the pH calibration 1-point procedure (pH 
calibration 1-point on page 39). 

2. Rinse the sensor 2-3 times with a small amount of pH 4 or pH 10 
buffer solution. 

3. Rinse, then fill the calibration cup to the appropriate level with  
the buffer solution that is the same value (pH 4 or pH 10) used to 
rinse the sensor. 

4. Carefully immerse the sensors into the solution. 

5. Allow at least one minute for temperature stabilization. The 
Calibration value will automatically be adjusted based on the 
selected buffer set and temperature. Alternatively, the Calibration 
value can be manually entered.  

6. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 52). “Ready for cal point 3” will be 
displayed in the message area. 

7. After calibrating to the second point, select Finish Calibration 
for a 2-point calibration or continue with an additional buffer to 
complete a 3-point calibration. The procedure will automatically 
finish after calibrating using a third buffer.

 
Figure 53  Calibrate ORP 

ORP calibration 

1. Obtain/prepare a standard with a known oxidation reduction 
potential (ORP) value. 

NOTE: YSI recommends Zobell solution. 

2. Perform the Calibration setup (pH, ORP, ISE, conductivity, turbidity) 
on page 33.

3. Fill the calibration cup to the appropriate level with standard 
solution. 

4. Carefully immerse the sensors into the solution. 

5. Push the Cal key, then select pH/ORP, then ORP.

6. Allow the temperature of the standard to stabilize. If using YSI 
Zobell solution, the Calibration value will automatically be 
adjusted based on the temperature. Alternatively, the Calibration 
value can be manually entered.  

7. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 53). “Calibration successful!” will be 
displayed in the message area. 
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Depth 

NOTE: This calibration option is available only if your bulkhead is equipped with a depth sensor. The depth 
sensor is located where the cable connects to the bulkhead (Figure 60 on page 54).

For the calibration, make sure that the depth sensor is clean and in air, not immersed in any solution. For highest 
accuracy, keep the bulkhead still and in one position while calibrating. 

NOTE: Cables 10 m and longer are supplied with a weight that can be attached to the sensor guard for sampling 
at water depths 10 m and greater.

 
Figure 54  Calibrate Depth

Depth calibration 

1. If applicable, enter the depth offset, altitude, and latitude (Figure 
28 Setup Depth on page 25). 

NOTE: Depth offset allows you to set the depth measurement 
to something other than zero. If the depth offset is used, 
the depth measurement will be adjusted by the offset 
after calibration. Enter the altitude and latitude of your 
sampling location to increase the accuracy of your depth 
measurement.

2. Push the Cal key, then select Depth.

3. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 54). “Calibration successful!” will be 
displayed in the message area. 
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Turbidity 
Before performing the calibration, review “Calibration setup (pH, ORP, ISE, conductivity, turbidity)” on page 33.

For proper calibration, you must use standards that have been prepared according to details in Standard Methods for 
the Treatment of Water and Wastewater (Section 2130 B). 

Acceptable standards include:

•   AMCO-AEPA standards prepared specifically for the ProDSS turbidity sensor manufactured by YSI (YSI turbidity 
standards)

•  Formazin prepared according to Standard Methods, especially for calibration points greater than 1010
•  Dilutions of 4000 FNU (NTU) formazin concentrate purchased from Hach
•  Hach StablCal™ standards in various FNU (NTU) denominations

The use of standards other than those mentioned above will result in calibration errors and inaccurate field readings. 
It is important to use the same type of standard for all calibration points. (i.e. do not mix formazine and AMCO-AEPA 
standard for different points in a multi-point calibration).

Calibration limits

Because of the non-linear response of the turbidity sensor, calibration ranges may be limited. A 1-, 2- or 3-point 
calibration can be completed using the following limits:

1st calibration point 2nd calibration point 3rd calibration point

0-1 FNU (NTU) 5-200 FNU (NTU) 400-4200 FNU (NTU)

Calibration standards

The following standards are available for the ProDSS turbidity sensor:

608000 0 (all turbidity sensors); 1 gallon

607200 12.4  FNU (NTU) (ProDSS); 1 gallon

607300 124 FNU (NTU) (ProDSS); 1 gallon

607400 1010 FNU (NTU) (ProDSS); 1 gallon
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Figure 55  Calibrate Turbidity

  

Turbidity calibration 1-, 2- or 3-point

NOTE: The sensor guard must be installed for the turbidity sensor 
calibration.

NOTE: When performing a turbidity calibration, the first point must be 
zero.Select Calibration Value and enter 0.00.

1. Perform the Calibration setup (pH, ORP, ISE, conductivity, turbidity) on 
page 33. Rinse the sensor 2-3 times with a small amount of 0 FNU 
(NTU) standard.

2. Fill the calibration cup to the appropriate level with 0 FNU (NTU) 
standard (clear deionized or distilled water is suitable). Immerse the 
sensors into the water.

NOTE: With the calibration cup empty (i.e. no sensor guard or sensors), 
filling the calibration cup to line 1 will provide a sufficient 
amount of solution for calibration.

3. Push the Cal key, then select Turbidity. 

4. Select Calibration Value and enter 0.00.

5. Observe the data points readings for stability with the 0 FNU (NTU) 
standard (white line on graph shows no significant change for 40 
seconds), then select Accept Calibration. “Ready for cal point 2” will 
be displayed in the message area. 

6. Select Finish Calibration to complete a 1-point calibration or continue 
for the 2- or 3-point calibration. 

7. Rinse the sensors, calibration cup, and sensor guard 2-3 times with a 
small amount of standard #2. Discard the standard after each rinse. 

8. Fill the calibration cup to the appropriate level with standard #2. 
Immerse the sensors in the second calibration standard. 

9. Select Calibration Value and enter the value of the second calibration 
standard.

10. Observe the actual measurement readings for stability (white line on 
graph shows no significant change for 40 seconds), then select Accept 
Calibration (Figure 55). “Ready for cal point 3” will be displayed in the 
message area.

11. Select Finish Calibration to complete a 2-point calibration or continue 
for the 3-point calibration.

12. Rinse the sensors, calibration cup, and sensor guard 2-3 times with a 
small amount of standard #3. Discard the standard after each rinse. 

13. Fill the calibration cup to the appropriate level with standard #3. 
Immerse the sensors in the third calibration standard.

14. Select Calibration Value and enter the value of the third calibration 
standard.

15. Observe the data points readings for stability, then select Finish  
Calibration. “Calibration successful!” will be displayed in the message 
area. 

16. Rinse the sensors in clean water then dry.
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ISEs: Ammonium, Nitrate, & Chloride
Before performing the calibration, review Calibration setup (pH, ORP, ISE, conductivity, turbidity) on page 33.

The ISE sensors can be calibrated to one, two or three points. A 2-point calibration without chilling a third calibration 
solution is extremely accurate and is the preferred method. However, if there is a large temperature variation during 
sampling, a chilled third calibration point is recommended. 

Higher calibration accuracy can be obtained if the standards used have a least one order of magnitude difference 
between them. For example, 1 mg/L and 10 mg/L or 10 mg/L and 100 mg/L.

mV information for the ISE calibration
Ammonium mV values

•  NH4 1 mg/L = 0 mV +/- 20 mV (new sensor only) 
•  NH4 100 mg/L = 90 to 130 mV > 1 mg/L mV value 
•   The mV span between 1 mg/L and 100 mg/L values should be ≈ 90 to 130 mV. The slope should be 45 to 65 mV 

per decade.

Nitrate mV values
•  NO3 1 mg/L = 200 mV +/- 20 mV (new sensor only) 
•  NO3 100 mg/L = 90 to 130 mV < 1 mg/L mV value 
•   The mV span between 1 mg/L and 100 mg/L values should be ≈ 90 to 130 mV. The slope should be -45 to -65 mV 

per decade. 

Chlroide mV values
•  Cl 10 mg/L = 225 mV +/- 20 mV (new sensor only) 
•  Cl 1,000 mg/L = 80 to 130 mV < 10 mg/L mV value 
•   The mV span between 10 mg/L and 1000 mg/L values should be ≈ 80 to 130 mV. The slope should be -40 to -65 

mV per decade. 
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Figure 56  Calibrate ISE

ISE calibration 3-point

1. Perform the Calibration setup (pH, ORP, ISE, conductivity, turbidity) 
on page 33. Rinse the sensor 2-3 times with a small amount of 
standard #1.

NOTE: It is best to calibrate in order of increasing concentration (e.g. 
if using 1 mg/L and 100 mg/L standards, calibrate with 1 mg/L 
first).

2. Push the Cal key, then select the applicable ISE sensor. 

3. Carefully immerse the sensors into a solution of standard #1.  

4. Allow the temperature of the standard to stabilize, then select 
Calibration value. Enter the calibration value that corresponds to 
standard #1.

5. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 56). “Ready for cal point 2” will be 
displayed in the message area. 

6. Select Finish Calibration to complete a 1-point calibration. 
Otherwise, continue the calibration procedure to complete at least a 
2-point calibration.

NOTE: A 2-point calibration is extremely accurate and is the preferred 
method.

7. Rinse the sensor 2-3 times with a small amount of standard #2. Discard 
the standard after rinsing.

8. Carefully immerse the sensors into a fresh solution of standard #2.  

9. Allow the temperature of the solution to stabilize then select 
Calibration value. Enter the calibration value that corresponds to 
standard #2.

10. Observe the actual measurement readings for stability (white line 
on graph shows no significant change for 40 seconds), then select 
Accept Calibration (Figure 56). “Ready for cal point 3” will be 
displayed in the message area.

11. Select Finish Calibration to complete a 2-point calibration. 
Otherwise, continue the calibration procedure to complete a 3-point 
calibration.

NOTE: To calibrate with a chilled third standard, see Chilled third 
calibration point on page 46.

12. Rinse the sensor 2-3 times with a small amount of standard #3. Discard 
the standard after rinsing.

13. Carefully immerse the sensors into a fresh solution of standard #3. 

14. Allow the temperature of the solution to stabilize then select 
Calibration value. Enter the calibration value that corresponds to 
standard #3.

15. Observe the actual measurement readings for stability (white line on 
graph shows no significant change for 40 seconds), then select Finish 
Calibration. “Calibration successful!” will be displayed in the message 
area.
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Chilled third calibration point
The 3-point calibration method assures maximum accuracy when the temperature of the media to be monitored 
cannot be anticipated. If you must perform a chilled 3-point calibration, the following procedure requires one portion 
of the high concentration calibration solution and two portions of the low concentration calibration solution.  

The high concentration solution and one of the low concentration solutions should be at ambient temperature.  The 
other low concentration solution should be chilled to less than 10 °C (50 °F) to prior calibration point.   

See ISE calibration 3-point on page 45.

1. When “Ready for cal point 3” is displayed in the message area during ISE calibration, place the proper amount 
of chilled 1 mg/L standard (10 mg/L for the chloride) into a clean, dry or pre-rinsed calibration cup.  

2. Carefully immerse the sensor into the solution.  Allow for temperature equilibration.  If necessary, select 
Calibration value to manually enter the standard #3 value.  

3. Once the readings are stable, select Accept Calibration. “Calibration successful!” will be displayed in the 
message area. 
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Preparing chloride standards

The following recipes are provided for preparation of 10 and 1000 mg/L chloride reagents. Nitrate and Ammonium 
standards can be purchased from YSI or other laboratory supply companies.  

WARNING:  Some of the chemicals required for these solutions could be hazardous under some conditions. It 
is the responsibility of the user to obtain and study the MSDS for each chemical and to follow the 
required instructions with regard to handling and disposal of these chemicals.

You will need:  

•  Solid sodium chloride or a certified 1000 mg/L chloride solution from a supplier
•  Magnesium sulfate
•  High-purity water
•  A good quality analytical balance
•  1000 mL volumetric flask
•  An accurate 10 mL measuring devices
•  And 1000 mL glass or plastic storage vessels. 

  
1000 mg/L Standard  

1. Accurately weigh 1.655 grams of anhydrous sodium chloride and transfer into a 1000 mL volumetric flask.  

2. Add 0.5 grams of anhydrous magnesium sulfate to the flask.  

3. Add 500 mL of water to the flask, swirl to dissolve all of the reagents, then dilute to the volumetric mark with 
water.  

4. Mix well by repeated inversion, then transfer the 1000 mg/L standard to a storage bottle.  

5. Rinse the flask extensively with water prior to its use in the preparation of the 10 mg/L standard. Alternatively, 
simply add 0.5 grams of magnesium sulfate to a liter of a 1000 mg/L chloride standard from a certified supplier.  

10 mg/L Standard
1. Accurately measure 10 mL of the above 1000 mg/L standard solution into a 1000 mL volumetric flask.  

2. Add 0.5 grams of anhydrous magnesium sulfate to the flask.  

3. Add 500 mL of water, swirl to dissolve the solid reagents, then dilute to the volumetric mark with water.  

4. Mix well by repeated inversion, then transfer the 10 mg/L standard to a storage bottle. 

A
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Preparing nitrate standards

We recommend using YSI calibration solutions whenever possible. However, qualified users can save cost by following 
these recipes for 1 and 100 mg/L nitrate standards. Other concentrations can be made by altering the amount of 
potassium nitrate. All other concentrations should remain unchanged. 

CAUTION:  Some of these chemicals are hazardous and therefore, the standards should only be prepared by 
qualified chemists in laboratories where proper safety precautions are possible. It is the responsibility 
of the user to obtain and study the MSDS for each chemical and to follow the required instructions 
with regard to handling and disposal of these materials.

You will need: 

•  Solid potassium nitrate or a certified 1000 mg/l NO3-N from a supplier
•  Magnesium sulfate, high purity water
•  A good quality analytical balance
•  1000 mL volumetric flask
•  Accurate volumetric measuring devices for 100 mL, 10 mL and 1 mL of solution
•  And 1000 mL glass or plastic storage vessels.
•  

100 mg/L standard
1. Accurately weigh 0.7222 g of anhydrous potassium nitrate and transfer quantitatively into a 1000 mL volumetric 

flask. Add 1.0 g of anhydrous magnesium sulfate to the flask. 

2. Add approximately 500 mL of water to the flask. Swirl to dissolve all of the reagents, and then dilute to the 
volumetric mark with distilled or deionized water. 

3. Mix well by repeated inversion and then transfer the 100 mg/L standard to a storage bottle. 

4. Rinse the flask extensively with water prior to its use in the preparation of the 1 mg/l standard. Alternatively, 100 
mL of certified 1000 mg/L NO3-N standard can be used in place of the solid potassium nitrate.

1 mg/L standard
1. Accurately measure 10.0 mL of the above 100 mg/L standard solution into a 1000 mL volumetric flask. Add 1.0 

g of anhydrous magnesium sulfate to the flask. 

2. Add approximately 500 mL of distilled or deionized water. Swirl to dissolve the solid reagents, and then dilute 
to the volumetric mark with water. 

3. Mix well by repeated inversion and then transfer the 1 mg/L standard to a storage bottle.

NOTE: Recipes are given for 1 and 100 mg/L. Other concentrations can be made by altering the amount of 
potassium nitrate. All other concentrations should remain unchanged.
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Preparing ammonium standards

We recommend using YSI calibration solutions whenever possible. However, qualified users can save cost by following 
these recipes for 1 and 100 mg/L standards. Other concentrations can be made by altering the amount of ammonium 
chloride. All other ingredient concentrations should remain unchanged. 

CAUTION:  Some of these chemicals are hazardous and therefore, the standards should only be prepared by 
qualified chemists in laboratories where proper safety precautions are possible. It is the responsibility 
of the user to obtain and study the MSDS for each chemical and to follow the required instructions 
with regard to handling and disposal of these materials.

You will need: 

•  Solid ammonium chloride or a certified 100 mg/L NH4
+-N from a supplier

•  Lithium acetate dihydrate
•  Concentrated hydrochloric acid
•  High purity water
•  A good quality analytical balance
•  A 1000 mL volumetric flask
•  Accurate volumetric measuring devices for 100 mL and 10 mL of solution
•  And a 1000 mL glass or plastic storage vessels. 

CAUTION:  Hydrochloric acid is highly corrosive and toxic and should therefore be handled with extreme care 
in a well-ventilated fume hood. The user could also add the equivalent amount of a less-hazardous, 
more dilute sample of the acid if preferred.)

100 mg/L Standard
1. Accurately weigh 0.3817 g of ammonium chloride and transfer quantitatively into a 1000 mL volumetric flask. 

Add 2.6 g of lithium acetate dihydrate to the flask. 

2. Add approximately 500 mL of distilled or deionized water to the flask. Swirl to dissolve all of the reagents and 
then dilute to the volumetric mark with distilled or deionized water. 

3. Mix well by repeated inversion and then transfer the 100 mg/L standard to a storage bottle. 

4. Add 3 drops of concentrated hydrochloric acid to the bottle, then seal and agitate to assure homogeneity. 
Alternatively, 100 mL of certified 100 mg/L NH4+-N standard can be used in place of the solid ammonium 
chloride.

1 mg/L Standard
1. Accurately measure 10.0 mL of the above 100 mg/L standard solution into a 1000 mL volumetric flask. Add 2.6 

g of lithium acetate dihydrate to the flask. 

2. Add approximately 500 mL of distilled or deionized water. Swirl to dissolve the solid reagents and then dilute to 
the volumetric mark with water. 

3. Mix well by repeated inversion and then transfer the 1 mg/L standard to a storage bottle. 

4. Add 3 drops of concentrated hydrochloric acid to the bottle, then seal and agitate to assure homogeneity.
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Maintenance and storage

Follow all maintenance and storage procedures in this section. 

NOTICE:  Incorrect or unapproved maintenance and/or storage can cause handheld, sensor or cable damage 
not covered by the warranty. 

Unless otherwise specified, storage terms are defined as follows:  

Short-term storage (less than 4 weeks):  Storage when the ProDSS will be used at regular intervals (daily, weekly, 
biweekly, etc.)

 Long-term storage:  Storage when the ProDSS will have long periods of inactivity (over winter, end of monitoring 
season, etc.)

NOTICE:  Perform sensor maintenance before long-term storage. 

NOTICE: To prevent damage, do not store sensors in corrosive solutions.
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ProDSS handheld instrument

Figure 57  Handheld cleaning

Handheld instrument maintenance

Wipe the keypad, screen, and case with a cloth dampened with a mild 
solution of clean water and dish soap (Figure 57). 

Handheld storage temperature

Optimal storage temperature of the handheld instrument:
•  With battery pack installed: 0-45 °C (32-113 °F)
•  Without battery pack installed: 0-60 °C (32-140 °F)

NOTICE:  The battery pack permanently loses capacity at a faster 
rate when above 45 °C (113 °F).

Handheld short-term storage (less than 4 weeks)

Power off the handheld and store in a secure location  
(Startup on page 14). 

Handheld long-term storage 

1. Clean the handheld instrument.

2. Remove the battery pack to prevent possible battery leaks (Figure 
2). Reinstall the battery cover. 

3. Ensure the USB port cover is installed.   

4. Store the handheld and removed battery pack in a secure 
location. See Rechargeable Lithium-Ion battery pack safety 
warnings and precautions on page 80. 
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Cable, bulkhead, and connectors 

Figure 58    Cable, bulkhead, connector 
maintenance

Cable, bulkhead, and connector maintenance

Wipe the bulkhead cable with a cloth dampened with a mild solution of 
clean water and dish soap. 

NOTICE:  Install sensors or port plugs in ProDSS 4 port cable 
assemblies so the bulkhead ports do not get wet when 
cleaning. Exposure to water can cause damage or 
corrosion to the bulkhead connectors not covered by 
the warranty.

Inspect the bulkhead ports and cable connectors for contamination. If 
dirty or wet, clean it with compressed air (Figure 58). 

Cable, bulkhead, and connector storage

Clean the connectors and bulkhead cable. For ProDSS 4 port cables, 
install the cap that protected the bulkhead during initial shipment. 
Alternatively, install bulkhead port plugs when not in use (Port plugs on 
page 10). 

Sensor guard

Figure 59   Sensor guard maintenance

Sensor guard maintenance

Remove minimal bio-fouling with a cloth soaked in a mild solution of 
clean water and dish soap (Figure 59).

Remove heavy bio-fouling by soaking the guard in a with a solution of 
clean water and dish soap. Soak in vinegar to remove hard growth and 
deposits.

Use a plastic scrub brush to remove any remaining bio-fouling. Rinse the 
sensor guard with clean water.  

NOTICE:  Do not sand or polish the guard. Removal of the guard 
coating can affect turbidity readings. 
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Depth sensor maintenance and storage 

Figure 60  Depth sensor flush

Depth sensor storage 

The ProDSS optional depth sensor on 4 port ProDSS cables accesses 
water through ports located in the bulkhead (Figure 60). Although not 
directly accessible, correct maintenance and storage is necessary for 
reliable operation. 

The depth sensor can be stored dry, in water-saturated air or submerged 
in water. 

NOTICE:  To prevent damage to the sensor’s strain gauge, do not 
store the sensor in corrosive solutions.

Depth sensor maintenance 

Periodically clean the depth ports with the syringe included in the 
ProDSS maintenance kit (626990). Fill the syringe with clean water and 
gently force water into one of the ports. Flush until clean water flows from 
the opposite depth port. 

NOTICE:  Do not insert objects into the depth ports. Damage 
to the depth transducer from incorrect cleaning is not 
covered by the warranty. 
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Turbidity sensor 

Figure 61  Turbidity sensor window

Turbidity sensor maintenance

Clean the sensing window with a non-abrasive, lint-free cloth (Figure 61).  

NOTICE:  Clean the window carefully to prevent scratches. If 
necessary, use mild soapy water.

Figure 62  Turbidity sensor storage

Turbidity sensor short-term storage (less than 4 weeks)

When in regular field use, the turbidity sensor can remain installed on the 
bulkhead in an environment of water-saturated air (Figure 62). 

NOTE: The turbidity sensor can be stored dry if stored separate 
from other sensors.

Place approximately 0.5 in (1 cm) of any water (tap or environmental) in 
calibration cup. 

Install the calibration cup on the bulkhead and firmly tighten to prevent 
evaporation.  

Turbidity sensor long-term storage

Store the turbidity sensor in dry air. The turbidity sensor can be left on the 
bulkhead or removed for storage. 

If removed from the bulkhead, install the shipping cap on the sensor to 
prevent scratches or damage to the optical sensing window. 

NOTICE: Install a port plug into the empty port on the bulkhead.
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Conductivity/temperature sensor

NOTICE:   Use care when handling the conductivity/temperature sensor to prevent any impact on the exposed 
thermistor.  

Figure 63  Channel brush

Conductivity/temperature sensor maintenance 

1. Dip the sensor’s cleaning brush (included with the maintenance 
kit) in clean water. 

2. Insert the brush at the top of the channels, and sweep the 
channels 15 to 20 times (Figure 63).

NOTICE:  If deposits have formed on the electrodes, use a mild 
solution of dish soap and water to brush the channels. 
For heavy deposits, soak the sensor in white vinegar to 
assist cleaning, then scrub with the cleaning brush after 
soaking.

3. Rinse the channels with clean water following the sweepings or 
soak. 

Figure 64  Conductivity/Temperature 
Short-term storage

Conductivity/temperature sensor short-
term storage (less than 4 weeks)

When in regular field use, the conductivity/temperature sensor should 
remain installed on the bulkhead in a dry or water-saturated air 
environment. 

Place approximately 0.5 in (1 cm) of any water (deionized, distilled or 
environmental) in calibration cup. 

Install the calibration cup on the bulkhead and firmly tighten to prevent 
evaporation (Figure 64). 
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Figure 65  Conductivity/Temperature 
Long-term storage

Conductivity/temperature sensor long-term storage

The Conductivity/Temperature sensor can be stored dry or wet. For 
ProDSS 4 port cable assemblies, the sensor can be installed on the 
bulkhead or detached (Figure 65).  

Dissolved oxygen sensor
ODO sensor caps are warranted for 1 year but have a typical working life of 18 to 24 months. The ODO Extended 
Warranty Sensor Cap (627180) that comes pre-installed on ODO/CT cable assemblies features a 2 year warranty. 
As the ODO sensor caps ages, large scratches in the paint/dye layer and changes in the dye layer can reduce 
measurement stability and response time. 

Periodically inspect the sensor cap for damage and large scratches in the paint/dye layer. Replace the cap when 
readings become unstable and cleaning the cap and DO recalibration do not remedy the symptoms.  

Cleaning the sensor cap

The sensor cap should be kept clean since some types of fouling may consume oxygen which could affect the 
dissolved oxygen measurements. To clean the sensor cap, gently wipe away any fouling with a lens cleaning tissue that 
has been moistened with water. 

NOTICE:  Do not use organic solvents to clean the sensor cap. Using an organic solvent to clean the sensor cap 
may cause permanent damage to the cap. For example, alcohol will dissolve the outer paint layer and 
other organic solvents will likely dissolve the dye in the cap.

ODO sensor cap replacement

The sensor cap should be replaced about once per year for those with a 1 year warranty, but the cap may last longer. It 
should also be replaced if it is cracked or damaged. The instruction sheet shipped with the replacement ODO sensor 
cap includes the calibration coefficients specific to your sensor cap. 

The instructions for replacing the sensor cap on ProDSS ODO sensors (626900) are different than the instructions 
for integral (i.e. built-in) ODO sensors on ODO/CT (627150) and ProODO (626250) cable assemblies, so ensure the 
correct directions are being followed when replacing the sensor cap.

NOTE: Make sure to save the ODO sensor cap instruction sheet in case you need to reload the calibration 
coefficients.

NOTE: The replacement ODO sensor cap is shipped in a humidified container and the package should not be 
opened until immediately before sensor cap replacement.

Once the sensor cap has been installed on the ODO sensor, it is important to keep the sensor in a 100% humid 
environment. If the sensor dries out, refer to the rehydration procedure (ODO sensor rehydration on page 60).



58

Maintenance and storage

Figure 66  ProDSS ODO cap 
replacement

 Sensor cap replacement - ProDSS ODO Sensors

1. Turn the used sensor cap counterclockwise to remove it from the 
sensor. 

NOTE:  If possible, do not use a tool to remove the cap 
from the sensor. If necessary, carefully turn the cap 
counterclockwise with pliers until it breaks loose. Do 
not use the pliers on the sensor body. Make sure to not 
damage the sensor cap threads.

2. Without using tools, remove the used o-ring from the sensor body 
(pinch the o-ring out, then roll it upward over the threads), then 
discard it. 

3. Clean the sensor threads with a clean, lint-free cloth. 

4. Visually inspect the new o-ring for nicks, tears, contaminants or 
particles. Discard damaged o-rings. 

5. Without twisting it, carefully install the new o-ring over the threads 
and into the o-ring groove. 

6. Apply a thin coat of o-ring lubricant to the o-ring only. Wipe any 
excess from the threads and sensor body.  

7. Clean the sensor window with a clean, lint-free cloth. 

8. Make sure the new sensor cap cavity is completely dry, then 
carefully finger-tighten the cap clockwise onto the sensor. The 
o-ring should be compressed between the sensor cap and body, 
not pinched. 

NOTICE:  Do not over-tighten the sensor cap. Do not use tools. 

9. Store the ODO sensor in a moist environment. 

NOTE: If the o-ring is pinched, remove and discard it. Repeat 
steps 3 to 8.

 Sensor cap replacement - Built-in ODO sensors on ODO/CT and ProODO cables

1. Remove the old sensor cap assembly from the probe by grasping the probe body with one hand and rotating 
the sensor cap counterclockwise until it is completely free. Do not use any tools for this procedure.

2. Inspect the o-ring on the probe for damage. If there is any indication of damage, carefully remove the o-ring 
and replace it with the new o-ring included with the replacement sensor cap. Do not use any tools to remove 
the o-ring.  

3. Ensure the o-ring installed on the probe is clean. If necessary, wipe clean with a lint free cloth or replace the 
o-ring as described in the previous step.  

4. Locate the o-ring lubricant included with the new sensor cap. Apply a thin coat of o-ring lubricant to the 
installed o-ring. After application, there should be a thin coat of o-ring lubricant on the o-ring only. Remove any 
excess o-ring lubricant from the o-ring and/or probe with a lens cleaning tissue.   

5. Remove the new sensor cap from its hydrated container and dry the inside cavity of the sensor cap with lens 
cleaning tissue. Make sure the cavity is completely dry before proceeding with the installation. Next, clean the 
clear surface of the sensor on the end of the probe with lens cleaning tissue.

6. Using clockwise motion, thread the new sensor cap onto the probe assembly until it is finger-tight. The o-ring 
should be compressed between the sensor cap and probe. Do not over-tighten the sensor cap and do not use 
any tools for the installation process.

7. After installing the new sensor cap, store the sensor in either water or in humidified air in the calibration sleeve.
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Updating the ODO sensor cap coefficients

After installing a new sensor cap, connect the bulkhead cable assembly to the ProDSS instrument and turn the 
instrument on. Locate the Calibration Code Label on the ODO sensor cap instruction sheet and note the eight 
sequences of letters and/or numbers listed as K1 through K7 and KC. These contain the calibration code for this 
particular sensor cap. 

Follow the procedures below to enter the new calibration coefficients into the instrument.

1. Push the Probe key to access the Sensor menu, then select Setup, then ODO. 

2. Select Sensor Cap Coefficients.

3. Highlight each coefficient in turn (K1 through KC) and use the numeric entry screen to enter the corresponding 

new coefficient from the Calibration Code Label. Push the 
ENTER

 key  after each entry and then proceed to the 
next K selection.

4. After all the new coefficients have been entered, select Update Sensor Cap Coefficients.

5. A message will appear warning that you will be overwriting the current sensor cap coefficients and you should 
confirm that you wish to carry out this action. Select Yes to confirm the new coefficients.

After updating the Coefficients, the Serial # in the Sensor Cap menu will be updated automatically based on your 
entries. If errors are made in entering the Sensor Cap Coefficients, the instrument will block the update and an error 
message will appear on the display. 

If you see this error message, re-enter the coefficients and check them carefully for correct transcription from the 
Calibration Code Label prior to selecting Update Sensor Cap Coefficients. If you receive an error message after several 
entry attempts, contact YSI Technical Support for assistance.

After entering the new Sensor Cap coefficients, perform a 1-point DO calibration (ODO% and ODO% local - water 
saturated air calibration on page 37).

Figure 67  ODO sensor window

ODO sensor maintenance

Clean the sensing window with a non-abrasive, lint-free cloth (Figure 67).  

NOTICE:  Clean the window carefully to prevent scratches. Do not 
use organic solvents to clean the ODO sensor or sensor 
cap. 
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Figure 68  ODO rehydration

ODO sensor rehydration

To prevent sensor drift, always store the ODO sensor in a wet or  
water-saturated air environment. If the ODO sensor has accidentally 
been left dry for longer than 8 hours, it must be rehydrated. 

If rehydration is necessary, soak the ODO sensor cap in warm (room 
temperature) tap water for approximately 24 hours. After the soak, 
calibrate the sensor (Figure 68). 

Figure 69  ODO short-term storage

ODO sensor short-term storage (less than 4 weeks)

When in regular field use, the ODO sensor should remain installed on 
the bulkhead.  Place approximately 0.5 in (1 cm) of any water (tap or 
environmental) in the calibration cup (Figure 69). 

Install the calibration cup onto the bulkhead and firmly tighten to prevent 
evaporation. 

Figure 70  ODO long-term storage

ODO sensor long-term storage

For ProDSS 4 port cable assemblies, the ODO sensor can be left on the 
bulkhead or removed for long-term storage (Figure 70).

Installed on bulkhead
Fill the calibration cup with clean water (use distilled or deionized water if 
a pH sensor is not installed).  Submerge the sensor in the calibration cup 
then firmly tighten to prevent evaporation. 

Removed from bulkhead
Remove the sensor from the bulkhead (Sensor removal on page 10). 

Method 1:  Cover the sensor connector end with the plastic storage cap. 
Submerge the sensing end of the sensor in a container of 
clean water (use distilled or deionized water if a pH sensor 
is not installed). Periodically check the level of the water to 
make sure that it does not evaporate. 

Method 2:  Wet the sponge located in the cap originally included with 
the ODO sensor, then install on sensing end of the ODO 
sensor. Replace the sponge if it becomes dirty. 
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pH - pH/ORP sensors 

NOTE:   pH and pH/ORP sensors require periodic maintenance to clear contamination from the sensing elements. 
These contaminants can slow sensor response time. Clean the sensors when deposits, bio-fouling or 
other contamination appears on the glass or when the sensor response time is noticeably slow. 

NOTICE:  Do not physically scrub or swab the glass bulb. The bulbs are fragile and will break if pressed with 
sufficient force.        

1 M HCl

Chlorine
bleach

Figure 71   pH and pH/ORP sensor 
maintenance

pH - pH/ORP sensor maintenance

1. Remove the sensor from the bulkhead and soak for 10 to 15 min-
utes in a mild solution of clean water and dish soap  
(Figure 71). 

2. Rinse the sensor with clean tap water and inspect. 

3.  If contaminants are removed, attach the sensor to the bulkhead 
and test the response time (ProDSS sensor installation/removal on 
page 9). 

            OR
             If contaminants remain or response time does not improve, 

continue to the hydrochloric acid (HCl) soak in step 4. 

4. Soak the sensor for 30 to 60 minutes in one molar (1 M) HCl. 

NOTE:  HCl reagent can be purchased from most chemical or 
laboratory distributors. If HCl is not available, soak in white 
vinegar.

CAUTION:   To prevent injury, carefully follow the HCl 
manufacturer’s instructions.

5. Rinse the sensor in clean tap water. 

6. Soak the sensor in clean tap water for 60 minutes, stirring 
occasionally. Repeat the clean tap water rinse. 

7. Attach the sensor to the bulkhead and test the response time. 
If response time does not improve or biological contamination 
of the reference junction is suspected, continue to the chlorine 
bleach soak in step 8. 

8. Soak the sensor for approximately one hour in a 1:1 dilution of 
chlorine bleach and tap water. 

9. Rinse the sensor with clean tap water. 

10. Soak the sensor in clean tap water for one hour or longer. Repeat 
the clean tap water rinse. 

 

A
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pH - pH/ORP sensor storage

The pH - pH/ORP sensors are shipped with their tips in a storage bottle containing KCl. Store the pH - pH/ORP sensors 
in the shipping container when not in use.  

Figure 72   pH - pH/ORP short-term 
storage

pH - pH/ORP sensor short-term 
storage (less than 4 weeks)

 When in regular field use, the pH-pH/ORP sensors should remain 
installed on the bulkhead.  Place approximately 0.5 in (1 cm) of any water 
(tap or environmental) in the calibration cup (Figure 72). 

Install the calibration cup onto the bulkhead and firmly tighten to prevent 
evaporation. 

Figure 73   pH - pH/ORP long-term 
storage

pH - pH/ORP sensor long-term storage

Remove the sensor from the bulkhead and insert the sensing end into 
the shipping bottle. Install the bottle o-ring and tighten (Figure 73). 

The shipping bottle contains a 2 molar solution of pH 4 buffer. If this 
solution is not available, store the sensor in tap water. 

NOTICE:  To prevent damage, do not store the pH - pH/ORP 
sensors in Zobell solution or DI water.  
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ISE sensors
Do not let the ISE sensor reference electrode junctions dry out. Clean the sensors when deposits, bio-fouling or other 
contamination appears on the membrane.

Figure 74   Ammonium and nitrate 
maintenance

Ammonium and nitrate sensor maintenance

   
1. Carefully clean the ammonium or nitrate sensor by rinsing with 

DI water followed by soaking in the high standard calibration 
solution (Figure 74). 

2. Carefully dab the sensor dry with a clean, lint-free cloth. 

NOTICE:  The ion-selective membranes are very fragile. Do not 
use coarse material (e.g. paper towels) to clean the 
membranes or permanent damage to the sensor can 
occur. The only exception is fine emery cloth on the 
chloride sensor. 

Figure 75   Chloride maintenance

Chloride sensor maintenance

Carefully clean the chloride sensor by carefully polishing with fine emery 
paper in a circular motion to remove deposits or discoloration (Figure 
75). 

Carefully rinse with DI water to remove any debris. 
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Figure 76   ISE short-term storage

ISE sensor short-term storage (less than 4 weeks)

 When in regular field use, the ISE sensors should remain installed on the 
bulkhead in an environment of water-saturated air.  Place approximately 
0.5 in (1 cm) of any water (deionized, distilled or environmental) in the 
calibration cup (Figure 76). 

Install the calibration cup onto the bulkhead and firmly tighten to prevent 
evaporation. 

Figure 77   ISE long-term storage

ISE sensor long-term storage

NOTICE:  Do not let the ISE junctions dry out. Junctions that have 
been allowed to dry out by improper storage may be 
irreparably damaged by dehydration and will require 
replacement. 

1. Place a small amount of high-calibration solution or tap water in 
the storage bottle originally included with the sensor. 

2. Remove the sensor from the bulkhead and insert the sensing end 
into the shipping bottle. 

3. Install the bottle o-ring and tighten (Figure 77). 

NOTICE: The sensors should not be immersed in water.

NOTICE:  Do not store the ISE sensors in conductivity standard, pH 
buffer or salt water.

Rehydrating the reference junction
If an ISE sensor has been allowed to dry, soak the sensor for several 
hours (preferably overnight) in the sensor’s high-calibration solution. If 
the sensor is irreparably damaged, the sensor module must be replaced.
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ProDSS sensor module replacement

ProDSS pH, pH/ORP, ammonium, chloride and nitrate sensors feature replaceable sensor modules. These modules can 
be replaced by the user as needed. Typical working life of a pH or pH/ORP sensor module is 18 to 24 months. Typical 
working life of ammonium, chloride and nitrate sensor modules is 4 to 8 months.   

Perform the pH - pH/ORP and ISE sensor module replacement in a clean, dry laboratory environment. 

Figure 78   pH - pH/ORP sensor module 
replacement

Module replacement

1. Peel off and discard the sticker that covers the junction of the sen-
sor body and the module (Figure 78). 

2. With a small, flat-blade screwdriver, carefully remove the small 
rubber plug from the gap in the hard plastic ring at the base of 
the sensor module. 

3. Using two fingers, squeeze the sensor module’s hard plastic ring 
so that it compresses the gap left by the rubber plug. 

4. Steadily pull the sensor module straight from the sensor body, 
rocking slightly if necessary. 

NOTICE:  The o-ring is unusable after removal from the sensor 
body. Do not reinstall the removed sensor module or 
o-ring after removal. Dispose of the module according 
to you organization’s guidelines or return it to YSI for 
recycling (Service information on page 82).        

5. Inspect the sensor connector port for debris or moisture. 
If detected, remove it with lint-free cloth or a light blast of 
compressed air.

6. Visually inspect the two new o-rings for nicks, tears, contaminants 
or particles. Discard damaged o-rings. 

7. Without twisting, carefully install the new o-rings over the threads 
and into the o-ring grooves. 

8. Apply a thin coat of o-ring lubricant to the o-rings only. Wipe any 
excess from the threads and sensor module.

NOTICE:  If a sensor module is removed for any reason, the 
o-rings must be replaced.  

9. Align the prongs on the base of the sensor module with the slots 
in the sensor body. The sensor module is keyed to insert in only 
one orientation. 

10. Push the sensor module firmly into position until it clicks. Wipe any 
excess o-ring lubricant from the assembled components. 

11. Wrap the junction of the sensor module and sensor body with the 
new sticker included in the sensor module kit. The sticker helps 
keep the sensor module junction clean and retain the rubber plug 
throughout deployment.

12. Write the replacement date on the sticker. 

13. Calibrate the sensor (pH/ORP on page 39 or ISE calibration 
3-point on page 45).  
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KorDSS software installation

NOTE: YSI recommends that you have administrative privileges on the PC in which KorDSS will be installed. This 
level of permission will allow the user to install software onto the PC. A warning will commonly indicate 
that software installation cannot be completed due to the lack of administrative privileges.

On personal PC systems, the owner will typically have administrative privileges. Users of business and 
networked systems may not have administrative privileges. Information technology (IT) departments can 
customize these settings, so different levels of administrative privileges can exist. To obtain administrative 
privileges on your business or networked PC, please contact the IT department of your employer.

Follow these steps to complete the KorDSS installation process:

1. Install the KorDSS software from the USB flash drive included with the instrument. 

2. Install the ProDSS instrument driver. 

3. Start KorDSS for the first time and complete the KorDSS Startup Wizard.  

System requirements

 

Supported 32 bit (x86) Microsoft Operating Systems: 
•  Microsoft Windows XP Home SP3
•  Microsoft Windows XP Professional SP3
•  Microsoft Windows 7 Home Basic SP1
•  Microsoft Windows 7 Home Premium SP1
•  Microsoft Windows 7 Professional SP1
•  Microsoft Windows 7 Enterprise SP1
•  Microsoft Windows 7 Ultimate SP1
•  Microsoft Windows 8/8.1 
•  Microsoft Windows 8/8.1 Professional
•  Microsoft Windows 8/8.1 Enterprise

Supported 64 bit (x64) Microsoft Operating Systems: 
•  Microsoft Windows 7 Home Basic SP1
•  Microsoft Windows 7 Home Premium SP1
•  Microsoft Windows 7 Professional SP1
•  Microsoft Windows 7 Enterprise SP1
•  Microsoft Windows 7 Ultimate SP1
•  Microsoft Windows 8/8.1 
•  Microsoft Windows 8/8.1 Professional
•  Microsoft Windows 8/8.1 Enterprise

Ram Memory Requirement: 
•  Minimum of 2 GB of RAM installed

Hard Disk Free Space: 
•  Minimum of 500 MB of free hard drive space

Internet Access Required to Support: 
•  Software and device updates, software licensing, and maps
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Install the KorDSS software
1. Insert the supplied USB flash drive into a USB port on your computer.

2. Depending on the PC operating system and system settings, the KorDSS Installer Guide may appear. If it does 
not appear, double-click Start.exe to start the installer guide (Figure 79).

NOTE: If desired, view the ProDSS User Manual or the end-user license agreement. 

Figure 79  KorDSS Installer Guide

3. Click Install on the KorDSS Installer Guide. 

4. Check the license agreement box. Click Install (Figure 80). 

Figure 80  KorDSS license agreement

5. You may be asked if you want to allow a program from an unknown publisher to make changes on the 
computer. If so, select Yes. 

KorDSS is now installed. Before using KorDSS to manage data, you must install the driver for the ProDSS instrument on 
your PC. 

NOTE: KorDSS has a built-in help file under the “File” tab or the program. This document provides an overview of 
all program features.
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ProDSS driver installation

NOTE: KorDSS must be installed on your PC before the ProDSS driver can be installed. The driver is partially 
installed on the computer during the KorDSS install process. Connect the ProDSS instrument to your PC 
and follow the instructions for your operating system to finish the driver installation. 

NOTE: The ProDSS driver installation procedure allows the KorDSS software to recognize the instrument. A COM 
port will be assigned to each ProDSS instrument that is connected to your PC, but the driver installation 
procedure is required only one time. 

The driver installation procedure is different for each operating system. Follow the applicable installation procedure 
carefully. 

Windows XP ProDSS driver on page 70
Windows 8 and 8.1 ProDSS driver on page 71
Windows 10 ProDSS driver on page 72

Windows 7 ProDSS driver

1. Turn the instrument on and connect it to the PC with the included USB cable. 

If a message appears indicating successful download of the driver, proceed to the KorDSS Startup Wizard (page 73). 

If you do not see a message indicating the successful download of the driver or if you see a message indicating 
unsuccessful download of the driver, continue this driver installation procedure. 

2. Open the Device Manager. To access: Click the Start button, click Control Panel, click System and Security, 
and then, under System, click Device Manager.

3. Under Other devices, right click on smxUSBD Serial Emulator and select Update Driver Software  
(Figure 81).  

  

 

Figure 81  Device Manager Windows 7

4. Click Browse my computer for driver software. 

5. Click Browse, then navigate to the file location: C:\Program Files (x86)\YSI\KorDSS for 64 bit systems or   
C:\Program Files\YSI\KorDSS for 32 bit systems. Click Next. 

6. A warning will appear indicating that Windows can’t verify the publisher of the driver software. Select Install 
this driver software anyway. 

7. After driver installation, proceed to the KorDSS Startup Wizard (page 73). 
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Windows XP ProDSS driver

1. Turn the instrument on and connect it to the PC with the included USB cable. 

2. On the Found New Hardware Wizard window, select No, not at this time when asked if Windows can connect 
to Windows Update. Click Next.

3. Select Install from a list or specific location, then click Next. 

4. Select Search for the best driver in these locations, then Include this location in the search:. Click Browse, 
then navigate to the file location: C:\Program Files (x86)\YSI\KorDSS for 64 bit systems or C:\Program Files\
YSI\KorDSS for 32 bit systems (Figure 82). Click Next. 

  

 

Figure 82  Found New Hardware Wizard file location

5. Select Continue Anyway when warned that the software has not passed Windows Logo testing. 

6. Click Finish to close the New Hardware Wizard. 

7. After driver installation, proceed to the KorDSS Startup Wizard (page 73). 
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Windows 8 and 8.1 ProDSS driver

1. Save any open files and close all programs. Your computer will restart during this process. 

2. Open Settings by moving the computer mouse to the bottom right corner of the computer screen. If using a 
touch screen, swipe the screen from the right to reveal the Settings charm. Alternately, settings can be opened 
by pressing the Windows key + I. 

3. Complete the following navigation steps under Settings:

•  For Windows 8.1: Change PC Settings → Update and Recovery → Advanced Setup → Restart now
•  For Windows 8: Change PC Settings → General → Advanced Setup → Restart now

4. When the Choose an option appears, select Troubleshoot, then Advanced Options. 

5. Select Startup Settings, then Restart. 

6. After the computer reboots, the Startup Settings screen will be shown. Use the F7 or 7 key to select Disable 
driver signature enforcement. 

7. Connect the ProDSS to the PC with the included USB cable. After connection, turn the instrument on. 

8. Open Device Manager by pressing the Windows Key + X to open the Start Menu, then selecting Device 
Manager. Alternately, search for devmgmt, then select Device Manager. 

9. Under Other devices, right click on smxUSBD Serial Emulator and select Update Driver Software (Figure 83).

 

Figure 83  Device Manager Windows 8/8.1

10.  Click Browse my computer for driver software. 

11. Click Browse, then navigate to the file location: C:\Program Files (x86)\YSI\KorDSS for 64 bit systems or   
C:\Program Files\YSI\KorDSS for 32 bit systems (Figure 84). Click Next. 

  

 

Figure 84  Driver location Windows 8/8.1

12.  A warning will appear indicating that Windows can’t verify the publisher of the driver software. Select Install 
this driver software anyway. 

13. After driver installation, reboot the computer, then proceed to the KorDSS Startup Wizard (page 73). 
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Windows 10 ProDSS driver

NOTE: KorDSS compatibility with Windows 10 has not been fully tested, but will likely work. The following driver 
install instructions can be used if you install KorDSS on a computer with Windows 10. 

1. Turn the instrument on and connect it to the PC with the included USB cable.

2. Open Device Manager by typing “Device Manager” in the search box on the Windows 10 taskbar (Figure 85).

Figure 85  Windows 10 search box

3. Under Ports, right click on USB Serial Device and select Update Driver Software (Figure 86).

Figure 86  Device Manager Windows 10

4. Click Browse my computer for driver software.

5. Click Browse, then navigate to the file location: C:\Program Files (x86)\YSI\KorDSS for 64 bit systems (Figure 
87) or C:\Program Files\YSI\KorDSS for 32 bit systems. Click Next.

Figure 87  Driver location Windows 10

6. After successful driver installation, proceed to the KorDSS Startup Wizard (page 73).
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KorDSS startup wizard
1. After Windows has successfully updated the driver software, start KorDSS and set the language preference  

(Figure 88). Click Next. 

  

 

Figure 88  KorDSS language preference

2. On the Software Licensing Mode screen, select Premium Mode if you would like to view sampling locations on 
a map (internet connection required) (Figure 89). To upgrade to Premium Mode for free, follow the link, register 
your ProDSS, then use the code sent to you via email to upgrade to the Premium Mode. You can upgrade to 
Premium Mode at any time by going to the File tab in KorDSS. 

  

 

Figure 89  Software licensing mode screen

3. Select your ProDSS and KorDSS update preference to finish the installation process. Consult the HTML help file, 
found under the File tab of the KorDSS software, for a complete description of all KorDSS features. 
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Ordering  

Telephone: 800 897 4151 (USA)

+1 937 767 7241 (Globally) Monday through Friday, 8:00 AM to 5:00 ET

Fax: +1 937 767 9353 (orders)

Email: info@ysi.com

Mail: YSI Incorporated 1725 Brannum Lane Yellow Springs, OH 45387 USA

Internet: ysi.com

When placing an order please have the following available:

1. YSI account number (if available)

2. Name and phone number

3. Purchase Order or Credit Card number

4. Model Number or brief description

5. Billing and shipping addresses

6. Quantity

mailto:info%40ysi.com?subject=
http://www.ysi.com
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ProDSS handhelds

YSI Item # Description

626870-1 ProDSS handheld, no GPS

626870-2 ProDSS handheld with GPS

ProDSS 4 port cable assemblies (No sensors included)

YSI Item # Description

626909-1 ProDSS-1 meter 4 port cable assembly, no depth

626909-4 ProDSS-4 meter 4 port cable assembly, no depth

626909-10 ProDSS-10 meter 4 port cable assembly, no depth

626909-20 ProDSS-20 meter 4 port cable assembly, no depth

626909-30 ProDSS-30 meter 4 port cable assembly, no depth

626909-40 ProDSS-40 meter 4 port cable assembly, no depth

626909-50 ProDSS-50 meter 4 port cable assembly, no depth

626909-60 ProDSS-60 meter 4 port cable assembly, no depth

626909-70 ProDSS-70 meter 4 port cable assembly, no depth

626909-80 ProDSS-80 meter 4 port cable assembly, no depth

626909-90 ProDSS-90 meter 4 port cable assembly, no depth

626909-100 ProDSS-100 meter 4 port cable assembly, no depth

626910-1 ProDSS-1 meter 4 port cable assembly, with depth

626910-4 ProDSS-4 meter 4 port cable assembly, with depth

626910-10 ProDSS-10 meter 4 port cable assembly, with depth

626911-20 ProDSS-20 meter 4 port cable assembly, with depth

626911-30 ProDSS-30 meter 4 port cable assembly, with depth

626911-40 ProDSS-40 meter 4 port cable assembly, with depth

626911-50 ProDSS-50 meter 4 port cable assembly, with depth

626911-60 ProDSS-60 meter 4 port cable assembly, with depth

626911-70 ProDSS-70 meter 4 port cable assembly, with depth

626911-80 ProDSS-80 meter 4 port cable assembly, with depth

626911-90 ProDSS-90 meter 4 port cable assembly, with depth

626911-100 ProDSS-100 meter 4 port cable assembly, with depth

ProDSS smart sensors

YSI Item # Description

626900 ProDSS Optical Dissolved Oxygen sensor

626902 ProDSS conductivity and temperature sensor

626901 ProDSS turbidity sensor

626903 ProDSS pH sensor with module

626904 ProDSS pH/ORP sensor with module

626906 ProDSS ammonium sensor with module

626905 ProDSS nitrate sensor with module

626907 ProDSS chloride sensor with module
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Replacement sensor modules and ODO sensor caps 

YSI Item # Description

626890 Replacement ProDSS Optical Dissolved Oxygen sensor cap (for 626900 smart sensor)

626320 Replacement ProODO Optical Dissolved Oxygen sensor cap (for 626250 probe/cable 
assemblies)

626482 Replacement ProOBOD Optical Dissolved Oxygen sensor cap (for 626400 or 626401 lab 
probes)

627160 Replacement ProDSS ODO/CT ODO Sensor Cap (for 627150 probe/cable assemblies)

627180 Replacement ProDSS ODO/CT ODO Extended Warranty Sensor Cap (for 627150 
probe/cable assemblies; comes pre-installed on new ProDSS ODO/CT assemblies)

626963 Replacement ProDSS pH sensor module

626964 Replacement ProDSS pH/ORP sensor module

626966 Replacement ProDSS Ammonium sensor module

626965 Replacement ProDSS Nitrate sensor module

626967 Replacement ProDSS Chloride sensor module

ProDSS ODO/CT sensor and cable assemblies - DO/Conductivity/Temp only
NOTE: ProDSS ODO/CT cable assemblies feature non-replaceable temperature, conductivity, and optical DO 

sensors. There is no depth option with ODO/CT cables.

NOTE: There are two replacement sensor cap options for the ODO sensor on ODO/CT cable assemblies. The 
ODO Sensor Cap (item # 627160) features a 1 year warranty, while the ODO Extended Warranty Sensor 
Cap (item # 627180) is more rugged and features a 2 year warranty. The ODO Extended Warranty Sensor 
Cap comes pre-installed on new ODO/CT cable assemblies, with calibration coefficients of the sensor 
cap pre-loaded into the probe at the factory.

YSI Item # Description

627150-1 ProDSS ODO/CT-1 meter cable assembly with non-replaceable sensors, no depth

627150-4 ProDSS ODO/CT-4 meter cable assembly with non-replaceable sensors, no depth

627150-10 ProDSS ODO/CT-10 meter cable assembly with non-replaceable sensors, no depth

627150-20 ProDSS ODO/CT-20 meter cable assembly with non-replaceable sensors, no depth

627150-30 ProDSS ODO/CT-30 meter cable assembly with non-replaceable sensors, no depth

627150-40 ProDSS ODO/CT-40 meter cable assembly with non-replaceable sensors, no depth

627150-50 ProDSS ODO/CT-50 meter cable assembly with non-replaceable sensors, no depth

627150-60 ProDSS ODO/CT-60 meter cable assembly with non-replaceable sensors, no depth

627150-70 ProDSS ODO/CT-70 meter cable assembly with non-replaceable sensors, no depth

627150-80 ProDSS ODO/CT-80 meter cable assembly with non-replaceable sensors, no depth

627150-90 ProDSS ODO/CT-90 meter cable assembly with non-replaceable sensors, no depth

627150-100 ProDSS ODO/CT-100 meter cable assembly with non-replaceable sensors, no depth
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ProODO/ProOBOD sensor and cable assemblies - DO/Temp only

NOTE: ProODO/ProOBOD cable assemblies feature non-replaceable temperature and optical DO sensors. 
Sensor caps for optical DO sensors are replaceable (626320 for ProODO cable assemblies; 626482 for 
ProOBOD cable assemblies). There is no depth option with ProODO/ProOBOD cable assemblies.

YSI Item # Description

626250-1 ProODO-1 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-4 ProODO-4 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-10 ProODO-10 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-20 ProODO-20 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-30 ProODO-30 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-40 ProODO-40 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-50 ProODO-50 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-60 ProODO-60 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-70 ProODO-70 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-80 ProODO-80 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-90 ProODO-90 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626250-100 ProODO-100 meter cable assembly with non-replaceable ODO/temperature sensors, no depth

626400 ProOBOD BOD probe/cable assembly, lab probe; U.S./Japanese version with power supply

626401 ProOBOD BOD probe/cable assembly, lab probe; International version with power supply
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Calibration standards

YSI Item # Description

065270 Conductivity standard, 1000 μmhos/cm (quart, glass); ideal for fresh water

065272 Conductivity standard, 10000 μmhos/cm (quart, glass); ideal for brackish water

065274 Conductivity standard, 100000 μmhos/cm (quart, glass); ideal for supersaturated sea water

060907 Conductivity standard, 1000 μmhos/cm (box of 8 individual pints, plastic); ideal for fresh water

060906 Conductivity standard, 1413 μmhos/cm, ±1%, 0.01 M KCl (box of 8 individual pints, plastic)

060911 Conductivity standard, 10000 μmhos/cm (box of 8 individual pints, plastic); ideal for brackish water

060660 Conductivity standard, 50000 μmhos/cm (box of 8 individual pints, plastic); ideal for sea water

061320 ORP (mV) standard, Zobell solution, powder - needs hydrated (125 mL bottle, plastic)

061321 ORP (mV) standard, Zobell solution, powder - needs hydrated (250 mL bottle, plastic)

061322 ORP (mV) standard, Zobell solution, powder - needs hydrated (500 mL bottle, plastic)

003821 pH 4 buffer (box of 6 individual pints, plastic); ideal for storage solution for pH sensor

003822 pH 7 buffer (box of 6 individual pints, plastic)

003823 pH 10 buffer (box of 6 individual pints, plastic)

603824 Assorted case of pH 4, 7, and 10 buffers (2 individual pints of each buffer, plastic)

005580 Confidence solution to verify conductivity, pH and ORP system (box of 6 individual 475 mL bottles, 
plastic). Note: Not for calibration

003841 Ammonium standard, 1 mg/L (500 mL, plastic)

003842 Ammonium standard, 10 mg/L (500 mL, plastic)

003843 Ammonium standard, 100 mg/L (500 mL, plastic)

003885 Nitrate standard, 1 mg/L (500 mL, plastic)

003886 Nitrate standard, 10 mg/L (500 mL, plastic)

003887 Nitrate standard, 100 mg/L (500 mL, plastic)

608000 Turbidity standard, 0 FNU (1 gallon, plastic)

607200 Turbidity standard, 12.4 FNU (1 gallon, plastic)

607300 Turbidity standard, 124 FNU (1 gallon, plastic)

607400 Turbidity standard, 1010 FNU (1 gallon, plastic)
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YSI Item # Description

626946 Large, hard-sided carrying case (Fits ProDSS 4 port cables 10, 20, and 30 meters in 
length, cable management kit, handheld, and accessories)

603075 Large, soft-sided carrying case

626945 Small, hard-sided carrying case (Fits ProDSS 4 port cables 1 and 4 meters in length, 
handheld, flow cell, and accessories)

599080 Flow cell for ProDSS 4 port cables

603076 Flow cell for ProDSS ODO/CT cables (requires single port adapter; 603078)

603078 Adapter required for ProDSS ODO/CT flow cell (603076)

603056 Flow cell mounting spike

063507 Tripod (screws into back of meter)

063517 Ultra clamp (screws into back of meter)

603070 Shoulder strap

603069 Belt clip (screws into back of meter)

626942 USB car charger

626943 Small external Li-Ion rechargeable battery pack (Typical performance: will charge a 
completely discharged ProDSS battery to about 50%)

626944 Large external Li-Ion rechargeable battery pack (Typical performance: will charge a 
completely discharged ProDSS battery to full charge, plus have power to charge a 
second battery to 20%)

626940 AC charger (USA). Includes power supply and USB cable (included with ProDSS 
handheld)

626941 AC charger (international). Includes power supply, USB cable and outlet adapters 
(included with ProDSS handheld)

626846 Replacement Lithium-ion battery pack

626969 ProDSS USB flash drive (included with ProDSS handheld)

626991 Cable for charging and PC connection (included as part of 626940 and 626941)

626992 Cable for connection to USB drive (included with ProDSS handheld)

626990 ProDSS maintenance kit (included with all ProDSS 4 port cables):
• 3 port plugs
• 1 Krytox tube
• 1 brush
• 1 syringe
• 1 sensor installation/removal tool
• O-rings (6)

626919 Sensor guard for 4 port ProDSS cable assembly (included with all ProDSS cables)

599786 Calibration/storage cup for 4 port ProDSS cable assembly (included with all 4 port 
ProDSS cables)

627195 Calibration cup for ProDSS ODO/CT cable assembly (included with all ProDSS ODO/CT 
cables)

603062 Cable management kit (included with ProDSS 4 port cables 10, 20, and 30-meters long; 
ProDSS ODO/CT cables 4, 10, 20, 30, 40, and 50-meters long; and ProODO cables 4, 
10, 20, and 30-meters long)

626918 1 lb weight (included with ProDSS 4 port cables 10-meters and longer)

605978 4.9 oz weight
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 Rechargeable Lithium-Ion battery pack safety warnings and precautions

CAUTION:   Failure to follow the safety warnings and precautions can result in fire, personal injury and/or 
equipment damage not covered under warranty. 

CAUTION:   If the internal battery fluid comes into contact with skin, wash the affected area(s) with soap and 
water immediately. If it comes into contact with your eye(s), flush them with generous amounts of 
water for 15 minutes and seek immediate medical attention. 

CAUTION:     Always keep batteries away from children.   

WARNING:  In the unlikely event a lithium-ion battery catches fire, DO NOT attempt to put the fire out with water, 
use a Class A, B or C fire extinguisher.

Do:
•  Store the battery pack in a cool, dry, ventilated area. 
•  Store the battery pack in a non-conductive and fireproof container.
•  Store the battery pack at approximately 50% of the capacity.
•  Disconnect the battery pack when not in use and for long-term storage.
•  Follow applicable laws and regulations for transporting and shipping of batteries.
•  Immediately discontinue use of the battery pack if, while using, charging or storing the battery pack:

• Emits an unusual smell
• Feel hot
• Changes color
• Changes shape
• Appears abnormal in any other way. 

Battery pack general precautions:

•  DO NOT put the battery in fire or heat the battery. 
•  DO NOT  connect the positive and the negative terminal of the battery to each other with any metal object  

(e.g. wire).
•  DO NOT carry or store the battery pack with neckaces, hairpins or other metal objects. 
•  DO NOT carry or store the battery pack with hazardous or combustible materials. 
•  DO NOT  pierce the battery pack with nails, strike with a hammer, step on or otherwise subject the battery pack to 

strong impacts or shocks. 
•  DO NOT solder directly onto the battery pack. 
•  DO NOT expose the battery pack to water or salt water or allow it to get wet. 
•  DO NOT  disassemble or modify the battery pack. The battery contains safety and protection devices that, if 

damaged, can cause the battery to generate heat, rupture or ignite.
•  DO NOT place the battery pack on or near fires, stoves or other high-temperature locations.
•  DO NOT  place the battery pack in direct sunlight or extreme temperatures for extended periods of time or store 

the battery pack inside cars in hot weather. Doing so may cause the battery pack to generate heat, 
rupture or ignite. Using the battery pack in this manner may also result in a loss of performance and a 
shortened life expectancy.

•  DO NOT place the battery pack in microwave ovens, high-pressure containers or on induction cookware.
•  DO NOT  ship damaged or potentially defective batteries to YSI or any of our authorized service centers unless 

instructed otherwise. All federal and international shipping laws should be consulted prior to shipping 
lithium-ion batteries. 

A

A

A
A
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Charging/discharging/handling the battery pack

WARNING: Failure to follow the battery pack charging/discharging instructions can cause the battery to become 
hot, rupture or ignite and cause serious injury and/or equipment damage.

WARNING: Only charge the battery using charging devices designed specifically for the ProDSS by YSI. Use of 
unapproved chargers can result in battery failure and potentially serious injury to the user.

If at any time the battery pack becomes damaged, hot or begins to balloon or swell, discontinue charging (or 
discharging) immediately. Quickly and safely disconnect the charger. Then place the battery pack and/or charger in a 
safe, open area way from flammable materials. After one hour of observation, remove the battery pack from service. 
DO NOT continue to handle, attempt to use or ship the battery. 

Damaged or swollen batteries can be unstable and very hot. DO NOT touch batteries until they have cooled. In the 
event of a fire use a Class A, B, or C fire extinguisher. DO NOT use water.

•  DO NOT attach the battery pack to a power supply plug or directly to a car’s cigarette lighter.
•  DO NOT  place the battery pack in or near fire or into direct extended exposure to sunlight. When the battery 

pack becomes hot, the built-in safety equipment is activated, preventing the battery pack from charging 
further. Heating the battery pack can destroy the safety equipment and cause additional heating, 
breaking or ignition.

•  DO NOT leave the battery pack unattended while charging.

NOTICE:   The ambient temperature range over which the battery pack can be discharged is -20°C to 60°C  
(-4°F to 140°F). Use of the battery pack outside of this temperature range may damage the 
performance of the battery pack or may reduce its life expectancy.

•  DO NOT  discharge the battery pack using any device except for the ProDSS handheld. When the battery pack is 
used in other devices it may damage the performance of the battery or reduce its life expectancy. Use of 
a non-approved device to discharge the battery pack can cause an abnormal current to flow, resulting in 
the battery pack to become hot, rupture or ignite and cause serious injury. 

•  DO NOT leave the battery pack unattended while discharging.

Battery Disposal

When the battery pack is worn out, insulate the terminals with adhesive tape or similar materials before disposal.
Dispose of the battery pack in the manner required by your city, county, state or country. For details on recycling 
lithium-ion batteries, please contact a government recycling agency, your waste-disposal service or visit reputable 
online recycling sources such as www.batteryrecycling.com.

This product must not be disposed of with other waste. Instead, it is the user’s responsibility to dispose of their waste 
equipment by handing it over to a designated collection point for the recycling of waste electrical and electronic 
equipment. The separate collection and recycling of your waste equipment at the time of disposal will help to conserve 
natural resources and ensure that it is recycled in a manner that protects human health and the environment.

For more information about where you can drop off your waste equipment for recycling, please contact your local city 
office, or your local waste disposal service. DO NOT ship batteries to YSI or a YSI authorized service center unless 
instructed to do otherwise.

Contact YSI Technical Support at (937) 767-7241 if you have additional questions.

A

A
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Service information
YSI has authorized service centers throughout the United States and Internationally. For the nearest service center 
information, please visit ysi.com and click ‘Support’ or contact YSI Technical Support directly at 800-897-4151  
(+1 937-767-7241).
When returning a product for service, include the Product Return form with cleaning certification. The form must be 
completely filled out for a YSI Service Center to accept the instrument for service. The form may be downloaded from 
ysi.com.

Technical support

Telephone: 800 897 4151 (USA)

+1 937 767 7241 (Globally) Monday through Friday, 8:00 AM to 5:00 ET

Fax: +1 937 767 9353 (orders) 

Email: info@ysi.com

Mail: YSI Incorporated 1725 Brannum Lane Yellow Springs, OH 45387 USA

Internet: ysi.com

mailto:info%40ysi.com?subject=
http://www.ysi.com
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Declaration of Conformity
The undersigned hereby declares on behalf of the named manufacturer under our sole responsibility that the listed 
product conforms to the requirements for the listed European Council Directive(s) and carries the CE mark accordingly.

Manufacturer: YSI Incorporated
1725 Brannum Lane
Yellow Springs, OH 45387
USA

Product Name: ProDSS

Conforms to the following:

Directives: EMC 2004/108/EC
RoHS 2011/65/EU
WEEE 2012/19/EU

Harmonized 
Standards:

EN61326-1:2013 (IEC 61326-1:2012)
IEC 61000-3-2:2005 +A1:2008+A2:2009
IEC 61000-3-3:2008

Supplementary 
Information:

All performance met the operation criteria as follows:
1. ESD, IEC 61000-4-2:2008
2. Radiated Immunity, IEC 61000-4-3:2006 +A1:2007+A2:2010 
3. Electrical Fast Transient (EFT), IEC 61000-4-4:2004 +A1:2010 
4. Immunity to Surge, IEC 61000-4-5:2005
5. Radio Frequency, Continuous Conducted Immunity, IEC61000-4-6:2008
6. IEC 61000-4-8:2009
7. IEC 61000-4-11:2004

Authorized EU 
Representative

Xylem Analytics UK Ltd
Unit 2 Focal Point, Lacerta Court, Works Road
Letchworth, Hertfordshire, SG6 1FJ UK

 

Signed:  Lisa M. Abel    Date:  June 3, 2016
Title:  Director of Quality
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The undersigned hereby declares on behalf of the named manufacturer under our sole responsibility that the listed 
product conforms to the requirements for electrical equipment under US FCC Part 15 and ICES-003 for unintentional 
radiators.

Manufacturer: YSI Incorporated
1725 Brannum Lane
Yellow Springs, OH 45387
USA

Product Name: Professional Digital Sampling System Instrument

Model Numbers

Instrument/Accessory: ProDSS non-GPS (626870-1) / ProDSS GPS (626870-2)

Probe/Cable 
Assemblies:

626909-1, 626909-4, 626909-10, 626909-20, 626909-30, 626909-40, 626909-50, 626909-60, 
626909-70, 626909-80, 626909-90, 626909-100, 626910-1, 626910-4, 626910-10, 626911-20, 
626911-30, 626911-40, 626911-50, 626911-60, 626911-70, 626911-80, 626911-90, 626911-100

627150-1, 627150-4, 627150-10, 627150-20, 627150-30, 627150-40, 627150-50, 627150-60, 
627150-70, 627150-80, 627150-90, 627150-100

626250-1, 626250-4, 626250-10, 626250-20, 626250-30, 626250-40, 626250-50, 626250-60, 
626250-70, 626250-80, 626250-90, 626250-100

626400, 626401

Sensors: 626900, 626902, 626901, 626903, 626904, 626906, 626905, 626907

Conforms to the following:

 Standards: • FCC 47 CFR Part 15-2008, Subpart B, Class B, Radio Frequency Devices
• ICES-003:2004, Digital Apparatus

Supplementary 
Information:

Tested using ANSI C63.4-2003 (excluding sections 4.1, 5.2, 5.7, 9, and 14)

 

Signed:  Lisa M. Abel    Date:  June 3, 2016
Title:  Director of Quality
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Warranty 
The YSI Professional Digital Sampling System (ProDSS) is warranted for three (3) years from date of purchase by the 
end user against defects in materials and workmanship. The ProDSS bulkhead, sensors and cable (ProDSS 4 port, 
ProDSS ODO/CT, ProODO, and ProOBOD) assemblies are warranted for two (2) years from date of purchase by the 
end user against defects in material and workmanship. The ODO Extended Warranty Sensor Cap (627180) for ProDSS 
ODO/CT cable assemblies is warranted for two (2) years from date of purchase by the end user against defects in 
material and workmanship. ProDSS pH and pH/ORP sensor modules, optical ODO sensor caps (all but the 627180 
cap previously mentioned), and Li-Ion battery pack are warranted for one (1) year from date of purchase by the end 
user against defects in material and workmanship (6 months for ammonium, nitrate, chloride sensor modules). ProDSS 
systems (instrument, cables & sensors) are warranted for 1 year (excluding sensor modules) from date of purchase by 
the end user against defects in material and workmanship when purchased by rental agencies for rental purposes.  
Within the warranty period, YSI will repair or replace, at its sole discretion, free of charge, any product that YSI 
determines to be covered by this warranty.

To exercise this warranty, call your local YSI representative, or contact YSI Customer Service in Yellow Springs, Ohio at  
+1 937 767-7241, 800-897-4151 or visit www.YSI.com (Support tab) for a Product Return Form.  Send the product and 
proof of purchase, transportation prepaid, to the Authorized Service Center selected by YSI.  Repair or replacement 
will be made and the product returned, transportation prepaid.  Repaired or replaced products are warranted for the 
balance of the original warranty period, or at least 90 days from date of repair or replacement.

LIMITATION OF WARRANTY

This Warranty does not apply to any YSI product damage or failure caused by: 

1. Failure to install, operate or use the product in accordance with YSI’s written instructions; 
2. Abuse or misuse of the product; 
3. Failure to maintain the product in accordance with YSI’s written instructions or standard industry procedure; 
4. Any improper repairs to the product; 
5. Use by you of defective or improper components or parts in servicing or repairing the product; 
6. Modification of the product in any way not expressly authorized by YSI.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.  YSI’s LIABILITY UNDER THIS WARRANTY IS LIMITED 
TO REPAIR OR REPLACEMENT OF THE PRODUCT, AND THIS SHALL BE YOUR SOLE AND EXCLUSIVE REMEDY FOR 
ANY DEFECTIVE PRODUCT COVERED BY THIS WARRANTY.  IN NO EVENT SHALL YSI BE LIABLE FOR ANY SPECIAL, 
INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES RESULTING FROM ANY DEFECTIVE PRODUCT COVERED 
BY THIS WARRANTY.

http://www.YSI.com


86

Appendix A - DO% calibration values

Calibration Value Pressure

D.O. % in Hg mmHg kPa mbar

101% 30.22 767.6 102.34 1023.38

100% 29.92 760.0 101.33 1013.25

99% 29.62 752.4 100.31 1003.12

98% 29.32 744.8 99.30 992.99

97% 29.02 737.2 98.29 982.85

96% 28.72 729.6 97.27 972.72

95% 28.43 722.0 96.26 962.59

94% 28.13 714.4 95.25 952.46

93% 27.83 706.8 94.23 942.32

92% 27.53 699.2 93.22 932.19

91% 27.23 691.6 92.21 922.06

90% 26.93 684.0 91.19 911.93

89% 26.63 676.4 90.18 901.79

88% 26.33 668.8 89.17 891.66

87% 26.03 661.2 88.15 881.53

86% 25.73 653.6 87.14 871.40

85% 25.43 646.0 86.13 861.26

84% 25.13 638.4 85.11 851.13

83% 24.83 630.8 84.10 841.00

82% 24.54 623.2 83.09 830.87

81% 24.24 615.6 82.07 820.73

80% 23.94 608.0 81.06 810.60

79% 23.64 600.4 80.05 800.47

78% 23.34 592.8 79.03 790.34

77% 23.04 585.2 78.02 780.20

76% 22.74 577.6 77.01 770.07

75% 22.44 570.0 75.99 759.94

74% 22.14 562.4 74.98 749.81

73% 21.84 554.8 73.97 739.67

72% 21.54 547.2 72.95 729.54
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Appendix B - oxygen solubility table

Solubility of oxygen in mg/L in water exposed to water-xaturated air at 760 mm Hg pressure.

Salinity = Measure of quantity of dissolved salts in water.

Chlorinity = Measure of chloride content, by mass, of water.

S(0/00) = 1.80655 x Chlorinity (0/00)

Temp °C Chlorinity : 0
Salinity: 0

5.0 ppt
9.0 ppt

10.0 ppt
18.1 ppt

15.0 ppt
27.1 ppt

20.0 ppt
36.1 ppt

25.0 ppt
45.2 ppt

0.0 14.62 13.73 12.89 12.10 11.36 10.66

1.0 14.22 13.36 12.55 11.78 11.07 10.39

2.0 13.83 13.00 12.22 11.48 10.79 10.14

3.0 13.46 12.66 11.91 11.20 10.53 9.90

4.0 13.11 12.34 11.61 10.92 10.27 9.66

5.0 12.77 12.02 11.32 10.66 10.03 9.44

6.0 12.45 11.73 11.05 10.40 9.80 9.23

7.0 12.14 11.44 10.78 10.16 9.58 9.02

8.0 11.84 11.17 10.53 9.93 9.36 8.83

9.0 11.56 10.91 10.29 9.71 9.16 8.64

10.0 11.29 10.66 10.06 9.49 8.96 8.45

11.0 11.03 10.42 9.84 9.29 8.77 8.28

12.0 10.78 10.18 9.62 9.09 8.59 8.11

13.0 10.54 9.96 9.42 8.90 8.41 7.95

14.0 10.31 9.75 9.22 8.72 8.24 7.79

15.0 10.08 9.54 9.03 8.54 8.08 7.64

16.0 9.87 9.34 8.84 8.37 7.92 7.50

17.0 9.67 9.15 8.67 8.21 7.77 7.36

18.0 9.47 8.97 8.50 8.05 7.62 7.22

19.0 9.28 8.79 8.33 7.90 7.48 7.09

20.0 9.09 8.62 8.17 7.75 7.35 6.96

21.0 8.92 8.46 8.02 7.61 7.21 6.84

22.0 8.74 8.30 7.87 7.47 7.09 6.72

23.0 8.58 8.14 7.73 7.34 6.96 6.61

24.0 8.42 7.99 7.59 7.21 6.84 6.50

25.0 8.26 7.85 7.46 7.08 6.72 6.39

26.0 8.11 7.71 7.33 6.96 6.62 6.28

27.0 7.97 7.58 7.20 6.85 6.51 6.18

28.0 7.83 7.44 7.08 6.73 6.40 6.09

29.0 7.69 7.32 6.93 6.62 6.30 5.99

30.0 7.56 7.19 6.85 6.51 6.20 5.90

31.0 7.43 7.07 6.73 6.41 6.10 5.81

32.0 7.31 6.96 6.62 6.31 6.01 5.72
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Temp °C Chlorinity : 0
Salinity: 0

5.0 ppt
9.0 ppt

10.0 ppt
18.1 ppt

15.0 ppt
27.1 ppt

20.0 ppt
36.1 ppt

25.0 ppt
45.2 ppt

33.0 7.18 6.84 6.52 6.21 5.91 5.63

34.0 7.07 6.73 6.42 6.11 5.82 5.55

35.0 6.95 6.62 6.31 6.02 5.73 5.46

36.0 6.84 6.52 6.22 5.93 5.65 5.38

37.0 6.73 6.42 6.12 5.84 5.56 5.31

38.0 6.62 6.32 6.03 5.75 5.48 5.23

39.0 6.52 6.22 5.98 5.66 5.40 5.15

40.0 6.41 6.12 5.84 5.58 5.32 5.08

41.0 6.31 6.03 5.75 5.49 5.24 5.01

42.0 6.21 5.93 5.67 5.41 5.17 4.93

43.0 6.12 5.84 5.58 5.33 5.09 4.86

44.0 6.02 5.75 5.50 5.25 5.02 4.79

45.0 5.93 5.67 5.41 5.17 4.94 4.72

Item #626973-01REF
Rev D
September, 2016
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I n t r o d u c t i o n

This guide provides helpful instructions, tips and troubleshooting suggestions for calibrating 
a ProDSS instrument. For more detailed information on calibration and information on how to 
setup and operate a ProDSS, please refer to the ProDSS User Manual.

C a l i b r a t i o n  Wo r k s h e e t

The Calibration Worksheet on the following pages is provided for your convenience. This can 
help document your calibration and track the performance of your sensors. Please follow the 
detailed calibration procedures in the ProDSS manual or your facility’s standard operating 
procedure (SOP) to ensure all calibrations are as accurate and as consistent as possible. 

Refer to the YSI Solution Expiration Dates document to ensure your calibration solutions are 
fresh. In addition to using fresh standards, never accept out-of-range or questionable calibration 
results.

https://www.ysi.com/File%20Library/Documents/Guides/YSI_Solution_Expiration_Dates_W32_0416.pdf
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Calibration Date    Technician:    

Handheld Serial Number:   Handheld Software Version:  

Cable Serial Number:    

Temperature
Reading when sensor is dry and in room temp air:                 Accurate?     Y      N

Conductivity
Reading when sensor is dry and in room temp air:               Acceptable value is less than 1 µS/cm

Actual Reading in solution before calibration is accepted:      

Reading in calibration solution after calibration is completed:  

Conductivity Cell Constant in GLP* record after calibration:                

Acceptable range for ProDSS conductivity/temperature sensors (626902) is 4.5 to 6.5

Acceptable range for integral (i.e. built-in) sensors on ODO/CT assemblies is 4.4 to 6.4

Optical Dissolved Oxygen
Barometric pressure:  

Actual Reading before DO% calibration is accepted:  

Reading in DO% calibration environment after calibration is completed:       

ODO gain in GLP record after calibration:                Acceptable range is 0.75 to 1.50

pH
Actual Readings during calibration

Buffer Calibration Value pH pH mV** Acceptable pH mV in buffer

7 -50 mV to 50 mV

4 +165 to +180 from 
pH 7 buffer mV value

10 -165 to -180 from 
pH 7 buffer mV value

pH slope in GLP record after calibration:                Acceptable range is ~ 55 to 60 pH/mV
        (Ideal is 59.16 mV/pH)

ORP
Actual Reading in solution before calibration is accepted:      

Reading in calibration solution after calibration is completed:              

ORP Cal Offset in GLP record after calibration:                       Acceptable range is -100 to 50

*GLP stands for Good Laboratory Practice file. This calibration record contains important information about the calibration result. 

**The pH mV at the time of calibration (Sensor Value) can also be seen in the final pH GLP record. 
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Turbidity

Calibration 
value (FNU)*

Actual Reading 
during calibration

0

12.4* 

124*

1010

Depth (Completed in Air)
Actual Reading before calibration is accepted:  

Reading in air after calibration is completed:  

Ammonium

Actual Readings during calibration
Concentration** 

(i.e. Calibration Value)
mg/L mV*** Acceptable mV when the sensor is new 

1st point: 1 mg/L -20 mV to 20 mV

2nd point: 100 mg/L +90 to +130 from mV value in 1 mg/L standard

Nitrate

Actual Readings during calibration
Concentration** 

(i.e. Calibration Value)
mg/L mV*** Acceptable mV when the sensor is new 

1st point: 1 mg/L 180 mV to 220 mV

2nd point: 100 mg/L -90 to -130 from mV value in 1 mg/L standard

Chloride

Actual Readings during calibration
Concentration** 

(i.e. Calibration Value)
mg/L mV*** Acceptable mV when the sensor is new 

1st point: 10 mg/L 205 mV to 245 mV

2nd point: 1,000 mg/L -80 to -130 from mV value in 10 mg/L standard

**Other standard concentrations can be used. A 2 point calibration without chilling a third calibration solution is extremely accurate and is the 
preferred method. However, if there is a large temperature variation during sampling, a chilled third calibration point is recommended.

***The mV at the time of calibration (Sensor Value) for each point can also be seen in the GLP record after a calibration is complete.

*Note: The turbidity sensor can be calibrated to 3 points. 
Either 12.4 or 124 FNU standard can be used for the second 
point, but not both. Other calibration values can be used 
when calibrating.

Acceptable range for Actual Reading during 
calibration of the first point is -10 to 10 FNU
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Te m p e r a t u r e

Calibration Tips

Before calibrating any other ProDSS sensor, verify the temperature sensor is reading accurately 
by comparing it to a traceable thermometer or other known reference in a water bath. 

With the exception of the turbidity and TSS, accurate temperature compensation is required for 
all parameters, so temperature accuracy should be verified and recorded each time the ProDSS 
is calibrated. Be sure to consider the specification tolerances of both the ProDSS temperature 
sensor and the thermometer when comparing the measurements.

The ProDSS temperature sensor cannot be calibrated nor should calibration be required.

Troubleshooting Tips

If the temperature sensor is not reading accurately, ensure that it is clean and free of debris. 
The conductivity cleaning brush and warm water with mild detergent can be used to scrub the 
temperature sensor if needed. Alternatively, you can use a toothbrush to clean the sensor.

ProDSS 4 port cables feature a replaceable conductivity/temperature sensor (626902), while 
all other ProDSS cables have integral (i.e. built-in) temperature sensors. If using a ProDSS 4 
port cable and your temperature sensor is not reading accurately even after cleaning, remove 
the conductivity/temperature sensor from the cable and inspect the sensor port and sensor 
connector for any damage or moisture. Please follow the section on Cleaning a Sensor Port if 
needed.

C o n d u c t i v i t y

The conductivity calibration should be verified every day the instrument is used. However, the 
conductivity sensor is very stable and may hold its calibration for several weeks.

Calibration Tips

1. It is not necessary to calibrate conductivity, specific conductance and salinity. Calibrating one 
of these parameters will simultaneously calibrate the others. YSI recommends calibrating 
specific conductance (temperature compensated conductivity) for greatest ease and 
accuracy.

2. Ensure the conductivity sensor is clean and dry before performing a specific conductance 
calibration.

3. Always use fresh, traceable conductivity calibration solution when calibrating the conductivity 
sensor.

a. The shelf life of conductivity solution is one month after being opened. This is due to 
potential changes in the value of the solution caused by evaporation which can occur 
after opening the bottle. Be sure to write the open date on the bottle so you know that 
you are using good calibration solution.
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b. Never calibrate with a conductivity solution that is less than 1.0 mS/cm. You are setting 
the slope on a linear device so a good, strong conductivity signal will give you the 
best performance. Use 1.0 mS/cm for fresh water, 10 mS/cm for brackish to estuarine 
water and 50 mS/cm for salt water. Please note that 1.0 mS (millisiemens) = 1000 uS 
(microsiemens).

4. Pre-rinse the cal cup and sensors with a small amount of calibration standard or rinse standard 
and discard.

5. The calibration solution must cover the top vent holes of the conductivity sensor. If the entire 
sensor is not in solution, the instrument will read approximately half the expected value.

a. If using a ProDSS 4 port cable, the top vent hole is located on the side of the 
combination conductivity/temperature sensor (i.e. 626902 sensor). Filling the ProDSS 
calibration cup to line 2 (i.e. the top line) when the cup is empty will ensure the vent 
hole is covered. 

or

b. If using the ODO/CT assembly, ensure the vent holes at the top of the sensor are 
completely immersed and the solution level is at least 1/2 inch higher than these top 
vent holes. 

6. After placing the sensor into the solution, gently move the sensor up and down to remove any 
air bubbles that may be trapped in the conductivity sensor.

7. If calibrating Specific Conductance, enter the value of the conductivity solution as it is listed 
for 25 °C. Make sure you are entering the correct units. 1 mS = 1,000 uS.

8. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your conductivity readings (and your DO 
mg/L readings) will be erroneous. Typical causes for this error message include: incorrect 
entries (entering 1000 uS/cm instead of 1.0 mS/cm), not using enough solution to cover the 
vent holes, air bubbles trapped in the sensor, calibrating in conductivity instead of specific 
conductance, dirty conductivity electrodes, and/or bad calibration solution.

9. After accepting a good calibration, navigate to the GLP file and check the conductivity cell 
constant for the calibration. The cell constant should be 5.0 to 6.0 for highest accuracy (4.9 to 
5.9 on ODO/CT probe and cable assemblies). However, 4.5 to 6.5 is the acceptable range (4.4 
to 6.4 on ODO/CT cables). 

Troubleshooting Tips

If you get an error message during calibration, be sure that you are:

1. Entering the correct calibration value (1 mS/cm = 1000 uS/cm).

2. Calibrating in Specific Conductance mode.

3. Using enough solution to cover the vent holes on the sensor.

4. Dislodging any air bubbles that could be trapped in the sensor.

5. Using a fresh, traceable conductivity calibration solution.
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If you are following the above recommendations and still receiving an error message, check the 
conductivity sensor to make sure it is clean. A clean conductivity sensor should read less than 1 
uS/cm in dry air. If your sensor is dry and giving you a reading higher than 1 uS/cm in air, it should 
be cleaned.

Any significant jump or change in the conductivity cell constant from one calibration to the next 
usually indicates a problem with the calibration and/or sensor. If you are sure that your calibration 
standard is good and your calibration process is correct, then your sensor may need to be 
cleaned.

Cleaning the Conductivity Sensor

The openings that allow sample access to the conductivity electrodes should be cleaned 
regularly. The small cleaning brush included with each new conductivity sensor and cable is 
intended for this purpose. Dip the brush in clean water and insert it into each hole 10 to 12 
times. In the event that deposits have formed on the electrodes, it may be necessary to use a 
mild detergent (laboratory grade soap or bathroom foaming tile cleaner) with the brush. Rinse 
thoroughly with clean water, then check the response and accuracy of the conductivity sensor 
with calibration solution.

Cables with user-replaceable sensors

If using a 4 port cable and your conductivity sensor is not calibrating or is reading > 1 uS/cm 
in dry air after being cleaned, remove the conductivity/temperature sensor from the cable and 
inspect the sensor port and sensor connector for any damage or moisture. Please follow the 
section on Cleaning a Sensor Port if needed.

Cables with integral (i.e. built-in) sensors

If your conductivity sensor is not calibrating or is reading > 1 uS/cm in dry air after performing a 
sensor cleaning, contact your local YSI Representative or a YSI Authorized Service Center.

p H

The pH calibration should be verified every day the instrument is used. However, a new pH sensor 
may be capable of holding its calibration for several days.

pH Calibration Tips

1. The pH sensor can be calibrated with up to three calibration points.

2. Calibration can be accomplished in any buffer order.

3. pH 7 buffer should be used regardless of how many calibration points you use; however, it 
does not have to be the first point.

4. In most cases, a two-point calibration is all that is required (4 and 7 or 7 and 10). You can 
bracket the expected in-situ pH values. Use a three-point calibration with 4, 7 and 10 if the 
in-situ pH values are unknown or if you expect the in-situ values to be on both sides of the pH 
scale.
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5. Rinse the sensors and cal cup with a small amount of pH buffer. Fill the cup so that the pH 
sensor tip and the temperature sensor are submerged in buffer.

6. Calibration values will not have to be entered if using a USA (4, 7, 10) or a NIST (4.01, 6.86, 
9.18) buffer set, as the ProDSS will automatically recognize these buffers and will compensate 
the calibration value for temperature. The buffer set can be changed in the pH Sensor Setup 
menu.

7. Record the pH millivolts for each calibration point. The acceptable mV outputs for each buffer 
are shown below.

 pH 7 mV value = 0 mV +/- 50 mV
 pH 4 mV value = +165 to +180 from pH 7 buffer mV value
 pH 10 mV value = -165 to -180 from pH 7 buffer mV value

•  A value of +50 or -50 mVs in buffer 7 does not indicate a bad sensor.

• The mV span between pH 4 and 7 and 7 and 10 mV values should be ≈ 165 to 180 mV. 
177 is the ideal distance. The slope can be 55 to 60 mV per pH unit with an ideal of 59 
mV per pH unit.

• If the mV span between pH 4 and 7 or 7 and 10 drops below 160, clean the sensor and 
try to recalibrate.

8. Wait for the measurement to stabilize in each buffer and then press Enter to accept each 
calibration point.

9. Rinse the sensor and cal cup with a small amount of the next buffer between calibration 
points.

10.  If you want to finish calibration after 1 or 2 points, select Finish Calibration. Otherwise, 
the calibration will automatically be completed after accepting the third point in a 3 point 
calibration.  

11.  If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your pH readings will be erroneous. Typical 
causes for this error message include: incorrect buffer set selected, a dirty sensor, or bad 
buffer solution.

12.  After accepting a good calibration, navigate to the GLP file and check the pH Slope and 
Slope % of ideal. A good slope should be between 55 and 60 mVs while the ideal is 59 mV. If 
the slope drops below 53, the sensor should be reconditioned and recalibrated.

pH Troubleshooting Tips

Typical working life for pH sensors is approximately 12-24 months depending on usage, storage 
and maintenance. Proper storage and maintenance generally extends the sensor’s working life.

Clean and recondition the sensor if a slow response in the field has been reported or if it takes 
more than 90 seconds to stabilize in pH buffer.
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If you get an error message during a pH calibration, check the following:

1. Ensure the pH buffers are good and not expired.

2. The correct buffer set is enabled.

3. Check for damage to the glass bulb or the electrode body.

4. Ensure the sensor module is installed correctly, especially if it has recently been replaced. 

5. If you continue to get error messages during calibration, clean and recondition the sensor.

Cleaning and Reconditioning the pH, ORP or pH/ORP Sensor

If the pH or pH/ORP sensor has been allowed to dry out or has been stored in distilled or 
deionized water for an extended period of time, soak the sensor in buffer 4 overnight to try and 
restore functionality.

Cleaning is required whenever deposits or contaminants appear on the glass and/or platinum 
surfaces or when the sensor’s response slows. The cleaning can be chemical and/or mechanical.
Removing the sensor from the cable may make cleaning easier. Initially, moisten a soft clean 
cloth, lens cleaning tissue or cotton swab to remove all foreign material from the glass bulb and/
or platinum button. Then use a moistened cotton swab to carefully remove any material that may 
be blocking the reference electrode junction of the sensor. 

CAUTION: When using a cotton swab, be careful NOT to wedge the swab between the guard 
and the glass sensor. If necessary, remove cotton from the swab tip, so that the cotton can reach 
all parts of the sensor tip without stress. You can also use a pipe cleaner for this cleaning if more 
convenient.

If good pH and/or ORP response is not restored, perform the following additional procedure:

1. Soak the sensor for 10-15 minutes in clean water containing a few drops of commercial 
dishwashing liquid.

2. Rinse the sensor in clean water, wipe with a cotton swab moistened with clean water, and then 
re-rinse with clean water.

If good pH and/or ORP response is still not restored or if hard deposits have built up on the 
electrode, perform the following additional procedure:

1. Soak the sensor for ~3 minutes in one molar (1 M) hydrochloric acid (HCl). This reagent can be 
purchased from most lab supply distributors. Be sure to follow the safety instructions included 
with the acid. Vinegar can also be used, but will require a longer period of soaking. 

2. Rinse the sensor in clean water, wipe with a cotton swab moistened with clean water (not DI 
water), and then re-rinse with clean water. To be certain that all traces of the acid are removed 
from the sensor crevices, soak the sensor in clean tap water for about an hour with occasional 
stirring.
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If biological contamination of the reference junction is suspected or if good response is not 
restored by the above procedures, perform the following additional cleaning step:

CAUTION: Do not mix the acid from the previous step with the chlorine bleach in the following 
step. A toxic gaseous product can form from the reaction between the acid and the chlorine 
bleach. Be certain to copiously rinse the sink and drain system of acid after its disposal and 
before the disposal of chlorine bleach.

1. Soak the sensor for approximately 1 hour in a 1:1 dilution of commercially available chlorine 
bleach.

2. Rinse the sensor with clean water and then soak for at least 1 hour in clean tap water with 
occasional stirring to remove residual bleach from the junction. (If possible, soak the sensor 
for a period of time longer than 1 hour in order to be certain that all traces of chlorine bleach 
are removed.) Then re-rinse the sensor with clean water and retest.

Prior to reinstalling the sensor, dry the port and sensor connector with compressed air. If you 
suspect port contamination, follow the instructions in the Cleaning a Sensor Port section of this 
document before reinstalling the sensor.

If your pH sensor is still not calibrating after performing a sensor cleaning, contact your local YSI 
Representative or a YSI Authorized Service Center.

O R P

The ORP calibration should be verified every day the instrument is used. However, a new ORP 
sensor may be capable of holding its calibration for several days.

ORP Calibration Tips

1. If using a pH/ORP combination sensor, calibrate pH first to ensure it is working.

2. Rinse the sensors and cal cup with a small amount of ORP calibration solution. Fill the cup so 
that the ORP sensor tip and the temperature sensor are submerged in solution.

3. If using YSI Zobell calibration solution, the ProDSS will automatically adjust the calibration 
value based on temperature. Otherwise, the Calibration value can be manually adjusted.

4. Wait for the readings to stabilize and then press Enter to accept the calibration.

5. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your ORP readings will be erroneous. Typical 
causes for this error message include a dirty sensor or bad calibration solution.

ORP Troubleshooting Tips

Typical working life for ORP sensors is approximately 12-24 months depending on usage, 
storage and maintenance. Proper storage and maintenance generally extends the sensor’s 
working life.
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Clean and recondition the sensor if the sensor exhibits a slow response in Zobell solution, i.e. it 
takes more than 90 seconds to stabilize when placed in Zobell.

If you get error messages during an ORP calibration, check the following:

1. Ensure the ORP calibration solution is good and not expired.

2. If you continue to get error messages during calibration, clean and recondition the sensor 
per the instructions in the pH Troubleshooting section of this document. If you suspect port 
contamination, follow the instructions in the Cleaning a Sensor Port section before reinstalling 
the sensor.

3. If you continue to have problems, you can check the offset of the ORP sensor by performing 
a factory reset to the ORP sensor. After resetting the sensor, compare the ORP mV readings 
in Zobell solution to the calibration value. The difference between values should be less than 
100 mVs. If the difference is 80 mVs or higher, consider replacing the sensor as it is nearing 
the end of its life span.

D i s s o l ve d  O x yg e n

The dissolved oxygen sensor should be calibrated every day the instrument is used. It is not 
necessary to calibrate in both % and mg/L or ppm. Calibrating in % will simultaneously calibrate 
mg/L and ppm and vice versa.

DO Calibration Tips

1. The ProDSS optical DO sensor can be calibrated in air-saturated water, water-saturated air or 
against a Winkler Titration. You can perform a 1 or 2 point DO calibration. A 2 point calibration 
includes 1 point in a zero oxygen environment and the 2nd point at full saturation.

2. For both ease of use and accuracy, YSI recommends that you perform a 1 point calibration in 
water-saturated air.

3. Make sure that there is a good optical DO sensor cap installed. The cap should not be 
scratched or excessively dirty. Caps should be changed as needed (15-18 month expected 
life for caps with a 1 year warranty).

4. To perform a 1 point calibration in water-saturated air, place the sensor in a 100% humid 
environment. This can be accomplished several ways:

a. For the ProDSS 4 port cables, place a small amount of water in the calibration/storage 
cup and place it over the sensors and sensor guard. Partially tighten the locking ring on 
the calibration cup to the bulkhead. The goal is to have air exchange between inside 
and outside the calibration cup.

b. For the ProDSS ODO/CT (627150) or ProODO (626250) cables, moisten the sponge 
in the gray calibration sleeve with a small amount of clean water and place it over the 
sensor guard.

5. The sponge and calibration sleeve/cup should be clean since bacterial growth may consume 
oxygen and interfere with the calibration. Be sure the sensor is in air, not water, and that there 
are not any water droplets on the sensor cap or temperature sensor.
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6. After entering the % calibration mode, wait approximately 5 to 10 minutes for the storage 
container to become completely saturated.

7. Salinity affects the ability of water to hold oxygen and is used by the instrument to calculate 
DO mg/L (ppm). The Salinity value displayed near the top of the DO calibration screen 
is either the salinity correction value entered in the Sensor menu or the Salinity value as 
measured by the conductivity sensor in use. If you are using a conductivity sensor, ensure 
that it is calibrated and reading correctly in order to obtain accurate DO mg/L (ppm) 
measurements. If you are not using a conductivity sensor, the Salinity correction value should 
be the salinity of the water you will be testing. Press the Probe key, highlight Salinity, and press 
Enter to modify this setting if necessary. The salinity of fresh water is typically 0-0.5 ppt and 
seawater is typically 35 ppt.

8. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your DO readings will be erroneous. Typical 
causes of a calibration error message include a dirty and/or bad sensor cap or a sensor that 
needs reconditioned.

DO Troubleshooting Tips

1. Ensure the ProDSS barometer is reading accurately. The DO % Saturation calibration uses 
the instrument’s barometric pressure reading for the DO % calibration. If the barometer is 
not reading accurately, the calibration will be erroneous. The barometer should be reading 
true barometric pressure. If you suspect the barometer reading is incorrect, calibrate the 
barometer and then recalibrate the DO sensor. Laboratory barometer readings are usually 
“true” (uncorrected) values of air pressure and can be used “as is” for barometer calibration. 
Weather service readings are usually not “true”, i.e., they are corrected to sea level, and 
therefore cannot be used until they are “uncorrected”. An approximate formula for this 
“uncorrection” is: True BP in mmHg = Corrected BP in mmHg – [2.5 * (Local Altitude in ft. 
above sea level/100)]

2. Clean the ODO sensor cap and rehydrate it if needed.

3. If you have changed the sensor cap, ensure the sensor cap coefficients have correctly been 
entered. These can be seen under Sensor Setup on the handheld, or within KorDSS. 

4. If you suspect port contamination, remove the sensor and follow the instructions in the 
Cleaning a Sensor Port section.

5. If you continue to have trouble calibrating the DO sensor, contact your local YSI 
Representative or a YSI Authorized Service Center.

ODO Sensor Cap Replacement

The sensor cap should be replaced about once per year for those with a 1 year warranty, but the 
cap may last longer. It should also be replaced if it is cracked or damaged. 

The instructions for replacing the sensor cap on ProDSS ODO sensors (626900) are different 
than the instructions for integral (i.e. built-in) ODO sensors on ODO/CT (627150) and ProODO 
(626250) cable assemblies, so ensure the correct directions are being followed when replacing 
the sensor cap. Each replacement ODO sensor cap is shipped in a humidified container and the 
package should not be opened until immediately before sensor cap replacement.
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The instruction sheet shipped with the replacement ODO sensor cap includes the calibration 
coefficients specific to your sensor cap. Make sure to save this instruction sheet in case you need 
to reload the calibration coefficients. These coefficients must be entered whenever the sensor 
cap has been replaced. Coefficients can be entered using the ProDSS handheld (under ODO 
Sensor Setup) or KorDSS (under the Instrument and Sensors tab). 

Cleaning the ODO Sensor Cap

The sensor cap should be kept clean since some types of fouling may consume oxygen which 
could affect the dissolved oxygen measurements. To clean the sensor cap, gently wipe away any 
fouling with a lens cleaning tissue that has been moistened with water. 

Caution: Do not use organic solvents to clean the sensor cap. Using an organic solvent to clean 
the sensor cap may cause permanent damage to the cap. For example, alcohol will dissolve the 
outer paint layer and other organic solvents will likely dissolve the dye in the cap.

Rehydrating the ODO Sensor Cap

To prevent sensor drift, always store the ODO sensor in a wet or water-saturated air environment. 
If the ODO sensor has accidentally been left dry for longer than 8 hours, it must be rehydrated. 

If rehydration is necessary, soak the ODO sensor cap in warm (room temperature) tap water for 
approximately 24 hours. After the soak, calibrate the sensor.

Tu r b i d i t y

The turbidity calibration should be verified every day the instrument is used. However, the 
turbidity sensor is very stable and may hold its calibration for several weeks.

Turbidity Calibration Tips

1. For proper calibration, you must use standards that have been prepared according to details 
in Standard Methods for the Treatment of Water and Wastewater (Section 2130 B). Standards 
from other vendors are NOT approved, and their use will likely result in a bad calibration and 
incorrect field readings.  Acceptable standards include:

•  AMCO-AEPA standards prepared specifically for the ProDSS turbidity sensor 
manufactured by YSI (i.e. YSI turbidity standards)

• Formazin prepared according to Standard Methods, especially for calibration points 
greater than 1010

• Dilutions of 4000 FNU (NTU) formazin concentrate purchased from Hach

• Hach StablCal™ standards in various FNU (NTU) denominations

2. It is important to use the same type of standard for all calibration points (i.e. do not mix 
formazin and AMCO-AEPA standard for different points in a multi-point calibration).

3. The ProDSS turbidity sensor can be calibrated by using up to three calibration points by using 
the following limits:
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• 1st calibration point: 0-1 FNU (NTU) (see Preventing Negative Turbidity Readings).

• 2nd calibration point: 5-200 FNU (NTU)

• 3rd calibration point: 400-4200 FNU (NTU)

4. DI water can be used for the first calibration point (see Preventing Negative Turbidity 
Readings)

5. The ProDSS calibration cup and sensor guard must be used (and correctly installed!) when 
calibrating. The sensor guard must be installed when taking any measurements. 

6. The sensor guard has a metal bottom that is painted black. Ensure the inside surface (i.e. the 
surface that faces the sensor tip) is not significantly scratched. This surface needs to be black 
to eliminate any stray light reflection. Also ensure the sensor guard and calibration cup are 
free of any reflective material.

7. Pour standard slowly down the side of the calibration container so you do not aerate the 
sample. This will reduce the possibility of air bubbles becoming trapped on the surface of the 
sensor. 

8. Slowly place the turbidity sensor into the calibration cup when the cup is tilted at a 45 degree 
angle, as this will help prevent air bubbles from being caught on the sensor surface. 

9. Wait for the turbidity measurement to stabilize in each standard and then press Enter to 
accept each calibration point.

10.  Rinse the sensor and cal cup with a small amount of the next standard between calibration 
points.

11.  If you want to finish calibration after accepting 1 or 2 points, select Finish Calibration. 
Otherwise, the calibration will automatically be completed after accepting the third point in a 
3 point calibration.

12.  If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your turbidity readings will be erroneous. 
Typical causes for this error message include a dirty sensor or bad standard solution.

Turbidity Troubleshooting Tips

The ProDSS turbidity sensor has a two year warranty and there are no replaceable components 
(e.g. no optical sensor cap). Proper storage and maintenance will help extend the sensor's life.

If you get error messages during a turbidity calibration, check the following:

1. Ensure the standard solutions are good and not expired. 

2. The calibration environment (e.g. calibration cup, sensor guard, and sensors) should be clean. 
See Preventing Negative Turbidity Readings if having issues with negative turbidity readings.

3. There should not be any reflective material on the sensor guard and calibration cup. The 
metal sensor guard bottom (inside; faces the sensors) should be free of any scratches.

4. If you suspect port contamination, remove the sensor and follow the instructions in the 
Cleaning a Sensor Port section.

5. If you continue to have trouble calibrating the turbidity sensor, contact your local YSI 
Representative or a YSI Authorized Service Center.
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Cleaning the Turbidity Sensor

Clean the sensing window with a non-abrasive, lint-free cloth. This should be done carefully to 
prevent scratches. If necessary, use mild soapy water.

Preventing Negative Turbidity Readings

A negative turbidity reading is almost always connected to the 'zero' standard. Despite best 
practices, it is sometimes impossible to clean the sensors, calibration cup, and sensor guard to a 
point where the 'zero' standard will not be contaminated by some small amount. 

A brand new instrument can contaminate a zero standard to ~0.1 FNU, even in a lab environment. 
Cleaned but used ProDSS sensors, calibration cup, and sensor guard can contaminate a zero 
standard to almost 1.0 FNU. 

As an example, if a Calibration Value of zero is entered, but the actual reading in the 'zero' 
standard is 0.6 FNU, then a ProDSS turbidity sensor in a 0.3 FNU environment will display a 
measurement of -0.3 FNU. 

Since the 'zero' calibration environment may not be 0 FNU due to contaminated standard, dirty 
sensors, dirty calibration cup, and/or dirty sensor guard, a Calibration Value from 0 to 1 FNU can 
be entered. 

The following tips can help eliminate negative turbidity readings:

1. Use a calibration cup and sensor guard that is exclusively used for calibration. Calibration 
cups and sensor guards can easily become contaminated over time, especially if the 
instrument is used to measure in dirty samples and/or field conditions.

2. In cases where the equipment is properly cleaned and serviced, the level of contamination of 
the zero turbidity standard is quite small. Typically the average contaminant level ranges from 
0.2 to 0.8 NTU. Knowing this, you can pick a number between these points (0.5) and enter this 
as the first calibration point.

3. Calibrating turbidity is best done in a lab environment; calibrations in the field can result in 
errors.

4. The only true way to determine if your zero standard is being contaminated is to analyze the 
zero solution with a laboratory turbidimeter. 
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D e p t h

The depth calibration is very easy to perform and should be completed every time the 
instrument is used to take depth measurements.

Depth Calibration Tips

1. Input a Depth Offset, Altitude, or Latitude under Sensor Setup if desired. Entering a value for 
these is not required to complete a calibration.

a. Depth offset: Depth offset can be used if referencing water elevation against a known 
datum. If a depth offset is entered (in meters), the output value will shift by the value of 
the offset. The most common offset entered is 0.272 meters, as this is the distance from 
the depth sensor on 4 port cables to the sensor tips. 

b. Altitude and Latitude: To compensate for atmospheric pressure based on elevation 
and gravitational pull, enter the local altitude in meters relative to sea level and 
latitude in degrees where the ProDSS is sampling. This will ensure highest accuracy, 
although the altitude and latitude effects are relatively small. Varying altitudes cause 
approximately 90 mm change from sea level to 8000 m. A 100 m change causes 1.08 
mm of change to the readings. Varying latitudes cause a 200 mm change in depth 
from equator to pole.

2. Ensure the depth sensor is clean and in air, not immersed in any solution. 

3. For highest accuracy, keep the bulkhead still and in one position while calibrating. The holes 
on the side of the depth sensor should not be covered.

4. The Calibration Value will be set at zero even if a depth offset is entered. There is no need to 
change this as long as you're calibrating in air.

5. Wait for the depth measurement to stabilize and then press Enter to accept the calibration. 
Only a 1 point calibration can be completed.

6. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your depth readings will be erroneous. 
Typical causes of a calibration error message include dirty ports on the side of the depth 
sensor, not waiting for stable measurements before accepting the calibration, moisture in the 
depth ports, and/or covering the depth ports with your hand during calibration.

Depth Troubleshooting Tips

The YSI ProDSS depth sensor measures virtually vented depth. This type of measurement allows 
for real time compensation for atmospheric pressure using the instrument's internal barometer. 
A major advantage to this type of depth sensor is there is no vented cable, tube or desiccant to 
worry about. Some troubleshooting tips include:

1. The ports on the side of the depth sensor should not be covered during calibration and 
should be free of any debris. These ports can be cleaned with the syringe included with the 
maintenance kit. When cleaning, fill the syringe with clean water and gently force water into 
one of the ports. Flush until clean water flows from the opposite depth port.
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2. A sensor guard weight installed at the end of the sensor guard can help keep the bulkhead 
stable when sampling at depth. Up to 5 lbs of YSI stackable sensor guard weights can be 
installed.

3. Enable Vertical Position under Depth Display to view the real-time position of the depth 
sensor in the water column. This is helpful in profiling applications to ensure the depth sensor 
is lowered to the desired depth without waiting for the depth data to stabilize.

A m m o n i u m 

The ammonium sensor should be calibrated every day the instrument is used. The ammonium 
sensor should only be used in fresh water (salinity < 2 ppt) and to depths of 55 feet (17 meters) of 
water.

Ammonia is calculated from the ammonium, temperature and pH readings. pH greatly affects the 
ammonia calculation. Therefore, for highest accuracy in the ammonia calculation, be sure to use 
a pH sensor in conjunction with an ammonium sensor during measurements. If a pH sensor is not 
in use, the instrument will assume the sample is neutral (pH 7) for the calculation.
Ammonium Calibration Tips

1. Exposure to the high ionic content of pH buffers can cause a significant, but temporary, drift in 
the ammonium sensor. Therefore, if calibrating a pH sensor, either:

a. Remove the ammonium sensor from the cable bulkhead and plug the port. After pH 
calibration is complete, reinstall the ammonium sensor and proceed with its calibration 
with no stabilization delay.

or

b. Calibrate pH first, immersing both sensors in the pH buffers. After calibrating pH, place 
the sensors in 100 mg/L ammonium standard and monitor the reading. Usually, the 
reading starts low and may take awhile to reach a stable value. When it does, proceed 
with the calibration. This may take several hours.

2. The ammonium sensor can be calibrated with up to three calibration points. For highest 
accuracy, perform a two point calibration with 1 and 100 mg/L standards within 10 °C of your 
sample temperature.

3. Rinse the sensors and cal cup with a small amount of ammonium solution (1 mg/L for the first 
point and 100 mg/L for the second point). Fill the cup so that the ammonium sensor tip and 
the temperature sensor are submerged in solution. Ensure the conductivity sensor is also 
submerged in the calibration solution. The salinity reading from the conductivity sensor is 
used in the algorithm for the ammonium measurement.

4. After entering the calibration screen, change the calibration value if necessary.

5. Record the NH4 millivolts for each calibration point. The acceptable mV outputs for each 
calibration solution are shown below.

• NH4 1 mg/L = 0 mV +/- 20 mV (new sensor only)

• NH4 100 mg/L = 90 to 130 mV from 1 mg/L mV value

• The mV span between 1 mg/L and 100 mg/L values should be ≈ 90 to 130 mV. The 
slope should be 45 to 65 mV per decade.
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6. Wait for the ammonium and temperature readings to stabilize in each calibration solution and 
then press Enter to accept each calibration point.

7. Rinse the sensor and cal cup between calibration points with a small amount of the next 
standard.

8. After pressing Enter to accept the second calibration point, highlight Finish Calibration 
and press Enter to complete the calibration. Otherwise, you can continue calibrating with a 
third calibration point (see the ProDSS User Manual for more information on a chilled third 
calibration point).

9. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your ammonium and ammonia readings will 
be erroneous. Typical causes for this error message include a dirty sensor or bad standard 
solution.

Preparing Ammonium Calibration Solutions

We recommend using YSI calibration solutions whenever possible. However, qualified users can 
save cost by following the following recipes for 1 and 100 mg/L standards. Other concentrations 
can be made by altering the amount of ammonium chloride. All other ingredient concentrations 
should remain unchanged. It is important to note that some of these chemicals are hazardous 
and therefore, the standards should only be prepared by qualified chemists in laboratories where 
proper safety precautions are possible. It is the responsibility of the user to obtain and study 
the MSDS for each chemical and to follow the required instructions with regard to handling and 
disposal of these materials.

You will need: solid Ammonium Chloride or a certified 100 mg/L NH4
+-N standard solution from 

a supplier, Lithium Acetate Dihydrate, concentrated hydrochloric acid, high purity water, a good 
quality analytical balance, a 1000 mL volumetric flask, accurate volumetric measuring devices 
for 100 mL and 10 mL of solution, and a 1000 mL glass or plastic storage vessels. (Caution: 
Hydrochloric acid is highly corrosive and toxic and should therefore be handled with extreme 
care in a well-ventilated fume hood. The user could also add the equivalent amount of a less-
hazardous, more dilute sample of the acid if preferred.)

100 mg/L Standard: Accurately weigh 0.3817 g of ammonium chloride and transfer 
quantitatively into a 1000 mL volumetric flask. Add 2.6 g of lithium acetate dihydrate to the flask. 
Add approximately 500 mL of distilled or deionized water to the flask, swirl to dissolve all of the 
reagents and then dilute to the volumetric mark with distilled or deionized water. Mix well by 
repeated inversion and then transfer the 100 mg/L standard to a storage bottle. Add 3 drops 
of concentrated hydrochloric acid to the bottle, then seal and agitate to assure homogeneity. 
Alternatively, 100 mL of certified 100 mg/L NH4

+-N standard can be used in place of the solid 
ammonium chloride.

1 mg/L Standard: Accurately measure 10.0 mL of the above 100 mg/L standard solution into a 
1000 mL volumetric flask. Add 2.6 g of lithium acetate dihydrate to the flask. Add approximately 
500 mL of distilled or deionized water, swirl to dissolve the solid reagents and then dilute to the 
volumetric mark with water. Mix well by repeated inversion and then transfer the 1 mg/L standard 
to a storage bottle. Add 3 drops of concentrated hydrochloric acid to the bottle, then seal and 
agitate to assure homogeneity.

https://www.ysi.com/File%20Library/Documents/Manuals/YSI_ProDSS_User_Manual_English.pdf
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Ammonium Troubleshooting Tips

Typical working life for ammonium sensors is approximately 3-6 months depending on use, 
storage and maintenance. Proper storage and maintenance generally extends the sensor’s 
working life.

If you get error messages during an ammonium calibration, check the following:

1. Ensure the ammonium solutions are good and not expired.

2. Clean the sensor.

3. If you continue to get error messages during calibration, soak the sensor in 100 mg/L 
ammonium standard for several hours or overnight.

4. If you suspect port contamination, follow the instructions in the Cleaning a Sensor Port 
section.

5. If you continue to have trouble calibrating the ammonium sensor, contact your local YSI 
Representative or a YSI Authorized Service Center.

Cleaning the Ammonium Sensor

The ammonium sensor uses a PVC membrane. As always, when handling a sensor, care should 
be taken to avoid damaging the membrane. After extensive use, the membranes may become 
coated with a deposit or scoured with fine scratches which may cause a slow or reduced 
response (low slope) or unstable readings. Deposits may be removed with a fine jet of deionized 
water or rinsing in alcohol followed by soaking in 100 mg/L ammonium calibration standard.

The sensor may require soaking in the high ammonium calibration solution to recover its 
performance. Soak in 100 mg/L for several hours or overnight.

N i t r a t e

The nitrate sensor should be calibrated every day the instrument is used. The nitrate sensor 
should only be used in fresh water (salinity < 2 ppt) and to depths of 55 feet (17 meters) of water.

Nitrate Calibration Tips

1. Exposure to the high ionic content of pH buffers can cause a significant, but temporary, drift in 
the nitrate sensor. Therefore, if calibrating a pH sensor, either:

a. Remove the nitrate sensor from the cable bulkhead and plug the port. After pH 
calibration is complete, reinstall the nitrate sensor and proceed with its calibration with 
no stabilization delay.

or

b. Calibrate pH first, immersing both sensors in the pH buffers. After calibrating pH, place 
the sensors in 100 mg/L nitrate standard and monitor the reading. Usually, the reading 
starts low and may take awhile to reach a stable value. When it does, proceed with the 
calibration. This may take several hours.

2. The nitrate sensor can be calibrated with up to three calibration points. For highest accuracy, 
perform a two point calibration with 1 and 100 mg/L standards within 10 °C of your sample 
temperature.
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3. Rinse the sensors and cal cup with a small amount of nitrate solution (1 mg/L for the first 
point and 100 mg/L for the second point). Fill the cup so that the nitrate sensor tip and 
the temperature sensor are submerged in solution. Ensure the conductivity sensor is also 
submerged in the calibration solution. The salinity reading from the conductivity sensor is 
used in the algorithm for the nitrate measurement.

4. After entering the calibration screen, change the calibration value if necessary.

5. Record the NO3
- millivolts for each calibration point. The acceptable mV outputs for each 

calibration solution are shown below.

• NO3
- 1 mg/L = 200 mV +/- 20 mV (new sensor only)

• NO3
- 100 mg/L = -90 to -130 mV from 1 mg/L mV value

• The mV span between 1 mg/L and 100 mg/L values should be ≈ 90 to 130 mV. The 
slope should be -45 to -65 mV per decade.

6. Wait for the nitrate and temperature readings to stabilize in each calibration solution and then 
press Enter to accept each calibration point.

7. Rinse the sensor and cal cup between calibration points with a small amount of the next 
standard.

8. After pressing Enter to accept the second calibration point, highlight Finish Calibration 
and press Enter to complete the calibration. Otherwise, you can continue calibrating with a 
third calibration point (see the ProDSS User Manual for more information on a chilled third 
calibration point).

9. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your nitrate readings will be erroneous. 
Typical causes for this error message include a dirty sensor or bad standard solution.

Preparing Nitrate Calibration Solution

We recommend using YSI calibration solutions whenever possible. However, qualified users 
can save cost by following the following recipes for 1 and 100 mg/L nitrate standards. Other 
concentrations can be made by altering the amount of potassium nitrate. All other concentrations 
should remain unchanged. It is important to note that some of these chemicals are hazardous 
and therefore, the standards should only be prepared by qualified chemists in laboratories where 
proper safety precautions are possible. It is the responsibility of the user to obtain and study 
the MSDS for each chemical and to follow the required instructions with regard to handling and 
disposal of these materials.

You will need: Solid Potassium Nitrate or a certified 1000 mg/L NO3
--N from a supplier, 

Magnesium Sulfate, high purity water, good quality analytical balance, 1000 mL volumetric flask, 
accurate volumetric measuring devices for 100 mL, 10 mL and 1 mL of solution, and 1000 mL 
glass or plastic storage vessels.

100 mg/L standard: Accurately weigh 0.7222 g of anhydrous potassium nitrate and transfer 
quantitatively into a 1000 mL volumetric flask. Add 1.0 g of anhydrous magnesium sulfate to 
the flask. Add approximately 500 mL of water to the flask, swirl to dissolve all of the reagents, 
and then dilute to the volumetric mark with distilled or deionized water. Mix well by repeated 

https://www.ysi.com/File%20Library/Documents/Manuals/YSI_ProDSS_User_Manual_English.pdf
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inversion and then transfer the 100 mg/L standard to a storage bottle. Rinse the flask extensively 
with water prior to its use in the preparation of the 1 mg/L standard. Alternatively, 100 mL of 
certified 1000 mg/L NO3

--N standard can be used in place of the solid potassium nitrate.

1 mg/L standard: Accurately measure 10.0 mL of the above 100 mg/L standard solution into 
a 1000 mL volumetric flask. Add 1.0 g of anhydrous magnesium sulfate to the flask. Add 
approximately 500 mL of distilled or deionized water, swirl to dissolve the solid reagents, and 
then dilute to the volumetric mark with water. Mix well by repeated inversion and then transfer 
the 1 mg/L standard to a storage bottle.

Recipes are given for 1 and 100 mg/L. Other concentrations can be made by altering the amount 
of potassium nitrate. All other concentrations should remain unchanged.

Nitrate Troubleshooting Tips

Typical working life for nitrate sensors is approximately 3-6 months depending on use, storage 
and maintenance. Proper storage and maintenance generally extends the sensor’s working life.

If you get error messages during a nitrate calibration, check the following:

1. Ensure the nitrate solutions are good and not expired

2. Clean the sensor.

3. If you continue to get error messages during calibration, soak the sensor in 100 mg/L nitrate 
standard for several hours or overnight.

4. If you suspect port contamination, follow the instructions in the Cleaning a Sensor Port 
section.

5. If you continue to have trouble calibrating the nitrate sensor, contact your local YSI 
Representative or a YSI Authorized Service Center.

Cleaning and Reconditioning the Nitrate Sensor

The nitrate sensor uses a PVC membrane. As always, when handling a sensor, care should be 
taken to avoid damaging the membrane. After extensive use the membranes may become 
coated with a deposit or scoured with fine scratches which may cause a slow or reduced 
response (low slope) or unstable readings. Deposits may be removed with a fine jet of deionized 
water or rinsing in alcohol followed by soaking in 100 mg/L nitrate calibration standard.

The sensor may require soaking in the high nitrate calibration solution to recover its performance. 
Soak in 100 mg/L for several hours or overnight.

C h l o r i d e

The chloride sensor should be calibrated every day the instrument is used. The chloride sensor 
should only be used in fresh water (salinity < 2 ppt) and to depths of 55 feet (17 meters) of water.
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Chloride Calibration Tips

1. Exposure to the high ionic content of pH buffers can cause a significant, but temporary, drift in 
the chloride sensor. Therefore, if calibrating a pH sensor, either:

a. Remove the chloride sensor from the cable bulkhead and plug the port. After pH 
calibration is complete, reinstall the chloride sensor and proceed with its calibration 
with no stabilization delay.

or

b. Calibrate pH first, immersing both sensors in the pH buffers. After calibrating pH, place 
the sensors in 1,000 mg/L chloride standard and monitor the reading. Usually, the 
reading starts low and may take awhile to reach a stable value. When it does, proceed 
with the calibration. This may take several hours.

2. The chloride sensor can be calibrated with up to three calibration points. For highest accuracy, 
perform a two point calibration with 10 and 1000 mg/L standards within 10 °C of your sample 
temperature.

3. Rinse the sensors and cal cup with a small amount of chloride solution (10 mg/L for the first 
point and 1,000 mg/L for the second point). Fill the cup so that the chloride sensor tip and 
the temperature sensor are submerged in solution. Ensure the conductivity sensor is also 
submerged in the calibration solution. The salinity reading from the conductivity sensor is 
used in the algorithm for the chloride measurement.

4. After entering the calibration screen, change the calibration value if necessary.

5. Record the Cl millivolts for each calibration point. The acceptable mV outputs for each 
calibration solution are shown below.

• Cl 10 mg/L = 225 mV +/- 20 mV (new sensor only)

• Cl 1,000 mg/L = -80 to -130 mV from 10 mg/L mV value

• The mV span between 10 mg/L and 1000 mg/L values should be ≈ 80 to 130 mV. The 
slope should be -40 to -65 mV per decade.

6. Wait for the chloride and temperature readings to stabilize in each calibration solution and 
then press Enter to accept each calibration point.

7. Rinse the sensor and cal cup between calibration points with a small amount of the next 
buffer.

8. After pressing Enter to accept the second calibration point, highlight Finish Calibration 
and press Enter to complete the calibration. Otherwise, you can continue calibrating with a 
third calibration point (see the ProDSS User Manual for more information on a chilled third 
calibration point).

9. If you receive a warning message stating that the calibration is questionable, do not continue 
with the calibration. Instead, select ‘No’ and investigate what is causing the questionable 
results. If you accept a questionable calibration, your chloride readings will be erroneous. 
Typical causes for this error message include a dirty sensor or bad standard solution.

https://www.ysi.com/File%20Library/Documents/Manuals/YSI_ProDSS_User_Manual_English.pdf
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Preparing Chloride Standards

The following recipes are provided for preparation of 10 and 1000 mg/L chloride reagents.

It is important to note that some of the chemicals required for these solutions could be hazardous 
under some conditions. It is the responsibility of the user to obtain and study the MSDS for each 
chemical and to follow the required instructions with regard to handling and disposal of these 
chemicals.

You will need: Solid sodium chloride or a certified 1000 mg/L chloride solution from a supplier, 
magnesium sulfate, high purity water, a good quality analytical balance, 1000 mL volumetric flask, 
an accurate 10 mL measuring devices, and 1000 mL glass or plastic storage vessels.

1000 mg/L standard: Accurately weigh 1.655 grams of anhydrous sodium chloride and transfer 
into a 1000 mL volumetric flask. Add 0.5 grams of anhydrous magnesium sulfate to the flask. 
Add 500 mL of distilled or deionized water to the flask, swirl to dissolve all of the reagents, and 
then dilute to the volumetric mark with water. Mix well by repeated inversion and then transfer 
the 1000 mg/L standard to a storage bottle. Rinse the flask extensively with water prior to its use 
in the preparation of the 10 mg/L standard. Alternatively, simply add 0.5 grams of magnesium 
sulfate to a liter of a 1000 mg/L chloride standard from a certified supplier.
10 mg/L standard: Accurately measure 10 mL of the above 1000 mg/L standard solution into 
a 1000 mL volumetric flask. Add 0.5 grams of anhydrous magnesium sulfate to the flask. Add 
500 mL of distilled or deionized water, swirl to dissolve the solid reagents, and then dilute to 
the volumetric mark with water. Mix well by repeated inversion and then transfer the 10 mg/L 
standard to a storage bottle.

Chloride Troubleshooting Tips

Typical working life for chloride sensors is approximately 3-6 months depending on use, storage 
and maintenance. Proper storage and maintenance generally extends the sensor’s working life.

If you get error messages during a chloride calibration, check the following:

1. Ensure the chloride solutions are good and not expired

2. Clean the sensor.

3. If you continue to get error messages during calibration, soak the sensor in 1000 mg/L 
chloride standard for several hours or overnight.

4. If you suspect port contamination, follow the instructions in the Cleaning a Sensor Port 
section.

5. If you continue to have trouble calibrating the chloride sensor, contact your local YSI 
Representative or a YSI Authorized Service Center.

Cleaning and Reconditioning the Chloride Sensor

The chloride sensor is considered a pellet membrane ISE. As always, when handling sensors, care 
should be taken to avoid damaging the membrane. This sensor can be regenerated by washing 
with alcohol and/or gently polishing with fine emery paper in a circular motion to remove any 
deposits or discoloration, then thoroughly washing with deionized water to remove any debris.
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The sensor may require soaking in the high chloride calibration solution to recover its 
performance. Soak in 1000 mg/L for several hours or overnight.

I n s t a l l i n g  a n d  U n i n s t a l l i n g  S e n s o r s

General Precautions

It is important that the entire sensor connector and cable connector be dry when installing, 
removing or replacing sensors. This will prevent water from entering the port. Once a sensor 
is removed, examine the connector inside the port. If any moisture is present, use compressed 
air to completely dry the connector or place directly in front of a steady flow of fresh air. If you 
suspect port contamination, follow the port cleaning procedures listed under Cleaning a Sensor 
Port.

Remove sensors with the sensor tips facing the ground to help prevent water from entering the 
port upon removal.

The instrument utilizes o-rings as seals to prevent water from entering the sensor ports. When 
the sensors are removed, the o-rings that provide the seal should be carefully inspected for 
contamination (e.g. debris, grit, etc.) and cleaned if necessary.

If no dirt or damage to the o-rings is evident, wipe the o-rings with a lint free cloth or lens 
cloth to remove the old o-ring grease. Then, lightly apply new o-ring grease (provided in 
the maintenance kit) to the o-rings without removing them from their groove. If there is any 
indication of damage, the o-ring should be replaced with an identical o-ring. At the time of o-ring 
replacement, the entire o-ring assembly should be cleaned.

Do not over-grease the o-rings. The purpose of the o-ring grease it to keep the o-ring in good 
condition. Excess grease may collect grit particles that can compromise the seal. Excess grease 
can also cause the waterproofing capabilities of the o-ring to diminish, potentially causing leaks. 
If excess grease is present, remove it using a lens cloth or lint-free cloth.

To remove the o-rings:
Use a small, flat-bladed screwdriver or similar blunt-tipped tool to remove the o-ring from its 
groove. Do not use a sharp object to remove the o-rings. Using a sharp object could damage 
the o-ring groove which would allow water to enter the port resulting in permanent damage to 
the port and sensor. Check the o-ring and the groove for any excess grease or contamination. 
If contamination is evident, clean the o-ring and the portion of the titanium sensor where the 
o-ring fits with lens cleaning tissue or equivalent lint-free cloth. Alcohol can be used to clean 
the titanium sensor, but use only water and mild detergent on the o-ring itself. Using alcohol on 
o-rings may cause a loss of elasticity and may promote cracking. Also, inspect the o-rings for 
nicks and imperfections.

Before re-installing the o-rings, make sure to use a clean workspace, clean hands, and avoid 
contact with anything that may leave fibers on the o-ring or grooves. Even a very small amount of 
contamination (hair, grit, etc.) may cause a leak.
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To re-install the o-rings:
Place a small amount of o-ring grease between your thumb and index finger. Draw the o-ring 
through the grease while pressing the fingers together to place a very light covering of grease 
to the o-ring. Place the o-ring into its groove making sure that it does not twist or roll. Do not 
excessively stretch the o-ring during installation.

Use your grease-coated finger to once again lightly go over the mating surface of the o-ring.

Do not over-grease the o-rings. The excess grease may collect grit particles that can compromise 
the seal. Excess grease can also cause the waterproofing capabilities of the o-ring to diminish, 
potentially causing leaks. If excess grease is present, remove it using a lens cloth or lint-free cloth.

C l e a n i n g  a  S e n s o r  Po r t

If you suspect port contamination, you can clean the port on the cable by filling the port with 
Isopropyl Alcohol for 30 seconds and then dumping it out. Next, allow the port to air dry 
completely or blow it out with compressed air. Installing a sensor into a port that is not completely 
dry is likely to cause erratic and erroneous readings.

If the connector is corroded, contact your local YSI Representative or a YSI Authorized Service 
Center.

Ve r i f y i n g  S e n s o r  Acc u r a c y  a n d  C a l i b r a t i o n

Sensor accuracy and calibration can be verified by immersing a sensor into calibration solution 
or YSI Confidence Solution®. Compare the readings on the ProDSS display to the value of the 
solution. If the readings have drifted more than the accuracy specification of the sensor, perform a 
calibration before taking field measurements.

YSI Confidence Solution can be used to check the accuracy and calibration of the conductivity, pH 
and ORP sensors. However, to maintain the highest accuracy of the instrument, it should not be 
used to perform a calibration.

Re s e t t i n g  a  S e n s o r  t o  Fa c t o r y  D e f a u l t

Occasionally, it may be necessary to reset the instrument to its factory calibration default values. 
To reset the calibration values, press the Cal key, highlight Restore Default Cal and press Enter. 
Highlight the parameter you wish to reset to default and press Enter. Next, you will be asked to 
confirm the operation. Highlight Yes and press Enter to confirm.
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Specifications 
 

Measurement Range 0.01 –1100 NTU/FNU 

Accuracy 

 

±2% of reading or 0.01 NTU (0-500 NTU) 

±3% of reading  (500-1100 NTU) 

Resolution 0.01 NTU  below 100.0 NTU,  

0.1 NTU for 100.0 NTU – 999.9 

1.0 NTU for 1000 to 1100 NTU 

Regulatory Compliance  MicroTPI  IR (860 nm) LED Compliant to ISO 7027 

MicroTPW  Tungsten Lamp Compliant to U.S. EPA 180.1 

Principle of Operation Nephelometry  

Response Time Less than 14 Seconds  

Display 4 digit 7 Segment Liquid Crystal Display with Special Icons 

Operating Temperature Range 0°C – 50°C (32°F – 122°F)  

Sample Temperature Range 0°C – 50°C (32°F – 122°F) 

Sample Size  10-15 mL 

Relative Humidity 0-90% Non Condensing 

Power Supply 4 – AAA Batteries  

Battery  life is approx.5000 readings with standard alkaline batteries 

Certification CE 

Insulation Rating Pollution Degree 2 

Approximate Dimensions  Instrument: 7 cm x 16.5 cm x 4.8 cm (2 ¾” x 6 ½” x 1 7/8”) 

Instrument in Minilab Case: 25 cm x 21.6 cm x 6.3 cm                       
(10” x 8 1/2” x 2 1/2”) 

Enclosure Rating: 

 

NEMA 4X 

Designed to meet the specifications of IP67 

Shipping Weight: 1.22 kg (2.70 lbs) 

Shipping Dimensions:  28 cm x 30.5 cm x 7.6 cm (11” x 12” x 3”) 

Warranty 1 Year from date of shipment 
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1.0 Overview 

The MicroTPI/TPW allows for the measurement of turbidity in the field.  The MicroTPI 
was designed to meet the design criteria specified in ISO 7027 and DIN 27027 for the 
measurement of the turbidity of a sample. The MicroTPW was designed to meet the 
criteria specified in USEPA 180.1 on turbidity measurement. 

1.1 Unpacking and Inspection of the Instrument and Accessories 
The table below indicates items included in the turbidimeter shipment. 

Item Quantity 

Field Portable Turbidimeter with 4 AAA batteries installed 1 

Instruction Card 1 

Instruction Manual 1 

Instrument Carrying Case 1 

Calibration Set (0.02, 10.0 , 1000 NTU Standards) 1 

Empty Cuvettes & Kimwipes® 2 

Remove the instrument from the packing carton. Carefully inspect all items to ensure that 
no visible damage has occurred during shipment. If the items received do not match the 
order, please immediately contact the local distributor or the HF scientific, inc. Customer 
Service department. 

Warning: Extra care should be taken when unpacking, opening, and handling the 
calibration standards and sample cuvettes in the Accessory Kit; surface 
scratches or finger smudges on the cuvette surface may cause measurement 
errors.  Handle these items by the cap of the cuvette only. 

Note:  The instrument is shipped with the batteries installed.   
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Figure 1 is a depiction of the top of the instrument.  The three main components of the 
instrument are the sample well, the display, and the touch pad.  The following sections 
will describe the functionality of the display and the touch pad.  The proper use of the 
instrument and the sample well will be discussed in later sections. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Top view of the instrument (MicroTPW shown). 

1.2 The Display 
All of the items that can appear on the display are shown in Figure 2.  The display is used 
for reporting the turbidity levels and to provide user guidance in the calibration routine.  
In addition, the display also has other icons that are used to indicate when the instrument 
is in calibration mode & to indicate error cond itions and battery warnings.  

 
 

 

 

 

Figure 2 – Display used in the instrument. 
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1.3 The Touch Pad 
The touch pad has five buttons: ON/OFF, CAL, ↵, t, and u.  The ON/OFF button is 
used to turn the instrument on and off.  The CAL button is used to enter or exit 
calibration. The  ↵  button, when pressed and held can be used to index the current 
sample, when the button is released it starts a reading or calibration. The tand u 
buttons are used to change the calibration points. 
 

 
 
2.0 Safety 

This manual contains basic instructions for the operation, care and maintenance of the 
instrument.  The safety protection provided by this equipment may be impaired if it is 
used in a manner not described in this manual.  It is recommended that all operators 
should read this manual prio r to working with this instrument. 

In certain instances NOTES, or helpful hints, have been highlighted to give further 
clarification to the instructions.  Refer to the Table of Contents to easily find specific 
topics and to learn about unfamiliar terms. 
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3.0 Normal Operation 
This instrument allows for the measurement of the turbidity of a grab sample.  The 
turbidity is reported in Nephelometric Turbidity Units (NTU) and Formazin 
Nephelometric Units (FNU). Readings above 1100 NTU are outside the range of this 
instrument. 

Note: Nephelometric turbidity units (NTU’s) are numerically equivalent to Formazin 
nephelometric units (FNU’s) (See Glossary). 

Below are some typical screens and a description of when you should see them. 

When turning on the instrument or after a calibration, this screen indicates that the 
instrument is ready to read: 

 

 

 

 

 

The instrument will display moving dashes on the screen for 6-7 seconds prior to 
displaying a value. This will occur prior to taking a reading & prior to indexing. No 
keypad presses will operate during this time. 

 
 

 

 

 

After taking a reading, a typical display: 

 

 

 

 

 

If the sample that is being measured has a turbidity that is higher than that which the 
instrument can measure, the instrument will indicate this as an over-range condition by 
flashing 1100: 
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3.1 Routine Measurement 
Turn on the instrument by pressing the ON/OFF button for 1 second. 
The following are the recommended steps to take a reading: 
 
1. Sample approximately 100 mL of the process. 
 
2. Obtain a clean and dry sample cuvette. 
  
3. Rinse the cuvette with approximately 10 mL of the sample water (2/3 of cuvette 

volume), capping the cuvette with the black light shield (cuvette top) and inverting 
several times.  Discard the used sample and repeat the rinsing procedure two more 
times.  

  
4. Completely fill the rinsed cuvette (from step 3) with the remaining portion 

(approximately 15 mL) of the grab sample and then cap the cuvette with the supplied 
cap.  Ensure that the outside of the cuvette is dry, clean and free from smudges

1
 

 
5. Place the cuvette into the instrument and press it down until it snaps fully into the 

sample well.  Index the cuvette by pressing and holding down the ↵  button while 
rotating the cuvette to identify the lowest reading (the displayed turbidity is 
continuously updated on the display).  Once the cuvette is indexed, release the ↵  
button to display the measured turbidity (see Glossary for more information on 
indexing a cuvette). 

 
6. Repeat steps 1 through 5 for all samples. 
 

Warning:  NEVER pour liquid directly into the sample well of the instrument always use a 
cuvette.  The instrument will only accurately measure the turbidity of a sample 
when cuvettes sealed with the black cap are used. The black cap serves as both 
seal and a light shield.  

 

Notes:  1. The instrument will turn off after approximately 5 minutes if no buttons are 
pressed.  

 2. To minimize drift, indexing is allowed for only a short period of time. After 
this period the calibration or reading of the sample is automatically initiated. 

 3. The value displayed during indexing is for the purpose indexing only. The 
final reading may vary from the indexing value. 

  

                                                 
1 Any typical glass cleaner can be used along with a lint free cloth, or tissue (Kimwipes®), to clean the outside of 

the cuvette. 
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4.0 Instrument Calibration 
The instrument was calibrated and tested prior to leaving the factory.  Therefore, it is 
possible to use the instrument directly out of the box. However, re-calibration of the 
instrument is recommended to help with familiarization and the operation of the 
instrument and the calibration procedures.  In addition, re-calibration is recommended at 
least once every three months. 

The instrument requires three (3) standards to be fully calibrated.   

During calibration, the instrument performs several system self-diagnostics.  As such, 
several warning messages may be displayed.  If the instrument detects an irregularity 
(detectors or lamp) a warning message will be displayed.  If this occurs please attempt to 
rectify the problem, or contact the authorized technical services department (see section 
6.4).  In any event, the instrument will continue to read the turbidity with a decreased 
accuracy until the error is rectified. 

4.1  Calibration Standards  
We recommend the following materials during calibration to achieve the accuracy stated 
in this manual: 

1. 1000 NTU  Calibration Standard available from HF scientific inc.  
2. 10.0 NTU  Calibration Standard available from HF scientific inc.  
3. 0.02 NTU  Calibration Standard available from HF scientific inc.  

It is well known that diluted Formazin is unstable.  If Formazin is used to calibrate the 
instrument, ensure that a fresh stock suspension of Formazin is used to achieve the 
accuracy quoted for the instrument.  A Formazin Stock Solution Kit is available.  
calibration standards are more stable than Formazin and have a limited shelf life of 1 
year. If  calibration standards are used to calibrate the instrument, review the 
expiration date to ensure that the standards have not expired.  calibration 
standards are a US EPA approved alternative standard to Formazin. 

4.2  Indexing the Calibration Standards  
The United States Environmental Protection Agency (US EPA) recommends that 
cuvettes used for instrument calibration or sample measurement be indexed.  To comply 
with this recommendation, each calibration standard is supplied with an indexing ring 
and each instrument has a reference point for quick and repeatable indexing of the 
calibration standard.  To index a calibration standard perform the following steps: 

1.  While holding down the ↵  button, slowly rotate the calibration standard one 
complete revolution (360°) pausing between increments to allow the display to 
update. 

2. While rotating the standard, observe the turbidity reading and locate the cuvette 
position with the lowest turbidity reading. 

3. With the calibration standard positioned at the location having the lowest turbidity 
reading, install the Indexing Ring over the black light shield on the standard so that 
the pointer of the Ring aligns with the reference arrow on the instrument. 
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4.3  Calibration Procedures 
The following procedure is recommended to perform a full range calibration. Ensure that 
the calibration standards have been indexed prior to proceeding. 
  
1. Select the calibration function of the instrument by pressing the CAL button once.  

The “CAL” icon will be illuminated on the display with “1000” flashing indicating 
the standard required for this step of the calibration.   

 
 
 
 
 
 

2. Insert the 1000 NTU standard into the sample well and press down until the cuvette 
snaps fully into the instrument.  Align the indexing ring with the arrow on the 
instrument (see section 4.2 if the standard is not already indexed).  

3. Press and hold the  ↵ button while making fine adjustments to the indexing. Release 
the button to initiate the calibration. The display will now show a 30 second count 
down.  

 
4. When the instrument has completed the calibration on the 1000 NTU, it will briefly 

display 1000 to indicate that it was calibrated and then prompts for the 10 NTU 
standard with a flashing “10.0”.  

 

 

 

 

5. Insert the 10.0 NTU standard into the sample well and press down until the cuvette 
snaps fully into the instrument.  Align the indexing ring with the arrow on the 
instrument (see section 4.2 if the standard is not already indexed). 

6. Press and hold the  ↵ button while making fine adjustments to the indexing. Release 
the button to initiate the calibration. The display will now show a 60 second count 
down. 

  
7. When the instrument has completed calibration on the 10.0 NTU, it will briefly 

display 10.0 to indicate that it was calibrated and then prompts for the 0.02 NTU 
standard with a flashing “0.02”. 
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8. Insert the 0.02 NTU standard into the sample well and press down until the cuvette 
snaps fully into the instrument.  Align the indexing ring with the arrow on the 
instrument (see section 4.2 if the standard is not already indexed).   

 
9. Press and hold the  ↵ button while making fine adjustments to the indexing. Release 

the button to initiate the calibration. The display will now show a 30 second count 
down 

 
10. When the instrument has completed the calibration on the 0.02 NTU standard, the 

instrument returns to the read mode and is ready to read. 

 

 

 

 

 

Notes :  1. Exiting the calibration mode may be done at the end of any step by pressing 
the CAL button. The instrument will store any of the values calibrated prior to 
exiting. 

2. Any of the three calibration points (1000 NTU, 10 NTU & 0.02 NTU) can be 
selected for individual calibration by using the ?  &? buttons.  

3. The required calibration values are set in software and can not be changed. 
 

4.4 Calibration Error 
If the screen shown below is displayed after calibration, the internal diagnostics have  
determined that the calibration standards were bad or that they were inserted in the wrong 
order. Either check the standards and recalibrate or restore the factory calibration as 
mentioned below.   
 
 
 
 
 
 
 
4.5 Restore Factory Calibration 
If the above display appears and it can not be corrected by recalibration, the operator can 
restore the factory calibration. Please note that the instrument may operate with reduced 
accuracy until a new calibration can be performed.  
Push and hold the ? button. Now push and release the ↵  button then release the 
? button. The instrument will turn itself off when completed. When the instrument is 
turned on again the error screen will be gone. 
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5.0  Routine Maintenance 
If the instrument is not kept in the supplied carrying case, when not in use, ensure that the 
instrument has been turned off and that a clean sample cuvette fitted with a black cap has 
been placed in the sample well.  This will ensure that a minimal amount of dust and/or 
debris will be able to settle on the optics of the instrument 

5.1 Cuvette Cleaning and Care  
Proper measurement of the turbidity of a sample requires the use of a cuvette that is free 
of marks, smudges, scratches and any bacterial growth.  Cleaning the cuvette is 
accomplished by washing the interior and exterior of the cuvette in a detergent solution.  
Once cleaned, the cuvette should be rinsed thoroughly 8 to 10 times with clean distilled 
water to eliminate the possibility of detergent buildup and streaking.  Cleaned and dried 
cuvettes should be stored with the black caps on.  During normal operation any typical 
glass cleaner along with a lint free cloth or tissue (Kimwipes®), may be used to clean the 
outside of the cuvettes.   

Condensation may appear on the cuvette when a sample is very cold and the relative 
humidity is high.  When this happens, the turbidity displayed may be higher than the 
actual turbidity due to the light scattered by the condensate on the cuvette.  To alleviate 
the problem, either coat the cuvette with an anti- fogging agent, or by running warm water 
over the cuvette for a short period of time to warm the sample prior to measurement. 
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5.2 Battery Replacement 
The instrument will periodically require new batteries to function properly.  This will be 
indicated with a battery icon on the display. To replace the batteries: 
1. Turn the instrument off and place it upside down on a soft surface. 
2. Remove the two screws (A) securing the battery cover (B).  Lift cover off. 
3. Remove the old batteries.  Place four new AAA batteries (C) into the battery 

compartment (ensuring the correct polarity). 
4. Replace the battery cover and fasten the two screws carefully to ensure a watertight 

seal. 
5. Dispose of used batteries in accordance with all federal, state and local regulations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
            
 
 
 
 
 
 
  Figure 3: Detailed view of the battery compartment 
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6.0 Troubleshooting 
The instrument routinely performs self-diagnostics, and will automatically generate 
messages to provide specific diagnostic information.   

6.1 System Warning Messages 
Automatic warning messages are generated to provide specific diagnostic information 
about the instrument.  These messages are for the operator’s use and do not indicate a 
reduction in the performance of the instrument or a failure of any component in the 
instrument.  

6.2  Battery Low Indicator 
There are two battery warning levels. A flashing battery icon on the display indicates that 
the batteries need to be replaced, but the readings displayed are still accurate. This is a 
warning that the batteries are low. 

 

 

 

 

 

A solid battery icon on the display indicates that power level is too low and the readings may be 
out of specification. Under this condition, the batteries should be replaced as soon as possible to 
ensure that the instrument will continue to function properly.  If the batteries get too low to 
perform, the instrument will turn off & the instrument may not turn on until the batteries have 
been replaced.  See section 6.2 for more information 
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6.3 System Error Messages 
Normally, the cause of an error message is external to the instrument.  If an error is 
identified the instrument will turn on the error icon (ERR) . 

The following table lists the error messages and their associated meanings: 

ERROR SOLUTION 

Err Icon on Internal Error contact HF scientific 
Technical Service Dept. 

Err Icon on 

Display reads CAL 

Bad standards or standards in wrong 
order see section 4.4 for more 
information 

 
 

6.4 Technical and Customer Assistance 
If assistance is needed regarding this instrument please contact the HF scientific, inc. 
Technical Service Department. 

HF scientific, inc. 
3170 Metro Parkway 

Fort Myers, Florida 33916-7597 
Phone: (239) 337-2116 
Fax: (239) 332-7643 

Email: info@hfscientific.com 
Website: www.hfscientific.com
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7.0 Accessories and Replacement Parts List 

The items shown below are recommended accessories and replacement parts for the 
instrument. 

Accessory Catalog Number 

 Calibration Set for normal operation (includes 0.02 
NTU, 10.0 NTU and 1000 NTU Standards). 

19845 

Turbidity Free Water, 4 Liters (1gal.) 70908 

Formazin Stock Solution, 4000 NTU, 500 mL 70914 

Operators Manual 24378 

Formazin Stock Solution Kit 50040 

Sample Cuvettes – 3 pack 19856 

Rechargeable Battery Kit 19859 

 
To order any accessory or replacement part, please contact the HF scientific, inc. 
Customer Service Department. See section 6.4 for contact information. 
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8.0 Warranty 
The manufacturer warrants to the original purchaser of this instrument that it will be free 
of defects in material and workmanship, in normal use and service, for a period of one 
year from date of delivery to the original purchaser. The manufacturer’s obligation under 
this warranty is limited to replacing, at its factory, the instrument or any part thereof.  
Parts, which by their nature are normally required to be replaced periodically, consistent 
with normal maintenance, specifically lamps including fluorescent backlight, reagent, 
desiccant, sensors, electrodes and fuses are excluded.  Also excluded are accessories and 
supply type items. 

Original purchaser is responsible for return of the instruments, or parts thereof, to the 
manufacturer’s factory.  This includes all freight charges incurred in shipping to and from 
the manufacturer’s factory. 

The manufacturer is not responsible for damage to the instrument, or parts thereof, 
resulting from misuse, negligence or accident, or defects resulting from repairs, 
alterations or installation made by any person or company not authorized by the 
manufacturer. 

The manufacturer assumes no liability for consequential damage of any kind, and the 
original purchaser, by placement of any order for the instrument, or parts thereof, shall be 
deemed liable for any and all damages incurred by the use or misuse of the instruments, 
or parts thereof, by the purchaser, its employees, or others, following receipt thereof. 

Carefully inspect this product for shipping damage, if damaged, immediately notify the 
shipping company and arrange an on-site inspection. The manufacturer cannot be 
responsible for damage in shipment and cannot assist with claims without an on-site 
inspection of the damage. 

This warranty is given expressly and in lieu of all other warranties, expressed or implied.  
Purchaser agrees that there is no warranty on merchantability and that there are no other 
warranties, expressed or implied.  No agent is authorized to assume for the manufacturer 
any liability except as set forth above. 

8.1 Waterproof Seal 
Opening the main instrument enclosure (excluding the battery compartment) may void 
the warranty. 
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Glossary 
 
Formazin Nephelometric Units (FNU): Equivalent in value to Nephelometric Turbidity Units 

(NTU) 
 
Formazin Turbidity Units (FTU): Equivalent in value to Nephelometric Turbidity Units (NTU) 
 
Indexing a Cuvette: The United States Environmental Protection Agency (US EPA) 
recommends that cuvettes, used for turbidimeter calibration or sample measurement, be indexed.  
To index a cuvette with a sample in it, slowly rotate the cuvette throughout one complete 
revolution (360°).  While rotating the sample cuvette, observe the display and locate the position 
that the cuvette is in, which provides the lowest turbidity reading.  This position is the indexed 
position of the cuvette. 
 
Nephelometric Turbidity Units (NTU): Unit of measure used when relating the light scattered by 
a liquid media to the light scattered by a known concentration of Formazin Polymer.  This unit of 
measure is recognized as a measure of the optical clarity of an aqueous sample.  NTU is the 
accepted unit of measurement for turbidity. 
 
Turbidity: 1) A measure of the attenuation of a radiant flux as it passes through a liquid media.  

2) Optical clarity of a liquid. 
3) A phenomena caused by the presence of undissolved matter in a liquid media. 
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Specifications
Specifications are subject to change without notice.

Specification Details

Measurement mode Transmittance (%), Absorbance (Abs) and
Concentration (Conc)

Dimensions (W x D x H) 23.6 x 8.7 x 4.7 cm (9.3 x 3.4 x 1.9 in.)

Enclosure rating IP67 

Weight 0.6 kg (1.3 Ib)

Power requirements (internal) AA Alkaline batteries (4x)

Battery life 6 months (typical) at 5 readings a day/5 day
week without the backlight

Interface USB mini

Operating temperature 0 to 50 °C (32 to 122 °F), maximum 90% relative
humidity non-condensing

Storage temperature –30 to 60 °C (–22 to 140 °F), maximum 90%
relative humidity non-condensing

Lamp source Light emitting diode (LED)

Detector Silicon photodiode

Specification Details

Wavelength range 420, 520, 560, 610 nm

Photometric measuring range 0–2 Abs

Wavelength accuracy ±1 nm

Photometric accuracy ±0.005 Abs at 1.0 Abs nominal

Photometric linearity ±0.002 Abs (0–1 Abs)

Wavelength selection Automatic, based on the method selection

Photometric repeatability ±0.002 Abs (0–1 Abs)

Data readout Graphical display, 240 x 160 pixel (backlit)

Sample cells 16 mm, 1 cm/10 mL, 1-inch (25 mm) round

Protection class Class III

Certifications CE certified

Warranty 1 year

General information
In no event will the manufacturer be liable for direct, indirect, special,
incidental or consequential damages resulting from any defect or
omission in this manual. The manufacturer reserves the right to make
changes in this manual and the products it describes at any time, without
notice or obligation. Revised editions are found on the manufacturer’s
website.

Safety information
N O T I C E 

The manufacturer is not responsible for any damages due to misapplication or
misuse of this product including, without limitation, direct, incidental and
consequential damages, and disclaims such damages to the full extent permitted
under applicable law. The user is solely responsible to identify critical application
risks and install appropriate mechanisms to protect processes during a possible
equipment malfunction.
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Please read this entire manual before unpacking, setting up or operating
this equipment. Pay attention to all danger and caution statements.
Failure to do so could result in serious injury to the operator or damage
to the equipment.
Make sure that the protection provided by this equipment is not impaired.
Do not use or install this equipment in any manner other than that
specified in this manual.

Use of hazard information

D A N G E R 
Indicates a potentially or imminently hazardous situation which, if not avoided, will
result in death or serious injury.

W A R N I N G 
Indicates a potentially or imminently hazardous situation which, if not avoided,
could result in death or serious injury.

C A U T I O N 
Indicates a potentially hazardous situation that may result in minor or moderate
injury.

N O T I C E 
Indicates a situation which, if not avoided, may cause damage to the instrument.
Information that requires special emphasis.

Precautionary labels
Read all labels and tags attached to the instrument. Personal injury or
damage to the instrument could occur if not observed. A symbol on the
instrument is referenced in the manual with a precautionary statement.

This symbol, if noted on the instrument, references the instruction
manual for operation and/or safety information.

This symbol indicates that a risk of explosion is present.

This symbol indicates that a risk of fire is present.

This symbol identifies a risk of chemical harm and indicates that only
individuals qualified and trained to work with chemicals should handle
chemicals or perform maintenance on chemical delivery systems
associated with the equipment.

This symbol indicates the need for protective eye wear.

Electrical equipment marked with this symbol may not be disposed of
in European public disposal systems after 12 August of 2005. In
conformity with European local and national regulations (EU Directive
2002/96/EC), European electrical equipment users must now return
old or end-of-life equipment to the Producer for disposal at no charge
to the user.
Note: For return for recycling, please contact the equipment producer or supplier
for instructions on how to return end-of-life equipment, producer-supplied
electrical accessories, and all auxiliary items for proper disposal.

Certification
Canadian Radio Interference-Causing Equipment Regulation,
IECS-003, Class A:
Supporting test records reside with the manufacturer.
This Class A digital apparatus meets all requirements of the Canadian
Interference-Causing Equipment Regulations.
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC Part 15, Class "A" Limits
Supporting test records reside with the manufacturer. The device
complies with Part 15 of the FCC Rules. Operation is subject to the
following conditions:
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1. The equipment may not cause harmful interference.
2. The equipment must accept any interference received, including

interference that may cause undesired operation.

Changes or modifications to this equipment not expressly approved by
the party responsible for compliance could void the user's authority to
operate the equipment. This equipment has been tested and found to
comply with the limits for a Class A digital device, pursuant to Part 15 of
the FCC rules. These limits are designed to provide reasonable
protection against harmful interference when the equipment is operated
in a commercial environment. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful interference
to radio communications. Operation of this equipment in a residential
area is likely to cause harmful interference, in which case the user will be
required to correct the interference at their expense. The following
techniques can be used to reduce interference problems:

1. Disconnect the equipment from its power source to verify that it is or
is not the source of the interference.

2. If the equipment is connected to the same outlet as the device
experiencing interference, connect the equipment to a different
outlet.

3. Move the equipment away from the device receiving the interference.
4. Reposition the receiving antenna for the device receiving the

interference.
5. Try combinations of the above.

Product overview
The DR 900 is a portable, LED-sourced colorimeter that measures at
wavelengths of 420, 520, 560 and 610 nm. The instrument is used to
measure various parameters in drinking water, wastewater and industrial
applications. The instrument comes with a complete set of stored
programs (pre-installed methods) and the availability of user program
storage and favorite program selection. Refer to Figure 1.

Figure 1  Instrument overview

1   USB port 4   Vent

2   Instrument cap 5   Battery compartment

3   Cell compartment 6   Power key

Product components
Make sure that all components have been received. Refer to Figure 2. If
any items are missing or damaged, contact the instrument supplier or a
sales representative immediately.
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Figure 2  Product components

1   DR 900 4   Glass sample cell, 1-inch (25 mm)
round, 10, 20, 25-mL marks (2x)

2   USB cable with mini-USB connector 5   Sample cell, 1 cm/10 mL (2x)

3   AA alkaline batteries (4x) 6   Sample cell adapter

Installation
W A R N I N G 

Multiple hazards. Only qualified personnel must conduct the tasks
described in this section of the document.

N O T I C E 
Make sure not to cause a blockage of the instrument battery vent during use or
storage.

Install the batteries

W A R N I N G 
Explosion hazard. Incorrect battery installation can cause the release
of explosive gases. Be sure that the batteries are of the same
approved chemical type and are inserted in the correct orientation. Do
not mix new and used batteries.

W A R N I N G 
Fire hazard. Battery substitution is not permitted. Use only alkaline
batteries.

N O T I C E 
Make sure to tighten the screws to 1–1.4 N·m (9–12 in.·lb) for a correct seal fit
and to maintain the enclosure environmental rating.

The instrument is powered with four AA alkaline batteries. Make sure
that the batteries are installed in the correct orientation. Refer to Figure 3
for the battery installation.

Figure 3  Battery installation
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Install the sample cell and cell adapter
The instrument has one cell compartment which can use one adapter for
different sample cell types. Make sure to install the sample cell in the
correct orientation and in a consistent orientation so that the results are
more repeatable and precise. Refer to Figure 4. Close the instrument
cap before the instrument zero is set or a measurement is made to
prevent light interferences. Refer to Figure 5.

Figure 4  Sample cell orientation

1   1-cm/10-mL plastic sample cell 4   Orientation mark

2   1-inch (25 mm) glass sample cell 5   Orientation position (clockwise)

3   16-mm glass test vial 6   Sample cell adapter
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Figure 5  Sample cell and instrument cap installation

User interface and navigation

Keypad description
Refer to Figure 6 for the keypad description and navigation information.

Figure 6  Keypad description

1   BACKLIGHT: set the display
illumination to on or off

4   RIGHT selection key (contextual):
read sample, selects or confirms
options, opens sub-menus

2   SETTINGS: setup options1 5   Navigation keys UP, DOWN,
RIGHT, LEFT: scroll through
menus, enter numbers and letters2

3   LEFT selection key (contextual):
access for options, cancels or exits
the current menu screen to the
previous one

6   HOME/Options: go to the main
reading screen1, select program,
data management

1 While in an edit mode, the key does not operate.
2 When an UP or DOWN key is held, it scrolls fast. When a LEFT or RIGHT key

is pushed, it scrolls by page.

Display description
The reading screen shows the selected mode, unit, date and time,
operator ID and sample ID. Refer to Figure 7.
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Figure 7  Single screen display

1   Program name and number 7   Time and date

2   Reading value, unit, chemical form,
under "---" or over measuring range
"+++"

8   Read (contextual: done, select,
start, ok)

3   Standard adjust icon 9   Zero (contextual: navigation key UP
arrow)

4   Battery status 10   Options (contextual: back, cancel)

5   Reagent blank icon 11   Operator identification

6   Timer 12   Sample identification

Navigation
The instrument contains menus to change various options. Use the
navigation keys (UP, DOWN, RIGHT and LEFT arrows) to highlight
different options. Push the RIGHT selection key to select an option.
Enter an option value with the navigation keys. Push the navigation keys
(UP, DOWN, RIGHT and LEFT arrows) to enter or change a value. Push
the RIGHT arrow to advance to the next space. Push the RIGHT

selection key under Done to accept the value. Push the LEFT selection
key to exit the current menu screen to the previous one.

Startup

Set the instrument to on or off
Push the POWER key to set the instrument to on or off. If the instrument
does not power on, make sure that the batteries are correctly installed.

Set the language
There are two options to set the language:

• Set the display language when the instrument is set to on for the first
time.

• Set the language from the SETTINGS menu.

1. Push SETTINGS>Setup>Language.
2. Select a language from the list.

Set the date and time
There are two options to set the date and time:

• Set the date and time when the instrument is set to on for the first
time.

• Set the date and time from the Date & Time menu.

1. Push SETTINGS>Setup>Date & Time.
2. Push Date Format and select a format for the date and time.
3. Push Date & Time.
4. Use the navigation keys to enter the current date and time, then push

Done.
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Standard operation

Program list
The instrument is delivered with a complete series of application
programs. Refer to Table 1 for the program descriptions.

Table 1  Program options

Program option Description

Stored programs Stored programs are factory-installed, pre-programmed
methods. Refer to Select a stored program on page 10.

User programs Methods can be developed and can be saved as a user
program.1 Refer to User programs on page 12.

Favorites Methods which are often used can be saved in the favorite
list.1

1 A maximum of ten methods (user programs and/or favorites) can be saved.

Select a stored program

1. Push HOME>Options>All Programs.
2. Select the applicable method and push Start.
3. Select Options>Add to Favorites to add the selected method to

favorites for faster access.

Select basic program options
When a program is selected, additional parameter options are available.

1. Push Options to access the option menu.

2. Select the applicable options.

Option Description

Start Timer Select a pre-set timer or set a manual timer to make
sure that the steps of an analysis are correctly timed
(e.g., reaction times or wait times can be exactly
specified). When the timer is on, the timer icon is shown
on the display. The instrument makes an audible sound
when the time is over. Pre-set timer—Select the
applicable pre-set timer for one or more stored
procedure steps and push Start. Timer Manual—Enter
the applicable time with the navigation keys and push
Done. Default = 00:00

Favorites/User
Programs

Select from the stored favorites or user programs list.
Refer to Select a favorite or a user program
on page 12 for more information.

All Programs Select a pre-programmed method from the list.

Data Log Show all saved readings. Refer to Data log
on page 12 for more information.

Add to Favorites Save stored programs and user programs methods
which are often used in the favorites list. Refer to Add a
program to favorites on page 12.

%T/Abs/Conc Switch to % transmittance, absorbance or concentration
readings. Transmittance reading (%)—Reads the
percent of the original light that passes through the
sample and reaches the detector. Absorbance
readings—The light absorbed by the sample is read in
absorbance units. Concentration readings—The
measured absorbance values are converted into
concentration values with the program-specific stored
equation.

Advanced
Options

Use the advanced options to specify more parameters.
Refer to Select advanced program options
on page 11.

Save Save the last reading manually when the auto save
option is set to Off.
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Select advanced program options
Every program has various additional advanced options from which to
select.

1. Push Options to access Options>Advanced Options.
2. Use the advanced options to specify more parameters.

Option Description

Auto Save Toggle between On and Off. Every reading is automatically
saved when the option is set to On. The reading can be
saved manually when the option is set to Off.

Chemical
Form

Select the alternate chemical form and the associated
measuring range on some factory-installed methods.

Reagent
Blank

The Reagent Blank correction can be used with some of the
factory-installed methods. Enter the result of a completed
test using deionized water as the sample. The blank value is
subtracted from every result to correct for any background
color due to reagents. Enter the blank correction before the
Standard Adjust option is used. Complete this correction for
each new lot of test reagents.

Standard
Adjust

Change stored calibration. Complete a test on a known
standard at a concentration near the top of the test range.
Use this function to adjust the result to align the standard
concentration.

Sort Program Select an alphabetical or numerical program order for the
stored program list.

Use an operator ID
The operator ID tag associates readings with an individual operator. All
stored data will include this ID.

1. Push SETTINGS>Operator ID in the reading screen.
2. Select, create or delete an operator ID:

Option Description

Current ID Select an ID from a list. The current ID will be associated
with the sample data until a different ID is selected.

Option Description

Create New ID Enter a name for a new operator ID. A maximum of
10 names can be entered.

Delete ID Erase an existing operator ID.

Use a sample ID
The sample ID tag is used to associate readings with a particular sample
or with a location. If assigned, stored data will include this ID.

1. Push SETTINGS>Sample ID in the reading screen.
2. Select, create or delete an operator ID:

Option Description

Current ID Select an ID from a list. The current ID will be associated
with the sample data until a different ID is selected.

Create New ID Enter a name for a new sample ID. A maximum of
10 names can be entered. The samples are numbered in
sequence for each measurement until a different ID is
selected (e.g., Pond 1, Pond 2).

Delete ID Erase an existing sample ID.

How to do a measurement
Basic measurement steps are necessary to complete a measurement.
Every method has a step-by-step procedure. Refer to the applicable
method to run a specific test. The example that follows is a basic
procedure to complete a measurement.

1. Select the applicable program from the programs menu (e.g., Stored
Programs, User Programs, Favorites).

2. Install the cell adapter, if necessary.
3. Push Start to start the program.
4. Prepare the blank according to the method document. Close the

sample cell and clean the optical faces of the sample cell with a lint-
free cloth.
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5. Insert the blank sample cell into the cell compartment. Make sure to
install the blank sample cell in the correct and in a consistent
orientation so that the results are more repeatable and precise. Refer
to Figure 4 on page 7.

6. Close the instrument cap to prevent light interferences. Refer to 
Figure 5 on page 8.

7. Push Zero. The display shows a concentration of zero (e.g., mg/L,
ABS, µg/L).

8. Prepare the sample. Add reagents as specified by the method
document.

9. Select Options>Start Timer to use the stored timers within the
program.

10. Close the sample cell and clean the optical surfaces of the cell with a
lint-free cloth

11. Insert the sample into the cell compartment. Make sure to install the
sample cell in the correct and in a consistent orientation so that the
results are more repeatable and precise. Refer to Figure 4
on page 7.

12. Close the instrument cap to prevent light interferences. Refer to 
Figure 5 on page 8.

13. Push Read. The display shows the results in the selected units.
Note: The display shows "+++" or "---" if the measured absorbance is less or
more than the calibration range of the test.

Data log
The data log shows all saved readings. Push HOME>Options>Data
Log to see the readings. Refer to Export the data log on page 15 for
information about the data log export.

Advanced operation

Select a favorite or a user program
The favorite and user programs database is empty when the instrument
is started for the first time. A method can be saved in the favorites for
faster access. A user program can be programmed for specific needs.

1. Push HOME>Options>Favorites/User Programs>Select.
2. Push New Program to make a new user program. Refer to User

programs on page 12.

Add a program to favorites
Stored programs and user programs methods which are often used can
be saved in the favorites list.

1. Select HOME>Options>All Programs.
2. Select the applicable method and push Start.
3. Select Options>Add to Favorites to add the selected method to

favorites.

User programs
The user programs database is empty when the instrument is started for
the first time. Use New Program to make new programs for specific
needs. To make a new user program, do the steps that follow.

1. Push HOME>Options>Favorites/User Programs>Select>New
Program.

2. Select an available program number from 1001 to 1010.
Note: A maximum of ten programs (user programs and/or favorites) can be
saved.

3. Enter a method name (up to 12 characters).
4. Select the wavelength: 420, 520, 560 or 610 nm.
5. Select the unit: None, µg/L, mg/L or g/L.

12   English



6. Select the resolution: 0000, 000.0, 00.00 or 0.000.
7. Add the calibration points: a minimum of 2 and a maximum of

12 calibration points.* Select Edit Std 1 and enter the first standard
concentration value. Push Done.
Note: A beep means that the concentration is a duplicate of a previously
entered standard or the concentration is too high for the selected resolution.
Enter a different value and continue.

8. Enter the absorbance value:

Option Description

Edit ABS Manual Use the navigation keys to enter the absorbance value
manually.

Edit ABS Auto 1. Put the blank into the cell holder and push Zero.
2. Put the prepared sample into the cell holder and

push Read.
3. Push Done.

Note: A beep means that the absorbance is a duplicate of a previously entered
standard or that it falls between two previous standards. Enter a different value
and continue.

9. Push Done.
10. Select Add Cal Point.
11. Enter additional calibration points as described in steps 7–9.
12. Select Save User Program.

Edit a user program
To edit a stored user program:

1. Select HOME>Favorites/User Programs.
2. Select the applicable program and push Options.
3. Push Edit.
4. Obey the screen prompts to edit the procedure.

Delete a user or a favorite program
Delete a stored user or favorite program if the program is not used
anymore.

1. Select HOME>Options>Favorites/User Programs.
2. Highlight the applicable program and push Options>Delete and

obey the screen prompts.

Instrument information
The instrument information menu shows specific information such as the
instrument name, serial number, software version, database version,
memory used and program availability. Push
SETTINGS>Setup>Instrument Information.

Set the password
The password settings options are used to prevent access to restricted
menus.
Note: If the specified password is forgotten and Security Options is set to on, the
operator is locked out of the restricted menus. Contact technical support if the
password is forgotten.

1. Push SETTINGS>Setup>Password Settings.
2. Select an option.

Option Description

Password
Settings

Select On or Off to set the password protection to on or
off.

Protected Items Shows the list of protected items: edit operator ID, edit
sample ID, edit user programs, date & time, upgrade
firmware, upgrade methods, language and edit favorites
list.

* If the curve is known to be linear, only two concentration data points (e.g., a standard with zero absorbance and another known standard) are
necessary. Use additional data points to confirm linearity or define a nonlinear curve.
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Set the display and sound
Use the display options to change the display contrast, the battery auto-
shutoff options or the backlight option. Use the sound options for an
audible sound when a key is pushed or a reading is complete.

1. Push SETTINGS>Setup>Display & Sound>Display Options.
2. Select an option.

Option Description

Contrast Adjust the display contrast. The lightest setting is 0 and the
darkest setting is 9. Default: 5

Auto-Shutoff To maximize battery life, set a time period after which the
instrument will automatically set the power to off if no key is
pushed (5, 10, 15, 20, 30 minutes, 1 hour, 2 hours or
Disable). Default: 10 minutes

Backlight The display backlight is set to on when BACKLIGHT is
pushed. Set a time period after which the backlight will
automatically power off if no key is pushed (10, 20,
30 seconds, 1, 2, 5, 10 minutes or Disable). Default: 1 minute

3. Push SETTINGS>Setup>Display & Sound>Sounds.
4. Select an option.

Option Description

Keystroke The instrument will make an audible sound whenever a
key is pushed. Default: off

Reading
Complete

The instrument will make an audible sound whenever a
reading is complete. Default: on

USB main menu
When the instrument is connected with a USB cable to a computer, the
USB Main Menu opens. Update the software, export or import programs
or export the data log and event log from the USB Main Menu.

Update the firmware
Find the firmware upgrade file on the product website or contact the
instrument supplier. Save the file from the website to the computer.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Update DR900.
The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy the file DR900.bin to the open folder.
4. Push Ok.
5. When the update is done, push Ok.
6. Select Disconnect USB, push Ok and disconnect the USB cable.
7. Push Ok.
8. Restart the instrument.

Manage programs
With the Manage Programs function, user programs can be exported
and/or imported and new factory programs can be imported.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Manage Programs and select an option:

Option Description

Export User
Programs

Export all user programs to the computer for storage
or to move the user programs to another DR 900.

Import User
Programs

Replace all user programs with the user programs
from another DR 900 via computer.

Import Factory
Programs

Import new factory programs from the manufacturer
website.

The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy the export file from drive to the computer or copy the import file
from the computer to the drive.

4. Push Ok.
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5. When the transfer is done, select Disconnect USB and disconnect
the USB cable.

6. Push Ok.

Export the data log
The event log and the data log can be exported to the computer. The
event log contains the date, time, event number, parameter and the
description of a configuration related action. Sample measurements are
stored manually or automatically in the data log. Refer to Select
advanced program options on page 11.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Export Datalog.
The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy and save the export files (DR900_DataLog.csv and
DR900_EventLog.csv) to the computer.

4. Push Ok.
5. When the files are copied to the computer, select Disconnect USB

and disconnect the USB cable.
6. Push Ok.

Maintenance
W A R N I N G 

Multiple hazards. Only qualified personnel must conduct the tasks
described in this section of the document.

Clean the instrument
Clean the exterior of the instrument with a moist cloth and a mild soap
solution and then wipe the instrument dry.

Clean the sample cells

C A U T I O N 

Chemical exposure hazard. Obey laboratory safety procedures and
wear all of the personal protective equipment appropriate to the
chemicals that are handled. Refer to the current safety data sheets
(MSDS/SDS) for safety protocols.

C A U T I O N 
Chemical exposure hazard. Dispose of chemicals and wastes in
accordance with local, regional and national regulations.

Most laboratory detergents are used at recommended concentrations.
Neutral detergents, such as Liquinox, are safer to use when regular
cleaning is necessary. To decrease the cleaning times, increase the
temperature or use an ultrasonic bath. To complete the cleaning, rinse a
few times with deionized water and then let the sample cell air dry.
Sample cells may also be cleaned with acid, followed by a thorough
rinse with deionized water.
Note: Always use acid to clean sample cells that were used for low-level metal
tests.

Special cleaning methods are necessary for individual procedures.
When a brush is used to clean sample cells, take extra care to avoid
scratches on the interior surfaces of the sample cells.

Replace the batteries

W A R N I N G 
Explosion hazard. Expired batteries can cause hydrogen gas buildup
inside the instrument. Replace the batteries before they expire and do
not store the instrument for long periods with the batteries installed.
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W A R N I N G 
Fire hazard. Battery substitution is not permitted. Use only alkaline
batteries.

N O T I C E 
Make sure to tighten the screws to 1–1.4 N·m (9–12 in.·lb) for a correct seal fit
and to maintain the enclosure environmental rating.

Refer to Install the batteries on page 6 for battery replacement.

Troubleshooting
Error
code

Possible cause Solution

1 Instrument is not configured. Contact technical support.

2 Could not read program data

3 Could not write program
data

4 Battery error Replace the batteries.

5 A/D error during a
measurement

Contact technical support.

6 Offset error during a
measurement

Make sure that the instrument cap is
correctly installed.

Error
code

Possible cause Solution

7 Low light error during a
measurement • Make sure that there is no light

path blockage.
• Zero is out of instrument range
• Contact technical support.

8 Over range error during a
measurement, a potential
light blockage or the
concentration is too high

• Make sure that there is no light
path blockage and that the
concentration is not too high for
the program.

• Make sure that the instrument cap
is correctly installed.

• Contact technical support.

Replacement parts and accessories
W A R N I N G 

Personal injury hazard. Use of non-approved parts may cause
personal injury, damage to the instrument or equipment malfunction.
The replacement parts in this section are approved by the
manufacturer.

Note: Product and Article numbers may vary for some selling regions. Contact the
appropriate distributor or refer to the company website for contact information.

Replacement parts

Description Item no.

Adapter assembly, COD 4846400

Battery set, AA alkaline batteries (4x) 1938004 

Sample cell with cap, 25 x 95 mm, 10-20-25 mL (6x) 2401906

Sample cell with cap, 1 cm/10 mL (2x) 4864302

USB cable LZV818 
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Accessories

Description Item no.

Cap, sample cell, for 25 x 95 mL cell 2401812 

Carrying case, hard-sided 4942500 

Carrying case, soft-sided with shoulder strap 2722000 

Carrying case, portable laboratory 4943000 

DR/Check™ absorbance standards 2763900

Instrument cap, DR 900 9390500
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Sulfide DOC316.53.01136

USEPA1 Methylene Blue Method2 Method 8131
5 to 800 µg/L S2– (spectrophotometers)
0.01 to 0.70 mg/L S2– (colorimeters)

Reagent Solution

Scope and application: For testing total sulfides, H2S, HS–, and certain metal sulfides in groundwater,
wastewater, brines and seawater.

1 USEPA approved for reporting wastewater analysis. Procedure is equivalent to Standard Method 4500-S2– D.
2 Adapted from Standard Methods for the Examination of Water and Wastewater.

Test preparation

Instrument-specific information
Table 1 shows all of the instruments that have the program for this test. The table also
shows sample cell and orientation requirements for reagent addition tests, such as
powder pillow or bulk reagent tests.
To use the table, select an instrument, then read across to find the applicable information
for this test.

Table 1  Instrument-specific information 

Instrument Sample cell orientation Sample cell

DR 6000 
DR 3800 
DR 2800 
DR 2700 
DR 1900 

The fill line is to the right. 2495402

DR 5000 
DR 3900 

The fill line is toward the user.

DR 900 The orientation mark is toward the user. 2401906

Before starting
Samples must be analyzed immediately after collection and cannot be preserved for later analysis.

Install the instrument cap on the DR 900 cell holder before ZERO or READ is pushed.

Some sulfide loss can occur if dilution is necessary.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used. Use the recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Refer to the Safety Data Sheets for disposal
information for unused reagents. Refer to the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.
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Items to collect

Description Quantity

Sulfide 1 Reagent 1–2 mL

Sulfide 2 Reagent 1–2 mL

Water, deionized 10–25 mL

Pipet, serological, 10-mL 1 

Pipet Filler, safety bulb 1 

Sample cells (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 2 

Stoppers 2 

Refer to Consumables and replacement items on page 5 for order information.

Sample collection
• Analyze the samples immediately. The samples cannot be preserved for later

analysis.
• Collect samples in clean glass or plastic bottles with tight-fitting caps. Completely fill

the bottle and immediately tighten the cap.
• Prevent agitation of the sample and exposure to air.

Reagent solution procedure

Start

1. Start program 690
Sulfide. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name can be different
between instruments, the
program number does not
change.

2. Prepare the blank: Fill a
sample cell with deionized
water. Use 10 mL for
spectrophotometers and
25 mL for colorimeters.

3. Prepare the sample:
Use a pipet to add sample
to a second sample cell.
Use 10 mL for
spectrophotometers and
25 mL for colorimeters.
Do not mix the sample more
than necessary to prevent
sulfide loss.

4. Add Sulfide 1 Reagent to
each sample cell. Use
0.5 mL for
spectrophotometers and
1.0 mL for colorimeters.
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5. Swirl to mix. 6. Add Sulfide 2 Reagent to
each sample cell. Use
0.5 mL for
spectrophotometers and
1.0 mL for colorimeters.

7. Close the sample cell.
Invert the sample cell to mix.
A pink color will develop
initially. If sulfide is present,
the solution becomes blue.

8. Start the instrument
timer. A five-minute reaction
time starts.

9. When the timer expires,
clean the blank sample cell.

10. Insert the blank into the
cell holder.

Zero

11. Push ZERO. The
display shows 0 µg/L or
0.00 mg/L S2–.

12. Clean the prepared
sample cell.

13. Insert the prepared
sample into the cell holder.

Read

14. Push READ. Results
show in µg/L or mg/L S2–.

Soluble sulfides
To measure soluble sulfides, use a centrifuge to separate the solids. To make an
estimate of the amount of insoluble sulfides in the sample, subtract the soluble sulfide
concentration from the total (with solids) sulfide concentration.

1. Fill a centrifuge tube completely with sample and immediately cap the tube.
2. Put the tube in a centrifuge and run the centrifuge to separate the solids.
3. Use the supernatant as the sample in the test procedure.
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Interferences
Interfering
substance

Interference level

Barium Concentrations more than 20 mg/L barium react with the sulfuric acid in Sulfide 1 Reagent and form a
BaSO4 (barite) precipitate. To correct for this interference:

1. Dilute the sample in the test procedure as follows:

• Spectrophotometers: use a 0.1-mL or 1.0-mL sample volume and add deionized water to the 10-
mL mark.

• Colorimeters: use a 0.25-mL or 2.5-mL sample volume and add deionized water to the 25-mL
mark.

2. Add both Sulfide 1 and Sulfide 2 reagents per the procedure steps.
3. After the 5-minute reaction period, pour the sample into a 50-mL beaker.
4. Pull the sample into a Luer-Lock syringe (10 cc for spectrophotometers or 60 cc for colorimeters).
5. Put a 0.45-μm filter disc on the Luer-Lock tip and filter the sample into a clean sample cell for

measurement. Use deionized water to prepare the blank.
6. Set the instrument zero and read the result, per the procedure steps.
7. Multiply by the appropriate dilution factor for the dilution used (10 or 100).

Strong reducing
substances such
as sulfite,
thiosulfate and
hydrosulfite

Prevent the full color development or reduce the blue color

Sulfide, high
levels

High concentrations of sulfide can inhibit the full color development. Use a diluted sample in the test
procedure. Some sulfide loss can occur when the sample is diluted.

Turbidity Pre-treat the sample to remove sulfide, then use the pre-treated sample as the blank in the test procedure.
Prepare a sulfide-free blank as follows:

1. Measure 25 mL of sample into a 50-mL Erlenmeyer flask.
2. Add 30-g/L Bromine Water by drops with constant swirling until a yellow color remains.
3. Add 30-g/L Phenol Solution by drops with constant swirling until the yellow color is removed.
4. Use this solution to replace the deionized water blank in the test procedure.

Method performance
The method performance data that follows was derived from laboratory tests that were
measured on a spectrophotometer during ideal test conditions. Users can get different
results under different test conditions.

Program Standard Precision (95% confidence interval) Sensitivity
Concentration change per 0.010 Abs change

690 520 µg/L S2– 504–536 µg/L S2– 5 µg/L S2–

Summary of method
Hydrogen sulfide and acid-soluble metal sulfides react with N,N-dimethyl-p-
phenylenediamine sulfate to form methylene blue. The intensity of the blue color is
proportional to the sulfide concentration. High sulfide levels in oil field waters may be
determined after proper dilution. The measurement wavelength is 665 nm for
spectrophotometers or 610 nm for colorimeters.

Pollution prevention and waste management
Reacted samples contain hexavalent chromium and must be disposed of as a hazardous
waste. Dispose of reacted solutions according to local, state and federal regulations.

4 Sulfide, Methylene Blue Method (800 µg/L)



Consumables and replacement items
Required reagents

Description Quantity/test Unit Item no.

Water, deionized varies 4 L 27256

Sulfide Reagent Set — — 2244500 

Includes:

Sulfide 1 Reagent 1–2 mL 100 mL MDB 181632 

Sulfide 2 Reagent 1–2 mL 100 mL MDB 181732 

Required apparatus

Description Quantity/test Unit Item no.

Pipet, serological, graduated, 10 mL 1 each 53238 

Pipet filler, safety bulb 1 each 1465100

Stoppers for 18-mm tubes and AccuVac Ampuls 2 6/pkg 173106 

Optional reagents and apparatus

Description Unit Item no.

Bromine Water, 30-g/L 29 mL 221120

Phenol Solution, 30-g/L 29 mL 211220

Stoppers for 18-mm tube 25/pkg 173125 

Flask, Erlenmeyer, 50 mL each 50541 

Sulfide, Methylene Blue Method (800 µg/L) 5
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Iron, Ferrous DOC316.53.01049

1,10-Phenanthroline Method1 Method 8146
0.02 to 3.00 mg/L Fe2+ Powder Pillows or AccuVac® Ampuls

Scope and application: For water, wastewater and seawater.
1 Adapted from Standard Methods for the Examination of Water and Wastewater, 15th ed. 201 (1980).

Test preparation

Instrument-specific information
The tables in this section show all of the instruments that have the program for this test. 
Table 1 shows sample cell and orientation requirements for reagent addition tests, such
as powder pillow or bulk reagent tests. Table 2 shows sample cell and adapter
requirements for AccuVac Ampul tests.
To use either table, select an instrument, then read across to find the corresponding
information for this test.

Table 1  Instrument-specific information for powder pillows

Instrument Sample cell orientation Sample cell

DR 6000 
DR 3800 
DR 2800 
DR 2700 

The fill line is to the right. 2495402 

DR 5000 
DR 3900 

The fill line is toward the user.

DR 900 The orientation mark is toward the user. 2401906 

Table 2  Instrument-specific information for AccuVac Ampuls

Instrument Adapter Sample cell

DR 6000 
DR 5000 
DR 900 

— 2427606

DR 3900 LZV846 (A)

DR 3800 
DR 2800 
DR 2700 

LZV584 (C) 2122800

Before starting
Samples must be analyzed immediately after collection and cannot be preserved for later analysis.

Install the instrument cap on the DR 900 cell holder before ZERO or READ is pushed.

1



For best results, measure the reagent blank value for each new lot of reagent. Replace the sample with deionized water in
the test procedure to get the reagent blank value. Subtract the reagent blank value from the sample results automatically
with the reagent blank adjust option.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used and use any recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Use the Safety Data Sheets for disposal
information for unused reagents. Consult the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.

Items to collect
Powder pillows

Description Quantity

Ferrous Iron Reagent Powder Pillows, 25-mL 1 

Sample cells. (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 2 

Refer to Consumables and replacement items on page 6 for reorder information.

AccuVac Ampuls

Description Quantity

Ferrous Iron Reagent AccuVac Ampuls 1 

Beaker, 50-mL 1 

Sample cells (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 1 

Stopper for 18-mm tubes and AccuVac Ampuls 1 

Refer to Consumables and replacement items on page 6 for reorder information.

Sample collection
• Samples must be analyzed immediately after collection and cannot be preserved for

later analysis.
• Collect samples in clean glass or plastic bottles with tight-fitting caps. Fill the bottle

completely and immediately tighten the cap.
• Prevent agitation of the sample or exposure to air.

2 Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L)



Powder pillow procedure

Start

1. Start program 255 Iron,
Ferrous. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name may vary between
instruments, the program
number does not change.

2. Prepare the blank: Fill
the sample cell with 10 mL
of sample.

3. Prepare the sample: Fill
a mixing cylinder to the 25-
mL line with sample.

4. Add the contents of one
Ferrous Iron Reagent
Powder Pillow to the mixing
cylinder.
An orange color shows if
ferrous iron is present in the
sample

5. Close the cylinder. Invert
the cylinder several times to
mix.
Undissolved powder does
not affect accuracy.

6. Start the instrument
timer. A 3-minute reaction
time starts.

7. When the timer expires,
clean the blank.

8. Insert the blank into the
cell holder.

Zero

9. Push ZERO. The display
shows 0.00 mg/L Fe2+.

10. Fill a second sample
cell with 10 mL of the
reacted prepared sample.

11. Clean the prepared
sample.

12. Insert the prepared
sample into the cell holder.

Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L) 3



Read

13. Push READ. Results
show in mg/L Fe2+.

AccuVac Ampul procedure

Start

1. Start program 257 Iron,
Ferrous AV. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name may vary between
instruments, the program
number does not change.

2. Prepare the blank: Fill
the sample cell with 10 mL
of sample.

3. Prepare the sample:
Collect at least 40 mL of
sample in a 50-mL beaker.
Fill the AccuVac Ampul with
sample. Keep the tip
immersed while the Ampul
fills completely.

4. Quickly invert the Ampul
several times to mix.

5. Start the instrument
timer. A 3-minute reaction
time starts.

6. When the timer expires,
clean the blank.

7. Insert the blank into the
cell holder.

Zero

8. Push ZERO. The display
shows 0.00 mg/L Fe2+.

4 Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L)



9. Clean the AccuVac
Ampul.

10. Insert the prepared
sample AccuVac Ampul into
the cell holder.

Read

11. Push READ. Results
show in mg/L Fe2+.

Accuracy check

Standard solution method
Use the standard solution method to validate the test procedure, reagents and
instrument.
Items to collect:

• Ferrous Ammonium Sulfate, hexahydrate
• 1-L volumetric flask, Class A
• 100-mL volumetric flask, Class A
• 2-mL volumetric pipet, Class A and pipet filler
• Deionized water

1. Prepare a 100-mg/L Fe2+ ferrous iron stock solution as follows:

a. Add 0.7022 g of ferrous ammonium sulfate, hexahydrate into a 1-L volumetric
flask.

b. Dilute to the mark with deionized water. Mix well.
2. Prepare a 2 mg/L ferrous iron standard solution as follows:

a. Use a pipet to add 2.00 mL of the 100-mg/L Fe2+ ferrous iron stock solution into a
100-mL volumetric flask.

b. Dilute to the mark with deionized water. Mix well. Prepare the standard solution
immediately before use.

3. Use the test procedure to measure the concentration of the prepared standard
solution.

4. Compare the expected result to the actual result.
Note: The factory calibration can be adjusted slightly with the standard adjust option so that the
instrument shows the expected value of the standard solution. The adjusted calibration is then
used for all test results. This adjustment can increase the test accuracy when there are slight
variations in the reagents or instruments.

Method performance
The method performance data that follows was derived from laboratory tests that were
measured on a spectrophotometer during ideal test conditions. Users may get different
results under different test conditions.

Program Standard Precision (95% Confidence Interval) Sensitivity
Concentration change per 0.010 Abs change

255 2.00 mg/L Fe2+ 1.99–2.01 mg/L Fe2+ 0.021 mg/L Fe2+

257 2.00 mg/L Fe2+ 1.98–2.02 mg/L Fe2+ 0.023 mg/L Fe2+

Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L) 5



Summary of method
The 1,10-phenanthroline indicator in the Ferrous Iron Reagent reacts with ferrous iron
(Fe2+) in the sample to form an orange color in proportion to the iron concentration. Ferric
iron (Fe3+) does not react. The ferric iron concentration can be determined by subtracting
the ferrous iron concentration from the results of a total iron test. The measurement
wavelength is 510 nm for spectrophotometers or 520 nm for colorimeters.

Consumables and replacement items
Required reagents

Description Quantity/test Unit Item no.

Ferrous Iron Reagent Powder Pillow, 25-mL 1 100/pkg 103769 

OR

Ferrous Iron Reagent AccuVac® Ampul 1 25/pkg 2514025 

Required apparatus

Description Quantity/test Unit Item no.

Beaker, 50-mL 1 each 50041H

Stoppers for 18 mm-tubes and AccuVac Ampuls 1 6/pkg 1448000

Recommended standards and apparatus

Description Unit Item no.

Balance, analytical, 80 g x 0.1 mg 100-240 VAC each 2936701 

Ferrous Ammonium Sulfate, hexahydrate, ACS 113 g 1125614 

Flask, volumetric, Class A, 1000-mL each 1457453 

Pipet filler, safety bulb each 1465100

Pipet, volumetric, Class A, 1.00-mL each 1451535 

Water, deionized 4 L 27256

Wipes, disposable 280/pkg 2097000 

HACH COMPANY
WORLD HEADQUARTERS
Telephone: (970) 669-3050
FAX: (970) 669-2932

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
Call 800-227-4224

Contact the HACH office or distributor serving you.
www.hach.com techhelp@hach.com

In the U.S.A. –

Outside the U.S.A. –

On the Worldwide Web – ; E-mail –
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Simple by Design US Patents No. 6,481,300; No. 6,837,120; others pending

Field Manual

©2016, GeoInsight

The HydraSleeve is a simple tool.  In keeping with the 
Simple by Design motto, these are the basic 

instructions.  Please call if you have any questions. 
800-996-2225



Introduction Please read the manual in its entirety before sampling with HydraSleeve.

The HydraSleeve groundwater sampler can be used to collect a representative sample for most
physical and chemical parameters without purging the well. It collects a whole water sample
from a user-defined interval (typically within the well screen), without mixing fluid from other
intervals. One or more HydraSleeves are placed within the screened interval of the monitoring
well, and a period of time is allocated for the well to re-equilibrate. Hours to months later,
the sealed HydraSleeve can be activated for sample collection.  (Note:  the new SpeedBags can be 
immediately deployed and recovered.) When activated by rapid upward motion, the check value opens 
and the HydraSleeve collects a sample with no drawdown and minimal agitation or displacement of the 
water column. Once the sampler is full, the one-way reed valve collapses, preventing mixing of 
extraneous, non-representative fluid during recovery.  HydraSleeves go in flat and closed and come out 
full and closed.

Assembly
Assembling the HydraSleeve is simple, and can be done 
by one person in the field, taking only a minute or two.

1
Remove HydraSleeve
from package and
grasp top to “pop”
open.
Remember to save 
the discharge tube for 
later.

2
Squeeze side fins
together at top
to bend reinforcing
strips outward.
Crimp the corners to 
remain open

4 Option B 
Alternatively attach 
the  line to one side 
of the HydraSleeve 
if spring clips are 
not being used. Be 
sure the top is 
sharply crimped 
open.

5
Align the two holes 
at bottom of 
HydraSleeve 
together and attach 
weight with the 
weight clip.

6
Sampler is ready 
to be placed in 
the well.

3 Preferred
Attach the 
tethered spring 
clip (see separate 
spring clip 
instructions); or

2



Placing the HydraSleeve(s)

To collect a representative groundwater sample without purging, the well usually needs to be allowed 
time to equilibrate after placement of the sampler. When any device is lowered into a well,
some mixing of the water column occurs. The diameter of the device, how tightly it fits in the well, and 
its shape greatly affect the degree of mixing. The flat cross-section of the empty HydraSleeve 
minimizes the disturbance to the water column as the sampler is lowered into position, reducing the 
time needed for the well to return to equilibrium.  Using a SpeedBag HydraSleeve eliminates 
equilibration time for most wells.
There are several methods for holding a HydraSleeve in position as the well equilibrates.
Most HydraSleeves and SuperSleeves are 3-5 feet long. The weight will go to the bottom of well but 
sample will come from upper half of well; because the sleeve will be suspended ~3-5 feet from the 
bottom up. 

FFigure 1Most Common
TOP DOWN DEPLOYMENT (Figure 1) 
Measure the correct amount of suspension line 
needed to “hang” the top of the HydraSleeve(s) 
at the desired sampling depth (in most cases, 
this will be at the bottom of the sampling 
zone). The upper end of the tether can be 
connected to the well cap to suspend the 
HydraSleeve at the correct depth until 
activated for sampling.
Note: For deep settings, it may be difficult
to accurately measure long segments of 
suspension line in the field. Using our optional 
calibrated tether (marked sequentially in feet) 
will help solve this problem.

BOTTOM DEPLOYMENT (Figure 2) 
Sound the well to determine the exact depth. 
Lower the weighted HydraSleeve 
into the well and let it rest on the bottom.  
The HydraSleeve sits suspended off the 
bottom & typically sample will be collected 
from the area directly above the top of the 
sleeve at this point without adjustment.  
Attach the suspension line to the top of the 
well to suspend it at this depth. (It is often 
easier to measure a few feet from the bottom 
of the well up to the sample point, than it is to 
measure many feet from the top of the well 
down.)

Figure 2

3

Let HydraSleeve rest 
on the bottom until 
the well equilibrates. 
Retrieve from this 
position.

Figure 1

Weight rests on the 
bottom of the well

Weight rests on the 
bottom of the well



BOTTOM ANCHOR (Figure 3)
Determine the exact depth of the well.
Calculate the distance from the bottom of
the well to the desired sampling depth.
Attach an appropriate length anchor line
between the weight and the bottom of the
sampler and lower the assembly until the
weight rests on the bottom of the well,
allowing the top of the sampler to float at
the correct sampling depth.

TOP WEIGHTED ASSEMBLIES (Figure 4)
Using a top weight for short water collumns 
will compress the HydraSleeve into the bottom 
of the well.   This allows for sample collection 
to begin at the lowest point possible.  It 
provides for more saturated screen above the 
check valve from which to collect the sample.  
Insert the top wighted assembly into the well. 
Allow it to reach the bottom.  Be sure to leave 
enough slack (at least the length of the 
sampler) so that there is enough tether to 
allow the HydraSleeve to compress over a 
period of time.  The length of time and 
compression area are determined by the type 
and size of HydraSleeve being used.

Figure 3

Sample interval

Top Weight

Figure 4
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Multiple Interval Deployment

There are 3 basic methods for placing multiple HydraSleeves in a well to collect samples 
from different levels simultaneously.

ATTACHED TO A SINGLE TETHER (Figure 5) 
To use 3 or more samplers simultaneously, 
we recommend attaching them all to a 
tether for support to prevent the sampling 
string from pulling apart. The weight is 
attached to a single length of suspension 
line and allowed to rest on the bottom of 
the well. The top and bottom of each 
HydraSleeve are attached to the tether at 
the desired sample intervals. Cable tie or 
stainless steel clips (optional) work well for 
attaching the HydraSleeves to the line. 
Simply push one end of the clip between 
strands of the rope and tie a knot at the 
desired point before attaching the clip to the 
HydraSleeve. 

Note: if many HydraSleeves are attached 
to a tether, more  bottom weight will be 
required than with a single sampler.

ATTACHED TO A SINGLE TETHER WITH
A TOP WEIGHT ON THE BOTTOM (Figure 6) 
Attach the HydraSleeves in the same manner 
as figure 5 but put a top weight on the bottom 
HydraSleeve. Remember to leave enough slack 
in the tether (at least the length of the bottom 
sleeve) so the assembly can be compressed 
into the bottom of the well.

5

Figure 5

Separate HydraSleeves
to the desired spacing
by measuring tether
between samplers.

Figure 6
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Figure 7

Separate HydraSleeves
to the desired spacing
by measuring tether
between samplers.

ATTACHED END TO END (Figure 7)
To place 2 stacked HydraSleeves for 
vertical profiling, use one of the methods 
described above to locate where you 
want to place the bottom sampler. 
Attach the bottom of the top sampler to 
the top of the following HydraSleeve 
with a carefully measured length of 
suspension cable. Connect the weight to 
the bottom sampler. Heavier bottom 
weight will be required for this 
application.  

NOTE:  If multiple sleeves are being used soley to provide additional sample volume, consider a single longer 
(often top-weighted) custom sleeve instead of multiple shorter sleeves.  It's simpler and more reliable.
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Sample Collection

The HydraSleeve must move upward at a rate of one foot per second or faster (about the
speed a bailer is usually pulled upward) for water to pass through the check valve into the
sample sleeve. For most applications the HydraSleeve will fill within the length of the sampler. For example, 
a 30-inch HydraSleeve needs a total upward movement of 30 inches to fill. 
There are times when the total upward distance the check valve must travel to fill the sample sleeve is 
longer.  When using a smaller sleeve diameter in a larger diameter well the pull-to-fill distance will be 
longer. The upward motion can be accomplished using one of several variations of cycling or long 
continuous pull or any combination that moves the check valve the required distance within the saturated 
screen zone in the open position. 

To ensure the Hydrasleeve is full and 
check valve closed we recommend one 
of the cycling methods is followed see 
below.

CONTINUOUS PULL (Figure 8)
Pull the HydraSleeve continuously upward
from its starting point at a constant 1 to 2
feet per second until full. This method is
analogous to coring the water column from
the bottom up.

Note: When using this method, the screen 
interval must be long enough so the sampler 
fills before exiting the top of the screen. Fill 
rate is dependent on the sleeve being sized for 
the well diameter. 2-inch sleeves for 2-inch 
wells. 4-inch sleeves for 4-inch wells. If using 
undersized sleeves please use a cycling 
method to assure the sleeve fills in the 
screened interval.

CYCLING THE SLEEVE (Figure 9)
Pull the sampler upward at about 1 to 2 feet 
or the length of the sampler and let it drop 
back to the starting point. Repeat the cycle 3 
to 5 times.
This method provides a shorter sampling
interval than the continuous pull method
(above), and usually reduces the turbidity
levels of the sample below that of 
numerous rapid, short cycles. The sample 
comes from between the top of the cycle 
and the top of the check valve at its 
resting point.

Figure 8

Figure 9

Pull the HydraSleeve 
continuously upward 
from its starting point 
at a constant1-2 fps. 
The sleeve will fill 
when pulled up 
approximately. 
1 time it’s length.

Rapidly pull the 
HydraSleeve
up the length of the 
sampler at 1-2 fps 
and allow to drop 
back to the starting 
point.
Repeat cycle 3 to 5 
times to fill sleeve.



Sample Discharge

The best way to remove a sample from the HydraSleeve with the least amount of aeration and agitation is 
with the short plastic discharge tube (included).

First, squeeze the full sampler just below 
the top to expel water resting above the 
flexible check valve. (Fig. 10, top right) 
Fold the stiffeners over to make sure all of 
the water is off the top of the check valve.

Then, push the pointed discharge tube 
through the outer polyethylene sleeve as 
desired but at least 3-4 inches below the 
white reinforcing strips. (Fig. 11, middle 
right)
Note: For some contaminants (VOC's/sinkers) the 
best location for discharge is the middle to bottom 
of the sampler.  This would be representative of the 
deeper portion of the well screen.

Discharge the sample into the desired 
container.(Fig. 12, bottom right)

Raising and lowering the bottom of the
sampler or pinching the sample sleeve just
below the discharge tube will control the
flow of the sample. The sample sleeve can
also be squeezed, forcing fluid up through
the discharge tube, similar to squeezing a
tube of toothpaste. With a little practice,
and using a flat surface to set the sample
containers on, HydraSleeve sampling
becomes a one-person operation.

2007 Glass Road • Las Cruces, NM 88005
Phone: 1.800.996.2225 • 1.575.523.5799 • Fax: 1.575.523.0789 

www.hydrasleeve.com  info@hydrasleeve.com

Figure 10

Figure 11

Figure 12
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WL650 SONIC WATER LEVEL METER
Polluted Well Level Meter & Depth Measuring Monitor

FEATURES:

Accurate water level measurements
Obtain measurements in seconds
Avoid cross-contamination
No equipment to clean
Works in cased steel or PVC-capped
wells, partially cased rock wells, crooked
wells, and wells with pipes, wiring, and
operating pumps
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Sonic Water Level Meter Product Description

Global Water's WL650 Sonic Water Level Meter is a self-contained, battery operated meter that
uses sound waves to measure well water level.  Fast, accurate measurements are possible in the
field or anywhere without the use of down-hole water level meters.  The Sonic Water Level Meters
are lightweight, compact, versatile, and easy to operate.

The water level meter allows you to measure crooked wells, wells with cascading water, partially
cased rock wells, wells with submersible pumps, capped or uncapped wells, wells with pipes and
wires inside, in fact you can even measure the length of coiled pipe with the water level meter.  As
long as the obstructions take up no more than half of the bore area the meter will not suffer any
loss of accuracy.  The sonic water level meter should only be used on wells under 10 inches in
diameter as the accuracy decreases with larger diameter wells.

Sonic Water Level Meter Operation

The WL650 Sonic Water Level Meter is simple to operate.  Select either the NORMAL (10-500 feet)
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http://www.facebook.com/globalwaterinstrumentation
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http://www.globalw.com/downloads/WL650B.pdf
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or DEEP (200 to 1,200 feet) setting on the DEPTH switch.  Then, to measure a capped well, simply
insert the duct into the 5/8 inch wide access port and push the power-on switch.  In a few seconds
the water level will appear on the water level meter's digital display.  In the NORMAL setting, the
sonic water level meter stays activated for 5 seconds or 5 pings.  Using the DEEP mode, the water
level meter emits 4 pings in 16 seconds.  For more measuring time, hold the sonic water level
meter's switch down as long as necessary.

Ignore distance feature
 The factory distance default values for the sonic water level meter are 10 ft ( 3 meters) in Normal

mode and 200 ft (60 meters) in Deep mode.  If problems occur due to reflections from liners that
don't come all the way to the top of the casing or unwanted signal returns from such things as
pitless adaptors and such that interfere with getting a proper reading the water level meter's
default values can be increased so that returns within that distance are ignored.  Also, if you are
making draw-down measurements that require the use of the sonic water level meter's deep mode
but you wish to be able to measure to less than 200 ft (60 meters) you can reduce the minimum
distance accordingly so that you don't have to switch modes during the test.

For uncapped wells, use the provided cover plate, which slips onto the measuring duct and
provides a seal for up to 6-inch diameter casings.  Cover plates for larger diameters can be easily
fabricated from plastic or metal sheet.

Gain/ Sensitivity - "Which Gain Setting to Use, Fixed or Variable?"
 The Variable gain mode provides, in effect, a rising gain or sensitivity with time.  This method gives

greater weight to return signals that occur later in the measurement cycle and is beneficial on
deeper wells where the return signal is more attenuated.  This also makes the units less susceptible
to unwanted returns from various surfaces in the well casing that might interfere with a proper
measurement.

The Variable gain mode is somewhat more susceptible to interference from pump noise or other
sources of high ambient noise.  Also, in some specific configurations it is possible for the unit to
favor a secondary return over the primary one and give a reading that is twice the actual water
level.

The Fixed mode is less susceptible to interference from ambient noise and the secondary return
problem.  This mode can be used to advantage in such cases.  Some sensitivity is sacrificed so the
unit might not read the deepest water levels in this mode.

Temperature Control
 Obtaining an accurate measurement with the sonic water level meter requires that the temperature

setting on the meter be equal to the average air temperature inside the well casing.  The
temperature setting corrects for the variation of the velocity of sound with the air temperature in
the well bore.  The sonic water level meter's temperature toggle switch adjusts the temperature
setting for the variation of sound velocity in the well casing.  The value set shows on the display
and is retained until changed.

The correct temperature setting can be determined by using the TEMPERATURE MAP TABLE
provided with the water level meter for the state where the meter will be used (temperature
settings are provided for all states in the United States).  Alternatively, the reverse side of the map
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table has a LOOK-UP TABLE giving the setting if the well water and average monthly surface
temperatures are known.

Please note: The outside or ambient air temperature does not affect the water level meter
operation, provided the meter and its components remain within the operating temperature range.

Sonic Water Level Meter Specifications

Measurement range: Normal 10-500 ft (3-152 m), Deep 200-1200 ft (61-366 m)
Display resolution: 0.1 ft 
Measurement accuracy: ±0.2% of reading.  Exclusive of temperature setting errors. * 
Operating temperature: 30 to 140° F (-1 to 60° C)
Power: 8 AA dry cell batteries 
Dimensions (LxHxW): (excluding sonic measuring duct) 7x4x5 in (18x10x13 cm)
Sonic measuring duct diameter: 5/8 in (16mm) 
     The hole diameter must be at least large enough for 1/2 inch pipe thread.
Sonic measuring duct length: 2 in (5 cm)
Weight: 3 1/2 lbs. (1.5 kg)

* Under certain conditions, accuracy may exceed this limit; when the well casing is discontinuous;
when the well casing is highly corroded or rough; when large obstructions e.g. pipe joints or wiring
exceed half the area of the well casing; if the well casing is less than 2 inches (5 cm) or greater
than 10 inches (25.4 cm) in diameter.

Sonic Water Level Meter Options & Prices

Prices listed are for United States and Canada only.  Call or e-mail us for pricing in other countries.
Terms and Conditions

WL650 Sonic Water Level Meter (PN# AM0075) Pricing

SONIC WATER LEVEL METER ACCESSORIES

WL610 Case for Sonic Water Level Meter (PN# AM0100) Pricing

RELATED PRODUCTS

WL500 Water Level Sounder
 For more information on our tape sounders please visit our WL500 Water

Level Sounder page.

Pricing

WL550 Oil Water Interface Meter Pricing

WL16 Water Level Logger
 Submersible pressure transducer and datalogger for recording water level

data.

Pricing

DCX-22-2 Self Contained Water Level Datalogger Pricing

Click here to learn about the brands in the Analytics family.
 Xylem Legal Disclaimer | Privacy Policy

 Copyright (c) 2015 Xylem Inc. All Rights Reserved.

http://www.globalw.com/support/terms.html
http://www.globalw.com/redirect_pricing.html
http://www.globalw.com/redirect_pricing.html
http://www.globalw.com/products/wl500.html
http://www.globalw.com/redirect_pricing.html
http://www.globalw.com/products/wl550.html
http://www.globalw.com/redirect_pricing.html
http://www.globalw.com/products/wl16.html
http://www.globalw.com/redirect_pricing.html
http://www.globalw.com/products/dcx22.html
http://www.globalw.com/redirect_pricing.html
http://www.xylemanalytics.com/
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PRODUCT OVERVIEW

The Well Sounder 2010 PRO is a simple to use self-contained portable acoustic 
ranging instrument designed specifically to find the distance through a well casing or 
sounding tube to the water surface. However, it also can be used to measure any 
closed pipe, straight or crooked.

The product consists of a control unit and a probe. The control unit contains the driver 
electronics, processor, display, keypad and 6 AA batteries.  Internal non-volatile 
memory is included to record system settings, calibration data, and log data. A real-
time clock/calendar is also included to time stamp the recorded log data.  The RS232 
port can be set to output data to a remote device or used as a bidirectional 
communications interface to a computer for remote programming or data download. A 
power jack allows the unit to be run from an optional AC adapter or battery pack. An 
optional flow meter can also be connected, read and recorded by the data logger.

The 2010 PRO version offers enhanced features in addition to those above, such as a 
USB port for easy connection to a computer for downloading log data, and greatly 
expanded memory. Log data on the 2010 PRO is separated into easy to identify 
windows compatible files sorted by well ID. The PRO version also offers enhanced 
power save functions such as Auto-off and the ability to provide an alarm output, a 0-5 
volt analog voltages as well as a 4-20 ma current loop output.
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The probe contains a pulse generator, a microphone and a temperature sensor. The 
probe is designed to easily attach to a standard well cap vent opening while also 
allowing the display unit to be operated in a convenient location up to 6 feet away.

The Well Sounder works by transmitting a sound pulse into the pipe, then measuring 
the time it takes for the echo to return. The distance is calculated using the sound 
speed and the time. Since the sound speed changes with temperature, a temperature 
sensor is included in the probe to adjust for variations. 

There are many advanced features included in this unit, however, none are required for 
basic depth measurement. Simply press the ON button and the unit powers up in the 
depth measurement mode. After a few seconds, read the depth to the water on the 
display. Other features can be found by pressing the SET or DISP buttons.

Several accessories are available for the Well Sounder 2010 PRO which can be found 
on our website at  www.enoscientific.com.
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QUICK START GUIDE

The Well Sounder is nearly ready to go right out of the box. Follow the few steps below 
to find the depth to water. If depth to the water is all you are interested in, then this is all 
you need to read. To learn about the more advanced features continue reading the 
operation section of this manual.

1. Attach probe to meter.  Make sure that the probe plug is fully inserted.

2.  Attach probe to well.  Insert the probe end into the vent hole on the well. If 
the casing is open, it should be covered with anything solid such as 
cardboard or plastic with a hole in it for the probe. The cover does not need 
to be air tight, but the tighter it is, the stronger the signal will be.

3. Turn meter on.  Press the ON button to turn the meter on. You should hear a 
popping sound coming from the probe. If not, make sure the probe connector 
is firmly seated.

4. Measure well.  Read the measured depth on the display. If the measured 
distance is not as expected, then proceed to the next step to change the 
initial settings.

5. Change initial settings.  Press the SET button repeatedly to show the 
various settings to be changed. Press the UP or DOWN button to change 
setting. When set as desired, press SET again to change another setting or 
press DISP to return to read the measured depth. For best depth results, the 
range min, range max, and the well temperature should all be set.

6. Read other information.  While reading the depth display, press the UP or 
DOWN buttons to read other information. The water in well and recovery 
rates etc are available but will only be correct if the well parameters (diameter 
and well depth) are set correctly in the settings. 

We encourage you to read the frequently asked questions section. They really are 
frequently asked.
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CAUTIONS

The Well Sounder is not water proof! 
It is resistant to rain and splashing but not saturation or submersion. This is true for the 
meter unit and the probe. They will be damaged if submerged.

Both sides of the probe must be near atmospheric pressure!  
The probe cannot be used on a well which is significantly above or below atmospheric 
pressure. A vent port must be provided in these cases. Applying pressure to either side 
of the probe will damage the pulse generator.

External power cannot exceed 16 volts DC!  
When supplying external power to the well sounder, care must be taken to insure that 
voltage spikes or induced transients are not conducted into the unit. Over voltage and 
surge protectors and proper grounding should be used if this is a possibility.

Use surge suppressors and grounding on signal lines!  
When connecting the well sounder to remote equipment through the RS232 port or 
analog outputs, care is required to prevent ground loops, lightning induced transients 
etc from reaching the well sounder. Over voltage and surge protectors and proper 
grounding should be used if this is a possibility.
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BACKGROUND – HOW IT WORKS

The Well Sounder works by pushing an air pressure wave or low frequency sound 
wave into the well. For this reason, it is important that the probe be connected to a 
closed end of the pipe to prevent the air pressure from just escaping the open end. 
After the Well Sounder sends its sound pulse, it listens for the pulse to return. And 
since sound travels at a predictable rate, it can tell where in the well the pulse was 
reflected by timing the returning pulse. 

The pressure wave generated by the probe will continue to travel into the well until 
something disturbs it. Every imperfection in the well will disturb the wave, and every 
time it is disturbed, some of the wave changes direction and is reflected back to the 
Well Sounder leaving the main wave a little weaker.  A complete obstruction like the 
surface of the water, reflects the entire remaining wave. Most common obstructions like 
wires and tubes and pipe couplings do not reflect enough of the wave to cause a 
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problem, provided that the remaining part of the main wave is relatively big enough to 
be obviously the one of interest. 

Some imperfections like a change in casing diameter can cause a significant part of the 
wave to be reflected. Where the water may be very far away and its reflected pulse 
very weak, the reflection from the imperfection could be the largest wave returning to 
the Well Sounder. In this case, the Well Sounder would lock in on the erroneous 
reflection and tell you that the water was at the end of the casing. The Well Sounder 
therefore offers settings to limit the range in which it will look for reflections. If for 
example the casing in your well ended at 40 feet and the water was around  80 feet, 
then the minimum range could be set to 60 feet so that the Well Sounder would ignore 
any reflection from the casing. 

The sound wave traveling through the well also loses energy as it travels, more as the 
surface of the well casing gets rough or porous. To compensate for this, the Well 
Sounder increases its gain with time to listen for fainter signals. This can cause 
problems if the Well Sounder listens for too long. The gain will get so high that the 
pump noise or even noise from outside the well will outweigh the desired pulse. 
Therefore, the maximum range setting is available to tell the Well Sounder how long to 
listen. If for example the pump is mounted at 200 feet, then there is no reason to set 
any more than that as a maximum range.

The strength of the sound pulse generated by the probe depends on how much space 
it needs to fill. A 12” pipe is 4 times larger than a 6” pipe in volume and therefore the 
pulse will be 4 times smaller. A weaker pulse becomes more susceptible to pump noise 
and loss with depth. While the Well Sounder is being used in wells up to 30”, many of 
these installations do not get reliable results with running pumps etc. These wells 
usually require a sounding tube installed in the well which reaches into the water and 
provides a tight connection to the probe at the top. A 3/4” or 1” tube is adequate.

Something to keep in mind, especially for shallow wells, is that the sound wave 
bounces off the top and bottom of the well. So it is possible for the pulse to bounce 
back and forth many times. In a well where the water level is at 6 feet, the Well 
Sounder would hear a reflection at 6 feet, then again at 12 feet, then 18 etc, until the 
pulse gets weak enough to ignore. In this example, you would be able to see the 
multiple reflections by increasing the min range. When set to 9ft, the depth would read 
12. When set to 14ft, it would read 18 etc. In this case, it may be helpful to leave a 
small leak at the probe to help dissipate the pulse.
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OPERATION

POWER ON:  Press the ON button located on the front panel of the control unit to start 
the Well Sounder.  The probe will pulsate and the LCD screen will display a product 
information screen for a few seconds then go to the default DISPLAY mode screen. 
The depth is displayed on the top line once the unit adjusts to the well and calculates a 
stable reading. While the unit adjusts to the well the display will read “DEPTH 
SEARCHING.” Additional information is displayed on line two such as the battery 
voltage, the optional flow meter, or the temperature sensor.  

Note:  If error conditions exist, line two of the display will be replaced by an alternating 
error message. See the ERROR CODES section for details.

POWER OFF:  Press the OFF button located on the front panel of the control unit to 
turn off the power.  All system settings as well as the time and date, and log data are 
maintained while the power is off.

The Well Sounder has two different operating modes, DISPLAY modes and SET 
modes. The DISPLAY modes are accessed by repeatedly pressing the DISP button, 
and the SET modes are accessed by repeatedly pressing the SET button. The 
DISPLAY modes are used to show measurement data, and the SET modes are used to 
change operating parameters of the Well Sounder.

There are three DISPLAY modes: 
1 – DEFAULT display screen which shows current measurement data
2 – LOG display screen which shows recorded log data
3 – TIME AND DATA display screen which shows the system time and date.

Pressing the DISP button advances the DISPLAY mode by one with each press and 
starts over when reaching the end.
There are 16 primary user SET modes which similarly advance with each press of the 
SET button. A complete description of the SET modes can be found in the SET MODE 
section of this manual. While in any SET mode, pressing the DISP button will return to 
the default DISPLAY mode. Similarly when in a DISPLAY mode, pressing the SET 
button puts the Well Sounder in the first SET mode. 

DEFAULT DISPLAY: While the display shows depth on the top line, press the UP or 
DOWN button to scroll through additional information on the second line. The following 
information may be available depending on options installed and enabled:

1. Probe – temperature measured by the probe.
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2. Resrv – amount of water in well in gallons (liters) .
3. ResRate – rate of change of Resrv in gallons/minute.
** (4-6 will only be displayed if the flow meter option is enabled)
4. Flow – total flow through optional flow meter in gallons (liters).
5. FlwRate – rate of flow through the flow meter in gallons/minute.
6. Recov – net recovery rate in gallons/minute (liters/minute).
7. Bat – battery voltage. Batteries should be replaced at 6.5 volts.
8. Diagnostic Data – information about the quality of the measurement.

LOG DISPLAY:  While the default depth display is active, press the DISP button to 
enter the LOG DISPLAY mode. The display screen appears showing the most recent 
logged data point. The first display line shows the logged data point number and the 
time. The second line displays the depth and the date. Press the ENTER button to 
alternate between this screen and a second screen of data associated with this data 
point. Press the UP or DOWN button to scroll through the logged data points. 

TIME AND DATE:  While the LOG DISPLAY mode is active, press the DISP button to 
view the system date and time.  While the date and time are displayed, press the SET 
button to edit the date and time.  Use the arrow buttons to adjust the information. 
Press the SET button again to advance to the next number to be set. Press the DISP 
button to return to the depth reading.  

SET MODES: Press the SET button while the depth or log are displayed to view and 
change any of the system settings.  Continue to press SET to scroll through all of the 
settings.  Sounding stops while in a SET mode. After 30 seconds of inactivity sounding 
will automatically resume or press the DISP button at any time to return to the depth 
reading instantly. While viewing a SET screen, press the UP or DOWN button to 
change the value. Rapid scrolling is activated by holding the up or down button for 2 
seconds. Scrolling gets faster and faster while the button is held down. When the value 
is as desired, press the SET button to go to the next setting or the DISP button to 
return to operation. The new settings are saved automatically as they are changed so 
there is no need to press ENTER.

There are 19 main system settings screens (SET MODES) as follow:
1. Product Info – displays model number, version and serial number.
2. Unit ID – user settable well ID number .
3. Range Min – sets the minimum range to detect.
4. Range Max – sets the maximum depth to be measured.
5. Well Temp – sets the well deep temperature.
6. Methane % – sets the concentration of methane in the well.
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7. Sound Tube Dia – sets the sounding tube diameter.
8. Diameter – sets the well diameter for water volume calculations.
9. Well Depth – sets the well depth for water volume calculations.
10. Offset – sets the probe offset.
11. Logging – enables data logging  and additional set screens.
12. Flow Meter – enables flow meter functions and additional set screens
13. Output – enables alarm or analog outputs.
14. Clear Log – press up or down to erase all logged data.
15. RS232 Data – enables data reporting on RS232 connection. 

(additional set screens are available if this is enabled)
16. Units – changes display units, decimal feet, feet & inches, or metric.
17. Power Mode – enables power save functions.
18. Contrast – adjusts the contrast level on the LCD screen
19. Factory Reset – press up or down to set all settings to factory defaults.

DISPLAY MODE DESCRIPTIONS

DEPTH DISPLAY – The default display mode after power-up. While this display is 
active, the unit is operational, sending pulses and timing the echoes. The depth is 
displayed on the top line and additional user selectable information is displayed on the 
second line. The depth is displayed as “searching” when the unit is turned on and 
adjusting to the well. Once the signal is locked and stable, the depth is displayed in the 
units selected. Occasionally a spurious depth reading will be calculated due to random 
noise in the well. Software in the Well Sounder identifies the anomaly and holds the 
last good data through a few bad data points while a good depth is obtained. An 
asterisk is displayed before the depth while holding. If a stable depth is not found in 
several tries, the depth is replaced with “searching” until one can be found. Data 
displayed on the second line can be changed by pressing the UP or DOWN arrow. 
Data available varies depending on options enabled on each unit.  If there are any 
error conditions, such as when the probe is not on the well or is missing, or when the 
battery low, an error message will alternately be displayed on the second line.

PROBE TEMP– displays the temperature measured by the probe. This temperature is 
used to automatically compensate sound speed variations due to temperature in the 
upper part of the well.

RESRV –  reserve is the total amount of  water in the well in gallons (liters) calculated 
from the well diameter and well depth entered in the user settings, and the measured 
depth.
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RESRATE – displays the rate of change in gallons/minute (liters/minute) calculated 
from changes in the total water in well over time.  The rate is calculated using an 
averaging technique on the last  20 measurements to stabilize the reading. Press the 
ENTER button to reset the average to an instantaneous reading. As additional readings 
are obtained, they are automatically added to the average back up to the last 20 points.

**FLOW – displays the total water pumped through the optional flow meter in gallons 
(liters)  when the flow meter is attached and enabled. The flowmeter is plugged into the 
probe connector with the probe using an optional flow meter adapter. Press the ENTER 
button to reset the total to 0.

**FLWRATE –  displays the flow rate through the optional flow meter in gallons/minute 
(liters/minute) when the flow meter is attached and enabled. The flowmeter is plugged 
into the probe connector with the probe using an optional flow meter adapter or 
accessory splitter. The rate is calculated using an averaging technique on the last  20 
measurements to stabilize the reading. Press the ENTER button to reset the average 
to an instantaneous reading. As additional readings are obtained, they are 
automatically added to the average back up to the last 20 points.

**RECOV –  displays the recovery rate of the well by subtracting the flow meter flow 
from the change in the calculated water in the well.

BAT – displays the measured voltage of the battery or external power supply if used. 
The Well Sounder maintains calibration down to 6.5 volts. An alarm is displayed when 
the voltage drops below 6.5 volts.  The unit will continue to operate, but with reduced 
signal strength down to about 5.5 volts.

DIAGNOSTIC DISPLAY – This display varies with the software revision and provides 
diagnostic data for each pulse for technical support. 

LOG DISPLAY – If logging is enabled, displays the logged data points. The first data 
point shown is the last point measured, and displays the sequential number for the 
point, the depth reading, and the date and time stamp.  Pressing the ENTER key 
shows additional data stored for the data point, the ID number, the temperature, the 
battery level, the signal gain and the error code (if any). More data is available when 
the log is dumped through the RS232 connection. Other points are displayed by 
pressing the up or down button.  Rapid scrolling is activated by holding the up or down 
button. 

TIME AND DATE DISPLAY – displays the system time and date on the internal clock. 
The time is in 24 hour format. Press the SET button while viewing the time to change 
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the system time and date. Press the SET button repeatedly  to cycle through the time 
and date. Press the DISP button at any time to return to the DEPTH DISPLAY.

SET MODE DESCRIPTIONS

PRODUCT INFO – displays the product type, configuration  and the software version 
number. The unit serial number is displayed by pressing the UP or DOWN button.

UNIT ID – sets a user selectable ID number in the range 0-255 to identify the source of 
logged data.  Set the unit ID number by pressing the UP or DOWN button. 

RANGE MIN – sets the minimum distance to start detecting in feet (M). This is used 
where there may be a known defect in the well such as a step down in bore diameter. 
This kind of defect will reflect some of the pulse which could compete with the desired 
reflection from the water surface. If for example this transition occurred at 42 feet, then 
set the range min to 45 feet or more.

RANGE MAX– sets the maximum distance in feet (M) the Well Sounder will listen for a 
returning pulse. A shorter range means more frequent pulses and faster updates. A 
longer range gives less frequent updates and increases the possibility of collection 
spurious noise. 

WELL TEMP – sets the deep temperature in the well. If you do not know the well 
temperature, reference the Water Temperature chart included with your unit.  The 
temperature near the surface is automatically sensed by the probe. These two 
temperatures are used to calculate the sound speed and in turn, the distance. The 
distance error is fairly small for variations in temperature, about 1% for a 10 ºF (5.6 ºC) 
temperature error. 
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METHANE % – sets the average concentration of methane in the well. This 
compensates for a increased sound speed in methane. If uncompensated, the well 
sounder will calculate a shorter distance by nearly 30% if the well is full of methane. 

SOUND TUBE DIAMETER – sets the sounding tube diameter. This compensates for a 
reduced sound speed in tubes smaller than 2” in diameter. For tubes 2” or greater, set 
to “None”.

WELL DIAMETER – sets the diameter of the well casing in inches (cm). This is used to 
calculate the total water in the well.

WELL DEPTH – sets the drill depth of the well in feet (M). This is used to calculate the 
total water in the well in gallons (liters). The pump depth may be used here to calculate 
useable water in the well.  

OFFSET – sets the offset of the probe position from ground level. If for example, the 
probe is inserted into a well cap on a well casing that extends 30” above the ground. 
Then enter 30” for the offset. This will automatically be deducted from the depth 
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reading. This may also be negative if the probe is installed on a casing below ground 
level.

FLOW METER – enables the optional flow meter functions including the display for the 
totalized water flow pumped from the well, flow rate and net recovery. Pressing the UP 
or DOWN button turns the flow meter on or off.

LOGGING – enables the logging features of the Well Sounder. Press the UP or DOWN 
button to select the logging preference. Three logging modes are available: Disable, 
Enable or Change. Enable sets the unit to record data each logging period. Change 
sets the unit to compare data each period against the last logged data point. The new 
data point is stored in memory if the measurement has changed more than the log 
change margin (as defined in the Log Change mode.)  When it is time to record a new 
data point, a log message is displayed on the error line and remains until valid data is 
recorded. Do not remove the probe or turn off the well sounder until this message 
disappears.

Once logging is enabled, new data points will be added to the end of the list until the 
memory is full. When the memory is full the Well Sounder will continue to function but 
new data points will be discarded. The 2010 PRO records data additionally in windows 
readable text files which has a much larger capacity and will continue to record.

**LOG RATE – sets the time interval in minutes between logged data points in the 
range 0 to 60 minutes.  This is accessed by pressing SET after choosing ON CHANGE 
or ENABLED in the LOGGING menu. Every measurement is recorded if it is set to 
zero. 

**LOG CHANGE – this margin determines the distance in feet (M) that the depth must 
change to in order for the new data point  to be recorded to the log. If the new data is 
within the margin of the last recorded data, then the new data is discarded. This 
function is accessed by pressing SET after setting the LOG RATE. 

OUTPUT – enables the output features on newer models of the 2010PRO. These 
outputs are accessible with an optional breakout adapter and include an alarm output, 
a 0-5 volt analog output and a 4-20 ma current loop output. Select High or Low Alarm 
or Analog 0-5v to enable the output as well as additional setup screens.

**ALARM SETPOINT – this screen is added to the set screens when the High or Low 
Alarm feature is activated.  Press the UP or DOWN button to select the level at which 
the output level is driven high.
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**ANALOG HIGH SETPOINT/ ANALOG LOW SETPOINT – these screens are added 
to the set screens when the Analog 0-5v feature is activated.  Press the UP or DOWN 
button to select the range over which the output voltage will vary from 0 to 5 volts. (This 
is also converted to 4-20ma in the output adapter.) So for example, if the Analog High 
is set to 100 and the Analog Low is set to 50, then the output level will be 0 volts when 
the depth is 50 or less, and it will be 5 volts when the depth is 100 or more, and vary 
linearly in between.

CLEAR LOG - displays the number of data points collected in the log, out of the total 
number of data points available in the internal flash memory.  Press the UP or DOWN 
button to erase all data from the log and free the memory for additional logging. The 
2010 PRO stores log data in flash memory like the 2010, and also in extended memory 
available only through the USB connection. The clear log function only clears the flash 
memory, and leaves the extended memory intact. 

RS232 DATA – enables the transmission of current data over the RS232 connection. 
This feature is used when the well sounder is used with a remote readout or data 
transmission system such as SCADA.  Press the UP or DOWN button to make the 
selection. Four serial modes are available: Off, Continuous, Logged Only and Depth 
only. When set to Continuous, every measurement is sent over the serial port. When 
Logged Only is selected, data is only sent when it is logged. Transmitted data includes 
the time, date, and all measured data, as well as the highest priority error code. When 
Depth Only is selected, only the depth is included in the data.  Select Off to deactivate 
this feature.

**RS232 BAUD RATE – this screen is added to the set screens when the RS232 DATA 
feature is activated.  Press the UP or DOWN button to select available serial baud 
rates. The default is 19,200. The data format is always 8 bit with 1 stop bit.

UNITS – selects the measurement system for the data.  Press the UP or DOWN button 
to scroll through the options:  English for decimal feet, degrees Fahrenheit and gallons; 
English ft-in for distance displayed as feet and inches; or Metric for meters, degrees 
Celsius, and liters.

POWER MODE – enables the power save function.  Press the UP or DOWN button to 
scroll through the options: Normal or Power Save. When logging data and the Power 
Save function is activated, the unit goes into sleep mode between logging periods. 
Battery life can be extended by more than 6 times using this function. The 2010 PRO 
also has an auto off function which can be set to from 10 sec to 24 hrs and is enabled 
when the  power save mode is on and logging is off. 
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**AUTO-OFF TIME – (2010 PRO only) available when the power save function is 
active.  Press the UP or DOWN button to set the time of inactivity after which the well 
sounder will turn itself off. The time can be set to from 10 sec to 24 hrs. 

CONTRAST - sets the contrast level on the LCD screen from 0 (brightest) to 20 
(dimmest).

FACTORY RESET – allows the user return the unit to the factory default configuration. 
Press the UP or DOWN button to make the selection. All user settings will be set to the 
default values, but any recorded log data will remain intact.

LOGGING

The Well Sounder includes a built-in data logger which can record the measurement 
data on command when the LOG button is pressed or automatically at preset intervals 
when automatic logging is enabled. Each data point includes the depth, temperature, 
flow, well ID, battery voltage, error codes, and the system time and date. The data is 
recorded in the internal flash memory which maintains the data even if the battery goes 
dead. The internal memory is large enough to hold more than 13000 data points. The 
recorded data can be viewed in the DISPLAY LOG mode or exported using the RS232 
port to a computer or other external device. 

The 2010 PRO additionally offers an extended memory large enough to hold over 25 
million data points. This memory is only accessible using the USB interface as 
described in the next section.

To record a single data point, press the LOG button. This initiates the log sequence. 
The second line of the display changes to indicate logging is in progress and shows the 
point number being recorded. The logging message remains until a stable reading is 
obtained and the data is recorded. It is important that the Well Sounder remain on until 
the logging indication goes out. 

To automatically log data on a schedule, press the SET button repeatedly until the 
logging screen appears. Then press the UP or DOWN button until the second display 
line reads ENABLED. Then press the SET button again to show the log period screen. 
Press the UP or DOWN button to set the log interval in minutes. If the log period is set 
to 2 minutes, the Well Sounder will initiate a log sequence every two minutes. The time 
between logged data may vary by a few seconds depending on how long it takes to get 
a stable reading. If the log period is set to zero minutes, then every reading is logged.
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Log margin is a second logging option available to reduce the the amount of data 
collected on wells where the water level may not change for long periods. To turn on 
this feature, press the SET button repeatedly until the logging screen appears. Then 
press the UP or DOWN button until the second display line reads “ON CHANGE”. Then 
press the SET button again to show the log period screen. Press the UP or DOWN 
button to set the log interval in minutes. Then press the SET button again to show the 
log margin screen. Press the UP or DOWN button to set the log margin in feet (M). If 
the log period is set to 2 minutes and the log margin is set to 1 ft, then every 2 minutes 
the current reading is compared to the last logged reading. If the difference is less than 
1 ft then the current log sequence is cancelled.

USB COMMUNICATIONS

The Well Sounder 2010 PRO in addition to the logging features above offers enhanced 
logging capabilities. Expanded memory provides enough memory to record one data 
point per minute for over 50 years. This memory supports a windows compatible file 
system which can be accessed using the USB port. When the Well Sounder is 
connected to a computer with the included USB cable, the computer will identify the 
Well Sounder as a mass storage device and show the available log files in an explorer 
window which can be copied directly to a directory on the computer and deleted from 
the Well Sounder. 

The log data files are simple ascii text files which can be opened with any common 
program such as Notepad, MS Word or Excel. The data files created are named 
WSLOGxxx.TXT where xxx is the well ID in the form 001 etc. Each data point stored is 
appended to the file corresponding to the currently set well ID. If a file does not exist for 
the well ID selected, it is created. Once the data is copied to the computer, the file can 
be deleted from the Well Sounder. A new file will be created if the same ID is used.

RS232 COMMUNICATIONS

The Well Sounder offers a standard serial communications port for connection to a 
computer or remote device such as a SCADA system or remote readout. A 9 pin D 
connector on the side of the unit allows the unit to connect to a computer or other 
RS232 device using a standard straight through serial cable. A simple serial to USB 
adapter is available from Eno Scientific or most computer stores to use with laptops 
without serial ports. The default serial configuration on the Well Sounder is 19200 
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baud, 8 data bits, 1 stop bit, no parity, and no flow control. The baud rate can be 
changed from the set screen on the keypad.

The serial port is bi-directional and allows communication from the Well Sounder to the 
remote device and back. This allows the Well Sounder to be programmed and 
operated from a remote location. The Well Sounder offers a complete command set 
over the serial link to allow configuring the Well Sounder settings as well as requesting 
a down load of the log data.  A standard terminal emulator program such as 
HyperTerminal (included with windows) or Tera Term Pro 4.69 (available for free 
download) can be used from a computer to operate the Well Sounder remotely (see the 
section on remote operation). 

The Well Sounder can also be instructed to automatically transmit new data over the 
serial port as it is generated. To activate this feature from the keypad, press the SET 
button until RS232 data is displayed. Press the UP or DOWN button to select 
continuous, logged only, or depth only. When set to continuous, the complete data set 
is transmitted with each pulse. When set to logged only, data is only transmitted when 
a log point is recorded. When set to depth only, only the depth is transmitted.

REMOTE OPERATION

When the Well Sounder is connected to a computer or other bi-directional  remote 
device, the Well Sounder can be controlled and configured using a set of simple 
commands. Connect the unit to a serial com port on a computer or other RS232 device 
using a standard straight through serial cable or to a USB port using a simple serial to 
USB adapter. (Available from Enoscientific or most computer stores to use with laptops 
without serial ports).  On a computer, a standard terminal emulator program such as 
HyperTerminal (a standard program installed as a part of windows), can be used to 
communicate with the Well Sounder. 

HyperTerminal can be found on Windows from the start menu. Select All Programs > 
Accessories > Communications > HyperTerminal. Open Hyperterminal and enter a 
name for the well sounder connection. Select OK, then on the following screen, in the 
box labeled Connect using:, select the COM port connected to the Well Sounder. If 
your computer has a com port, it will probably be COM1. If you are using a USB 
adapter it may be any where from COM3 thru COM12. Select OK, then enter the port 
settings: 19200 baud, 8 data bits, parity none, 1 stop bit, and flow control none. Then 
select OK. Turn on the Well Sounder and press the return key on your computer. If it is 
set up correctly, the Well Sounder will return with a line of data  and a WS2k> prompt 
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on the screen.  If the Well Sounder does not respond, select a different COM port and 
try again. Once the communications are working, select “save” from the file menu at 
the top. The next time you start Hyperterminal, cancel the new connection screen and 
select file > open from the top menu and double click on your well sounder connection.

If the Well Sounder unit is in power save mode and shut down, press a key on the 
keypad to wake the unit. It will remain awake for 30 seconds after the last key or 
RS232 command. Then press the return key <return> on the computer. If it is set up 
correctly, the unit should respond with a line of data and a WS2k> prompt. The unit is 
now ready to receive commands from the remote device or computer.

The remote commands are case sensitive and must be entered exactly as shown on 
the list below.  One command per line, terminated by a <return>. Extra tabs or spaces 
will not be accepted. 

Examples:
Press "d<return>" to dump the log data to the screen. 
Press "u0<return>" to set english mode or "u2<return>" to set metric.
Press "lp5<return>" to set the logging period to 5 minutes.
Press "tm15:30:00<return>" to set the system time to 3:30 PM.

If serial output is enabled, the prompt and input may be written over on the screen but 
the input will still be interpreted correctly. It may be easier to disable the serial output 
while using remote commands. Press “s0<return>” to turn off serial reporting and 
“s1<return>” to turn in back on when finished.

USER REMOTE COMMANDS -  In the following list, [iiii] indicates a parameter of up to 
a 4 character integer (no decimal point), [ddddd] indicates up to 5 character decimal 
number (decimal point optional), and  <ret> indicates a return.
<ret> send current data
a0<ret> alarm off
a1<ret>  low alarm on
a2<ret> high alarm on
a3<ret> both alarms on
ah[iiii] <ret> set high alarm level 
al[iiii] <ret>  set low alarm level
cX<ret>  clear log memory
d<ret>  dump log to RS232 connection
f0<ret> enable flow meter
f1<ret> disable flow meter
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fp[dddddddddd] <ret> preset flow totalizer
g[iiii] <ret>  set min measurement range
h <ret>  display command list
i[iii] <ret>  set unit ID
l0<ret> logging off
l1<ret>  logging on 
l2<ret>  log on change
lp[iiii] <ret>  logging period minutes
lm[dddddd] <ret> log change distance 
m0<ret> puts unit in normal operation mode 
m1<ret> puts unit in set mode 
o[dddddd] <ret> offset to subtract from all distance measurements
p0<ret>  power saver off
p1<ret>         power saver on (CAUTION – while in power down, 

RS232 is off and no further communications will be
accepted)

r[iiii] <ret>  set max measurement range
s0<ret>  turn off RS232 reporting
s1<ret>  turn on RS232 continuous reporting
s2<ret>  turn on RS232 reporting for logged points only
s3<ret>  turn on RS232 continuous reporting depth only
sb[i] <ret>  set baud rate (CAUTION – once the command is

accepted, communications will cease until the
Hyperterminal setting are changed to match)
0 –300
1 – 1200
2 – 2400
3 – 4800
4 – 9600
5 – 14400
6 – 19200
7 – 38400
8 – 57600

tm[hh:mm:ss] <ret>  set time
td[yy/mm/dd] <ret> set date
u0<ret>  set english units (ft)
u1<ret>  set english units (ft in)
u2<ret>  set metric units
w[dddddd] <ret> set well temperature 
Ca[dddddd] <ret> calibrate temp sensor 1
Cb[dddddd] <ret>  calibrate temp sensor 2
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Cc[dddddd] <ret>  calibrate temp sensor 3
Cd[dddddd] <ret>  calibrate battery sensor
?<return>  send a list of the current settings

Most of these commands are the same as those described under Mode Definitions. 
There are, however, a couple additional functions.  

The calibrate commands allow the user to calibrate the unit for use with a particular 
probe. Each probe is slightly different, so while the unit is measuring a temperature, for 
example, the command “Ca73.1<ret>” could be entered. This would cause the unit to 
recalibrate so that it would currently read 73.1 degrees. 

The flow command allows the user to preset the flow totalizer with up to a ten digit 
decimal number.

DOWNLOADING DATA

The procedure for collecting data stored in the flash memory from field installed logging 
units in power save mode should be as follows:

1 – Connect the laptop computer to the unit using a serial cable.
2 – Start HyperTerminal and configure the connection as described above.
3 - .Press the “SET” button on the unit to wake it up. There should be a single click.
4 – Press <enter> on the computer, and the unit should respond with a line of data and 

a WS2k> prompt. If not, press again.
5 – If the unit is sending continuous lines of data, press “s0<return>” to turn it off.
6 – Open log file. Click on the “transfer” drop down menu and select “capture text”. 

Enter a file name and click open. A log indicator will light up at the bottom of 
the screen. When finished, go back to the “capture text” menu and select 
“stop”. 

7 – Press “?<enter>” on the computer keyboard if desired to include the unit 
information in the log.

8 – Press “d<enter>” on the computer keyboard to start the download. The last data 
line will be followed by END.

9 – Close the log file as described in item 6.
10 – Press “cX<enter>” to clear the data log to make room for additional data logging if 

desired.
11 – If serial data was running, press “s1<return>” to turn it back on.
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12 – Disconnect computer. The well sounder should resume sounding within 30 
seconds, and if power save is active the unit should go back to sleep after 
the next log point.

INTERPRETATION OF DATA

DATA QUERY -  A simple <return> sent to the unit instructs the unit to send the current 
data set. Each data element is preceded by an upper case letter for the identity of the 
following number. A typical data line is as follow: data, time, D depth, other data, B 
battery voltage and the R error code. (see the error code section for codes).

Other data includes any enabled options which are reporting valid data. This may 
include the T probe temperature, X external temperature, and F flow.

Example: 
WS2k > 
2008/07/21 10:12:06 D  74.45 T 76.4 F      0.00 B 5.97 R 2
WS2k > 

This indicates that the depth is 74.45 feet, the probe temp is 76.4 F, the flow is 0 gal, 
the battery voltage is 5.97, and the error code is 2 meaning that the battery voltage is 
below 6.5 volts.

SYSTEM STATE -  A "?" command sent to the unit instructs the unit to send its current 
operating state. This will include 3 lines of data. The first line reports the model number 
and features, the software version, the unit serial number, and the user set ID number. 
The second and third lines report the applicable system settings prefixed by the 
commands used to set them as listed in the table in the section on external commands. 
In addition to the settings is the log memory state prefixed with "ls" and includes the 
number of log points in memory/ total number available. So in the following example 
168 points have been used out of 14975.

Example:
WS2k > ?
Mod #WS1100-1023 Ver # 1018  Ser #080628015  ID #001
t2008/07/21 10:12:33 l0 lp15 lm   0.30 s0 r 700.00 o   0.00 p0 u0
ls  168/14975 a0 al 100.00 ah 100.00 w 60.5
WS2k > 
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In this example, "l0" indicates that logging is turned off, "lp15" indicates that the logging 
period is 15 minutes, and the well temperature is set to 60.5 degrees.

DATA DUMP -  The "d" command instructs the unit to send the contents of the data log. 
The information is sent one data point per line and is formatted like the data query. 
Other data may be included in the log if it is enabled and contains valid data. The 
following example shows typical data with the date and time, from unit ID of 2. The 
depth is 300.23 feet, temperature is 75.2ºF, total flow is 761.26 gallons, battery voltage 
is 8.06 volts, signal gain is 652, and there are no errors.

Example:
WS2k > d
Log Dump
2009/09/29 20:36:00 #002 D 300.23 T 75.2 F   761.26 B 8.06 G652 R 0
2009/09/29 20:37:01 #002 D 300.23 T 75.2 F   761.26 B 8.06 G652 R 0
2009/09/29 20:38:01 #002 D 300.23 T 75.2 F   761.26 B 8.06 G652 R 0
2009/09/29 20:39:00 #002 D 300.23 T 75.2 F   761.26 B 8.06 G652 R 0
2009/09/29 20:40:00 #002 D 300.23 T 75.2 F   761.26 B 8.06 G652 R 0
End
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FLOW METER OPTION

An optional accessory splitter is available for the Well Sounder to allow more than one 
device to be connected to the probe port such as the optional flow meter. The Eno 
Scientific flow meter comes with a plugged cable which can plug right into the splitter. 
Or by using the optional breakout adapter with screw terminals, it may be connected to 
any flow meter which provides a TTL level (0 or 5 volt) or switched output. 

When the flow meter is enabled on the Well Sounder, the Well Sounder monitors the 
input for any change in voltage level and records a count for each level change. 
Caution: some flow meters output a full pulse for a count (i.e. the voltage goes from low 
to high and then back to low again). The Well Sounder will count this as two counts, 
and must be compensated for when setting the scale factor by adjusting it to half.

The scale factor is used to calculate how much flow has passed for each count. The 
Eno Scientific flow meters output full pulses and have scale factors like .0057 gallons 
per pulse for the 1” flow meter. So since the flow meter outputs full pulses the entered 
scale factor should be half of that or .00285 gallons pre count. Once this is set, the Well 
Sounder will increase the total flow by .0057 gallons each time it receives a pulse. The 
total flow and flow rate can be observed on the display screen as the flow meter is 
running. 

There are three ways to set the scale factor: using the keypad either automatic or 
manual, and using the remote programming through the RS232 port.

AUTOMATIC -  by selecting automatic on the set screen after enabling the flow meter 
from the keypad, the following screen says “up to start”. A self calibration routine is 
initiated when the user presses the UP button. The total flow is cleared, and the Well 
Sounder counts all pulses until the DOWN button is pressed. A new screen then asks 
the user to input the total amount of water pumped between the up and down button 
presses. When finished, press the ENTER button to calculate and store the new scale 
factor. 

A typical calibration sequence is to point the pump output into an empty 5 gallon bucket 
with the pump off. Press the UP button to start, when the bucket is full, press the 
DOWN button. Set 5 gallons as the amount pumped and press ENTER. This procedure 
will also compensate for irregularities in the flow meter installation such as elbows or 
reducers in the line.

MANUAL -  By selecting manual on the set screen after enabling the flow meter asks 
the user to input the scale factor in gallons per pulse (liters per pulse). Remember to 
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adjust the scale factor by half when full pulses are output from the flow meter. Press 
the DISP button to return operation and the UP or DOWN button to show the flow.

REMOTE -  It is also possible to set the scale factor using the procedure described in 
the remote operation section, by typing “Fjnnnnnn” where nnnnnn is the scale factor, 
and then return.

ANALOG OUTPUT OPTION

An optional accessory splitter is available for the Well Sounder to allow more than one 
device to be connected to the probe port such as the optional analog output adapter. 
The analog output adapter provides screw terminals to allow connection to the 0-5 volt 
alarm or analog output voltage, and two terminals for connection to the 4-20 ma output 
current. These outputs are only available in the 2010 PRO.

MAINTENANCE

BATTERIES – The Well Sounder is powered by 6 internal AA batteries which are 
located in the battery compartment in the rear of the meter unit. The access door can 
be opened by removing the single screw in the middle of the unit. It is recommended 
that dead batteries be removed promptly to prevent damage from leaking batteries. 
Note when replacing the battery access door to install the stand hinge with the raised 
part going into the hinge cradle on the door.

LITHIUM BATTERY – There is also a lithium coin cell inside the unit to maintain the 
system clock and settings. This is a common type 2032 battery most local outlets. This 
battery typically lasts 2 years or more. If the unit powers up in the set date mode, this 
indicates that the battery needs replacing. This battery can be accessed by removing 
the 4 corner screws on the back of the unit. Then separate the case rear while the unit 
remains on the table face down to prevent the AA battery case from falling out. After 
replacing the battery, make sure that the battery wires are routed in the channel  while 
replacing the case. Then replace the screws and tighten to snug being careful not to 
strip the screws.
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FREQUENTLY ASKED QUESTIONS

Q: Can I use the Well Sounder on an open well?
A: The Well Sounder was designed to work on a closed well. A simple piece of rigid 
card board or plastic held against the opening is enough to meet this requirement. In 
many cases it will work on the open well but may be off by a couple feet.

Q: Does the Well Sounder work on wells with the pump installed?
A: Yes. The sound pulse used for measuring is not disturbed by the presence on pump 
wiring or piping. 

Q: What if there are guard rings or torque arresters on the pump line?
A: The Well Sounder will read past most guard rings and torque arresters with little 
signal attenuation. Some torque arresters may block more than 90% of the well 
opening and may cause problems.

Q: Will the Well Sounder work with the pump running?
A: Generally yes. If however the pump is exceptionally noisy and or the water level is 
near or below the pump, it is possible that the noise form the pump could interfere with 
the depth measurement.

Q: Does the Well Sounder work on larger diameter wells?
A: The Well Sounder with the standard probe works on wells up to 18” in diameter. 
However, as the well diameter increases, the signal strength weakens and becomes 
more susceptible to pump noise and imperfections in the well. It is recommended that 
on wells larger than 8” that a sounding tube be used.

Q: How deep will the Well Sounder measure?
A: The maximum range is 2000 feet for model 2010 and the 2010 PRO. This may not 
be achievable on all wells however. On a good 6” well with tight clean casing all the 
way down and little or no obstructions along the way, maximum range can be achieved. 
On uncased wells drilled through porous stone or with irregular walls, or any 
obstructions such as spacer rings or couplings the range will be reduced.

Q: Does the Well Sounder work in wells with perforated casing?
A: If the perforations are exposed (above the water line) and the exterior of the casing 
is very porous like crushed stone, then the perforations will dampen the sound pulse 
and there will be no reflection for the Well sounder to detect. In this case, the Well 
Sounder will track the descending water level until it gets to the perforations and then 
stick at the start of the exposed perforations as the water level continues to descend.
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Q: Does the Well Sounder work in crooked wells?
A: Yes. The sound pulse used to measure the depth will even go around corners and 
obstructions which block less than 90% of the well opening.

Q: How long do the batteries last?
A: The Well Sounder will run continuously on its 6 AA batteries for approximately 80 
hours, or up to 21 days using power save mode. There is also an internal lithium 
battery used only to maintain the time and date which typically last from one to two 
years.

Q: Will the log memory be lost if the batteries go dead?
A: No. The memory is stored in flash memory and is safe even without power.

Q: What happens when the log memory is full?
A: When the log memory is full, the sounder stops recording new data and preserves 
the first data points. The Well Sounder 2010 PRO will continue to record data in its 
extended data memory up to 2GB, and be accessible with the USB connection.

Q: Why does the unit need the time set when the power is turned on?
A: The lithium battery needs to be replaced. This is a common type 2032,  3 volt lithium 
coin cell. The unit will continue to operate without the lithium battery but the time and 
settings will have to be reset every time the power is turned on.

Q: What if the well contains a constant pressure pump system with the accumulator 
tank in the well?
A: The in well accumulators tend to block the well shaft entirely. If this is the case then 
the Well Sounder will be unable to find the distance to the water past the accumulator.

Q: Can the Well Sounder measure past a pit-less adapter?
A: Yes. The common side mount pit-less adapter typically does not block a significant 
portion of the well opening and will not interfere with the depth sensing. Some pit-less 
adapters, however, are recessed into the well and do block most of the opening. These 
installations may be more difficult. There are two ways to handle these cases: The 
probe can be lowered into the well and seated on the access hole through the pit-less 
adapter. A probe extension cable is available for this purpose. 

Q: Can the Well Sounder be used on hand dug wells?
A: Hand dug wells are often fairly large and irregular, and as such may cause problems 
for the Well Sounder due to multiple or weak reflections. Some work and some do not. 
However, in any difficult to measure well, a small tube can be installed specifically for 
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measurement. A 3/4” PE pipe can be used for up to 1000' provided splicers do not 
restrict the ID.

Q: Can I use the Well Sounder to measure the water level in a tank?
A: There are three issues here. First, the Well Sounder is designed to be used in a 
constant diameter pipe. Tank measurement is generally into a large opening which 
would create multiple reflections a hence an uncertain reading. Second, the minimum 
measurement distance is about 9 feet, so unless the sounder is mounted at least 9 feet 
from the maximum water level, it would not be useful. And third, the sensing probe is 
not designed for use with any pressure. Both sides of the probe must be maintained at 
atmosphere. This being said, it is possible to install the sounder on a sensing tube 
above the tank extending 10 feet above the maximum water level and down to the 
lowest level to be measured.

Q: My sounding tube is 3/4” PVC schd 80 with threaded couplings every 20ft. The Well 
sounder reads the depth at 20'. Why?
A: The pocket created at each joint is significant compared to the inside diameter of the 
PVC pipe, and therefore causes the pulse to reflect at each coupling. You will notice 
that if the min range is increased to 25ft, the depth will jump to 40ft. And when 
increased to 45ft, the depth will jump to 60ft etc. In many cases, after the the pulse has 
passed the nearby stronger reflections, the stronger reflection from the water will 
dominate and the depth will jump up to the water level.
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TROUBLESHOOTING
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ERROR CODES
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0 No error

1 No probe The unit does not see the temperature sensor in the probe.

2 Low Battery The input voltage has dropped below 6.5V. The unit will continue 
to function properly until the voltage reaches about 5.4V. Once 
the battery voltage reaches 6.5V there is less than 10% battery 
life remaining

3 FP An internal processor over run is occurring. May indicate an 
internal fault.

5 CC An internal processor over run is occurring. May indicate an 
internal fault.

6 Log Full Indicates that the internal log memory has been filled and no 
additional logging will be performed. The log memory must be 
cleared to continue.

7 RS232 over run The command line reached the end of the buffer without 
identifying a command.

8 Probe Error Indicates that the signal levels received from the probe are 
outside the normal range. This could be caused by a probe not 
installed in a well, excessive noise, or a wet or faulty probe.

9 Low Level 
Alarm

Indicates that the well water level has dropped below the low 
alarm set point. The alarm will continue until the level increases, 
the alarm is disabled, or the set point is changed.

10 High Level 
Alarm

Indicates that the well water level has increased above the high 
alarm set point. The alarm will continue until the level decreases, 
the alarm is disabled, or the set point is changed.

11 Low Signal 
Level

Indicates that the signal levels received from the probe are below 
the normal range. This could be caused by a probe not installed 
in a well, a blocked or wet microphone tube or a faulty probe.

12 High Signal 
Level

Indicates that the signal levels received from the probe are 
above the normal range. This could be caused by a probe not 
installed in a well, excessive noise, or a faulty probe.

 



SPECIFICATIONS

POWER:
External Power (optional):  5.5 to 12VDC at 50ma. Do not exceed 16V. Connector 5.5mm x 2.1mm 
center post positive. Internal Power:  6 AA Alkaline batteries. The unit will run continuously for  
approximately 80 hours on a set of batteries or up to 21 days in power saver mode. 

Real time clock:  Li Ion 3V battery CR2032.

MEASUREMENT:
Resolution:  .05 ft
Accuracy:  .1 ft (see notes)
Range:  9 to 2000 feet.  (see notes)

LOGGING:
Memory:  nonvolatile flash memory for  approx 13,000 data points, settings, calibration and user data.
               Additional memory (2010 PRO only) for over 28,000,000 data points.
Logging rates:  1 sec to 60 minutes per sample.

ENVIRONMENTAL:
Temperature:  -10 to 110 F
Humidity:  10 to 90% non-condensing.

PHYSICAL:
Dimensions:  4x7.5x1.25”
Control Unit Weight:  ~14 oz with batteries.
Probe Weight:  ~5.5 oz.

FEATURES:
Display:   2x16 character LCD
Temperature compensation:   in probe
Serial Output:   baud 300 – 57600, 8 data bits, one stop bit. (19200 baud default).

INPUTS:
Acoustic probe
Flow meter input (with optional adapter) – TTL level transition counting.
Temperature sensor input
Serial port

OUTPUTS:
Serial port
USB (2010 PRO only)
Analog 0-5 volt, 4-20 ma, 0 or 5 volt alarm (with optional adapter)
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ADDITIONAL NOTES

The specified accuracy is achieved provided certain conditions are met. Since the 
distance calculation is determined by timing the returned echo, it is important that a 
free path is available for the pulse to travel to the water surface and return. It is 
possible that an obstruction such as torque arrester or centering ring on a pump pipe 
can cause a premature echo or distort the pulse causing the effective pulse to shift one 
way or the other. It is also possible that a breakout or large fracture opening can also 
cause a false echo. Ordinary pump piping and wiring will not interfere with the 
measurements. 

The accuracy is also dependent on the sound speed in the well. Since the sound 
speed is determined by the temperature, the average temperature must be specified 
correctly. The error is approximately .1%/°F.

The maximum range is limited by the maximum time during which the echo is 
monitored, and the strength of the echo signal. Uncased wells drilled through porous 
material can attenuate the signal faster than the rated distance, making detection 
impossible.
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WARRANTY AND SERVICE

Eno Scientific warrants to the user that all products manufactured by Eno Scientific, will 
be free from defects in workmanship and materials for 1 year from the date of 
shipment.

Eno Scientific warrants to repair or replace any such defective equipment or part 
(determined to our satisfaction to have a defect in workmanship or original material) 
upon receipt and inspection of such defective equipment to Eno Scientific with all 
shipping pre paid by the user.

In no event shall Eno Scientific be liable for any direct, indirect or consequential 
damages, abuse, acts of third parties (rental equipment), environmental conditions or 
other expenses which may arise in connection with such defective equipment. This 
warranty shall not apply to damage of equipment caused by incorrect installation, 
usage, lightning, storage, alteration or inadequate care.

This warranty does not apply to parts, assemblies or devices not manufactured by Eno 
Scientific which are covered by other manufacturers’ warranties. There are no 
warranties except as specifically provided in writing herein.

Contact Eno Scientific with any warranty or service questions.

For additional information, please visit our website at   www.enoscientific.com.

 Eno Scientific  Well Sounder 2010/2010 PRO Page 35 

http://www.enoscientific.com/


  Eno Scientific  Well Sounder 2010/2010 PRO Page 36   



 

Rev. 10/26/10   Part #12050062 

 
 

Keck 
Water Level Meter 

Installation and Operation Manual 

 

 



USERS MUST READ AND UNDERSTAND THIS MANUAL PRIOR 

TO OPERATION OF EQUIPMENT. 



 

 1

Table of Contents 

CHAPTER 1:  SYSTEM DESCRIPTION……………………………………3 

FUNCTION AND THEORY……………………………………………………....3 
SYSTEM COMPONENTS………………………………………………………..4 

CHAPTER 2:  SYSTEM INSTALLATION………………………………….7 

CHAPTER 3:  SYSTEM OPERATION….……………………………..…….8 

CHAPTER 4:  SYSTEM MAINTENANCE…………………………………10 

CHAPTER 5:  SYSTEM TROUBLESHOOTING………………………….11 

CHAPTER 6:  SYSTEM SPECIFICATIONS……………………….………13 

CHAPTER 7:  SYSTEM SCHEMATIC……………………………………..15 

CHAPTER 8:  REPLACEMENT PARTS LIST…………………………….16 

THE WARRANTY…………………………………………………………….18 

EQUIPMENT RETURN POLICY……………………………...……………18 

EQUIPMENT DECONTAMINATION………………………………………18 

 

 
 

USERS MUST READ AND UNDERSTAND THIS MANUAL PRIOR 

TO OPERATION OF EQUIPMENT. 



 

 2

NOTE 

DOCUMENTATION CONVENTIONS 

This uses the following conventions to present information: 

    

 

 

 

An exclamation point icon indicates a WARNING 
of a situation or condition that could lead to 
personal injury or death.  You should not proceed 
until you read and thoroughly understand the 
WARNING message. 

WARNING

CAUTION 

A raised hand icon indicates CAUTION information 
that relates to a situation or condition that could lead 
to equipment malfunction or damage.  You should not 
proceed until you read and thoroughly understand the 
CAUTION message. 

 

A note icon indicates NOTE information.  Notes 
provide additional or supplementary information 
about an activity or concept. 
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Chapter 1:  System Description 

Function and Theory 

The Keck Water Level Meter is a portable instrument used to accurately 
measure water levels in monitoring wells.  The sensor consists of a 
stainless steel and Teflon® probe attached to a reel-mounted, 
polyethylene-coated engineer’s tape.  The engineer's tape comes in 
standard or metric graduations, and is accurate to 1/100th of a foot, or 1 
millimeter. 
 
The sensor relies on fluid conductivity to determine the presence of water.  
An audible signal and visible green light activate when the instrument 
contacts water.  It features adjustable sensitivity, used to prevent false 
triggering. 
 
The Keck Water Level Meter is intended for use as a depth to water 
measuring device. Using the Keck Water Level Meter for any other 
purpose may compromise safety of the operator and/or void 
manufacturers warranty. 
 

 

To avoid damage to tape and strain relief, do not over 
tighten reel with probe in storage position. 
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Chapter 2:  System Installation 

The Keck Water Level Meter frame has a metal loop, the “hanger”, which 
may be used to hang the probe assembly on the well casing.  If the Water 
Level Meter frame will not hang on well head, use the tape guard to 
prevent damage to the tape. To avoid injury be sure the “hanger” is 
securely in place on the well casing when installed. 

Figure 6 – Reel Frame 
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Chapter 3:  System Operation 

Turn the instrument on with the ON/SENSITIVITY switch. If the buzzer 
makes a loud signal and a red light is visible, the battery is adequate for 
normal operation. 
 
Lower the probe down the well to the water surface.  The light and buzzer 
will activate.  At this point, adjust the probe dial by rotating it counter-
clockwise until the light and buzzer turn off. 
 
With the probe still in contact with the water, adjust the sensitivity dial 
clockwise until the light and buzzer barely activate.  In this setting, the 
probe will detect the water level and avoid false triggering. 
 
Water level measurements can now be taken from the top of the casing 
or any reference point. 
 
Water Level Meter should be stored with the On/Sensitivity switch in the 
OFF position.  To turn unit off, rotate switch fully counterclockwise until 
switch clicks. 
 
If Water Level Meter will not be used and stored for longer then three (3) 
months, remove the battery to prevent battery leakage from causing 
damage. 

 

 

 

 

   This unit id not rated for use with hydrocarbons or 
flammable    liquids.  If measuring depth to fluid of wells 
containing hydrocarbons, use Geotech’s line of 
interface meter products.     

 

To avoid damage to tape and strain relief, do not over 
tighten reel with probe in storage position. 
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Operation of Optional Draw down Control 

1) Lower probe to desired depth of maximum allowable draw down in
standard Water Level Meter Mode.

2) Move the mode switch to the “Left “, for draw down mode - See Fig. 4,
page 7.

3) Connect Water Level Meter to controller (GeoControl Pro or Geo
Controller Equipped with draw down feature) – See Fig. 4, page 7.

4) Operate your controller in accordance with controllers operation manual.
Water Level Meter will stop controller when water level dips below it.  It
will allow the controller to re-start when water level rises and makes
contact with probe.
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Chapter 4:  System Maintenance 

Battery Replacement 

Replace the battery when the audible and visible signals become weak or 
the unit does not operate. 

Step 1: Gently remove the battery tray. 

Step 2: Remove the old battery and replace it with a new one. 

Cleaning  

The Water Level Meter can be cleaned with any detergent such as 
trisodium phosphate (TSP), Alconox or Liquinox.  If other detergents are 
used, take care to select detergents that are compatible with Teflon®, 
polypropylene, and stainless steel.  The reel should not be submerged in 
any liquid, but may be cleaned with a damp cloth. 

If the probe becomes covered with silt or mud, it may be cleaned with 
detergent and a soft bristle brush.

Be aware of the polarity (+, -) of the battery when 
placing the new battery in the tray. Use 9V alkaline battery 
only. Do not pinch skin in battery drawer when replacing. 
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Chapter 5:  System Troubleshooting 

Problem:  No signal (audible or visible) when unit is turned on. 
 
Solutions: 
The battery is discharged. 
Check or change battery (see page 10). 
 
The circuit is malfunctioning. 
Consult the manufacturer. 
 
 
Problem:  No indication of water. 
 
Solutions: 
The conductive contact is dirty. 
Clean the contact (see page 8). 
 
There is an open connection in the tape. 
Replace tape and/or probe. ** 
 
The circuit is malfunctioning. 
Consult the manufacturer. 
 
 
Problem:  The signal (audible or visible) is intermittent. 
 
Solutions: 
There is an open connection in the tape. 
Replace tape and/or probe. ** 
 
There is a loose connection in the circuit or the probe. 
Repair the connection. ** 
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Problem:         The signal (audible or visible) is continuous when not in              
  water. 
 
Solutions: 
Make sure the meter is in standard mode. 
Place the mode switch to the “Right“, for normal operation. 
 
The conductive contact is dirty (causing bridging). 
Clean the contact (see page 8). 
 
There is a short in the tape and/or probe. 
Replace tape and/or probe. ** 
 
The circuit is malfunctioning. 
Consult the manufacturer. 
 
 
 
Problem:  Controller shuts down automatically when Water Level                                                     

Meter has draw down feature connected. 
 
Solutions: 
1)   Water Level Meter is in standard WLM mode. 
Lower till probe contacts the water level and switch to draw down mode. 
 
2)   Water Level Meter is in draw down mode, but water level dropped                             
below probe. 
Wait for well to recharge and make contact with probe, or lower probe to 
contact water. 
 
 
 
**For Technical Assistance, Call Geotech Environmental Equipment at 
   1-800-833-7958 or 1-800-275-5325. 
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Chapter 6:  System Specifications 

Length/Weight: 100 foot / 30 meters = 9 lbs 
200 foot / 60 meters = 11 lbs 
300 foot / 100 meters = 14 lbs 

5/8” Probe 

Material:  Stainless Steel & Teflon® 
Weight:  4.68 oz 132.54 g 
Diameter: 5/8 inch 1.59 cm 
Length:  6-1/8 inches 19.69 cm 
Minimum Conductivity Threshold 

(detects water at): 10µS 

3/8” Probe (optional) 

Material:  Stainless Steel & Teflon® 
Weight:  1.06 oz 30.5 g 
Diameter: 3/8 inch .9525 cm 
Length:  6 inches 15.24 cm 
Minimum Conductivity Threshold 

(detects water at): 10µS 

Tape 

Material: Polyethylene coated steel tape 
  w/ stainless steel conductors 

Accuracy: 100th of a foot/100’ 
Per Federal Specification: 
GGG-T-106E 

Material: MDPE tape w/ stainless steel conductors 

Accuracy: 100th of a foot/100’ 
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Reel/Frame  
 
Material:   Polypropylene & Aluminum 
Size:   13” H x 11” W x 7” D 
 
 
Unit 
 
Battery:    9 volt alkaline 
Max power:   < 1 Watt 
Max sound pressure output: 75 dB @ 30cm 
Insulation rating: Insulation rating is considered double as there are no 

hazardous voltages or power circuit to pose a threat to 
the operator. 

Battery life: 
 Continuously detecting: 8 hours 
 On but not detecting: >1 year 
Output tone:   5 kHz 
Operating temperature range: 32 – 140 °F (0 – 60 °C) 
Storage temperature range: -40 – 158 °F (-40 – 70 °C) 
Response time:  <10 milliseconds 
Humidity:   0-100% 
Elevation:    -100-4000 Meters 

Rated for Outdoor Use. 
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Chapter 7:  System Schematic 
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Figure 7 - Front and side view 
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Chapter 8:  Replacement Parts List 

 
 

REEL (2)
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CONTROL (5)
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CLAMPING KNOB (8)

5/8" PROBE (4)

ASSEMBLY
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TAPE (3)
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CLAMPING (10)

NUT

BRAKE SCREW (9)

 
Figure 1 
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ITEM # PARTS DESCRIPTION PARTS LIST 

   
1 FRAME ASSEMBLY 52050002 

2 REEL ASSEMBLY, 100FT/30M 52050029 

 REEL ASSEMBLY, 200FT/60M 52050030 

 REEL ASSEMBLY, 300FT/100M 52050031 

   

3 TAPE ASSEMBLY, POLY, 100FT 52050013 

 TAPE ASSEMBLY, POLY, 200FT 52050012 

 TAPE ASSEMBLY, POLY, 300FT 52050014 

 TAPE ASSEMBLY, POLY, 30M 52050072 

 TAPE ASSEMBLY, POLY, 60M 52050042 

 TAPE ASSEMBLY, POLY, 100M 52050053 

   

 TAPE ASSEMBLY, MDPE, 100FT 52050181 

 TAPE ASSEMBLY, MDPE, 200FT 52050182 

 TAPE ASSEMBLY, MDPE, 300FT 52050183 

 TAPE ASSEMBLY, MDPE, 30M 52050230 

 TAPE ASSEMBLY, MDPE, 60M 52050231 

 TAPE ASSEMBLY, MDPE, 100M 52050232 

   

4 PROBE ASSEMBLY, 5/8” DIA 52050052 

   

3-4 3/8” TAPE & PROBE ASSEMBLY, POLY, 100FT 52050126 

 3/8” TAPE & PROBE ASSEMBLY, POLY, 200FT 52050127 

 3/8” TAPE & PROBE ASSEMBLY, POLY, 300FT 52050128 

 3/8” TAPE & PROBE ASSEMBLY, POLY, 30M 52050129 

 3/8” TAPE & PROBE ASSEMBLY, POLY, 60M 52050130 

 3/8” TAPE & PROBE ASSEMBLY, POLY, 100M 52050131 

   

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 100FT 52050226 

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 200FT 52050227 

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 300FT 52050228 

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 30M 52050233 

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 60M 52050234 

 3/8” TAPE & PROBE ASSEMBLY, MDPE, 100M 52050235 

   

5 CONTROL ASSEMBLY 52050003 

            6 PROBE HOLDER, 5/8 UNIFRAME 
52050063          
52050263 

6 
7 

PROBE HOLDER, 3/8 UNIFRAME                                                                                      
RETAINING CLIP 

12050093 

8 CLA MPING KNOB 12050524 

            9 1/4-20 X 1.375 SHCS              12050525 

          10 1/4-20 NYLON NUT             17500129 

 MANUAL  12050062 

 TAPE GUARD  12050060 

 CARRYING CASE (OPTIONAL) 12050059 
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The Warranty 

For a period of one (1) year from date of first sale, product is warranted to be free 
from defects in materials and workmanship.  Geotech agrees to repair or replace, 
at Geotech’s option, the portion proving defective, or at our option to refund the 
purchase price thereof.  Geotech will have no warranty obligation if the product is 
subjected to abnormal operating conditions, accident, abuse, misuse, 
unauthorized modification, alteration, repair, or replacement of wear parts.  User 
assumes all other risk, if any, including the risk of injury, loss, or damage, direct 
or consequential, arising out of the use, misuse, or inability to use this product.  
User agrees to use, maintain and install product in accordance with 
recommendations and instructions.  User is responsible for transportation 
charges connected to the repair or replacement of product under this warranty. 

Equipment Return Policy 

A Return Material Authorization number (RMA #) is required prior to 
return of any equipment to our facilities, please call 800 number for 
appropriate location.  An RMA # will be issued upon receipt of your 
request to return equipment, which should include reasons for the return.  
Your return shipment to us must have this RMA # clearly marked on the 
outside of the package.  Proof of date of purchase is required for 
processing of all warranty requests. 
 
This policy applies to both equipment sales and repair orders. 
 
FOR A RETURN MATERIAL AUTHORIZATION, PLEASE CALL OUR 
SERVICE DEPARTMENT AT 1-800-833-7958 OR 1-800-275-5325. 
 
Model Number:  ________________ 
 
Serial Number:  ________________ 
 
Date:  ________________ 

Equipment Decontamination 

Prior to return, all equipment must be thoroughly cleaned and 
decontaminated.  Please make note on RMA form, the use of equipment, 
contaminants equipment was exposed to, and decontamination 
solutions/methods used.Geotech reserves the right to refuse any 
equipment not properly decontaminated.  Geotech may also choose to 
decontaminate equipment for a fee, which will be applied to the repair 
order invoice.



Declaration of Conformity 

Geotech Environmental Equipment Inc. 
2650 E 40th Avenue 
Denver, CO 80205 

Following products are covered: 

Geotech product 
 PN 

82050011 water level meter, 229 meter ET 
82050012 water level meter, 100 ft ET 
82050013 water level meter, 200 ft ET 
82050014 water level meter, 300 ft ET 
82050048 water level meter, 30 m ET 
82050021 water level meter, 60 m ET 
82050040 water level meter, 100 m ET 
82050074 water level meter, 3/8, 100 ft ET 
82050075 water level meter, 3/8, 200 ft ET 
82050076 water level meter, 3/8, 300 ft ET 
82050077 water level meter, 3/8, 30 m ET 
82050078 water level meter, 3/8, 60 m ET 
82050079 water level meter, 3/8, 100 m ET 
82050088 water level meter, 500 ft ETL 
82050089 water level meter, 750 ft ETL 
82050090 water level meter, 1000 ft ETL 
82050097 water level meter, 1500 ft manual rewind ETL 
82050101 water level meter, 2000 ft manual rewind ETL 
82050244 water level meter, 100 ft MDPE ET 
82050245 water level meter, 200 ft MDPE ET 
82050246 water level meter, 300 ft MDPE ET 
82050252 water level meter, 500 ft MDPE ETL 
82050253 water level meter, 750 ft MDPE ETL 
82050254 water level meter, 1000 ft MDPE ETL 
82050256 water level meter, 1500 ft MDPE manual rewind ETL 
82050258 water level meter, 2000 ft MDPE manual rewind ET 
82050262 water level meter, 152 m ETL 
82050263 water level meter, 30 m MDPE ET 



 

 

82050264 water level meter, 60 m MDPE ET 
82050265 water level meter, 100 m MDPE ET 
82050266 water level meter, 3/8, 30 m MDPE ET 
82050267 water level meter, 3/8, 60 m MDPE ET 
82050268 water level meter, 3/8, 100 m MDPE ET 
82050269 water level meter, 3/8, 100 ft MDPE ET 
82050270 water level meter, 3/8, 200 ft MDPE ET 
82050271 water level meter, 3/8, 300 ft MDPE ET 
82050275 water level meter, 305 m ET 
 
These products comply with the directive  2004/108/EC  (EMC), 
harmonized standard EN 61010-1 2001-12-07, emissions class A. 
These products comply with harmonized standard  EN 61326-1 
May 2006. 
 
Signatory:  

 
Joe Leonard 
Product Development 
 
Year of manufacture: 2010 
EMC conformity established 2/14/2008. 
This declaration is issued under the sole responsibility of Geotech 
Environmental Equipment Inc. 
 
Model ________ 
 
 
Serial number _______ 
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Geotech Environmental Equipment, Inc 
2650 East 40

th
 Avenue Denver, Colorado 80205

(303) 320-4764 ● (800) 833-7958 ● FAX (303) 322-7242 
email:  sales@geotechenv.com website:  www.geotechenv.com 

In Michigan Call 
Geotech Environmental Equipment, Inc. 

1099 East Grand River Road, Suite 6, Williamston, Michigan 48895 
(517) 655-5616 • (800) 275-5325 • FAX (517) 655-1157 

In the EU 
Geotech Equipos Ambientales S.L. 

Abat Escarré # 12 Mollet del Valles, Barcelona 08100, España 
Tlf: 93 5445937 

email: international@geotechenv.com website: www.geotechenv.com/spain.html 



APPENDIX E 
Tailgate Safety Meeting Form 



SAP - Pavillion Domestic Wells 

Appendix E – Tailgate Reporting  

Tailgate Safety Meeting Report / Weekly 

Date: ____________ Time _________________  AM  PM Meeting Facilitator_______________________________________________ 

Facility Name and Location__________________________________ Work to be Undertaken_____________________________________ 
Nearest Emergency Medical Services Number (other than 911) 
____________________________________________________ 
New employee/contractor to job site is identified as ______________________________ and will be mentored with additional oversight by 
___________________________, as part of new employee training and the Short Service Employee program (employees less than 6 
months). 
Communication Representative(s) for non-English speaking personnel (if applicable) 
_____________________________________________ 

MINIMUM STANDARDS REQUIREMENT VERIFICATION (must be verified for all members of a work party) 
 Verify Safety Training   New on Job Review   Onsite Orientation   Other (specify) ______________________ 

HAZARD IDENTIFICATION AND SAFETY BRIEFING DISCUSSION (Check and Discuss all Relevant Hazards) 
  Survey Site   Job Safety Analysis Reviewed (if applicable)   Radiation Safety Program 
 Falling from Heights  Hazardous Weather / Travel Conditions   Hazardous Substance / Atmospheres 
  Slips / Trips / Falls   Loading / Unloading Equipment / Securing   Walking/Working Surfaces 
 Pipe Location   Noise Levels  Positions of People / Visibility      
 Electrical Current   Flammable / Combustible / Explosives   Sharp Edges 
 Overexertion/Heavy Lifting    ATV & Motor Vehicle Safety  Insects / Snakes / etc. 
 Spills / Releases CBM gas   Construction Site / Traffic   Streamgaging Site 
 Flying Particles   Excavation Collapse  Walk Around Site Assessment  
 Overhead Power Lines   Alertness to Site Conditions  Drug Free Workplace/Weapons Policy   
 MSDS Sheets  Preventative Maintenance for equipment/machinery  Fatigue Management and Common Sense  

ADDITIONAL PPE REQUIREMENT (based on the job specific hazard or if required at job site, check all that apply)  
Eyes/Face/Head Hands Feet Other 

 Safety Glasses  Protection from heat/cold  Rubber Boots/Waders  Bright Construction Vests 
 Hard Hats  Gloves  Over Boots  Emergency Flashers 
 Faceshield/Helmet  Other hand protection  Steel Toed Boots  Flame Resistant Clothing 
 Hearing Protection  Other Footwear  Personal Flotation Devices  
 Sun Protection  Company Specific PPE /list 

 Other _________________ 
EMERGENCY PREPARATIONS 

 Storm Event Evacuation   Communication Methods Other Evacuation    Emergency Equipment   Exposure to Weather / Gases 
 Review of Incident Reporting/Responsibilities     Additional Topics Covered: 

________________________________________________ 

Attendees (Signature)/Company Attendees (Signature)/Company 

Other Considerations and Field Notes: (attached additional pages if necessary) 

Please scan this report and any additional pages to Y:\Private\H&S\Safety meetings Gillette Folder  Retention 48 months 
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1 Project Management 

This Quality Assurance Project Plan (QAPP) has been prepared by Lowham 
Walsh LLC, Environmental and Engineering Services (Lowham) and Ecology 
and Environment, Inc. (E & E), for the Wyoming Department of Environmental 
Quality (WDEQ) under Task Order 001-05SC0206988.  This QAPP has been 
prepared to present the specific quality assurance (QA)/quality control (QC) 
procedures that will be implemented during the groundwater sampling in the 
Pavillion Gas Field.   
 
The town of Pavillion is located in west-central Wyoming in Fremont County 
within the Wind River Basin. The Pavillion Gas Field, located east of Pavillion, 
encompasses roughly 23 square miles and has produced oil and gas for over five 
decades. Exploration wells were drilled as early as the 1950s and commercial 
natural gas extraction in the field first occurred in 1960 with well installation 
activity increasing from the late 1990s until 2006 (U.S.) Environmental Protection 
Agency (EPA 2011). One hundred sixty-nine gas wells were drilled in the 
Pavillion Gas Field between 1960 and 2007, 98 are actively producing, 40 are 
“shut-in,” and 31 have been plugged and abandoned (Wyoming Oil and Gas 
Conservation Commission 2015). 
 
The components of a Sampling and Analysis Plan are presented in Section 2 and 
associated appendices.  This QAPP was developed in accordance with the four 
major sections provided in the EPA QAPP guidance document entitled Guidance 
for Quality Assurance Project Plans (EPA 2002). Those four sections consist of 
Project Management, Data Generation and Acquisition, Assessment and 
Oversight, and Data Validation and Usability.  Appendices to the QAPP provide 
additional detail on Project procedures and supporting material.   
 
1.1 Project Description 
The residents of Pavillion depend on eight public water wells and approximately 
80 privately owned water wells. Water wells are used for drinking water, 
irrigation, and livestock.  According to the Wyoming State Engineers Office these 
wells are completed at depths from 50 to 800 feet or more. 
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In early 2008 the EPA received complaints from several private well owners 
regarding objectionable taste and odor in well water following hydraulic 
fracturing at nearby gas production wells (EPA 2011).  In response to these 
complaints, the EPA initiated a groundwater investigation in September 2008. 
This investigation took place between March 2009 and April 2011. The EPA 
released a draft report in December 2011 summarizing their findings.   
 
The WDEQ, in agreement with the EPA and Encana Oil and Gas USA, Inc., 
developed a Framework Document in 2013 that established protocol for a 
separate investigation to address water quality concerns expressed by the residents 
of Pavillion. In 2014, two additional rounds of sampling were conducted in 
accordance with the Framework Document.  The subsequent 2016 report offered 
conclusions and considerations for additional work at the site.  The WDEQ 
incorporated select recommendations from the report into the Request for 
Proposal and the Scope of Work for the Phase III supplemental investigation. 
 
Task 1—Project Planning  
This task consists of Project planning and development of site-specific plans, such 
as this QAPP and Sampling and Analysis Plan. This task also includes the 
procurement and management of subcontractors for laboratory analyses. The 
analytical methods will be verified to achieve lower detection limits to meet 
drinking water standards. 
 
Task 2—Project Kickoff Teleconference 
Lowham shall attend a kick-off meeting by teleconference with the WDEQ prior 
to commencing the on-site activities.  The project kick-off meeting will be hosted 
by the WDEQ in order to review the project tasks and objectives with Lowham. 
 
Task 3—Project Meeting 
 Lowham shall attend a project meeting with the WDEQ and the landowners and 
their representatives in Riverton, Wyoming. The meeting will be coordinated and 
hosted by the WDEQ. The purpose of the meeting will be to introduce the  
Lowham team to the landowners. 
 
Task 4—Field Sampling and Laboratory Analysis: Event 1 
Under this task, Lowham will perform the groundwater sampling of up to 13 
private water wells ranging in a total depth of 30 to 750 feet below ground 
surface. Lowham will provide the analytical data in electronic and hardcopy 
format. All data including QA/QC data will be provided along with a table 
providing a summary of results. A Level IV validation of the laboratory analytical 
data shall be performed and a data usability summary report (DUSR) will be 
provided to the WDEQ. 
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The WDEQ may request an additional round of groundwater sampling under the 
requirements of Task 4 based on the results of the initial groundwater sampling. 
 
1.2 Problem Definition/Site Background 
The 2016 Pavillion, Wyoming Area Domestic Water Wells and Palatability Study 
Report (WDEQ 2016) identified data gaps and made recommendations for 
additional investigation activities within the Pavillion Gas Field.  Two of the 
recommendations from the study report are the focus of the supplemental 
groundwater investigation outlined in this QAPP. 
 
The first recommendation was for additional sampling for constituents associated 
with palatability issues (e.g., organosulfides and in-field analysis of sulfides) or 
analysis for biomarkers for bacteria such as using next generation sequencing 
(NGS).  The additional targeting sampling should be complemented with limited 
analyses for general water quality parameters (e.g., major cations/anions and total 
dissolved solids [TDS]) to assess comparability of the groundwater samples to 
earlier sample data.  
 
The second recommendation was to achieve lower method detection limits 
(MDLs) for specific chemicals that were reported above the screening criteria 
during the initial investigation.  
 
1.3  Project Organization 
The organizational chart for the Project is presented as Figure 1-1.  The WDEQ 
geology supervisor will direct the work activities of the Lowham project team, 
address potential deviations from planned activities, and approve corrective 
actions.  The WDEQ geology supervisor is responsible for review and approval of 
the QAPP, with additional approvals required by the E & E project director (PD), 
Lowham project manager (PM), and E & E’s QA manager.  
 
The roles and specific QA responsibilities of key Project personnel are presented 
in Table 1-1.  
  



Investigative Organization

E & E Principal Review 
Gene Florentino, P.G.

Investigative Organization

E & E Quality Control Manager
Marcia Galloway*

Investigative Organization

Lowham-Walsh General Manager
Andrew Strike*

Lowham-Walsh Project Manager
Kyle Smith, P.G.*

009662.0001.01-B4853

Investigative Organization

E & E Project Chemist
Lynne Parker*

Investigative Organization

Field Technical Sta�*
TBD

Investigative Organization

Subcontractor
Pace Analytical

  
Role Subcontract 

Analytical Laboratory

Project Contacts
Carol Davy

Lines of authority 

Lines of communication 

Denotes QAPP recipient *

Lead Organization

Wyoming Department of Environmental Quality 

Natural Resources Program Manager
Lily Lee*

Geology Supervisor
Nicole Twing, P.G.*

Figure 1-1 Pavilion Organizational Chart
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Table 1-1 Key Project Personnel  

Key Personnel 
Affiliation  
and Role Project Responsibilities 

Nicole Twing, P.G. WDEQ Geology 
Supervisor 

■ Approve the QAPP 

Kyle Smith, P.G. Lowham PM ■ Coordinate project activities with 
Lowham team members and 
subcontractors  

■ Lead water sampling investigation and 
oversee day-to-day project activities of 
Lowham team members 

■ Prepare and review final deliverables to 
WDEQ 

■ Approve, implement, and distribute the 
QAPP 

Gene Florentino, P.G., P.M.P. E & E Project 
Director 

■ Approve final deliverables to the WDEQ 
■ Approve the QAPP 
■ Provide independent oversight 
■ Provide principal review of deliverables 

Marcia Galloway, CMQ/OE; CQA E & E QA Manager ■ Approve the QAPP 
■ Provide independent oversight  

Lynne Parker E & E Project 
Chemist 

■ Coordinate with laboratory 
■ Review and validate data from 

laboratories 
■ Import field and laboratory data to 

project database in EQuIS 
Various E & E Publications 

Staff 
■ Maintain document control and security 

and long-term storage of related 
document project files 

Subcontractors 

Carol Davy Pace Laboratory ■ Coordinate sample receipt and report 
generation 

■ Ensure that methods are performed in 
accordance with QAPP  

Key: 
CMQ/OE =  Certified Manager of Quality/Organizational Excellence 
 CQA = Certified Quality Auditor 
 E & E = Ecology and Environment, Inc. 
 GM = General Manager 
 LW = Lowham Walsh LLC 
 PM = Project Manager 
 QAPP = quality assurance project plan 
 QA = quality assurance 
 WDEQ = Wyoming Department of Environmental Quality 
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1.3.1 Project Schedule  
The anticipated schedule for major Project milestones are presented in Table 1-2. 
The objective is to complete the first round of sampling by September 2017.  
 
 
Table 1-2 Project Schedule 
Task Description Anticipated Dates 

1 Project Planning August 2017 
2 Project Kickoff Teleconference August 2017 
3 Project Meeting August 2017 
4 Field Sampling and Laboratory Analysis: Event 1 September 2017 

 
 
1.4 Quality Objectives and Criteria 
Data quality objectives (DQOs) are qualitative and quantitative statements that 
clearly define the objectives of the Project, define the most appropriate type of 
data, determine the appropriate procedures for data collection, and specify 
acceptable decision error limits that establish the quantity and quality of data 
needed for decision making.  The specific objectives of this Project are provided 
in Section 2.  The general DQOs for each Project data collection activity are 
summarized in Table 1-3.  Acceptance and performance criteria for field and 
analytical QC samples are outlined in this section.  Appendix A of this QAPP 
provides acceptance and performance criteria for analytical methods in the 
laboratory standard operating procedures (SOPs).  
 
Based on the recommendations from the 2016 report, the following additional 
analyses shall be performed: analysis of organosulfides, in-field analysis of 
sulfides, and NGS.  In addition, Lowham recommended to include isotopic 
analysis of the dissolved gases, including isotopic sulfate.  To compare 
groundwater results from the previous investigation, the following analyses shall 
be included in the first round of sampling: volatile organic compounds (VOCs), 
semivolatile organic compounds (SVOCs), pesticides, total organic carbon 
(TOC), major cations (Ca, Fe, Mg, Mn, K, Na, Sr), alkalinity, anions (Br, Cl, F, 
NO2, NO3, SO4), total dissolved solids, and dissolved gases with light 
hydrocarbons.  During groundwater purging, the following parameters will be 
monitored:  dissolved oxygen, oxidation-reduction potential, pH, specific 
conductance, temperature, and turbidity.  Hach field measurement kits will be 
used for in-field testing for ferrous iron and sulfide.   
 
During an on-site meeting in August 2017 with the domestic well owners, 
WDEQ, and Lowham, it was recommended by the Powder River Basin Resource 
Council to include additional analyses for carbon dioxide, formic acid, and 
isotopic analysis for O-18 and deuterium.  The WDEQ accepted the 
recommendation and the analyses were added to this investigation.   
 



1-7
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Table 1-3 General Data Quality Objectives  
Data 

Collection 
Activity Quality Objectives Standards1 

Acceptability/ 
Performance Criteria2 

Groundwater 
Sampling and 
Analysis 

To have samples and analytical results that 
accurately represent the nature and extent 
of potential contamination in the 
groundwater. The MDLs shall be as low as 
possible to achieve values less than the 
screening criteria.  

■ See Section 4.3. The standards are 
compilation of EPA MCLs, 
Wyoming Class I Domestic 
Groundwater Quality Standards, and 
EPA RSLs 

■ Data must meet the acceptance and 
performance criteria documented in 
Section 4 of this QAPP 

■ Laboratory reporting limits should be 
below standards and guidance values for 
appropriate constituents 

■ Data must be compared to standards 
Field Records To document field activities and allow 

accurate representation of field events in 
the final report. Records must be capable 
of withstanding legal scrutiny.  

■ Section 1 of the QAPP 
■ ASTM D6089-97 

■ Consistency between field and 
laboratory data 

■ Clear and legible documentation for field 
methods, sample collection, and 
equipment decontamination for final 
report 

Outside 
Records  

To use the most current reference values, 
reports, or data from outside sources in 
data assessments and recommendations for 
the site.  

■ E & E SOP 3.29 ■ All versions of data or standards must be 
the most current values available 

■ Data or standards must be accurately 
incorporated into the final report 

Notes: 
 
1 Major standards.  
2 Major or noteworthy acceptability criteria. Performance criteria must be verified using procedures listed in the QAPP. 
 
Key: 
 ASTM = American Society for Testing and Materials 
 EPA = Environmental Protection Agency 
 MCL = maximum contaminant level 
 MDL = method detection limit 
 RSL = Regional Screening Level 
 SOP = Standard Operating Procedure 
 QAPP = Quality Assurance Project Plan 
 WDEQ = Wyoming Department of Environmental Quality 
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The target analyte lists (TALs) for SVOC, VOCs, and pesticides were selected to 
match the analyte lists performed in the 2016 Pavillion report.  Several analytes 
during the 2016 investigation did not meet the screening criteria and an effort was 
made to include additional testing (e.g., polynuclear aromatic hydrocarbon 
[PAHs] by selected ion monitoring [SIM]) to meet as many of the screening 
criteria as possible; however, the screening criteria are based on human health risk 
calculations, which do not correlate with instrumentation abilities.  Therefore, 
many of the same VOCs and SVOCs are expected to exhibit MDLs greater than 
the screening criteria. 
 
The analytical results will be compared to the following criteria: 
 
■ EPA Maximum Contaminant Level (MCL); 

■ Wyoming Class I Domestic – State of Wyoming Water Quality Rules and 
Regulation, Chapter 8, Table 1, Class I Groundwater Quality Standard; 

■ EPA Drinking Water Equivalent Level (DWEL); 

■ State of Wyoming Drinking Water Equivalent Level (WY DWEL) – for non-
carcinogenic chemicals and Acceptable Drinking Water Levels (ADWL) for 
suspected and known carcinogenic chemicals are calculated in accordance 
with WDEQ Water Quality Department (WQD) Rules and Regulations 
Chapter 17: Storage Tanks and using May 2016 EPA Regional Screening 
Levels (RSLs). For chemicals not on EPA May 2016 RSL tables, values were 
obtained from RSLs of closely related chemicals, or from other published 
information; and 

■ EPA Secondary Drinking Water Regulation (EPA SDWR). 
 
Acceptance and performance criteria are often specified in terms of precision, 
accuracy, representativeness, completeness, and comparability (PARCC) 
parameters.  Numerical acceptance criteria cannot be assigned to all PARCC 
parameters, but general performance goals are established for most data collection 
activities.  Data assessment procedures throughout the QAPP clearly outline the 
steps to be taken, responsible individuals, and implications if QA objectives are 
not met. PARCC parameters are briefly defined in the following subsections (see 
Table 1-4). 
 
1.4.1 Precision 
Precision measures the reproducibility of measurements under a given set of 
conditions.  Specifically, it is a quantitative measure of the variability of a group 
of measurements compared to their average value, usually stated in terms of 
standard deviation or coefficient of variation.  It may also be measured as the 
relative percent difference (RPD) between two values.  Precision includes the 
interrelated concepts of instrument or MDLs and multiple field sample variance.  
Sources of this variance are sample heterogeneity, sampling error, differences 
among observers, and analytical error.  Communication between individuals in 
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charge of sampling, via the field logbook or otherwise, should reduce any 
measurement precision errors. 
 
 

Table 1-4 Summary of PARCC Parameter Criteria1  

Sampling 
Parameter 

Analytical 
Method/SOP 

PARCC 
Parameters Measurement Performance Criteria(2) 

TOC SM 5310C Precision MSD RPD: 20%  
Laboratory Replicate: 20% 

Accuracy LCS Recovery: 80-120% 
MS/MSD Recovery: 80-120% 

Major Cations SW-846 
6010/6020 

Precision MSD RPD: 20%  
Laboratory Replicate: 20% 

Accuracy LCS Recovery: 80-120% 
MS/MSD Recovery: 75-125% 

Alkalinity SM 2320B Precision MSD RPD: 30%  
Laboratory Replicate: 30% 

Accuracy LCS Recovery: 90-110% 
MS/MSD Recovery: 80-120% 

Anions EPA 300.0 Precision MSD RPD: 20%  
Laboratory Replicate: 20% 

Accuracy LCS Recovery: 90-110% 
MS/MSD Recovery: 90-110% 

TDS SM 2540C Precision Laboratory Replicate: 10% 
Accuracy LCS Recovery: 80-120% 

VOCs SW-846 8260B 
SIM Scan 

Precision MSD RPD: 30%  
Laboratory Replicate: 30% 

Accuracy LCS Recovery: 70-130% 
MS/MSD Recovery: 70-130% 

VOCs SW-846 8260B 
Low Level 

Precision MSD RPD: Laboratory Statistical Limits – See 
Table A-1 in Appendix A  

Accuracy LCS and MS/MSD Recovery: Laboratory 
Statistical Limits – See Table A-1 in Appendix A 

SVOCs SW-846 8270D Precision MSD RPD: Laboratory Statistical Limits – See 
Table A-1 in Appendix A  

Accuracy LCS and MS/MSD Recovery: Laboratory 
Statistical Limits – See Table A-1 in Appendix A 

PAHs SW-846 8270D 
SIM 

Precision MSD RPD: Laboratory Statistical Limits – See 
Table A-1 in Appendix A  

Accuracy LCS and MS/MSD Recovery: Laboratory 
Statistical Limits – See Table A-1 in Appendix A 

PCP SW-846 8270D 
SIM 

Precision MSD RPD: 30% 
LCS Duplicate RPD: 20% 

Accuracy LCS Recovery: 30-125% 
MS/MSD Recovery: 30-125% 
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Table 1-4 Summary of PARCC Parameter Criteria1  

Sampling 
Parameter 

Analytical 
Method/SOP 

PARCC 
Parameters Measurement Performance Criteria(2) 

Pesticides SW-846 8081B Precision MSD RPD: 50% 
LCS Duplicate RPD: 50% 

Accuracy LCS Recovery: 40-140% 
MS/MSD Recovery: 40-140% 

Acrylamide SW-846 8316 Precision MSD RPD: 30% 
Accuracy LCS Recovery: 50-150% 

MS/MSD Recovery: 50-150% 
Volatile Fatty 
Acids 

AM23G Precision MSD RPD: 30% 
Accuracy LCS Recovery: 70-130% 

MS/MSD Recovery: 70-130% 
Dissolved 
Gases – Light 
Hydrocarbons 
and Permanent 
Gases 

AM20GAx Precision MSD RPD: 20%  
Laboratory Spike Duplicate: 20% 

Accuracy LCS Recovery: 80-120% 
MS/MSD Recovery: 70-130% 

Notes; 
1 PARCC: precision, accuracy, representativeness, completeness, and comparability as described in Section 1.4.  
2 See Appendix A. 
 
Key: 
 ASTM = American Society for Testing and Materials 
 LCS = laboratory control sample 
 MS = matrix spike  
 MSD = matrix spike duplicate 
 PAH = polycyclic aromatic hydrocarbon 
 PARCC = precision, accuracy, representativeness, completeness, and comparability 
 PCP = pentachlorophenol 
 SIM = selected ion monitoring 
 SOP = Standard Operating Procedure 
 SVOC = semi-volatile organic compound 
 RPD = Relative Percent Difference 
 TDS = total dissolved solids 
 TOC = total organic carbon 
 VOC = volatile organic compound 

 
 
1.4.2 Accuracy 
Accuracy measures the bias of the measurement system.  Sources of errors are the 
sampling process, field contamination, preservation, handling, sample matrix, 
sample preparation, and analysis.  Data interpretation and reporting may also be 
significant sources of error.  Typically, analytical accuracy is assessed through the 
analysis of spiked samples and may be stated in terms of percent recovery or the 
average (arithmetic mean) of the percent recovery.  Blank samples are also 
analyzed to assess sampling and analytical bias (i.e., sample contamination). 
Background measurements similarly assess measurement bias. The number of 
samples collected will impact the confidence of the statistical data evaluation.  
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1.4.3 Representativeness 
Representativeness expresses the degree to which data represent a characteristic 
of a population, a parameter variation at a sampling point, or an environmental 
condition.  Representativeness is a qualitative parameter that is most concerned 
with proper design of the measurement program.  Sample/measurement locations 
may be biased (judgmental) or unbiased (random or systematic).  
Representativeness of the sampling scheme will be determined with evaluation of 
the historical data and statistical evaluation of the results compared to the 
reference site or existing data. 
 
1.4.4 Completeness 
Completeness is defined as the percentage of measurements performed that are 
judged to be valid.  Although a quantitative goal must be specified, the 
completeness goal is the same for all data uses—that a sufficient amount of valid 
data is generated.  A completeness goal of 90% is established for this Project. 
 
1.4.5 Comparability 
Comparability is a qualitative parameter that expresses the confidence with which 
one dataset may be compared to another.  Sample data should be comparable with 
other measurement data for similar samples and sample conditions.  This goal is 
achieved through the use of standard techniques to collect and analyze samples.  
Historical data will be evaluated to ensure the methods and reporting limits are 
comparable to the proposed sampling.  Data will only be evaluated if it is 
determined to be comparable. 
 
1.5 Special Training/Certification 
Personnel responsible for performing technical tasks and evaluating Project data 
will have the appropriate education background, experience, and certifications to 
ensure that they possess the degree of specialization and technical competence 
necessary to perform the required work effectively and efficiently.  Specific 
training requirements for Project activities are outlined in Table 1-5. 
 
 

Table 1-5 Project Special Training and Certification Requirements  
Affiliation and Role Required Training or Certifications  

Field Staff ■ 40-hour health and safety training 
■ CPR/first aid certification course 
■ 8 hours of refresher training annually 

Subcontractors 

Analytical Laboratory ■ Minnesota DOH NELAP certification  
Key: 
 CPR = cardiopulmonary resuscitation 
 DOH = Department of Health 
NELAP = National Environmental Laboratory Approval Program   
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1.6 Documentation and Records 
Project records will be maintained on internal secure Project drives that are 
accessible only to the Project team (see Table 1-1). Project documents will be 
delivered to the WDEQ as portable document format (PDF) files or posted on a 
secure file transfer protocol (FTP) site.  Field records will be generated in hard 
copy field logs or on Project-specific datasheets as specified in American Society 
for Testing and Materials (ASTM) D6089-97.  
 
1.6.1 Record Retention 
Project-related records will be stored in secure areas consistent with requirements 
of the contract (see Table 1-6).  LW will transfer Project records to the WDEQ for 
storage with the Project files. 
 
1.6.2 Field Documentation 
Field records include the following: 
 
■ A log of daily activities and visual observations of the Project area on data 

collection forms or in a field notebook (including weather conditions, 
personnel present, site entry and departure time, and time and location of 
samples);  

■ Field measurements and equipment used (including equipment calibration 
records, if applicable); 

■ Daily activities summary form;  

■ Health and safety log; and 

■ Data collection forms (see Appendix B). 
 
1.6.3 Laboratory Reports 
Laboratory reports and data reporting requirements are to be consistent with the 
current EPA Level IV requirements.  Electronic data will be provided consistent 
with EPA Region 2 EQuIS electronic data deliverable (EDD) format and Risk 
Based Data Management Systems (RBDMS).  The EQuIS EDD will be used for 
data manipulation and archival.  The EDD as RBDMS will reflect all validation 
qualifiers and will be included as a final deliverable to the WDEQ.  
 
Other laboratory records will be maintained by the laboratory in accordance with 
the certified procedures.  Laboratory reports and EDDs will be included as final a 
data deliverable to the WDEQ. 
 
1.6.4 Project Report 
The investigation deliverables to the WDEQ shall include the analytical data in 
electronic and hardcopy format.  Electronic and hardcopy data shall include 
analytical laboratory reports including QA/QC data, QA/QC review, and data 
tables summarizing the analytical results.  An email summarizing the field event 
will accompany deliverables to the WDEQ.   
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1.6.5 QAPP Revision and Distribution 
The LW PM will be responsible for updating the QAPP and distributing the 
revised QAPP to the personnel listed on the distribution list.  
 



1-14
 

 Section No.: 1 
 Revision No.: 0 
 Date: September 2017 

1 Project Management 
 

 
02:10C9662.0001.01-B4853  
R_Pavillion QAPP.Docx-9/12/2017 

Table 1-6 Project Record Requirements  

Data Type Data Form/Location Retrieval Form Length of Retention 
Report Submittal 
Frequency/ Type Originator Recipient 

Project 
Deliverables 

Publications Secure Server 
Driver 

Released by Editor  5 years Emailed to WDEQ E & E/LW WDEQ 

Field Logbooks 
and Forms 

Hard Copy/Project Manager 
Files 

Project Team/ 
Project Manager 

5 years Provided to WDEQ 
upon request 

Field 
Personnel 

Project Manager 

Electronic (PDF)/Internal 
Secure Project Drive  

Project Team/ 
Project Manager 

5 years Emailed at 
completion of 
sampling event 

LW WDEQ 

Field Data Logbook/Field Forms/ 
Internal Secure Project Drive 

Project Team/ 
Project Manager  

5 years Emailed to WDEQ LW WDEQ 

Laboratory 
Reports 

Electronic (PDF)/Internal 
Secure Project Drive 

Project Manager Data will be provided 
to WDEQ 

Emailed to WDEQ  Laboratory Project Manager/ 
Project Chemist 

Laboratory EDD Electronic Spreadsheet or 
CSV/Internal Secure Project 
Drive 

Project manager Data will be provided 
to WDEQ 

Emailed to WDEQ 
as RBDMS format 

Laboratory Project Manager/ 
Project Chemist 

Key: 
 CSV = comma separated value 
 EDD = electronic data deliverable 
 E & E = Ecology and Environment, Inc. 
 FTP = file transfer protocol 
 LW = Lowham Walsh LLC 
 PDF = portable document format 
RBDMS  = Risk Based Data Management Systems 
 WDEQ = Wyoming Department of Environmental Quality 
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2 Data Generation and Acquisition 

This section of the QAPP describes data generation and acquisition procedures or 
Project processes.  Field procedures in this section constitute the FSP that is 
satisfied by this QAPP.  Field, laboratory, and data handling procedures meet 
WDEQ requirements where applicable.  
 
2.1 Design Objectives 
The design objectives are to collect and analyze groundwater samples from 13 
domestic water supply wells previously samples as part of the Phase I 
investigation.  The well locations are depicted on Figure 2-1.   
 
The design methodology has been developed in order to meet these objectives.  
The design will include the addition of NGS.  The NGS analysis will identify 
potential microorganisms (e.g., iron-related bacteria, sulfate-reducing bacteria, 
slime-forming bacteria, methanogens, and methanoforms) that may impart an off-
taste to the water.  Groundwater for NGS analysis will be collected pre- and post-
purge to determine whether there is a difference in microbial make-up in water 
that has been settled in the pressure tank versus water that has been purged from 
the water table.  In addition, groundwater will be analyzed for dissolved gases, 
isotopic dissolved gases (as complete gas composition, δ13C ,and δD of CH4) 
including isotopic sulfate (as δ34S and δ18O) to assess palatability. 
 
2.1.1 Site Visit  
The LW field team will attend a project meeting with the WDEQ and the 
landowners and their representatives in Riverton, Wyoming. The meeting will be 
coordinated and hosted by the WDEQ. The purpose of the meeting will be to 
introduce LW team to the landowners. 
 
2.2 Data Collection Procedures  
New data will be acquired via further groundwater sampling.  LW will handle 
field samples and certain field activities in accordance with the following ASTMs 
(see Appendix C): 
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Standard Guide for Packaging and Shipping Environmental 
Samples for Laboratory Analysis 

ASTM 
D6911-03 

Standard Guide for Sampling and Analysis of Residential and 
Commercial Water Supply Wells in Areas of Exploration and 
Production (E&P) Operations 

ASTM 
D8006-16 

Standard Guide for Sample Chain-of-Custody Procedures 
ASTM 
D4840-99 

Standard Practices for Decontamination of Field Equipment 
Used at Waste Sites 

ASTM 
D5088-02 

Standard Guide for Documenting a Ground-Water Sampling 
Event 

ASTM 
D6089-97 

Standard Guide for Sampling Ground-Water Monitoring Wells 
ASTM 
D4448-01 

 
The following subsections outline data collection procedures that are not included 
in ASTMs. 
 
2.2.1 Groundwater Sampling 
The objective of groundwater sampling is to characterize domestic well water for 
palatability issues.  The groundwater will be analyzed for the following chemical 
contaminants:  VOCs, SVOCs, pesticides, total organic carbon (TOC), major 
cations (Ca, Fe, Mg, Mn, K, Na, Sr), alkalinity, anions (Br, Cl, F, NO2, NO3, 
SO4), TDSs, dissolved gases for light hydrocarbons and permanent gases, volatile 
fatty acids, and isotopic analysis of dissolved gas with isotopic sulfate analysis.  
Additionally, isotopic analysis for O-18 and deuterium analysis will be performed 
on the groundwater.  The groundwater will also be analyzed for microorganisms 
by NGS at both pre-purge and post-purge to determine whether there is a 
difference in organisms in the water that has been stagnant in the pressure tank 
versus the formation water.  In addition, the groundwater will be monitored for 
the parameters in the field:  dissolved oxygen, ferrous iron, oxidation-reduction 
potential, pH, specific conductance, temperature, and turbidity.  Hach field 
measurement kits will be used for in-field testing for ferrous iron and sulfide.  
Groundwater sampling will be performed by the field team in accordance with 
ASTM D4448-01.  
 
E & E will subcontract with Pace Analytical to analyze the groundwater samples.  
Figure 2-1 depicts the 13 domestic well locations.  The purge log and chain of 
custody are available in Appendix B.   
 
  



T3NR2W20
T3NR2W24T3NR2W22T3NR2W21 T3NR2W23

T3NR2W16 T3NR2W14 T3NR2W13T3NR2W15T3NR2W17

T3NR2W9 T3NR2W12T3NR2W10T3NR2W8 T3NR2W11

T3NR2W2T3NR2W4T3NR2W5 T3NR2W3 T3NR2W1

T3NR3W19

T3NR3W18

T3NR3W7

T3NR3W6

T4NR2W33 T4NR2W34 T4NR2W35T4NR2W32 T4NR2W36

WELL ID: PGDW30

LAT: 43.257541

LON: -108.622552

TOTAL DEPTH: 260'

DEPTH TO GW: N/A

DEDICATED PUMP: Y

REPORTED USAGE: STK, IRR

SAMPLING POINT BEFORE

PRESSURE TANK: N

WELL ID: PGDW41B

LAT: 43.262139

LON: -108.637845

TOTAL DEPTH: 70'

DEPTH TO GW: 7.9'

DEDICATED PUMP: Y

REPORTED USAGE: STK, IRR

SAMPLING POINT BEFORE

PRESSURE TANK: N

WELL ID: PGDW41A

LAT:43.262126

LON: -108.637860

TOTAL DEPTH: 376'

DEPTH TO GW: 106.4'

DEDICATED PUMP: Y

REPORTED USAGE: STK, IRR

SAMPLING POINT BEFORE

PRESSURE TANK: N

WELL ID: PGW49

LAT: 43.255080

LON: -108.618107

TOTAL DEPTH: 50.7'

DEPTH TO GW: 10.7'

DEDICATED PUMP: Y

REPORTED USAGE: STK

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGDW23

LAT 43.248660
LON -108.622587
TOTAL DEPTH: 475'

DEPTH TO GW: 195.8'

DEDICATED PUMP: Y

REPORTED USAGE: DOM

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGDW44

LAT: 43.250277

LON: -108.626442

TOTAL DEPTH: 176.6'

DEPTH TO GW: 53.7'

DEDICATED PUMP: Y

REPORTED USAGE: STK

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGDW14

LAT: 43.251533

LON: -108.627365

TOTAL DEPTH: 190'

DEPTH TO GW: NA

DEDICATED PUMP: Y

REPORTED USAGE: DOM

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGDW33

LAT: 43.238541
LON: -108.596406
TOTAL DEPTH: 30'

DEPTH TO GW: NA

DEDICATED PUMP: Y

REPORTED USAGE: DOM

SAMPLING POINT BEFORE

PRESSURE TANK: N

WELL ID: PGDW32

LAT: 43.240751
LON: -108.594132
TOTAL DEPTH: 675'

DEPTH TO GW: 261'

DEDICATED PUMP: Y

REPORTED USAGE: DOM, STK

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: LD02

LAT: 43.251542

LON: -108.591198

TOTAL DEPTH: 398'

DEPTH TO GW: 198.8'

DEDICATED PUMP: N

REPORTED USAGE: NOT IN USE

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGDW20

LAT: 43.251666

LON: -108.591265
TOTAL DEPTH: 380'

DEPTH TO GW: 113.3'

DEDICATED PUMP: Y

REPORTED USAGE: NOT IN USE

SAMPLING POINT BEFORE

PRESSURE TANK: N

WELL ID: PGW45

LAT: 43.258888

LON: -108.612953

TOTAL DEPTH: 48'

DEPTH TO GW: 16.6'

DEDICATED PUMP: Y

REPORTED USAGE: STK, IRR

SAMPLING POINT BEFORE

PRESSURE TANK: Y

WELL ID: PGW05

LAT: 43.258851

LON: -108.612630

TOTAL DEPTH: 210'

DEPTH TO GW: 135.3'

DEDICATED PUMP: Y

REPORTED USAGE: DOM

SAMPLING POINT BEFORE

PRESSURE TANK: N
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Figure 2-1 Pavilion Well Field Locations
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A summary of sampling and analysis requirements is presented in Table 2-1.  
Extra volume will be collected at one separate location for matrix spike (MS) and 
matrix spike duplicate (MSD).  Also, at one separate location, extra volume will 
be collected as a field duplicate.  The field duplicate will be submitted to the 
laboratory as a separate sample.  The samples will be named in the following 
manner:  [Well ID]-[Date].  The date will be provided in the following format: 
Month-Date-Year (e.g., 08242017).  The water samples collected prior to purge 
for NGS will be denoted with “-Pre” at the end of the name.  Field duplicate 
samples will be denoted with a “-Q” at the end of the sample name. 
 
 

Table 2-1 Sampling and Analysis Requirements 

Analytical Method Method No. 
Estimated 

No. of Wells 

Estimated No. 
of QC 

Samples1,2 

Total No. of 
Samples for 

Analysis 

Total Organic Carbon SM 5310C 13 3 16 
Dissolved Gases for Light 
Hydrocarbons 

AM20GAx 13 11 24 

Dissolved Gases for Permanent 
Gases 

AM20GAx 13 11 24 

Dissolved Gas Isotopic Analysis  
with CGC and Isotopic Sulfate 

DGIA-1 13 1* 14 

Isotopic Sulfate as 34S/32S (δ34S) 
and 18O/16O (δ18O) 

Ion Exchange 13 1* 14 

Isotopic Analysis for O-18 and 
deuterium 

Proprietary 
Method 

13 1* 14 

Major Cations (Ca, Fe, Mg, Mn, 
K, Na, Sr) 

SW-846 
6010/6020 

13 3 16 

Major Anions (Br, Cl, F, NO2, 
NO3, SO4) 

EPA 300.0 13 3 16 

Alkalinity (Bicarbonate, 
Carbonate, Hydroxide, Total 
CaCO3) 

SM 2320B 13 3 16 

Total Dissolved Solids SM 2540C 13 1* 14 
Volatile Organic Compounds 
SIM/Scan 

SW-846 8260B-
SIM/Scan 

13 11 24 

Volatile Organic Compounds – 
Low Level + TICs 

SW-846 8260B 13 11 24 

Semi-volatile Organic 
Compounds + TICs 

SW-846 8270D 13 3 16 

PAHs SW-846 8270D-
SIM 

13 3 16 

PCP SW-846 8270D-
SIM 

13 3 16 

Pesticides SW-846 8081B 13 3 16 
Acrylamide SW-846 8316 13 3 16 
Volatile Fatty Acids AM23G 13 3 16 
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Table 2-1 Sampling and Analysis Requirements 

Analytical Method Method No. 
Estimated 

No. of Wells 

Estimated No. 
of QC 

Samples1,2 

Total No. of 
Samples for 

Analysis 

Micro-organisms (e.g., iron-
related bacteria, sulfate-
reducing bacteria, slime-
forming bacteria, methanogens, 
and methanoforms) 

Proprietary 
Method 

13 1* 14 

In-field: Ferrous iron Hach Method 
8146 

13 1* 14 

In-field: Sulfide Hach Method 
8131 

13 1* 14 

Notes: 
1. QC Samples (5% matrix spike, 5% matrix spike duplicate, and 5% field duplicate) for chemical tests. 
2. For dissolved gases analysis and volatile organic analysis, additional samples have been included for trip blanks. It is 

assumed that the field event would occur over eight days and samples would be shipped daily. 
*Field duplicate only. Method not applicable to MS and MSD. 
 
Key: 
PAH = polycyclic aromatic hydrocarbon 
PCP  = pentachlorophenol 
 QC = quality control 
SIM =  selected ion monitoring 
TAL = target analyte list 
TIC  = tentatively identified compound 

 
 
Equipment shall be free of visible contamination at the time of its arrival on site 
and at the start of sampling at each domestic well.  The water quality probe, water 
level tape, sonic/acoustic water level meter, turbidity vial, and sampling manifold 
will be cleaned with phosphate-free detergent (e.g., Alconox) after each well and 
rinsed thoroughly with deionized water.  All tubing and manifolds will be 
dedicated and disposed of after use.  An equipment blank is not required since the 
equipment will not be in contact with the well water at the time of sampling. 
 
2.3 Sample Handling and Custody Procedures 
2.3.1 Sample Containers 
The sample volumes, container types, and holding times required for sampling 
activities are summarized in Table 2-2.  Prewashed sample containers will be 
provided by the laboratory.  The laboratory must use an approved specialty 
container supplier that prepares containers in accordance with EPA bottle washing 
procedures. The laboratory must maintain a record of the sample bottle lot 
numbers that were shipped, in the event of a contamination problem. 
 
2.3.2 Sample Handling 
The transportation and handling of samples must be accomplished in a manner 
that not only protects the integrity of samples, but also prevents detrimental 
effects due to the nature of the samples.  Regulations for packaging, marking, 
labeling, and shipping of hazardous materials are promulgated by the United 
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States Department of Transportation in 49 Code of Federal Regulations 171 
through 177.  LW trains staff responsible for the shipment of samples in these 
regulations.  Procedures for sample packing and shipping are documented in 
ASTM D6911-03, Environmental Sample Handling, Packaging, and Shipping 
(see Appendix C). 
 

Table 2-2 Summary of Analytical Methods, Preservatives, and Holding Times 

Parameter Method 
Containers/Preservative for 

Aqueous Samples1  

Holding 
Time for Solid 

Samples1  

Total Organic Carbon SM 5310C 2 – 125 mL amber glass bottles 
w/ H2SO4 to pH <2 

28 days 

Dissolved Gases – 
Light Hydrocarbons 

AM20GAx 2 – 40 mL vial w/ benzalkonium 
chloride (white caps) 

14 days 

Dissolved Gases – 
Permanent Gases 

AM20GAx 2 – 40 mL vial w/ benzalkonium 
chloride 

14 days 

Dissolved Isotopic 
Gases 

DGIA-1 5 – 40 mL vials w/ HCl & 
5 – 40 mL amber vials w/ 
benzalkonium chloride 

14 days 

Isotopic Sulfate Ion Exchange 1 – 1L HDPE 14 days 
Isotopic O-18 and 
deuterium 

Proprietary Method 1 – 250 mL HDPE 14 days 

Major Cations SW-846 6010/6020 1 – 250 mL HDPE bottle w/ 
HNO3 to pH <2 

6 months 

Major Anions (Br, Cl, 
F, SO4) 

EPA 300.0 1 – 250 mL HDPE 28 days 

Major Anions (NO2 
and NO3) 

EPA 300.0 48 hours 

Alkalinity SM 2320B 1 – 250 mL HDPE 14 days 
Total Dissolved Solids SM 2540C 1 – 500 mL HDPE 7 days 
Volatile Organic 
Compounds + TICs 

SW-846 8260B Low 
Level 

3 – 40 mL vials w HCl to pH <2 14 days 

Low Level Volatile 
Organic Compounds 

SW-846 8260B-SIM 3 – 40 mL vials w/HCl to pH <2 14 days 

Semi-volatile Organic 
Compounds + TICs 

SW-846 8270D 2 – 1 L amber glass bottle 7 days from collection 
to extraction; 40 days 
from extraction to 
analysis 

Polycyclic Aromatic 
Hydrocarbons (PAH) 

SW-846 8270D-SIM 2 – 1 L amber glass bottle 7 days from collection 
to extraction; 40 days 
from extraction to 
analysis 

Pentachlorophenol 
(PCP) 

SW-846 8270D-SIM 2 – 1 L amber glass bottle 7 days from collection 
to extraction; 40 days 
from extraction to 
analysis 



 Section No.: 2 
 Revision No.: 0 
 Date: September 2017 

2 Data Generation and Acquisition 
 

 
02:10C9662.0001.01-B4853 2-8 
R_Pavillion QAPP.Docx-9/12/2017 

Table 2-2 Summary of Analytical Methods, Preservatives, and Holding Times 

Parameter Method 
Containers/Preservative for 

Aqueous Samples1  

Holding 
Time for Solid 

Samples1  

Pesticides SW-846 8081B 2 – 1 L amber glass bottle 7 days from collection 
to extraction; 40 days 
from extraction to 
analysis 

Acrylamide SW-846 8316 3 – 40 mL amber vials 14 days 
Micro-organisms Next generation 

sequencing 
1 – 1 L HDPE 48 hours 

Notes: 
1. All samples to be cooled to 4°C. Sample containers must have Teflon-lined lids.  

 
Key: 
HDPE= high-density polyethylene 
L = liter 
mL = milliliter 
PAH = polycyclic aromatic hydrocarbon 
SIM = selected ion monitoring 
SVOC= semivolatile organic compound 
TAL = target analyte list 
TIC = tentatively identified compound 

 
 
2.3.3 Sample Custody 
Formal sample custody procedures begin when the pre-cleaned sample containers 
leave the laboratory or upon receipt from the container vendor.  The laboratory 
must follow written and approved SOPs for shipping, receiving, logging, and 
internally transferring samples (see Appendix C). Sample identification 
documents must be carefully prepared so that sample identification and chain-of-
custody (COC) can be maintained and sample disposition can be controlled. 
 
The primary objective of COC procedures is to provide an accurate written or 
computerized record that can be used to trace the possession and handling of a 
sample from sampling through completion of all required analyses. A sample is in 
custody if it is: 
 
■ In a team member’s physical possession; 

■ In a team member’s view; 

■ Locked up; or 

■ Kept in a secured area that is restricted to authorized personnel. 
 
The COC form must be completed in full by the field technician designated by the 
PM as responsible for sample shipment to the appropriate laboratory for analysis. 
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2.4 Analytical Method Requirements  
The analytical methods, analytes, and reporting limits that will be used for the 
Project are provided in Table 2-3.  The specific implementation of analytical 
methods will be documented in the laboratory SOPs (see Appendix A). 
 
 

Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 
(µg/L) 

PRL 
(µg/L) 

Total Organic Carbon (TOC) 

TOC SM 5310C N/A  0.252 0.84 
Major Cations 

Calcium SW-846 6010 N/A 24.7 500 
Iron SW-846 6010 300 16.7 50 
Magnesium SW-846 6010 N/A 2.59 500 
Manganese SW-846 6010 50 0.381 5 
Potassium SW-846 6010 N/A 126 2,500 
Sodium SW-846 6010 20,000 44.6 1,000 
Strontium SW-846 6020 8,000 0.0749 0.5 
Major Anions 

Alkalinity-Bicarbonate SM 2320B N/A 1,400 5,000 
Alkalinity-Carbonate SM 2320B N/A 1,400 5,000 
Alkalinity-Hydroxide SM 2320B N/A 1,400 5,000 
Alkalinity-Total CaCO3 SM 2320B N/A 1,400 5,000 
Bromide EPA 300.0 N/A 6.97 80 
Chloride EPA 300.0 250,000 136 1,200 
Fluoride EPA 300.0 4,000 2.75 50 
Nitrate EPA 300.0 10,000 7.92 100 
Nitrite EPA 300.0 1,000 TBD 100 
Sulfate EPA 300.0 250,000 270 1,200 
Total Dissolved Solids SM 2540C 500,000 5,000 10,000 
Volatile Organic Compounds – SIM Scan(3) 

1,1,1,2-Tetrachloroethane SW-846 8260B 3.45 0.0694 0.4 
1,1,1-Trichloroethane SW-846 8260B 200 0.197 0.4 
1,1,2,2-Tetrachloroethane SW-846 8260B 0.45 0.0565 0.4 
1,1,2-Trichloroethane SW-846 8260B 5 0.0578 0.4 
1,1,2-Trichlorotrifluoroethane SW-846 8260B N/A 0.212 1 
1,1-Dichloroethane SW-846 8260B 15.7 0.118 0.4 
1,1-Dichloroethene SW-846 8260B 7 0.173 0.4 
1,1-Dichloropropene SW-846 8260B 0.897 0.178 0.4 
1,2,3-Trichlorobenzene SW-846 8260B 26.7 0.172 1 
1,2,3-Trichloropropane SW-846 8260B 0.003 0.00451 0.01 
1,2,4-Trichlorobenzene SW-846 8260B 70 0.28 1 
1,2,4-Trimethylbenzene SW-846 8260B 333 0.195 1 
1,2-Dibromo-3-chloropropane SW-846 8260B 0.2 0.237 0.5 
1,2-Dibromoethane SW-846 8260B 0.05 0.00712 0.05 
1,2-Dichlorobenzene SW-846 8260B 600 0.065 0.4 
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Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 
(µg/L) 

PRL 
(µg/L) 

1,2-Dichloroethane SW-846 8260B 5 0.0817 0.2 
1,2-Dichloropropane SW-846 8260B 5 0.1 0.4 
1,3,5-Trimethylbenzene SW-846 8260B 333 0.0444 0.4 
1,3-Dichlorobenzene SW-846 8260B 75 0.0474 0.4 
1,3-Dichloropropane SW-846 8260B 667 0.0862 0.4 
1,4-Dichlorobenzene SW-846 8260B 75 0.0656 0.4 
2,2-Dichloropropane SW-846 8260B 2.49 0.478 1 
2-Butanone SW-846 8260B 20,000 0.694 5 
2-Chlorotoluene SW-846 8260B 667 0.0621 0.4 
2-Hexanone SW-846 8260B 167 2.29 5 
2-Propanol SW-846 8260B 66,667 7.93 100 
4-Chlorotoluene SW-846 8260B 667 0.0669 0.4 
4-Methyl-2-pentanone SW-846 8260B N/A 0.358 5 
Acetone SW-846 8260B 30,000 1.71 20 
Allyl chloride SW-846 8260B N/A 0.135 4 
Benzene SW-846 8260B 5 0.066 0.2 
Bromobenzene SW-846 8260B 267 0.0688 0.4 
Bromochloromethane SW-846 8260B 1.45 0.0717 1 
Bromodichloromethane SW-846 8260B 81 0.0927 0.4 
Bromoform SW-846 8260B 81 0.65 4 
Bromomethane SW-846 8260B 46.7 0.356 1 
Carbon disulfide SW-846 8260B 3,333 0.223 1 
Carbon tetrachloride SW-846 8260B 5 0.0118 0.05 
Chlorobenzene SW-846 8260B 100 0.0961 0.4 
Chloroethane SW-846 8260B N/A 0.401 1 
Chloroform SW-846 8260B 81 0.124 1 
Chloromethane SW-846 8260B N/A 0.416 1 
cis-1,2-Dichloroethene SW-846 8260B 70 0.1 0.4 
cis-1,3-Dichloropropene SW-846 8260B 0.9 0.108 0.4 
Dibromochloromethane SW-846 8260B 80 0.126 0.4 
Dibromomethane SW-846 8260B 15.7 0.199 0.4 
Dichlorodifluoromethane SW-846 8260B 6.67 0.06 0.4 
Dichlorofluoromethane SW-846 8260B N/A 0.0492 0.4 
Diethyl ether SW-846 8260B N/A 0.136 1 
Diisopropyl ether SW-846 8260B 2667 0.348 4 
Ethanol SW-846 8260B N/A 32.3 80 
Ethyl tert-butyl ether SW-846 8260 50 0.222 1 
Ethylbenzene SW-846 8260 700 0.0655 0.4 
Hexachloro-1,3-butadiene SW-846 8260 1.15 0.199 0.4 
Isopropylbenzene SW-846 8260 3,333 0.455 1 
Methyl-tert-butyl ether SW-846 8260 50 0.0712 0.4 
Methylene Chloride SW-846 8260 5 0.278 1 
Methyl-tert amyl ether SW-846 8260 50 0.162 1 
Naphthalene SW-846 8260 667 0.154 1 
Styrene SW-846 8260 100 0.149 1 
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Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 
(µg/L) 

PRL 
(µg/L) 

Tert butyl alcohol SW-846 8260 66,667 2.52 10 
tert-Butylbenzene SW-846 8260 3,333 0.264 1 
Tetrachloroethene SW-846 8260 5 0.0839 0.4 
Tetrahydrofuran SW-846 8260 N/A 4.91 10 
Toluene SW-846 8260 1,000 0.0621 0.4 
trans-1,2-Dichloroethene SW-846 8260 100 0.183 0.4 
trans-1,3-Dichloropropene SW-846 8260 0.9 0.0752 0.4 
Trichloroethene SW-846 8260 5 0.00832 0.05 
Trichlorofluoromethane SW-846 8260 10,000 0.105 0.4 
Vinyl chloride SW-846 8260 2 0.00338 0.01 
m,p-Xylene SW-846 8260 6,667 0.115 0.8 
n-Butylbenzene SW-846 8260 1,667 0.214 1 
n-Propylbenzene SW-846 8260 3,333 0.0465 0.4 
o-Xylene SW-846 8260 6,667 0.0437 0.4 
p-Isopropyltoluene SW-846 8260 2,667 0.232 1 
sec-Butylbenzene SW-846 8260 3,333 0.278 1 
Semi-volatile Organic Compounds(3) 

1,2,4-Trichlorobenzene SW-846 8270D 70 4.21 10 
1,2-Dichlorobenzene SW-846 8270D 600 3.53 10 
1,2-Diphenylhydrazine 
(azobenzene) 

SW-846 8270D 0.82 1.29 10 

1,3-Dichlorobenzene SW-846 8270D 75 4.15 10 
1,4-Dichlorobenzene SW-846 8270D 75 3.42 10 
1-Methylnaphthalene SW-846 8270D 3.09 2.10 10 
2,3,4,6-Tetrachlorophenol(4) SW-846 8270D 1,000 N/A N/A 
2,4,5-Trichlorophenol SW-846 8270D 3,333 1.10 10 
2,4,6-Trichlorophenol SW-846 8270D 8.16 1.10 10 
2,4-Dichlorophenol SW-846 8270D 100 1.56 10 
2,4-Dimethylphenol SW-846 8270D 667 2.8 50 
2,4-Dinitrotoluene SW-846 8270D 0.29 1.34 10 
2,4-Dinitrophenol SW-846 8270D 67 2.46 10 
2,6-Dinitrotoluene SW-846 8270D 0.06 0.64 10 
2-Chloronaphthalene SW-846 8270D 133 2.23 10 
2-Chlorophenol SW-846 8270D 167 1.13 10 
2-Methylnaphthalene SW-846 8270D 133 2.51 10 
2-Methylphenol SW-846 8270D 1,667 1.90 10 
2-Nitroaniline SW-846 8270D 333 1.53 10 
2-Nitrophenol SW-846 8270D 67 1.68 10 
3&4-Methylphenol SW-846 8270D 167 1.03 20 
3,3'-Dichlorobenzidine SW-846 8270D 0.2 1.21 50 
3-Nitroaniline SW-846 8270D 4.49 1.21 10 
4,6-Dinitro-2-methylphenol SW-846 8270D 2.67 1.52 10 
4-Bromophenylphenyl ether SW-846 8270D 267 2.31 10 
4-Chloro-3-methylphenol SW-846 8270D 3,333 1.49 10 
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Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 
(µg/L) 

PRL 
(µg/L) 

4-Chloroaniline SW-846 8270D 0.45 1.91 50 
4-Chlorophenylphenyl ether SW-846 8270D 17 1.53 10 
4-Nitroaniline SW-846 8270D 4.5 2.05 10 
4-Nitrophenol SW-846 8270D 67 2.58 10 
Aniline(4) SW-846 8270D 15.7 N/A N/A 
Benzoic acid SW-846 8270D 133,333 14.6 50 
Benzyl alcohol SW-846 8270D 3,333 2.20 10 
Bis(2-Chloroethoxy)methane SW-846 8270D 100 1.35 10 
Bis(2-Chloroisopropyl)ether SW-846 8270D 1,000 1.36 10 
Bis(2-Ethylhexyl)phthalate SW-846 8270D 47 4.59 10 
Bis(2-Chloroethyl) ether SW-846 8270D 0.082 1.13 10 
Butylbenzylphthalate SW-846 8270D 47 1.78 10 
Carbazole SW-846 8270D 33 1.10 10 
Dibenzofuran SW-846 8270D 33 1.61 10 
Diethylphthalate SW-846 8270D 26,667 1.41 10 
Dimethylphthalate SW-846 8270D 26,667 1.26 10 
Di-n-butylphthalate SW-846 8270D 3,333 1.35 10 
Di-n-octylphthalate SW-846 8270D 333 2.05 10 
Hexachloro-1,3-butadiene SW-846 8270D 1.15 3.19 10 
Hexachlorobenzene SW-846 8270D 1 2.16 10 
Hexachlorocyclopentadiene SW-846 8270D 50 3.16 50 
Hexachloroethane SW-846 8270D 2.24 3.43 10 
Isophorone SW-846 8270D 95 1.16 10 
Nitrobenzene SW-846 8270D 67 1.29 10 
N-Nitrosodimethylamine SW-846 8270D 0.002 1.03 10 
N-Nitroso-di-n-propylamine SW-846 8270D 0.013 1.01 10 
N-Nitrosodiphenylamine SW-846 8270D N/A 1.09 10 
Phenol SW-846 8270D 1 1.16 10 
Pyridine SW-846 8270D 33 1.28 10 
Polycyclic aromatic hydrocarbons (PAHs) 

Acenaphthene SW-846 8270D-SIM 2,000 0.00563 0.04 
Acenaphthylene SW-846 8270D-SIM 1,000 0.00663 0.04 
Anthracene SW-846 8270D-SIM 10,000 0.00788 0.04 
Benzo(a)anthracene SW-846 8270D-SIM 0.12 0.00776 0.04 
Benzo(a)pyrene SW-846 8270D-SIM 0.2 0.00426 0.04 
Benzo(b)fluoranthene SW-846 8270D-SIM 0.12 0.00480 0.04 
Benzo(e)pyrene SW-846 8270D-SIM N/A 0.00551 0.04 
Benzo(g,h,i)perylene SW-846 8270D-SIM 1,000 0.00751 0.04 
Benzo(k)fluoranthene SW-846 8270D-SIM 1.23 0.00481 0.04 
Chrysene SW-846 8270D-SIM 12 0.00577 0.04 
Dibenz(a,h)anthracene SW-846 8270D-SIM 0.012 0.0106 0.04 
Fluoranthene SW-846 8270D-SIM 1,333 0.00715 0.04 
Fluorene SW-846 8270D-SIM 1,330 0.0103 0.04 
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Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 

(µg/L) 
PRL 

(µg/L) 
Indeno(1,2,3-cd)pyrene SW-846 8270D-SIM 0.12 0.00365 0.04 
Naphthalene SW-846 8270D-SIM 667 0.00747 0.04 
Phenanthrene SW-846 8270D-SIM 1,000 0.00884 0.04 
Pyrene SW-846 8270D-SIM 1,000 0.00845 0.04 
Pentachlorophenol (PCP) 
Pentachlorophenol  SW-846 8270D-SIM 1 0.283 1 
Pesticides 
4,4'-DDD SW-846 8081B 0.374 0.0005 0.0005 
4,4'-DDE SW-846 8081B 0.264 0.0005 0.0005 
4,4'-DDT SW-846 8081B 0.264 0.0005 0.0005 
Aldrin SW-846 8081B 0.005 0.0005 0.0005 
alpha-BHC SW-846 8081B 0.014 0.0005 0.0005 
alpha-chlordane SW-846 8081B 2 0.0005 0.0005 
beta-BHC SW-846 8081B 0.05 0.0005 0.0005 
Chlordane, Technical SW-846 8081B N/A 0.0005 0.0005 
delta-BHC SW-846 8081B 0.2 0.0005 0.0005 
Dieldrin SW-846 8081B 0.006 0.0005 0.0005 
Endosulfan I SW-846 8081B 200 0.0005 0.0005 
Endosulfan II SW-846 8081B 200 0.0005 0.0005 
Endosulfan sulfate SW-846 8081B 200 0.0005 0.0005 
Endrin SW-846 8081B 2 0.0005 0.0005 
Endrin Aldehyde SW-846 8081B 2 0.0005 0.0005 
Endrin Ketone SW-846 8081B N/A 0.0005 0.0005 
gamma-BHC SW-846 8081B 0.2 0.0005 0.0005 
gamma-chlordane SW-846 8081B 2 0.0005 0.0005 
Heptachlor SW-846 8081B 0.02 0.0005 0.0005 
Heptachlor epoxide SW-846 8081B 0.2 0.0005 0.0005 
Methoxychlor SW-846 8081B 40 0.0005 0.0005 
Toxaphene SW-846 8081B 3 0.0005 0.0005 
Acrylamide 
Acrylamide SW-846 8316 0.18 15 100 
Dissolved Gases – Light Hydrocarbons 
Methane AM20GAx N/A 0.027 0.50 
Ethane AM20GAx N/A 0.007 0.10 
Ethene AM20GAx N/A 0.001 0.10 
Propane AM20GAx N/A 0.019 0.10 
Propene AM20GAx N/A 0.02 0.10 
n-Butane AM20GAx N/A 0.024 0.20 
Iso-Butane AM20GAx N/A 0.027 0.20 
Acetylene AM20GAx N/A 0.048 0.50 
Dissolved Gases – Light Hydrocarbons 
Carbon Dioxide AM20GAx N/A 260 5000 
Oxygen AM20GAx N/A 97 500 
Nitrogen AM20GAx N/A 203 2000 
Carbon Monoxide AM20GAx N/A 133 1000 
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Table 2-3 Analytical Method Reporting Limits 

Analyte Analytical Method 

Screening 
Criteria 

(µg/L) (1,2) 
MDL 
(µg/L) 

PRL 
(µg/L) 

Volatile Fatty Acids 

Lactic Acid AM23G N/A 8 100 
Acetic Acid AM23G N/A 12 100 
Propionic Acid AM23G N/A 6 100 
Pyruvic Acid AM23G N/A 15 100 
Butyric Acid AM23G N/A 10 100 
Iso-Pentanoic Acid AM23G N/A 7 100 
Pentanoic Acid AM23G N/A 12 100 
Iso-Hexanoic Acid AM23G N/A 13 200 
Hexanoic Acid AM23G N/A 7 200 
Formic Acid AM23G N/A 7 100 
Notes: 
1 Screening values were used from the 2016 Pavillion, Wyoming Area Domestic Water Wells and Palatability Study 

Report. 
2 The MDLs for the analytes highlighted gray are greater than the screening criteria.  
3 If organosulfides are present in the samples, they will be reported as TICs by EPA Methods SW-846 8260B and 8270D. 
4 Aniline and 2,4,5,6-tetrachlorophenol are not reported target analytes by the laboratory. If present in the sample, they will 

be reported as a tentatively identified compound (TIC). 
 
Key: 
 EPA = U.S. Environmental Protection Agency 
MDL = method detection limit 
 µg/L = micrograms per liter 
 N/A = not applicable 
 PRL = practical reporting limit 
SIM  = selected ion monitoring 
 SM = standard method 
 TOC = total organic carbon 

 
 
The analyses for ferrous iron and sulfide will be performed in the field using Hach 
measurement kits per the manufacturer’s instructions.  The instructions are 
provided in Appendix C. 
 
2.5 Quality Control Requirements   
QC data are necessary to determine precision and accuracy and to demonstrate the 
absence of interferences and/or contamination of glassware and reagents.  Field 
and laboratory QC samples are summarized on Tables 2-4 and 2-5 respectively. 
The laboratory control limits are provided Appendix A.  
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Table 2-4 Field Quality Control Samples for Project 
QC Sample Description Acceptance Criteria Corrective Action 

Field Duplicate One per matrix per 20 samples for 
each analysis. 

RPDs of 40% for 
aqueous samples 

Qualify related samples 
and assess data usability. 

Matrix Spike / 
Matrix Spike 
Duplicate 

One per matrix per 20 samples for 
each analysis (except isotopic 
gases, TDS, NGS, and ferrous 
iron and sulfide) 

Per laboratory criteria Qualify related samples 
and assess for data 
impacts related to matrix 
interference. 

Trip Blanks One per cooler containing samples 
for dissolved gases analysis and/or 
volatile organic compound 
analysis. 

No positive detections 
for analytes. 

Qualify related samples 
and assess data usability. 
 

Field Equipment 
Blank 

One per equipment set per 20 
samples for each analysis. Only 
equipment sets that are subject to 
decontamination require 
equipment blanks. Dedicated or 
disposable equipment do not 
require equipment blanks. 

Equipment blanks are 
not required because 
field equipment will 
not come in contact 
with the sample 
during collection. 

Qualify related samples 
and assess data usability. 
 
If time permits, modify 
equipment 
decontamination 
procedures. 

Key: 
 RPD = relative percent difference 
 QC = quality control 
 TDS = total dissolved solid 
 NGS = Next Generation Sequencing 
 RPD = relative percent difference 

 
 

Table 2-5 Laboratory Quality Control Checks for Project  

Methods 
Quality 
Check Frequency Acceptance Criteria Corrective Action 

All methods 
(not 
applicable to 
Isotopic 
Gases, NGS) 

MB One per matrix per 
preparation batch. 

The goal is for method 
blanks to be free of 
contamination. Low-
level contamination may 
be present, but must be 
less than the reporting 
limit. 

If contamination is greater 
than reporting limit, samples 
will be reanalyzed. If 
contaminants are present in 
the method blank, but not in 
project samples, no further 
action is required. 

All methods 
(not 
applicable to 
Isotopic 
Gases, NGS) 

LCS One per matrix per 
preparation batch for 
each analysis. The LCS 
must contain all target 
analytes of concern at 
the site. 

The LCS recovery must 
be within method 
control limits to 
demonstrate acceptable 
method performance. 
Sporadic marginal 
failures of a few target 
analytes are allowed 
when more than five 
target analytes are 
reported. See Table A-1 
in Appendix A.  

If LCS recoveries are 
outside QC criteria for more 
than a few target analytes, 
recoveries are significantly 
low, or the compounds were 
detected in the samples, then 
corrective action is required 
per the laboratory SOP (see 
Appendix A). Corrective 
action is normally to extract 
and reanalyze the batch if 
within holding times.  



 Section No.: 2 
 Revision No.: 0 
 Date: September 2017 

2 Data Generation and Acquisition 
 

 
02:10C9662.0001.01-B4853 2-16 
R_Pavillion QAPP.Docx-9/12/2017 

Table 2-5 Laboratory Quality Control Checks for Project  

Methods 
Quality 
Check Frequency Acceptance Criteria Corrective Action 

Organic 
Methods 
(VOCs, 
SVOCs, 
PAHs, 
Pesticides)  

Surrogate 
Spikes 

All samples and QC 
checks.  

Surrogate recoveries 
must be within QC 
criteria for method 
blanks and LCSs to 
demonstrate acceptable 
method performance. 
Surrogate recoveries that 
are outside QC criteria 
for a sample indicate a 
potential matrix effect. 
See Table A-1 in 
Appendix A.  

If surrogate recoveries are 
outside QC criteria for 
method blanks or LCSs, 
corrective action is required 
and the Project Chemist 
should be notified. Matrix 
effects must be verified 
based on review of 
recoveries in the method 
blank or LCS, sample 
reanalysis, or evaluation of 
interfering compounds. 

All methods 
(not 
applicable to 
TDS, 
Isotopic 
Gases, NGS) 

MS/MSD One per matrix per SDG 
for each analysis. The 
spike solution must 
contain a broad range of 
the analytes of concern 
at the site. The overall 
frequency of MS/MSD 
on Project samples 
must be at least one set 
per 20 samples.  

Method QC criteria or 
LCS criteria if not 
specified. MS recoveries 
outside the control limits 
applied to the LCS 
indicate matrix effects. 
QC criteria for MSD 
RPDs are 20% except 
for SVOCs unless the 
laboratory provides 
additional statistical 
criteria. See Table A-1 
in Appendix A. 

Sample clean-up procedures 
may be warranted for 
samples with severe matrix 
effects.  

 
Key: 
 LCS = laboratory control sample 
 NGS = Next Generation Sequencing 
 MB = method blank 
 MS/MSD = matrix spike/matrix spike duplicate.  
 QC = quality control 
 RPD = relative percent difference 
 SDG = sample delivery group 
 SOP = standard operating procedure 
 TDS = total dissolved solid 
 SVOC = semivolatile organic compound 
 VOC = volatile organic compound 

 
 
2.6 Instrument/Equipment Testing, Inspection, and 

Maintenance Procedures 
Laboratory and field instruments and equipment used for sample analysis must be 
serviced and maintained by qualified personnel.  Laboratory instrument 
maintenance procedures will be evaluated to verify that there will be no impacts 
on analysis of Project samples due to instrument malfunction.  For example, the 
laboratory must have duplicate instrumentation and/or maintained major 
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equipment under service agreements with the manufacturer that requires rapid 
response by manufacturer-approved service agents.  
 
Field instruments will be rented through approved suppliers that have 
manufacturer-approved maintenance programs.  Field equipment will be checked 
upon receipt to verify that instruments are in good working condition and that the 
rental company provided appropriate calibration records or certifications.  On-site 
operation will be performed in accordance with manufacturer manuals.  If any 
problems occur, the instrument will be replaced immediately.  
 
2.7 Instrument/Equipment Operation and Calibration 

Procedures 
Instruments and equipment used during sampling and analysis will be operated 
and calibrated according to the manufacturer’s guidelines and recommendations, 
as well as criteria set forth in applicable analytical methodology references (see 
Table 2-6).  Personnel properly trained in these procedures will perform operation 
and calibration of all instruments.  Documentation of field maintenance and 
calibration information will be maintained in the field logbook.  The field tests for 
ferrous iron and sulfide will be performed using Hach measurement kits per the 
manufacturer’s instructions (see Appendix C).  Operation and calibration of 
analytical instrumentation will be conducted in accordance with laboratory SOPs.  
 
2.8 Inspection/Acceptance of Supplies and Consumables 

Procedures 
Field supplies and equipment procured as part of the contract will be maintained 
by the technical team.  Supplies and equipment will be inspected on receipt at the 
site to verify that the correct materials were received.  Field personnel will be 
responsible for performing inspections.  
 
2.9 Non-direct Measurement Data Acquisition Procedures  
For data acquired from non-direct measurement, sources may include the 
following: 
 
■ State reports of previous sampling events; and 

■ State and local environmental agency files. 
 
Information from the 2016 Pavillion, Wyoming Area Domestic Water Wells and 
Palatability Study Report (WDEQ 2016) were used to formulate TALs, verify 
MDLs, and acquire analyte screening criteria.  Locational information, including 
the monitoring well location figure was incorporated into the work plan and 
QAPP. 
 
2.10 Data Evaluation and Management Procedures 
Data evaluation and management procedures track data, samples, and results from 
work plan generation to the final deliverables as summarized on Table 2-7.  The 
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field data for this Project include work plan tables, labels, well purge logs, COC 
forms, and logbooks.  The purge logs and COC forms are included in Appendix 
B.  The project manager/field team leader will review field data for accuracy.  
Field data not provided by the laboratory will be entered into a spreadsheet. 
 
The LW technical team will process the EDD to verify that criteria established in 
this QAPP are met.  The Project Chemist will review laboratory and field data to 
verify the results against the hard copy and check for transcription errors.  The 
Project Chemist will verify qualifiers added by data processing and add any data 
qualifiers.  The individual sample delivery group EDD files will be processed to a 
centralized data management system to store the reviewed and approved data.  
Data tables for the client will be generated from the centralized database, which 
will serve as the central, protected data source for the data handling operations.  
 
The electronic data will be stored in a secure area on E & E’s network with access 
limited to data management specialists designated by the PM.  Data from outside 
sources will include a description of the data, a reference to the source, and the 
date updated.  Outside data will be checked prior to use verify that current values 
are used. 
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Table 2-6 Field Equipment and Calibration Procedures 
Instrument or 

Equipment Description1 Field Calibration Procedure 
Acceptability/ 

Performance Criteria 
Responsible 
Personnel 

PID MultiRae Lite, 4-gas monitor, or 
equivalent 

Calibration – Once per day at the start of each day 
prior to sample collection. 
Maintenance – As needed. 
Testing – At 15-minute intervals when conducting 
sampling within buildings/structures 

Meter must give consistent 
background readings 

Field Team 
Leader 

Water Quality 
Meter 

YSI ProDSS, or equivalent  Calibration – Once per day at the start of each day 
prior to sample collection. 
Maintenance – As needed. 
Testing – Readings collected on each water 
sample. 

pH ± 0.1 pH unit 
Conductivity ± 5% 
Temperature ± 0.5° C 
DO ± 0.3 mg/L 

Field Team 
Leader 

Turbidity Meter HF Scientific MicroTPI, or 
equivalent 

Calibration – Once per day at the start of each day 
prior to sample collection. 
Maintenance – As needed. 
Testing – Readings collected on each water 
sample. 

Turbidity ± 10% or ± 1 
NTU, whichever is greater 

Field Team 
Leader 

Sonic/Acoustic 
Water Level Meter 

Eno Scientific WS2010 Pro, Global 
Water WL650, or equivalent 

Testing – As needed to measure amount of water 
in wells. 

Not applicable Field Team 
Leader 

Water Level Meter Keck / Geotech Water Level Meter, 
or equivalent 

Testing – As needed to measure amount of water 
in wells. 

Not applicable Field Team 
Leader 

Colorimeter Hach DR900, or equivalent Calibration – Calibration performed by vendor 
prior to shipment. Bump test daily. 
Maintenance – As needed. 
Testing – Readings collected on each water 
sample. 

2.00 mg/L Fe2+ Standard = 
1.98-2.02 mg/L Fe2+ 
 
520 µg/L S2- Standard = 
504-536 µg/L S2- 

Field Team 
Leader 

Note: 
1 Description is for typical equipment; equivalent units may be used. 
 
Key: 
 DO = dissolved oxygen 
 Fe2+ = ferrous iron 
NTU  = Nephelometric turbidity unit 
 PID = photoionization detector 
 S2- = sulfide 
 µg/L = micrograms per liter 
mg/L = milligrams per liter 
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Table 2-7 Summary Data Management Procedures  

Data Type Data Collection Method Data Processing QC Checks Data Management 

Well Purge Logs LW purge logs and field logbook Scanned and saved to the LW 
project drive 

Checked for completeness Field data summarized and 
provided as deliverable to WDEQ 

Chemical 
Results 

Chain of Custody PDF report and EDD from 
laboratory 

Data validation by E & E 
Project Chemist 

Provided as deliverable to WDEQ 

Note: 
1 Description is for typical data type and not specific to each data layer. 
 
Key: 
 E & E = Ecology and Environment, Inc. 
 EDD = electronic data deliverable 
 LW = Lowham Walsh LLC 
 QC = quality control 
 WDEQ = Wyoming Department of Environmental Quality 
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3 Assessment and Oversight 

3.1 Assessment and Response Actions 
Technical assessment activities include peer review, data quality reviews, and 
technical system audits.  Both overall and direct technical assessment activities 
may result in the need for corrective action.  The Project’s approach for 
implementing a corrective action response program for both field and laboratory 
situations is summarized in this section.  The Project Manager has stop-work 
authority on Project activities that may have negative quality impacts prior to 
completion of corrective actions. 
 
3.1.1 Data Quality Review 
Project deliverables will undergo internal peer review, such as the QAPP, DUSR, 
summary tables as described in Section 4.  The peer review process provides a 
critical evaluation of the deliverable by an individual or team to determine if it 
will meet established criteria, quality objectives, technical standards, and 
contractual obligations.   
 
3.1.2 Technical Systems Assessments  
The Project team is responsible for the ongoing assessment of the technical work 
performed by the team (e.g., review of purge logs); identification of 
nonconformance with the Project objectives; and initiation, implementation, and 
documentation of corrective action.  Independent performance reviews are 
technical assessments that are a possible part of the QA/QC program.  
 
3.1.3 Field Inspections 
The PM will be on site and participate in the sampling activities.  The PM will be 
responsible for inspecting field activities to verify compliance with site-specific 
plans, and will be responsible for review of daily activities.  Field audits will not 
be performed due to the small field effort involved in this Project. 
 
3.1.4 Corrective Action 
Corrective actions will be implemented as needed based on data quality and 
technical assessments.  The PM is responsible for initiating corrective action and 
obtaining approval from the WDEQ.  After a corrective action has been 
implemented, its effectiveness will be verified.  If the action does not resolve the 
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problem, appropriate personnel will be assigned to investigate and effectively 
remediate the problem.  Specific corrective actions will be clearly documented in 
the logbooks or field event summary.   
 
The corrective action process for field and laboratory situations is described 
below. Any corrective action situations that will impact data usability or project 
outcomes will be reported to the WDEQ before actions are implemented. 
 
3.1.4.1 Field Situations 
The need for corrective action in the field may be determined by technical 
assessments or by more direct means, such as equipment malfunction.  Immediate 
corrective actions taken in the field will be documented in the logbook.  
Corrective actions may include, but are not limited to: 
 
■ Recalibrating field instruments and checking battery charge; 

■ Training field laboratory personnel in correct procedures; and 

■ Accepting data with an acknowledged level of uncertainty. 
 
3.1.4.2 Laboratory Situations 
Out-of-control QC data, laboratory audits, or outside data review may determine 
the need for corrective action in the laboratory.  Corrective actions implemented 
as part of the standard laboratory practice will be documented in the case 
narrative.  Corrective actions directed by LW/E & E based on data assessment 
may include, but are not limited to: 
 
■ Reanalyzing samples; or 

■ Accepting data with an acknowledged level of uncertainty. 
 
The laboratory corrective actions are defined in analytical SOPs (see Appendix 
A).  Any deviations from approved procedures must be documented and approved 
by the PM. 
 
3.2 Reports to Management 
A summary of field events along with analytical laboratory reports (in electronic 
and hardcopy format), QA/QC review as documented in the DUSR, and complete 
data tables will be submitted as described in Section 1.6.4.   
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4 Data Validation and Usability 

4.1 Data Review, Validation, and Verification 
Requirements 

The data will be reviewed against the QA/QC requirements in the QAPP.  Non-
conformance issues or deficiencies that could affect the reported result’s precision 
or accuracy are identified and considered when assessing whether the result is 
sufficient to achieve DQOs.  Other data collected as part of this Project will be 
evaluated for consistency with this QAPP.  Data review checks for the Project are 
described below:  
 
■ Field data, such as sample identifications and sample dates, will be checked 

against the planned field activities; 

■ Analytical reporting limits and target compounds and QC summary data for 
surrogates, method blanks, laboratory control samples, and MS/MSD samples 
will be compared to limits listed in Appendix A by the Project Chemist as 
described in Section 4.2; and  

■ Level IV data validation will be performed on all data.   
 
4.2 Validation and Verification Methods 
The field data will be reviewed as described in Section 4.1.  For the analytical 
data, the laboratory is responsible for performing internal data review.  All levels 
of laboratory review must be fully documented and available for review, if 
requested.  After receipt from the laboratory, Project data will be validated using 
the steps in the following subsections. 
 
4.2.1 Evaluation of Completeness 
The Project Chemist will check the electronic files for compliance with standard 
format and the QAPP.  If loading errors are found, revised EDDs will be 
requested from the laboratory.  The Project Chemist also verifies that the 
laboratory information matches the field information and that the following items 
are included in the hard copy data package: 
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■ COC forms and sample summary forms; 

■ Case narrative describing any out-of-control events and summarizing 
analytical procedures; 

■ Sample analysis data sheet; and  

■ QA/QC summary forms. 
 
If the data package is incomplete, the Project Chemist will contact the laboratory, 
which must provide all missing information within one day. 
 
4.2.2 Evaluation of Compliance 
The Project Chemist will follow SOPs for data review and complete checklists, 
process electronic data, and assign qualifiers if outliers are noted.  Additional 
compliance checks on representative portions of the data are briefly outlined 
below: 

 
■ Ensure that analytical problems and corrections are reported in the case 

narrative and that appropriate laboratory qualifiers are added;  

■ For identified problems, review concerns with the laboratory, obtain 
additional information if necessary, and check related data to determine the 
extent of the error; and  

■ Review non-analytical data on field data sheets as outlined in Section 3.1. 
 
The Project Chemist will follow qualification guidelines in National Functional 
Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data 
Review (EPA-540-R-2017-001).  
 
4.2.3 Data Review Reporting  
The Project Chemist or reviewer of non-analytical data will perform the following 
reporting functions: 

 
■ Alert the PM of QC problems, obvious anomalous values, or discrepancies 

between the field and laboratory data that may impact data usability;  

■ Discuss QC problems in a DUSR for each laboratory report; and 

■ Prepare analytical data summary tables of qualified data that summarize all 
sample results. 

 
4.3 Reconciliation with User Requirements 
Deviations from analytical performance criteria or quality objectives for the 
Project will be documented in the DUSR provided to the data users for the 
Project. 
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The QA Manager and/or Project Chemist will work with the final users of the data 
in performing data quality assessments.  The data quality assessment may include 
some or all of the following steps: 

 
■ Data that are determined to be incomplete or not usable for the Project will be 

discussed with the Project team.  If critical data points are involved that 
impact the ability to complete Project objectives, data users will report 
immediately to the PM.  The PM will discuss resolution of the issue with the 
WDEQ and implement necessary corrective actions (e.g., re-sampling);  

■ Data that are non-detect with MDLs greater than the screening criteria will be 
considered usable for Project decision making. The MDLs will be compared 
with detection limits from the 2016 report; and  

■ Data that are qualified as estimated will be used for Project decision making.   
 
Part of the data assessment process involves comparing results to known or 
expected values, regulatory criteria or standards, and/or background 
concentrations.  The following data assessment procedures are anticipated for this 
Project:  

 
■ Analytical results will be compared to the following criteria: 

- EPA MCL, 

- WY Class I Domestic – State of Wyoming Water Quality Rules and 
Regulation, Chapter 8, Table 1, Class I Groundwater Quality Standard, 

- EPA DWEL, 

- WY DWEL for non-carcinogenic chemicals and ADWL for suspected and 
known carcinogenic chemicals are calculated in accordance with WDEQ 
WQD Rules and Regulations Chapter 17: Storage Tanks and using May 
2016 EPA RSLs. For chemicals not on EPA May 2016 RSL tables, values 
were obtained from RSLs of closely related chemicals, or from other 
published information, and 

- EPA SDWR. 
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Table A-1

Analytical Acceptance Criteria

DUP
Analyte CAS# Lower Upper RPD Lower Upper RPD RPD

2‐Hexanone 591‐78‐6 73 129 20 61 134 30 30
2‐Propanol 67‐63‐0 50 150 20 51 150 30 30
Carbon disulfide 75‐15‐0 71 125 20 72 132 30 30
Diisopropyl ether 108‐20‐3 69 125 20 62 128 30 30
Ethanol 64‐17‐5 49 150 20 43 150 30 30
Ethyl‐tert‐butyl ether 637‐92‐3 73 125 20 63 132 30 30
tert‐Amyl methyl ether 994‐05‐8 71 126 20 60 134 30 30
tert‐Butyl alcohol 75‐65‐0 69 131 20 56 146 30 30

DUP
Analyte CAS# Lower Upper RPD Lower Upper RPD RPD

1,2,4‐Trichlorobenzene 120‐82‐1 50 125 20 58 125 30 30
1,2‐Dichlorobenzene 95‐50‐1 40 125 20 55 125 30 30
1,2‐Diphenylhydrazine 122‐66‐7 66 125 20 64 125 30 30
1,3‐Dichlorobenzene 541‐73‐1 37 125 20 52 125 30 30
1,4‐Dichlorobenzene 106‐46‐7 38 125 20 53 125 30 30
1‐Methylnaphthalene 90‐12‐0 64 125 20 64 125 30 30
2,4,5‐Trichlorophenol 95‐95‐4 72 125 20 70 125 30 30
2,4,6‐Trichlorophenol 88‐06‐2 70 125 20 70 125 30 30
2,4‐Dichlorophenol 120‐83‐2 66 125 20 60 125 30 30
2,4‐Dimethylphenol 105‐67‐9 30 125 20 30 150 30 30
2,4‐Dinitrotoluene 121‐14‐2 74 125 20 75 125 30 30
2,4‐Dinitrophenol 51‐28‐5 30 125 20 30 143 30 30
2,6‐Dinitrotoluene 606‐20‐2 75 125 20 73 125 30 30
2‐Chloronaphthalene 91‐58‐7 68 125 20 69 125 30 30
2‐Chlorophenol 95‐57‐8 59 125 20 54 125 30 30
2‐Methylnaphthalene 91‐57‐6 63 125 20 63 125 30 30
2‐Methylphenol(o‐Cresol) 95‐48‐7 59 125 20 54 125 30 30
2‐Nitroaniline 88‐74‐4 71 125 20 62 125 30 30
2‐Nitrophenol 88‐75‐5 64 125 20 61 125 30 30

3&4‐Methylphenol 108‐39‐4
106‐44‐5

62 125 20 57 125 30 30

3,3'‐Dichlorobenzidine 91‐94‐1 61 125 20 30 125 30 30
3‐Nitroaniline 99‐09‐2 60 125 20 30 140 30 30
4,6‐Dinitro‐2‐methylphenol 534‐52‐1 30 136 20 30 135 30 30
4‐Bromophenylphenyl ether 101‐55‐3 73 125 20 54 125 30 30
4‐Chloro‐3‐methylphenol 59‐50‐7 71 125 20 73 125 30 30
4‐Chloroaniline 106‐47‐8 50 125 20 30 128 30 30
4‐Chlorophenylphenyl ether 7005‐72‐3 72 125 20 57 125 30 30
4‐Nitroaniline 100‐01‐6 63 125 20 30 138 30 30
4‐Nitrophenol 100‐02‐7 66 125 20 69 125 30 30
Acenaphthene 83‐32‐9 70 125 20 65 125 30 30
Acenaphthylene 208‐96‐8 70 125 20 67 125 30 30
Anthracene 120‐12‐7 68 125 20 75 125 30 30
Benzo(a)anthracene 56‐55‐3 73 125 20 73 125 30 30
Benzo(a)pyrene 50‐32‐8 75 125 20 53 125 30 30
Benzo(b)fluoranthene 205‐99‐2 75 125 20 54 125 30 30
Benzo(g,h,i)perylene 191‐24‐2 75 125 20 71 125 30 30
Benzo(k)fluoranthene 207‐08‐9 71 125 20 75 125 30 30
bis(2‐Chloroethoxy)methane 111‐91‐1 66 125 20 68 125 30 30
bis(2‐Chloroisopropyl)ether 108‐60‐1 53 125 20 56 125 30 30
bis(2‐Ethylhexyl)phthalate 117‐81‐7 73 125 20 75 125 30 30
bis(2‐Chloroethyl) ether 111‐44‐4 58 125 20 58 125 30 30

LCS/LCSD MS/MSD

LCS/LCSD MS/MSD

VOCs by SW-846 8260B (extra compounds not analyzed by SIM/Scan)

SVOCs by SW-846 8270D



Table A-1

Analytical Acceptance Criteria

DUP
Analyte CAS# Lower Upper RPD Lower Upper RPD RPD

Butylbenzylphthalate 85‐68‐7 73 125 20 54 125 30 30
Carbazole 86‐74‐8 75 125 20 72 125 30 30
Chrysene 218‐01‐9 75 125 20 73 125 30 30
Dibenz(a,h)anthracene 53‐70‐3 75 125 20 73 125 30 30
Dibenzofuran 132‐64‐9 72 125 20 63 125 30 30
Diethylphthalate 84‐66‐2 75 125 20 75 125 30 30
Dimethylphthalate 131‐11‐3 75 125 20 75 125 30 30
Di‐n‐butylphthalate 84‐74‐2 75 125 20 75 125 30 30
Di‐n‐octylphthalate 117‐84‐0 75 125 20 57 125 30 30
Fluoranthene 206‐44‐0 74 125 20 57 125 30 30
Fluroene 86‐73‐7 73 125 20 69 125 30 30
Hexachloro‐1,3‐butadiene 87‐68‐3 39 125 20 47 125 30 30
Hexachlorobenzene 118‐74‐1 75 125 20 75 125 30 30
Hexachloroethane 67‐72‐1 30 125 20 46 125 30 30
Indeno(1,2,3‐cd)pyrene 193‐39‐5 75 125 20 72 125 30 30
Isophorone 78‐59‐1 70 125 20 72 125 30 30
Naphthalene 91‐20‐3 61 125 20 63 125 30 30
Nitrobenzene 98‐95‐3 65 125 20 55 125 30 30
N‐Nitrosodimethylamine 62‐75‐9 46 125 20 59 125 30 30
N‐Nitroso‐di‐n‐propylamine 621‐64‐7 65 125 20 73 125 30 30
N‐Nitrosodiphenylamine 86‐30‐6 72 125 20 55 125 30 30
Pentachlorophenol 87‐86‐5 44 125 20 30 150 30 30
Phenanthrene 85‐01‐8 75 125 20 63 125 30 30
Phenol 108‐95‐2 60 125 20 39 129 30 30
Pyrene 129‐00‐0 74 125 20 75 125 30 30
Surrogates Lower Upper
2,4,6‐Tribromophenol (S) 118‐79‐6 66 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
2‐Fluorobiphenyl (S) 321‐60‐8 30 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
2‐Fluorophenol (S) 367‐12‐4 49 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Nitrobenzene‐d5 (S) 4165‐60‐0 44 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Phenol‐d6 (S) 13127‐88‐3 59 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Terphenyl‐d14 (S) 1718‐51‐0 31 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

DUP
Analyte CAS# Lower Upper RPD Lower Upper RPD RPD

Acenaphthene 83‐32‐9 51 125 20 43 125 30 30
Acenaphthylene 208‐96‐8 54 125 20 42 125 30 30
Anthracene 120‐12‐7 64 125 20 59 125 30 30
Benzo(a)anthracene 56‐55‐3 63 125 20 56 125 30 30
Benzo(a)pyrene 50‐32‐8 72 125 20 66 125 30 30
Benzo(b)fluoranthene 205‐99‐2 60 125 20 56 125 30 30
Benzo(e)pyrene 192‐97‐2 69 125 20 61 125 30 30
Benzo(g,h,i)perylene 191‐24‐2 52 125 20 58 125 30 30
Benzo(k)fluoranthene 207‐08‐9 71 125 20 64 125 30 30
Chrysene 218‐01‐9 72 125 20 61 125 30 30
Dibenz(a,h)anthracene 53‐70‐3 49 125 20 56 125 30 30
Fluoranthene 206‐44‐0 71 125 20 64 125 30 30
Fluorene 96‐73‐7 56 125 20 53 125 30 30
Indeno(1,2,3‐cd)pyrene 193‐39‐5 59 125 20 57 125 30 30
Naphthalene 91‐20‐3 41 125 20 30 125 30 30
Phenanthrene 85‐01‐8 57 125 20 52 125 30 30
Pyrene 129‐00‐0 71 125 20 58 125 30 30
Surrogates Lower Upper
2‐Fluorobiphenyl  (S) 321‐60‐8 55 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Terphenyl‐d14 (S) 1718‐51‐0 64 125 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

LCS/LCSD MS/MSD
PAHs by SW-846 8270D-SIM

LCS/LCSD MS/MSD



 
 

 

 

 

MR DNA analysis pipeline overview. 

Data is subjected to an average stringency quality control process.  This process is good for most 
projects. Some projects may need higher stringency, some can benefit from reducing stringency (e.g. 
chimera false positive and false negative rates).  The following paragraph can be paraphrased to be 
included in publications.  Please do not use verbatim!   Please adapt and put into your own words! 

454: 

Barcoded amplicon sequencing processes performed by MR DNA® under the trademark service 
(bTEFAP®) was described by Dowd et al. (2008) and has been utilized in characterizing a wide range of 
environmental and health related microbiomes including the intestinal populations of a variety of 
sample types and environments, including cattle (Callaway et al., 2010; Dowd et al., 2008; Williams et 
al., 2010).  The bTEFAP® service was revamped and has continued to evolve and in a completely 
modified version of this original process, 16S universal Eubacterial primers ….A single-step 30 cycle PCR 
using HotStarTaq Plus Master Mix Kit (Qiagen, Valencia, CA) were used under the following conditions: 
94oC for 3 minutes, followed by 28 cycles of 94oC for 30 seconds; 53oC for 40 seconds and 72oC for 1 
minute; after which a final elongation step at 72oC for 5 minutes was performed.  Following PCR, all 
amplicon products from different samples were mixed in equal concentrations and purified using 
Agencourt Ampure beads (Agencourt Bioscience Corporation, MA, and USA).   Samples were sequenced 
utilizing Roche 454 FLX titanium instruments and reagents and following manufacturer’s guidelines 

     

 

Overviews of method for analysis:  
 

PGM 
The 16S rRNA gene V4 variable region PCR primers 515/806 (Caporaso et al 2011) were used in a single-
step 30 cycle PCR using the HotStarTaq Plus Master Mix Kit (Qiagen, USA) under the following 



 
conditions: 94°C for 3 minutes, followed by 28 cycles (5 cycle used on PCR products) of 94°C for 30 
seconds, 53°C for 40 seconds and 72°C for 1 minute, after which a final elongation step at 72°C for 5 
minutes was performed. Sequencing was performed at MR DNA (www.mrdnalab.com, Shallowater, TX, 
USA) on an Ion Torrent PGM following the manufacturer’s guidelines. Sequence data were processed 
using a proprietary analysis pipeline (MR DNA, Shallowater, TX, and USA).  In summary, sequences were 
depleted of barcodes and primers, then sequences <150bp removed, sequences with ambiguous base 
calls and with homopolymer runs exceeding 6bp were also removed.  Sequences were denoised, OTUs 
generated and chimeras removed.  Operational taxonomic units (OTUs) were defined by clustering at 3% 
divergence (97% similarity).  Final OTUs were taxonomically classified using BLASTn against a database 
derived from GreenGenes (http://greengenes.lbl.gov/cgi-bin/nph-index.cgi), RDPII 
http://rdp.cme.msu.edu) and NCBI (www.ncbi.nlm.nih.gov),  

 

Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA, Turnbaugh PJ et al (2011). Global 
patterns of 16S rRNA diversity at a depth of millions of sequences per sample. PNAS 15: 4516-
4522. 

DeSantis TZ, Hugenholtz P, Larsen N, M R, Brodie EL, Keller K et al (2006). Greengenes, a chimera-
checked 16S rRNA gene database and workbench compatible with ARB. Applied and 
Environmental Microbiology 72: 5069-5072. 

 

MiSeq 
 

Methods of MiSeq! 

The 16S rRNA gene V4 variable region PCR primers 515/806 (OR OTHER PRIMER SELECTED) with barcode 
on the forward primer  were used in a 30 cycle PCR  (5 cycle used on PCR products) using the 
HotStarTaq Plus Master Mix Kit (Qiagen, USA) under the following conditions: 94°C for 3 minutes, 
followed by 28 cycles of 94°C for 30 seconds, 53°C for 40 seconds and 72°C for 1 minute, after 
which a final elongation step at 72°C for 5 minutes was performed.  After amplification, PCR 
products are checked in 2% agarose gel to determine the success of amplification and the 
relative intensity of bands. Multiple samples are pooled together (e.g., 100 samples) in 
equal proportions based on their molecular weight and DNA concentrations. Pooled 
samples are purified using calibrated Ampure XP beads. Then the pooled and purified PCR 
product is used to prepare DNA library by following Illumina TruSeq DNA library 

http://www.mrdnalab.com/
http://rdp.cme.msu.edu/
http://www.ncbi.nlm.nih.gov/


 
preparation protocol. Sequencing was performed at MR DNA (www.mrdnalab.com, Shallowater, 
TX, USA) on a MiSeq following the manufacturer’s guidelines. Sequence data were processed 
using MR DNA analysis pipeline (MR DNA, Shallowater, TX, and USA).  In summary, sequences 
were joined, depleted of barcodes then sequences <150bp removed, sequences with ambiguous 
base calls removed.  Sequences were denoised, OTUs generated and chimeras 
removed.  Operational taxonomic units (OTUs) were defined by clustering at 3% divergence (97% 
similarity).  Final OTUs were taxonomically classified using BLASTn against a curated database 
derived from GreenGenes, RDPII and NCBI (www.ncbi.nlm.nih.gov, DeSantis et al 2006, 
http://rdp.cme.msu.edu).   

1. To keep amplification bias to a minimum MR DNA does not use long concatamer primers as part 
of illumina data (ie 50bp of linker and barcode and a 20bp primer).  We do create actual libraries 
out of each of our individual amplicons.  This results in the amplicons being found in both 5’-3’ 
as usual.. And 3’-5’ orientation in the r1 and r2 files.  Note the R1 and R2 are both in the 5’-3’ 
orientation as raw files. 

a. Forward primer format   BARCODE-FORWARD PRIMER 
b. Reverse primer format     REVERSE PRIMER 

2. For assays > 300bp <550bp  MR DNA provides free joining of the reads as well as reorienting the 
3’-5’ reads into a uniform direction (these are the full.fasta and full.qual files found in the fasta-
qual-mapping-files folders.   Remember this is RAW data that has been joined (for amplicons > 
300 and < 570bp) e.g.  515-806 is <300 and ITS1-4 is variable with most sequences > 570) you 
can convert these to fastq as noted above.   Note: MR DNA now DOES merge the 515-806 reads 
as well as many of our other assays < 300bp. 

3. To process the r1 and r2 files for amplicons >300bp and <570bp this is the process summarized 
that we use at MR DNA. Note: MR DNA now DOES merge the 515-806 reads as well as many of 
our other assays < 300bp 

a. Join the reads together after q25 trimming of the ends (there are many publically 
available softwares that join illumina paired end reads).   

b. Look for barcodes at the 5’ end, also find reverse compliment barcodes at the 3’ end of 
the joined reads. 

c. Reverse compliment the sequences containing barcodes at the 3’ end. 
d. The resulting file is our full.fasta and full.qual .. This has the joined reads all in the same 

5’-3’ orientation..  This is raw data just joined and reoriented..   
e. Please note you can convert the full.fasta and full.qual back to fastq using our free 

software www.mrdnafreesoftware.com  
4. To process the r1 and r2 files for amplicons <300bp.   

a. MR DNA in this case now does attempt join the files we utilize the forward reads found 
in both r1 and r2 files.   If you do not join the reads and utilize both the r1 and r2 by 

http://www.mrdnalab.com/
http://www.ncbi.nlm.nih.gov/
http://rdp.cme.msu.edu/
http://www.mrdnafreesoftware.com/


 
concatenating them or processing each in turn then all the barcodes do appear only in 
5’-3’ orientation. 

b. Perform quality trimming..  Keep all reads >250bp (subjective).  And process as usual. 
c. The same basic process is used by MR DNA for amplicons too long to be joined 

effectively. 
5.  Please note that in your fasta-qual-mapping-files   directory is the full.fasta and full.qual files 

These files are simply merged and reoriented in the 5’-3’ direction and <200bp 
sequences removed.  This is still (apart from joining the R1 and R2) raw data with the 
barcodes in them.. You can use thes files directly (similar to 454 or PGM data) along 
with the mapping2 file in secondary analysis software such as qiime or mothur.   Or you 
can convert the full.fasta and full.qual to native fastq using free software found at 
www.mrdnafreesoftware.com .    

An issue with qiime and usually the 515F or ITS1 assays.. Qiime occasionally detects duplicate reads.  
This is usually a handful of definitions that cannot be distinguished.  We have produced a software to 
clean the fasta and qual so qiime can get past this issue www.mrdnafreesoftware.com .  Our newer 
processes eliminate this need however so only older data has this problem..  We now offer free service 
to rectify this issue for qiime users ;-) just email Dr Dowd and we will clean the files for you no cost. 

 

 

Remember if not joining the reads (which reorients the barcodes in the r2 files) both files can be used 
for finding indexes (barcodes) without reverse complementation.   After binning the R1 file you 
can then bin the R2 file to identify all of the barcoded reads.. their pairs can be identified using 
the illumina definition line coding, reads can be joined with appropriate software if available.. MR  

 

Data processing (basic overview) 
The Q25 sequence data derived from the sequencing process was processed using a proprietary analysis 
pipeline (www.mrdnalab.com , MR DNA, Shallowater, TX) .   Sequences are depleted of barcodes and 
primers then short sequences < 200bp are removed, sequences with ambiguous base calls removed, and 
sequences with homopolymer runs exceeding 6bp removed.  Sequences are then denoised and 
Operational taxonomic units were defined clustering at 3% divergence(97% similarity) followed by 
removal of singleton sequences and chimeras (Dowd, Callaway et al. 2008; Dowd, Sun et al. 2008; Edgar 
2010; Capone, Dowd et al. 2011; Eren, Zozaya et al. 2011; Swanson, Dowd et al. 2011). Final OTUs were 
taxonomically classified using BLASTn against a curated database derived from GreenGenes, RDPII and 

http://www.mrdnafreesoftware.com/
http://www.mrdnafreesoftware.com/
http://www.mrdnalab.com/


 
NCBI (www.ncbi.nlm.nih.gov,  DeSantis et al 2006, http://rdp.cme.msu.edu) and compiled into each 
taxonomic level into both “counts” and “percentage” files.  Counts files contain the actual number of 
sequences while the percent files contain the relative (proportion) percentage of sequences within each 
sample that map to the designated taxonomic classification.   E.g.  If there are 1000 sequences and 100 
of the sequences are classified as Staphylococcus then we represent this as Staphylococcus being 10%. 

   

 

METAGENOMES 
 

These samples will undergo deep sequence metagenome analysis.  Deep sequencing of the samples will 

also be carried out at Molecular Research (MR DNA), Shallowater, Texas.  Utilizing MiSeq 2x250bp 

sequencing (www.illumina.com) DNA libraries will be prepared using Nextera DNA sample prep kits to 

create individual barcode indices.  A total of at least 0.8 gigabases of nucleotide sequence will be 

generated.  Samples will be analyzed utilizing MG-RAST metagenome analysis server using both 

assembled and unassembled data.  Metagenomic sequences will be annotated using evidence based 

annotation approach.  Sequences will be BlastX against protein databases at an E-value cutoff: 1 x 10E-

5.  Predicted genes will be tabulated and classified into functional categories from lower orders (individual 

genes) to higher orders (cellular processes).  Relative abundance for each gene will be calculated by 

dividing the similarity hits for an individual gene by total hits against any of the database.  To understand 

the gradient specific functional traits, endemic metagenomic reads will be binned using MegaBlast (reads 

of one metagenome against combination of remaining).  

 

Illumina genome metagenome basic stuff: 
Shotgun sequencing from DNA 

Metagenome or genome sequencing steps includes isolation and purification of genomic DNA, 
fragmentation, ligation to sequencing adapters and purification. Following the amplification and 
denaturation steps, libraries can be pooled and sequenced. We used 50 ng of DNA from each 
sample to prepare the libraries using Nextera DNA Sample Preparation Kit (Illumina). Library 
insert size was determined by Experion Automated Electrophoresis Station (Bio-Rad).  The 
insert size of the libraries ranged from 300 to 850 bp (average 500bp). Pooled library (12pM) 
was loaded to a 600 Cycles v3 Reagent cartridge (Illumina) and the sequencing was performed 
on Miseq (illumina). 

http://www.ncbi.nlm.nih.gov/
http://rdp.cme.msu.edu/
http://www.illumina.com/


 
Transcriptome sequencing (RNA ) 

Transcriptome sequencing steps includes isolation, purification, chemically fragmentation of 
mRNA and its conversion into double stranded cDNA using random hexamer primers. 
Sequencing library construction begins with generation of blunt end cDNA followed by ligation 
to RNA sequencing adapters. Following the amplifications and denaturation steps libraries can 
be pooled and sequenced. We used 2 ug of Total RNA (or 250 ng of mRNA) from each sample 
to prepare the libraries using TruSeq RNA sample preparation kits (Illumina). The libraries were 
quantified, pooled together and the sequencing was performed on Miseq (illumina) using 600 
Cycles v3 Reagent Kit (Illumina). 

cDNA sequencing  

cDNA sequencing steps includes purification and generation of blunt end cDNA followed by 
ligation to sequencing adapters, amplification, denaturation and sequencing. We used 250 ng of 
double strand cDNA from each sample to prepare the libraries using TruSeq RNA sample 
preparation kits (Illumina). Pooled library (10pM) was loaded to a 600 Cycles v3 Reagent 
cartridge (Illumina) and the sequencing was performed on Miseq (illumina). 
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Determination of Organochlorine Pesticides By 
  Gas Chromatography/Electron Capture Detection (GC/ECD) 

 

References:  Method 8081B Rev. 2, Update IV, Feb 2007, and Method 8000C Test Methods for 
Evaluating Solid Waste, SW-846, Third Edition, Final Update III, December 1996 
(USEPA, Office of Solid Waste and Emergency Response, Washington, DC).  

 
  USEPA Contract Laboratory Program Statement of Work for Organics Analysis Multi-

Media, Multi-Concentration" August 1991. Document Number OLM03.1 and OLM04.2. 
 

Massachusetts Contingency Plan (MCP) WSC-CAM for SW846 Method 8081 Pesticides 
by GC/ECD. Section VB Rev4. August 2004 (Massachusetts Department of 
Environmental Protection Bureau of Waste site cleanup) 

 
 

1. Scope and Application 

Matrices: This method is applicable to the quantification of Organochlorine Pesticides in water, 
soil, sediment, sludge, product, and tissue (either animal or vegetative). 

Definitions:  Refer to Alpha Analytical Quality Manual. 

This method is applicable to the analysis and quantification of sample extracts for Organochlorine 
Pesticides by gas chromatography/electron capture detector. Target analytes include a wide range of 
pesticides, a basic list of which is included below. The sensitivity of the method usually depends on 
the concentration of interferences as well as instrumental limitations. If interferences prevent 
detection of the analytes, the method may also be performed on samples that have undergone 
cleanup.  Typical reporting limits are based on the lowest level of the initial calibration curve and 
generally correspond to limits derived from quarterly LOQ studies to verify our MDLs.. Detection 
limits will vary with the individual sample matrix, sample preparation procedures, instrument 
calibration range, and volume of sample analyzed. 

This method is in substantial conformance with the guidelines established in SW-846 for performing 
chromatographic analysis as defined in the Method 8000B ("Gas Chromatography), Method 8081B 
("Organochlorine Pesticides"), Method 3510C ("Separatory Funnel Liquid - Liquid Extraction"), and 
Method 3570 Microscale Extraction.  The data quality objectives of these methods are met or 
exceeded by this SOP. The following extraction and cleanup methods may also apply, depending on 
project specifications: 

• Extraction of Water Samples by Separatory Funnel (2156) 

• Tissue Preparation and Homogenization (2166) 

• Shaker Table Extraction (2261) 

• Sulfur Cleanup (2168) 

• Microscale Solvent Extraction - 3570 (2172) 

• Silica cleanup (2170) 

• GPC Cleanup by HPLC (2167) 
 

The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
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personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  

This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the GC/ECD and in the interpretation of GC/ECD data. Each analyst must demonstrate the ability 
to generate acceptable results with this method by performing an initial demonstration of capability. 

Table 2: Target Analytes for Pesticides by GC/ECD 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter CAS 

alpha-BHC 319-84-6 

beta-BHC 319-85-7 

gamma-BHC (Lindane) 58-89-9 

delta-BHC 319-86-8 

Heptachlor 76-44-8 

Aldrin 309-00-2 

alpha-Chlordane 5103-71-9 

gamma-Chlordane 5103-74-2 

Heptachlor epoxide 1024-57-3 

Oxychlordane 27304-13-8 

Dieldrin 60-57-1 

Endrin 72-20-8 

Endrin aldehyde 7421-93-4 

Endrin ketone 53494-70-5 

4,4’-DDD 72-54-8 

4,4’-DDE 72-55-9 

4,4’-DDT 50-29-3 

2,4’-DDD 53-19-0 

2,4’-DDE 3424-82-6 

2,4’-DDT 789-02-6 

Endosulfan I 959-98-8 

Endosulfan II 33213-65-9 

Endosulfan sulfate 1031-07-8 

Methoxychlor 72-43-5 

Mirex 2385-85-5 

Cis-Nonachlor 5103-73-1 

Trans-Chlordane 5103-74-2 

Hexachlorobenzene 118-74-1 

Toxaphene 72-43-5 

Chlordane 57-74-9 
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2. Summary of Method 

An aliquot of a well mixed, homogeneous aqueous, solid, or tissue sample is accurately measured or 
weighed for sample preparation. Generally, 500mL or 1000mL of water sample, 1-5g of tissue 
sample, or 5g to 30g of sediment/soil sample is extracted.  Water, soil/sediment, and tissue samples 
are spiked with surrogate compounds and then extracted using methylene chloride or a methylene 
chloride/acetone mixture. The extract is dried and exchanged into hexane during sample 
concentration. After extraction, cleanup techniques are applied. Generally extracts are cleaned by 
GPC (for hydrocarbon or lipid removal) and silica cartridge or automated silica column followed by 
copper (for sulfur removal). The extract is exchanged into hexane and concentrated to the 
appropriate volume, generally 5mL or 10mL, for analysis.  Alternatively, this method can be employed 
for lower detection limits by decreasing the final volume to 1-5 mL. 

After cleanup and re-concentration, the extracts are spiked with internal standards, and analyzed on a 
gas chromatograph, which is fitted with two capillary columns of differing polarities each employing a 
separate detector.  The target analytes are resolved on each column and detected using an electron 
capture detector (ECD).  Analytes are introduced into the GC/ECD by injecting a known volume of the 
calibration standards, quality control samples, and sample extracts into the GC that is temperature 
and flow programmed to separate the compounds of interest.  Identification of target analytes is 
accomplished by confirming a target hit on two dissimilar columns using Retention Time and Pattern 
Recognition.  Concentrations are calculated from the ECD response using internal standard 
techniques, additionally external standard techniques can also be utilized circumstantially.  
Concentrations are determined using Mean Relative Response Factor from a multi-level calibration 
curve.  Response factors for target analytes and surrogate compounds are determined relative to the 
internal standards. 

 

2.1 Method Modifications from Reference 

This method exhibits some modification from the reference method. Method 8081B discusses the 
allowed shelf life for stock solutions as one year and working solutions as six months.  The standard 
expiration protocol for the lab is the same however, if there is a significant amount of working spike or 
surrogate solution expired after the six-month period the lab will re-QC the solution.  If the QC of the 
solution still passes the lab will extend the expiration date by another month.  The method also 
indicates that a mid level multi-component standard is analyzed with the initial calibration for multi 
component compounds such as Toxaphene and Chlordane.  The current lab procedure is to run the 
lowest possible level of the multi-component standard and include it with the Initial Calibration so the 
analyst can determine the lowest level at which the multi-component targets can be detected.  If the 
multi-component analyte is then detected in a sample extract the analyst will then analyze a mid level 
standard for a single-point quantitation. 

3. Reporting Limits 

Table 1 lists the routine reporting limits. 

4. Interferences 

4.1 Contaminants in solvents, reagents, glassware, syringes, and other sample processing 
hardware may cause inferences that lead to discrete artifacts, biases, and/or elevated 
baselines. Demonstrate that all of these materials are free from interferences under the 
conditions of the preparation and analysis by extracting and analyzing a laboratory method 
blank with each batch of up to 20 samples.  Also new solvent lots are to be prescreened 
and approved by GC/ECD analyst prior to use. All glassware and equipment should be 
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properly cleaned and solvent rinsed prior to use.  Never use any glassware, or other 
implements such as syringes, on multiple samples within the batch unless there has been 
thorough cleaning and decontamination between samples. 

4.2 Contaminants co-extracted from the sample may cause matrix interferences.  The extent of 
matrix interferences will vary considerably from sample to sample, depending upon the 
nature of the environment and matrix being investigated.  In some cases depending on the 
severity of the observed interferences, a target hit on one column may be biased high when 
interfered with.  Skilled analyst judgment is imperative in determining if a chromatographic 
peak appears interfered with.  In these cases the non-interfered, non-biased hit can be 
forced for reporting purposes providing a more suitable value.  In extreme cases of 
interference additional cleanups can be employed, or it may be necessary to analytically re-
run the sample at a dilution. 

4.3 The ECD is theoretically a halogen specific detector. However, phthalate esters can be a 
major source of contamination in that they do respond to the ECD and can interfere with 
accurate determination of the compounds of interest.  No forms of plastic or any material 
containing plasticizers (phthalates) should be used in conjunction with any part of this 
analysis. 

4.4 Elemental sulfur is readily extracted from soil and sediment samples and may cause 
chromatographic interferences in the determination of pesticides.  Sulfur can be removed 
through the use of Method 3660B. 

4.5 Care must be taken to ensure a complete hexane exchange is performed on the extract, 
because residual methylene chloride would be an interferent in the analysis.  Residual 
methylene chloride can also damage the electron capture detectors. 

4.6 The injector system of the gas chromatograph can become contaminated with non-volatile 
components from samples.  This can act to decrease the resolution and responsiveness of 
the system.  The analysis of a DDT/Endrin breakdown standard is the best indicator of the 
condition of the injector system and the condition of the column.  As the percent breakdown 
increases gradually the system should undergo general maintenance (liner changes, 
injection port cleaning, etc.) to avoid prolonged down time. 

4.7 Aldol condensation products (4-methyl-4-hydroxy-2-pentanone and 4-methyl-3-pentene-2-
one) can arise during soil extraction when using methylene chloride: acetone. These 
products may interfere with detection of analytes and should be monitored. 

4.8 Raw GC/ECD data from all blanks, samples, and spikes must be evaluated for 
interferences or carryover. Contamination by carryover can occur whenever high-
concentration and low-concentration samples are sequentially analyzed. 

5. Health and Safety 

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  

All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 
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6. Sample Collection, Preservation, Shipping and Handling 

6.1 Sample Collection 

Aqueous samples should be collected in 500mL, 1L or 2L amber glass bottles and stored 

without preservative at 4°C.  The minimum amount of sample needed to reach the reporting 
limits on Table 1 in Section 16 for this method for aqueous samples is 500mL.   Additional 
sample is needed (approximately 3X the minimum amount) if MS/MSD analyses are to be 
performed. 

Soil/sediment and Tissue samples should be collected in glass soil jars and stored at 4°C, or if 
desired, frozen.  The minimum amount of sample needed to reach the reporting limits on Table 
1 in Section 16 for solid and tissue matrices is 50g. Additional sample is needed (approximately 
3X the minimum amount) if MS/MSD analyses are to be performed. 

 

6.2 Sample Preservation 

Aqueous samples should be stored without preservative at 4°C.   

Soil/sediment and Tissue samples should be stored at 4°C, or if desired, frozen.   

6.3 Sample Shipping 

Sample Receipt & Login SOP 1559 describes how samples are normally shipped or obtained 
by the laboratory, precautions to be used in opening sample shipments, and sample storage 
conditions. 

6.4 Sample Handling 

The hold time for this method is 7 days for the extraction of aqueous samples and 14 days for 
the extraction of solid and tissue samples. If a sediment or tissue samples are frozen, this 
suspends the holding time until removal from the freezer. All extracts must be analyzed within 
40 days of the extraction date. Extracts are stored in a refrigerator at 2-6ºC. 

 

7. Equipment and Supplies 

7.1 Gas Chromatograph: The instrumentation is a temperature-programmable gas 

chromatograph with heating range from 40ºC to 325ºC and splitless-type inlet system with 
electron capture detectors (Hewlett-Packard HP 5890 Series II GC, HP 6890 Plus, or 
similar). 

7.2 Injection Port: Designed for splitless injection onto a capillary column.  The injection 

port utilizes a uniliner for direct injection, to decrease the potential for breakdown of 
compounds in the injection port and to increase sensitivity. These uniliners are used in 
place of the standard splitless liners. The 6890 model requires a drilled uniliner due to 
Electronic Pressure Control (EPC). The injection port will require maintenance on an as 
needed basis if degradation or contamination is apparent. Please refer to the front of the 
Instrument Maintenance Logbook, which outlines the routine maintenance procedures 

 
7.3 Columns and supplies  

7.3.1 Restek’s proprietary “RTX-5” Stationary Phase, 60m length x 0.25mm ID, 
0.25m film thickness - Restek Corporation, PN 10226, or equivalent. 

7.3.2 Restek’s proprietary “RTX-CLPesticide II” Stationary Phase, 60m length x 
0.25mm ID, 0.2m film thickness - Restek Corporation, PN 11326, or equivalent. 
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7.3.3 Guard column, deactivated fuse silica phenyl-methyl, 5 m x 0.32 mm ID. Restek 
PN 10027 or equivalent. 

7.3.4 flow from the guard column can be split between the two analytical columns 
using a Siltek MXT-Y connecter Restek PN 20396 

 
7.4 Guard Column: The GC/ECD utilizes one injector with guard column sealed to the 

uniliner inside the injection port.   The guard column is split by connector into the two 
dissimilar columns listed above.  Each column is then attached to a separate detector.  The 

Rtx-5 is always the front detector column and the CLP II is the back detector column. 

7.5 Auto sampler: Adapted onto the Gas Chromatograph. Model is HP 6890 series 

autosampler with a GC autosampler controller and HP 5890 series autosampler with 

controller, or equivalent. 

7.6 Computer: with Windows XP operating software utilizing HP Enviroquant G1701DA 

Version D.03.00 software, or equivalent. 

7.7 Gases: Hydrogen, ultra high purity grade (99.9999% pure) and Nitrogen of equivalent 

purity.  Hydrogen is generally supplied by a Proton Hogen GC 600 Hydrogen generator. 

7.8 Syringes: Hamilton Gas tight, various sizes.   

7.9 Glass Pasteur Pipettes 

7.10 Volumetric Flasks: Class A, various sizes 

7.11 Vials: 2ml, 4ml, 10ml 

 

8. Reagents and Standards 

Reagent grade or pesticide grade chemicals are used in all tests.  Unless otherwise indicated, it is 
intended that all reagents shall conform to specifications of the Committee on Analytical Reagents 
of the American Chemical Society, where such specifications are available.  See SOP Reagent, 
Solvent, and Standard Control (1816) for additional details regarding solvent purity.  All solvent 
expirations determined as indicated by manufacturer guidelines  
 
Analytical Standards are stored at 2-6ºC, according to manufacturer’s recommended procedure. 
Primary standards are discarded as indicated by the vendor expiration. Stock standards are given 1 
year expiration from the preparation date or the expiration of the primary vendor solution, whichever 
occurs first.  Working standards are given a six month expiration from the preparation date or the 
expiration of the primary solution whichever occurs first.  If breakdown of a solution is observed the 
solution will be discarded.  All analytical standards are prepared in Hexane. All prep standards are 
prepared in Acetone or Hexane. 

8.1 Methylene Chloride: ACS approved, Pesticide grade. 

8.2 Acetone: ACS approved, Pesticide grade. 

8.3 Hexane: ACS approved, Pesticide grade. 

8.4 Methanol: Purge and Trap grade. 

8.5 Surrogate Spiking Solution: Two surrogates are used for this method, 2,4,5,6-

tetrachloro-m-xylene (TMX) and Decachlorobiphenyl (DCB). Alternate surrogates may be 
employed to avoid co-elutions or when DCB is a target analyte. Example alternate 
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surrogates would be DBOB (4,4’-Dibromooctafluorobiphenyl) BZ-198 (2,2’,3,3’,4,5,5’,6 
Octachlorobiphenyl). Surrogate Spiking solutions are stored in 40ml pre-cleaned amber 
VOA vials and placed in a standards freezer in the preparatory lab.  The Pest/PCB 
Surrogate is made from the Pesticides Surrogate Standard Spiking Solution (catalog # ISM-
320) commercially obtained from Ultra at a concentration of 200ug/mL.  The spiking 
solution is the “Pest/PCB Surrogate” spike, which is made by diluting the primary standard 
appropriately to achieve a concentration of 1000ug/L.  All solutions are made volumetrically 
in Acetone at desired final volume.  Generally 200ml of standard is made but this can vary 
depending on use, need, and preference. The solution must be assayed by analysis before 
release to the preparation lab.  Generally 1ml of surrogate spiking solution is spiked into the 
samples and QC. Alternative solution concentration and spiking amount can be used.   

8.6 LCS and Matrix spiking solution: Two Pest LCS Spiking solutions are generally 

used in this method. Alternatively, solutions with project specific targets may be used.  The 
LCS spiking solutions are stored in the same manner as surrogate solutions. The Pest LCS 
solutions are made from a combination of Restek Pest Mix 8081AB#1 cat#32291 at 
concentration 200ug/ml and Hexachlorobenzene and Additional Pesticide Mix 
(Quote#041310-632 from Ultra at a concentration of 100ug/ml. The spiking solution is 
labeled “Pest LCS” spike and is prepared by diluting the appropriate aliquot of each of the 
two primary solutions to obtain a spike solution concentration of 1000ug/L.  All solutions are 
made volumetrically in Acetone at desired final volume.  Generally 100ml of spiking solution 
standard is made but this amount can vary depending on use, need and preference.  
Generally 1 mL of LCS spiking solution is added into each laboratory control spike, matrix 
spike, and spike duplicate QC samples. Alternative solution concentration and spiking 
amount can be used.   

8.7 Internal Standards (IS): PCB congener BZ 192 (2,2’,3,4,4’,5,6,6’-octachlorobiphenyl 

This solution is commercially obtained from Ultra at 100ug/mL.  The IS solution is prepped 
by making a volumetric dilution of the primary standard in hexane to achieve a 
concentration of 2.5ug/ml.  For method quantification by internal standard 20ul of internal 
standard is added into 1ml extracts, to produce a mid-calibration range response on column 
at 50ng/mL in final sample extract. 

8.8 Breakdown Mix: This solution is commercially obtained from Ultra (PN ISM-450) 

containing Endrin at 1 µg/mL and 4,4'-DDT at 2ug/ml.  The primary solution is volumetrically 
diluted to achieve a working standard concentration of 100ug/L for Endrin and 200 ug/L for 
4,4’-DDT. 

8.9 Toxaphene Calibration solution: Toxaphene solution is commercially obtained 

from Ultra (PP-270) at a concentration of 100ug/ml.  The stock solution at the concentration 
of 10,000ug/L is prepared as an intermediate solution. The stock solution is diluted 
volumetrically to obtain a mixture at the concentration of 25ug/L. The 25ug/L solution is 
injected as a low standard and run with the calibration curve.  If Toxaphene is detected an 
additional mid level Toxaphene standard is used for the one point quantitation of this 
compound.  The stock solution is appropriately diluted volumetrically to obtain a 
concentration of 1000 ug/L for the Toxaphene and includes TMX/DCB at 100ug/L.  

Toxaphene ICV solution is commercially obtained from NST (111-M) at a concentration of 
2000ug/ml.  The stock solution at the concentration of 20,000ug/L is prepared as an 
intermediate solution. The stock solution is appropriately diluted volumetrically to obtain a 
concentration of 1000 ug/L for the Toxaphene ICV working standard. 

8.10 Chlordane Calibration solution: Chlordane solution is commercially obtained from 

Ultra (PP-151) at a concentration of 100ug/ml.  The stock solution at the concentration of 
10,000ug/L is prepared as an intermediate solution. The stock solution is diluted 
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volumetrically in hexane to obtain a mixture at the concentration of 25ug/L. The 25ug/L 
solution is injected as a low standard and run with the calibration curve.  If Chlordane is 
detected and additional mid level Chlordane standard is utilized for the one point 
quantitation of this compound.  The stock solution is appropriately diluted volumetrically to 
obtain a concentration of 500ug/L for Chlordane and includes TMX/DCB at 100ug/L 

Chlordane ICV solution is commercially obtained from Restek (32021) at a concentration of 
1000ug/ml.  The stock solution at the concentration of 20,000ug/L is prepared as an 
intermediate solution. The solution is appropriately diluted volumetrically to obtain a 
concentration of 500 ug/L for the Toxaphene ICV working standard. 

 

8.11 Independent Calibration Verification (ICV) standard: This is a secondary 

source standard separate from the calibration curve standards containing target pesticides 
compounds. The ICV can be made two ways as a combination of “Custom Standard – 
Pesticide Mix” (Quote#041310-631) and “Custom Standard – Additional Pesticide Mix” 
(Quote#041310-632) both commercially obtained from Ultra at a concentration of 100ug/ml. 
Alternatively, use Restek Pest Mix 8081AB#1 cat#32291 at concentration 200ug/ml and 
Hexachlorobenzene and Additional Pesticide Mix (Quote#041310-632) from Ultra at a 
concentration of 100ug/ml. Cis-Nonachlor obtained from Ultra at (PP-490) concentration 
100ug/ml and Chlorpyriphos obtained from Restek (32212) at concentration 1000ug/ml are 
added to both mixtures to obtain all targets compounds. The ICV is prepared by diluting the 
appropriate aliquot of each of the two primary solutions to obtain a spike solution at the 
concentration of 50ug/L. This standard must be spiked with 20uL of the internal standard as 
referenced in section 8.7.   

8.12 SRM: 1944 – New York/New Jersey Waterway Sediment, and SRM 2974a – Organics in 

Freeze Dried Mussel Tissue, from National Institute of Standards & Technology (NIST). 
Please refer to the individual certifications for the assigned true values. These SRMs may 
be extracted and analyzed with sample batches as part of the overall QC evaluation, if 
requested by the client. Other certified SRMs may be used on a project specific basis. 

8.13 Pesticide Calibration Standard: Commercially obtained primary solutions are used 

to volumetrically create stock solutions. All stock solutions are made by adding the 
appropriate amount of primary standard to a 25 mL volumetric flask to obtain the 
concentration of 5000 ug/L. The stock solutions are then used in various combinations and 
serial dilutions to make calibration curve standards (see Table 3).  

Calibration standards are always prepared in hexane.  The basic calibration curve is made 
from MCP Pest Stock, Additional Pest Stock, Chloropyrifos/Cis-nonachlor Stock and 
DBOB/BZ198 Surrogate Stock. MCP Pest Stock is derived from primary Custom Pesticide 
Standard (PN # S-9553-SS) commercially obtained from Accustandard, Additional Pest 
Stock is made from primary Custom Pesticide Standard (PN#S-14378-R1) commercially 
obtained from Accustandard, and DBOB/BZ198 Surrogate Stock is prepared from primary 
surrogate solutions commercially obtained from Ultra: DBOB – at a concentration of 5000 
ug/mL (catalog # PPS-172) and BZ#198 – at a concentration of 100 ug/mL (catalog # RPC-
075S). Chloropyrifos/Cis-nonachlor Stock is prepared from primary solutions commercially 
obtained from Accustandard at a concentration of 100 ug/mL: Chloropyrifos (Dursban) 
(catalog # P-094S) and Cis-nonachlor (catalog # P-297S). 
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9. Quality Control  

The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 

9.1 Blank 

9.1.1 Method Blank 

9.1.1.1 A method blank must be extracted (spiked with surrogates) and analyzed 
once per every 20 samples or per extraction batch, whichever is more 
frequent. 

9.1.1.2 Because the analysis of a method blank is used to determine background 
contamination, an acceptable method blank should not contain any 
individual compound at the concentration of reporting limit, or above. For 
contaminated blanks all efforts must be made to identify and eliminate the 
source of contamination. The presence of analytes at concentrations at or 
above the reporting limit will warrant application of a “B” qualifier to that 
target compound(s) on all associated report forms, and perhaps re-
extraction of all associated samples. The results are qualified with a “B” 
for any associated sample concentrations that are less then 10x the blank 
concentration for the analyte. Surrogate and internal standard recoveries 
must meet the QC limits for the method blank, see Sections 9.7.1 and 
9.7.2. Re-extraction must be initiated immediately so that minimum time is 
wasted before re-extraction can occur - if at all possible, this re-extraction 
should take place within holding time. Re-extraction corrective action that 
would exceed the sample holding time criteria should be discussed with 
the client, Laboratory Director, QA Manager, and/or Section Supervisor 
prior to implementation. Exceptions may be made with approval of the 
Section Supervisor if the samples associated with an out of control 
method blank are non-detect for the affected compound(s) or if the  
concentration of the affected compound(s)in the sample is greater than 
10x the blank level.  In such cases, the sample results are accepted 
without corrective action for the high method blank result.  The client must 
be notified, via the project narrative, of any method blank non-compliance 
associated with the sample results. 

9.2 Laboratory Control Sample (LCS) 

9.2.1 The laboratory control sample (LCS/LCSD) generally contains all Pesticides listed 
in Table 1, Section 16 except for Toxaphene & Chlordane. The number of 
Pesticide compounds in the LCS may vary with client specific requests. The 
Pesticide list reported to the client on the recovery form depends on the target list 
requested by the client and may also vary between different projects. The 
LCS/LCSD is extracted along with the samples and must be extracted and 
analyzed once per every 20 samples or per extraction batch, whichever is more 
frequent. 

9.2.2 The acceptable recovery QC limits as well as RPD limits are found in Table 2 
Section 16 for an aqueous, solid, and tissue LCS/LCSD.  All recovery limits should 
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be monitored and documented in-house through control charts and updated as 
needed.  

9.2.3 Corrective Action: Repeat analysis or check to see if an analytical or spiking error 
has occurred. If the LCS/LCSD recoveries are still out of control, re-extract and re-
analyze the LCS/LCSD and all associated samples.  Samples cannot be approved 
until an acceptable LCS is obtained. Exceptions may be made with approval of the 
Section Supervisor if the samples associated with the out of control LCS are also 
associated with a matrix spike and matrix spike duplicate that is in control which 
demonstrates an isolated problem pertaining to the LCS only. An explanation of 
this out of control LCS/LCSD recovery must be included in the project narrative to 
the client and the sample data reported with the acceptable MS/MSD results as 
batch QC. For specific work plans the project requirements may supersede 
existing acceptance criteria. E.g., if the LCS/LCSD do not meet quality control 
criteria for recovery of some of the spike and surrogate compounds, the results for 
the other samples and quality control samples within the batch must be evaluated 
to determine if this is an isolated problem for the LCS/LCSD and whether the data 
should be reported with the affected LCS/LCSD. 

9.3 Initial Calibration Verification (ICV)  

Refer to Section 10.2.4 

9.4 Continuing Calibration Verification (CCV) 

Refer to Section 10.4 

9.5 Matrix Spike 

9.5.1 Matrix spike and matrix spike duplicate analyses are performed on a project 
specific basis. If a project calls for a MS/MSD one is performed per 20 samples 
and per matrix. 

9.5.2 The acceptable recovery and RPD QC limits are found in Table 2 for an aqueous, 
solid, tissue, and product MS/MSDs. All recovery limits should be monitored and 
documented in-house through control charts and updated as needed.   

9.5.3 Corrective Action: Repeat analysis or check to see if an analytical error has 
occurred. If the % recovery or %RPD still exceeds the control limits and the 
associated LCS is within control, include a project narrative with the results to 
client noting that there may be potential matrix effects on the accuracy or precision 
of the affected results as evidenced by the matrix spike and matrix spike duplicate 
exceedance. 

9.6 Laboratory Duplicate 

9.6.1 Laboratory matrix or sample duplicates are analyzed if requested by the client. The 
QC limit is 50% RPD for target compounds. 

9.6.2 Corrective Action: If the %RPD exceeds the 50% control limit and the associated 
LCS/LCSD %RPD is within 50%, include a project narrative with the results to 
client noting that there may be potential matrix effects on the precision of the 
results isolated to this sample, as evidenced by the matrix duplicate exceedance 
and the LCS/LCSD acceptance. If an MS/MSD was also extracted with the batch 
and the sample/duplicate as well as the MS/MSD exceed the control limits, include 
a project narrative with the results to client noting that there may be potential 
matrix effects on the precision of the results as evidenced by the sample/duplicate 
and the MS/MSD exceedences. 
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9.7 Method-specific Quality Control Samples 

9.7.1 Surrogate 

9.7.1.1 Surrogates are monitored for recovery for all matrices. Two surrogates 
are used, one that elutes at the beginning and one at the end of GC run. 
Every sample, blank, and quality control sample (LCS, LCSD, MS, MSD, 
Dup) must be spiked with the surrogates prior to extraction.  The recovery 
limits are found in Table 2. The recovery limits should be monitored and 
documented in-house through control charts and updated as necessary.   

9.7.1.2 Corrective Action: Check to see if an analytical, spiking, or dilution error 
occurred and re-calculate. If only one surrogate falls below the recovery 
limit and all QC samples have acceptable recovery indicating a matrix 
effect isolated to the sample, the exceedance is noted, with approval of 
the Section Supervisor, and the results are reported to the client with a 
notation in the case narrative. If all surrogates are recovered below the 
limit or there are outliers in any QC, re-extract the sample. If re-extraction 
occurred beyond the holding time and the re-extract surrogates are within 
the QC limits, report the re-extract results along with the original results. If 
the surrogates are recovered below the limit in the re-extract, this 
confirms suspected matrix interference on the surrogates, and only the 
original analysis needs to be reported unless a specific QAPP requires 
otherwise. If the chromatogram shows obvious matrix interference, no re-
analysis or re-extraction is necessary. This decision must be made with 
approval of the Section Supervisor and/or Data reviewer. Surrogate 
outliers and sample re-extracts must be noted in the case narrative to the 
client. 

9.7.2 Internal Standards 

9.7.2.1 Internal standards are added to every field sample, QC sample, standard, 
and method blank.  The Daily opening CCV IS areas are compared to the 
ICAL; for subsequent samples analyzed following CCVs – the IS areas 
are compared to the nearest opening CCV for each sample. The 
acceptance limits are -50% to +200% of the internal standard response 
(or area) of the daily continuing calibration verification standard. 

9.7.2.2 Corrective Action: Check to see if an analytical, dilution or spiking error 
occurred.  If the chromatogram shows obvious matrix interference, no re-
analysis is necessary. This decision must be made with approval of the 
Section Supervisor. Note the exceedance in the case narrative to the 
client. If no obvious interference is present, re-analyze the extract. If 
internal standards are now within the acceptance limits, report only the re-
analysis, as long as the re-analysis occurred within the 40-day analytical 
hold time. If the re-analysis occurred outside of the 40-day analytical hold 
time, both the original and re-analysis must be reported. If the internal 
standards again are outside the acceptance limits, after re-analysis, either 
within or outside of the 40-day hold time, report only the original analysis, 
and include a narrative to the client that the suspected matrix interference 
on the internal standards was confirmed by sample re-analysis. 

9.7.3 SRMs 
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9.7.3.1 Standard reference materials (SRMs) are available from the National 
Institute of Standards and Technology (NIST) and are extracted and 
analyzed with samples on a project specific basis.  These are not used as 
controls, but to evaluate potential matrix effects in associated samples for 
the target compounds being evaluated. 

9.7.3.2 Acceptance criteria for SRM analysis will vary from project to project 
depending upon client data quality objectives (DQOs).  Generally, 40% - 
140% recovery based on the true certified values of the target compounds 
of interest, serve as advisory acceptance criteria. 

9.7.3.3 Corrective Action: Repeat analysis and/or check to see if an analytical 
error has occurred. If the % recovery still exceeds the control limits and 
the associated LCS and/or MS/MSD are within control, include a project 
narrative with the results to client noting that the observed recovered of 
the SRM are isolated to this sample as evidenced by the LCS and/or 
MS/MSD acceptance. 

9.7.4 Evaluate the percent degradation of 4,4'-DDT (to 4,4'-DDE and 4,4'-DDD) and 
Endrin (to Endrin Aldehyde and Endrin Ketone) in the Performance evaluation 
mixture (PEM) to monitor the integrity of the injection system (see section 11.10 for 
calculation).  The breakdown mixture must be analyzed daily to verify that 
degradation in the system is not excessive. Degradation is not considered to be a 
problem if the percent degradation of 4,4’-DDT and Endrin are ≤15%.  If either 
compound does exceed 15% breakdown, the analysis must be stopped, the 
injection port serviced and other maintenance may need to be performed. 

9.8 Method Sequence 

 PEM3060501        (PEM) 
 C3060501             (CCV at 50ug/L) 

    Prep Blank ID        Method Blank 
  LCD ID                  LCS 

 LCSD ID                LCSD 
  Sample ID              about 10 samples 
  PEM3060502   (PEM) 
  C3060502              (CCV at 50ug/L) 
  Sample ID              about 10 samples 
  PEM3060503         (PEM) 
  C3060503    (CCV at 50ug/L) 
  Sample ID              about 10 samples 
  C3060504              (Closing CCV at 50ug/L)          

10. Procedure 

10.1 Equipment Set-up 

10.1.1 Prior to the analysis of any standards or samples, the instrument acquisition and process 
methods must be set up. This includes the GC run parameters and retention time 
windows. An initial calibration must be analyzed to establish linearity of the instrument.   
The target analytes are resolved on each column and detected using an electron capture 
detector (ECD).  Calibration standards, quality control samples, and sample extracts are 
injected into the GC which is temperature and flow programmed to separate the 
compounds of interest.  Identification of target analytes is accomplished by confirming a 
target hit on two dissimilar columns using Retention time and pattern recognition. 
Concentrations are calculated from the ECD response using internal standard 
techniques.  Concentrations are determined using Average Response Factor from a 
multi-level calibration curve.  The calibration curves are generated during initial 
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calibration through the analysis of standards which define the working range of the 
method.  The integrity of the chromatography system must be maintained throughout a 
run sequence.  The chromatographer should ensure that all aspects of the system, from 
injection through data generation is done in a consistent manner across each batch. 

10.1.2 PEM Evaluation 

10.1.2.1 Prior to initial calibration and at the start of each run a PEM must be analyzed 
and evaluated as mentioned above in the quality control section 9.7.4. 

10.1.3 GC/ECD Instrumental Conditions 

10.1.3.1 Generally a 1 to 3uL aliquot is injected into a uniliner and onto the capillary 
column of the gas chromatograph at the conditions listed below. Once injected 
the aliquot moves through the Siltek guard column and into a MXT-Y 
connector allowing one injection to split onto the two dissimilar columns 
connected to two separate ECD detectors 

GC Parameter Setting GC Parameter Setting 

Injector Temp: 250°C Ramp Rate 3: 5 °C / minute 

Initial Oven Temp 125°C Final Temperature 3: 260 °C 

Flow: 33.6 mL/min Final Hold Time 3: 0 minutes 

Initial Hold Time: 0 minutes Ramp Rate 4: 25 °C / minute 

Ramp Rate 1: 25 °C / minute Final Temperature 4: 280 °C 

Final Temperature 1: 197 °C Final Hold Time 4: 9 minutes 

Final Hold Time 1: 2 minutes Total runtime: 37.68 minutes 

Ramp Rate 2: 1 °C / minute Mode: Splitless / Ramped Flow 

Final Temperature 2: 210 °C Purge: 25mL / minute – on at 1 minute 

Final Hold Time 2: 0 minutes Detector temp: 300 °C 
 

The settings listed may vary if situation arises requiring an adjustment to the chromatography.  Injection 
temperature, hold time, flow rate, purge time, and injection volume can affect chromatographic resolution 
and detection limits. Only a trained and experienced GC analyst has the authority to change any setting. 
All standards and samples must be acquired using the same set of parameters. If any parameters are 
changed, a new initial calibration must be analyzed and accepted before any samples can be analyzed. 

10.2 Initial Calibration 

10.2.1 Before analysis of sample extracts, establish a multi-point response factor calibration 
curve showing the linear range of the analysis for all target analytes. At least 5 levels of 
standards must be analyzed generally the concentrations run are 0.5, 1, 10, 20, 50, 100 
and 200. See Section 8.11 for the preparation of the standard solutions for the initial 
calibration curve. 

10.2.2 Construct an analytical sequence using the HP Enviroquant software. ICAL standards are 
identified in a sequence with an “I” designation followed by the instrument number, the 



Alpha Analytical, Inc.  ID No.:2158   
Facility: Mansfield                                          Revision 13 
Department: GC-Semivolatiles  Published Date:6/6/2017 9:24:30 AM  
Title:  Determination of Organochlorine Pesticides By GC/ECD 8081 Page 14 of 24  

 

   

Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 

Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-011 

date, and the sequential number assignment. In the comment section beside each level 
of the curve add the assigned calibration standard ID.  In sequence editor construct a 
sequence similar to the example listed below: 

An example initial calibration sequence, created on 06/05, follows: 

 

  Primer1 
  PEM3060501            (PEM) 
  Hexane 

I3060501STD.5         (0.5ng/mL standard) 
I3060502STD1          (1ng/mL standard) 

   
  I3060504STD10        (10ng/mL standard) 
  I3060505STD20        (20ng/mL standard) 
  I3060506STD50        (50ng/mL standard) 
  I3060507STD100      (100ng/mL standard) 
  I3060509STD200      (200ng/mL standard) 
  Hexane 
  CQ3060510STD50         ICV@50ng/mL Initial Calibration Verification 
  Hexane 
  I3060511STD25         (Toxaphene @ 25 ng/mL) 
  I3060512STD25         (Chlordane @ 25 ng/mL) 

 

10.2.3 When the sequence has finished running, the Enviroquant software will generate “Not 
Reviewed” quantitation reports. All reports must be “Quant Reviewed” before they can 
become part of the initial calibration acquisition method for sample analysis. 

• Enter into the “Environmental Data Analysis” 

• Go to “File” and under method, select the appropriate quant method and then 
select the first data file. 

• Go into “Quant” and select “QEdit Quant Results” to process the data files. See 
Section 11.0 for manual integration details and processing guidelines. 

• When processing, peak identification, and retention update is complete for the 
first standard, “Save” the changes and “Exit.” Re-print the re-processed data file 
by “Generating Quant Report,” and save the hard copy for each level of the initial 
calibration. 

• Repeat these steps for all initial calibration standards analyzed within the 
sequence. 

• When all levels have been processed, go into “InitCal,” and select “Update 
Levels,” and enter all levels for the initial calibration at the proper concentrations. 

• After all responses are entered, “Save” the completed method and print the 
resulting response factor summary by selecting “Response Factors to Printer” as 
well as “Response Factors to Forms File”. 

10.2.3.1 Acceptance Criteria: 20% RSD for all target compounds. All calibration 
standards must be analyzed within 12 hours.  

10.2.3.2 The following corrective actions are recommended for failing initial 
calibrations: 
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• If a curve has outliers and greater than five calibration solutions were 
utilized in the initial calibration, standards can be excluded from 
either extreme to generate a passing calibration.  That is, the low-
level standard or the high-level standard may be dropped to 
generate a five-level initial calibration. However the analyst needs to 
be aware that dropping the low standard can affect the RLs for the 
project being analyzed. An intermediate-level calibration standard 
must not be dropped to convert a failing initial calibration curve into a 
passing five-level initial calibration curve.  Reduction in the number 
of calibration standards must also reduce the linear dynamic range 
used to quantify analytes in the samples. The resulting average 
response factor for each target analyte in the initial calibration curve 
will be used by the computer software to calculate actual sample 
concentrations. See Section 11.0 for additional calculation details. 

• Perform instrument maintenance and repeat the initial calibration 

The choice of corrective action must be made in consultation with the Section 
Supervisor, QA Manager, Project Manager, and/or the client. 

10.2.3.3 Alternately, a linear regression model may be employed, provided that the 
correlation factor (r) is >0.99.  Otherwise, construct a non-linear calibration of 
no more than a third order equation.  Statistical considerations in developing a 
non-linear calibration model require more data than the more traditional linear 
approach.  A quadratic (second order) model requires six standards, and a 
third order polynomial requires seven standards.  In setting model parameters, 
do not force the line through the origin.  The COD (coefficient of 
determination) or r

2
 must be greater than or equal to 0.99.  The experienced 

analyst must select the regression order, which introduces the least calibration 
error into the quantitation. 

10.2.3.4 Complete the initial calibration by filling out the Initial Calibration Checklist. 
The initial calibration, along with any corresponding continuing calibration data 
and sample data, is then forwarded for secondary review. 

10.2.4 Initial Calibration Verification - ICV (separate source) 

10.2.4.1 The analysis of separate source standard must follow the initial calibration 
curve. All target analytes in this verification standard are at the mid-point 
concentration. Note: This standard must be re-“Calculated and Generated” in 
the “QEdit” field, against the completed initial calibration curve method and 
processed, before it can be reviewed for acceptability. 

 
After final processing, calculate the percent recovery of each target by using the 
following calculation: 

 
    % Recovery = (Found Amount  / True Value) x 100 
 

Acceptance Criteria: All recoveries must be +/- 20% of the true values.  

10.3 Equipment Operation and Sample Processing 

10.3.1 Evaluate the PEM as described in Sections 9.7.4 

10.3.2 After successful analysis of the PEM, “Edit” the “Sample Table Log” to include the 50 
ug/L CCV standard (C3060501, where “C” is for CCV, “3” is for instrument number 3, 
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followed by the date, and “01” for the first CCV analyzed this day), and acquire the CCV 
against the correct initial calibration method. “Save,” then “Load and Run” the sequence. 

10.3.3 When the sequence has finished running, the Enviroquant software will generate a “Not 
Reviewed” quantitation report. All reports must be “Quant Reviewed” against the 
acquisition method for sample analysis. 

10.3.4 Samples are processed from “Not Reviewed” data files, to “Quant Reviewed” data files in 
a similar way the standards were previously processed. See Section 11.0 for details on 
sample processing. If a CCV fails the criteria outlined in Section 10.4.2, all samples since 
the last acceptable CCV must be re-analyzed. 

10.3.5 If the on-column concentration of any compound exceeds the calibration range of 200 
ug/L, the sample must be diluted, re-spiked with the appropriate amount of internal 
standard and re-analyzed. Assuming all samples are at a 1mL final volume, the following 
example dilutions would apply. Adjust the volumes accordingly for other sample final 
volume amounts and other desired dilutions. 

1:2 dilution = 500uL of sample: 500uL Hexane and 10uL of IS 
   1:4 dilution = 250uL of sample: 750uL Hexane and 15uL of IS 
   1:5 dilution = 200uL of sample: 800uL Hexane and 16uL of IS 
   1:10 dilution = 100uL of sample: 900uL Hexane and 18uL of IS, etc 

10.4 Continuing Calibration 

10.4.1 A continuing calibration verification (CCV) standard, at the concentration of the mid-level 
of the initial calibration curve, must be analyzed at the beginning of every analytical 
sequence, and every 12 hours within the sequence, to confirm instrument stability, via 
response factor, for each calibrated pesticide. 

10.4.2 Acceptance Criteria: Compare the CCV resulting concentration against the concentration 
of the compound in the injected solution for each calibrated pesticide, and calculate the 
% difference (%D).  See Section 11.0 for the calculations. The %D for each calibrated 
pesticide must be below 20%D. Due to the nature of the dual column method, this 
criterion is applied to each set of column results. If multiple CCVs are analyzed within an 
analytical sequence, each CCV must be analyzed within 12 hours of the previous CCV 
and must meet the acceptance criteria. Note: closing CCV is not required as long as all 
samples are analyzed within 12h and the IS meets the acceptance criteria in section 
9.7.2.1. If the CCV meets the acceptance criteria, save the hard copy for each CCV 
standard and include it with the Continuing Calibration Checklist. The retention times 
from the ICAL should be updated to the retention times identified in the CCV.  The 
samples associated to that CCV should be calculated against the retention times of that 
CCV. 

10.4.3 If the CCV does not meet the criteria for each calibrated analyte, the following corrective 
actions are recommended: 

• Perform instrument maintenance and repeat the CCV.  If the CCV fails again the 
initial calibration may need to be repeated 

• If CCV is biased high and samples are non-detect the data may be usable 

• If there is a CCV outlier for a target compound on one column, the analyst can 
make a judgment to force hits for that target in associated samples from the 
opposing acceptable column. 

• If within 12 hours and no maintenance or adjustments have been made to the 
instrument the closing CCV can be re-injected once in case of mis-inject etc. 
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The choice of corrective action must be made in consultation with the Section Supervisor, 
QA Manager, Project Manager, and/or the client.  The reasoning for choosing the second 
option must be documented in the project narrative to the client. 

 

10.5 Preventive Maintenance 

10.5.1 Preventive maintenance may or may not include the following:  replacing system uniliner, 
o-ring, merlin septum, MXTY connector or clipping a length of guard column. 

10.5.2 Additionally, preventive or routine maintenance for GC/ECD systems may involve baking 
out the ECD detector's, replacing guard, RTX-5 or CLPII columns. 

 

11. Data Evaluation, Calculations and Reporting 

11.1 Analyze extracts using the same conditions used for the analysis of the calibration 
standards.  After sample analysis, “Not Reviewed” quantitation reports are generated by the 
software system. It is expected that situations will arise when the automated quantitation 
procedures of the chromatographic software provide inappropriate quantitations or 
integrations.  Those situations will warrant the analyst perform manual integrations.  Due to 
the especially low levels of the calibration curve, limitations of the software, and nature of 
the ECD, low level standards may require considerable manual integration.  Because of 
this, a detailed report of both the low level standard and mid level standard will be 
submitted to QC for integration review and comparison. 

11.2 Identification of the Pesticide compounds are based on gas chromatographic relative 
retention times (RRTs) and pattern recognition from the analysis of initial calibration 
standards. For these compounds, manual quantitations are performed, if necessary, by 
integrating the area of the peak.    Qualitative identification for pesticides is made when a 
discrete peak in a sample is observed within the retention time window for a calibrated 
analyte on both columns. A pesticide hit can only be acceptable if confirmed by 
identification on the second column.  If a Pesticide hit is not accurate on one of the two 
columns, i.e. outside of the retention window or absent, then the hit should not be 
quantitated. If manual integration of a candidate peak is necessary a straight-line 
integration to the baseline, taking into account background noise should be made.   Area 
measurements should all be to baseline unless an unresolved complex mixture (UCM) is 
observed, in which case, the areas measured should skim the top of the UCM.  Manual 
integrations may also be necessary when there are interferences or co-eluting peaks.  
Please refer to the manual integration SOP for further information. 

Note: Manual integration is not to be used solely to meet QC criteria, nor is it to be used as 
a substitute for corrective action on the chromatographic system. 

11.3 Due to the nature of this method requiring confirmation on two dissimilar columns, two 
quantitations are acquired. Calculate the relative percent difference (RPD) between 
compound concentrations between both columns.  If the calculated RPD is >40%, check 
the chromatograms to see if an overlapping peak is causing an erroneously high result.  If 
no overlapping peaks are noted, examine baseline parameters established by the data 
system (or operator) during peak integration. 

• If no anomalies are noted, review the chromatographic conditions.  If there is no 
evidence of chromatographic problems, report the higher result.  This approach is 
conservative relative to the protection of the environment.  The disparity between 
the two columns should be flagged with a “P” on the report. 



Alpha Analytical, Inc.  ID No.:2158   
Facility: Mansfield                                          Revision 13 
Department: GC-Semivolatiles  Published Date:6/6/2017 9:24:30 AM  
Title:  Determination of Organochlorine Pesticides By GC/ECD 8081 Page 18 of 24  

 

   

Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 

Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-011 

• If the high RPD is clearly the result of an interference on one of the columns, the 
lower result is reported with an “IP” qualifier on the report. 

11.4 Evaluate all samples according to the following criteria: 

• Surrogates and internal standards should meet the acceptance criteria in Table 2. 

• Examine the chromatograms for evidence of saturated targets. Re-analyze the 
sample(s) at the appropriate dilution(s), see Section 10.3.5, as needed for 
reference. 

• Establish daily retention time windows as the retention time of the component in the 
opening verification standard ± 0.05. It has been found that this window works well, 
being wide enough to eliminate false-negatives while being tight enough to 
eliminate false-positives.  Windows that are calculated using the procedure 
recommended in Method 8000 tend to be very narrow, creating the risk of false 
negative results. The window listed above is used as guidance; however the 
experience of the analyst weighs heavily in the interpretation of the 
chromatograms. 

• If one of the two results for a target appears to have a biased response due to 
interference the analyst can force the quantitation from the column providing the 
more accurate value. Any target hit forced off of the compliant column due to 
interference on the alternate column will be flagged with an “I” on the report only if 
the RPD between the two columns is greater than 40%. 

• In the instance that a Pesticide co-elutes with another Pesticide or other target 
compound on one column, the compound will be “C” flagged and reported off the 
unbiased conformant column (i.e.: on the RTX-5 column Heptachlor 
Epoxide/oxychlordane co-elute). Studies of independent targets have been 
conducted for reference of co-eluting pesticides and congeners. 

11.5 In instances where manual integrations have been performed, the analyst must 
identify/acknowledge such edits or manual procedures by initialing and dating the raw 
quantitation report.  The initialed hard copy/printed report, will display a “m” qualifier next to 
any modified or manually integrated compound(s) and shall be included in the raw data for 
secondary review. These requirements apply to all QC samples, field samples and blanks.  
For all samples the signed hard copy will be a detailed report submitted for secondary 
review.  As mentioned above there are guidelines for appropriate manual integrations and 

analyst initials indicate that they accept the “m” flagged changes as appropriate. 

11.6 Qualitative identification of multicomponent pesticides requires pattern matching between 
the calibration standards and the response observed in the sample on both columns. 
Retention time windows should be used as a gauge, however, pattern recognition for the 
multicomponent analytes is most important for samples with Toxaphene or chlordane 
positively identified on both columns, inject an analytical standard at the mid-level or at a 
concentration estimated to be similar to the sample amount, and re-inject the sample.    
Quantitation is generally performed using 3 to 5 major representative peaks. 

11.6.1 Multi-component analytes are quantitated on the basis of 3 to 5 major peaks 
using an internal standard approach to calculate individual response factors for 
each peak. Separate calibration standards are necessary for each multi-
component target analyte (e.g., toxaphene and chlordane). Analysts should 
evaluate the specific toxaphene standard carefully. Some toxaphene 
components, particularly the more heavily chlorinated components, are subject to 
dechlorination reactions. As a result, standards from different vendors may 
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exhibit marked differences which could lead to possible false negative results or 
to large differences in quantitative results. The relative peaks and number of 
peaks in the sample should be similar to that observed in the standard; however, 
degradation, weathering and interferences may cause the sample pattern to 
differ from that observed from the standard.  

 
11.7 To calculate the Relative Standard Deviation (RSD) of all Pesticide targets and surrogate 

compounds for the initial calibration, use the formula below. See Section 10.2.3 for initial 
calibration acceptance criteria. Additionally, use the initial multi-point calibration to 
determine Relative Response Factors (RRFIs) at each concentration level, for each 
Pesticide. Average the RRFIs from the initial multi-point calibration, to generate mean 
RRFIs, for quantification of each Pesticide. Follow the same calculations for each surrogate 
compound.  The RRFIs are based on the internal standard compounds, and are calculated 
using the formula below. See Table I, for the listing of target compounds, RLs, and their 
associated internal standards for quantification. 

    RSD = SD  / mean RRFI x  100 
 
 where: 
  SD = Standard deviation between the five points, for that target analyte. 
 
 
    RRFI = (Ac x CIS) / (AIS x Cc) 
 
 where: 
Ac  =   Area of the characteristic ion for the standard compound to be measured. 
AIS  = Area of the characteristic ion for the representative internal standard compound. 
CIS  =  Concentration of the representative internal standard compound (ng/mL). 
Cc  = Concentration of the standard compound to be measured (ng/mL). 

 

11.8 Based on the mean RRFIs, calculate the Raw Concentration (Ca) for each target analyte 
and surrogate in the sample extracts using the following formula: 

    Ca = (Aa x CIS) / (AIS x RRFI) 
 
 where: 
 
    Ca  = Calculated concentration of the target analyte, from quantitation report (ug/L). 
    Aa  = Area of the target analyte. 
    AIS  = Area of the representative internal standard compound. 
    CIS  =Concentration of the internal standard compound added to each extract (ug/L). 

 

11.9 Calculate the Sample Concentration (C) for each Pesticide by the following formula: 

C = (Ca / Vs )     x    FV    x   DF 

 where: 
 

C =  Concentration in the sample (ug/L liquid or ug/Kg solid). 
Vs  =  Original volume or weight of sample extracted, corrected for % solids, if  

applicable. (To correct for % solids, multiply the sample weight by the % solid as  
expressed as a decimal. For example: 15.24g x 0.843 = 12.85, for a sample size of  
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15.24g at 84.3% solid). 
DF =  Dilution factor or fraction of the original extract to which internal standard is added. 
FV =  Sample Final Volume 

If the response of any analyte in a sample exceeds the linear response range, as defined 
by the initial calibration standards in Section 10.2, dilute the extract so that the 
concentrations of all target compounds fall within the range of the calibration curve. 

 

11.10 The calculation for percentage breakdown for DDT and Endrin are: 

%Breakdown DDT =      (Area DDD + Area DDE)                x 100 
(Area DDD + Area DDT +Area DDE) 

 

%Breakdown Endrin  =    (Area Endrin Ketone+ Area Endrin Aldehyde)   x 100 
    (Area Endrin + Area Endrin Ketone +Area  Endrin Aldehyde) 

 

11.11 Calculate the Surrogate Recoveries (%R) relative to the internal standards by the 
following formula: 

    CS x DF  
   %R        =                     x 100 
          CStrue 

 where:                     
  CStrue  = Actual concentration of the surrogate in the extract (ug/L). 
  CS     = Calculated concentration of the surrogate, from quantitation report (ug/L). 

       DF     =      Dilution factor or fraction of the original extract 

 

11.12 Compare results for each analyte in the Continuing Calibration Verification (CCV), to 
the true value by determining the percent difference. 

Percent Difference (%D) = ([CCtrue - CC] / Ctrue) x 100 

 
 where: 
CCtrue =           Actual concentration of the compound in the CCV (ug/L). 
 CC   = Calculated concentration of the compound in the CCV, from quantitation report 

 

11.13 All results must be reported to three significant figures. All solids including soils, 
sediments, and sludges must be reported on a dry-weight basis. Tissue results may be 
reported in wet-weight, or “as received,” depending upon client request. 

11.14 The primary analyst does data entry, or upload of the data, into the LIMS system.  The 
LIMS is “linked” to the instrument, so the analyst must choose the sample(s) to be reported 
from that instrument’s analytical sequence. All associated preparation and instrumental QC 
samples and dilutions are also chosen.  Once the data/samples have been selected and 

“associated” with the proper QC samples, the batched data set is sent to print. 

11.15 The laboratory generates two types of data packages from the LIMS: “Commercial” for 
routine projects, and “Full Deliverable” or “CLP-like” for fully data validated projects.  A 
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Commercial package consists of sample results and the associated method blank and LCS 
results. A Full Deliverable package includes all sample results, all preparation and 
instrumental QC results and the associated supporting raw data. Check the “Report Type” 
on the project folder to ensure all required deliverables are included.  A secondary review is 

performed on all data. 

11.16 Procedures for data and record management must adhere to the Quality Systems 
Manual, other subordinate documents covering record keeping, and the Document Control 
SOP, 08-01.  All records shall be stored in such a manner as to be safe and accessible for 

at least 10 years. 

11.17 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. 
Instrument printouts are used to document run sequences, and each sequence printouts 
are filed in a three-ring notebook.  If a sample requires re-analysis or re-extraction for any 
reason, a notation is made next to the sample entry on the sequence log. Requests for re-
extraction are further documented in the “Request for Re-extraction” logbook. Once a 
sequence binder if full, the sequence run log is permanently bound, given page numbers 
and filed accordingly. Such files shall be archived so as to remain available for at least 10 
years.  All laboratory notebooks must follow the specifications in the Laboratory Notebook 
Usage SOP, G-009, and all record keeping and document control practices. 

11.18 Electronic records: All data files from computers, attached to instruments, shall be 
backed up onto the proper directory on the server.  The backups shall be stored so as to be 
accessible for 10 years. Movement of the data files to the server is the responsibility of the 
primary analyst. Server backup and storage is the responsibility of the IT department. 

12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 

12.1 Section 9, Quality Control defines the corrective actions that must be taken in instances 
where QC outliers exist.  If the corrective actions have been followed and the data is still 
unacceptable. 

12.2 Table 2 outlines sample batch QC acceptance criteria.  If non-compliant Pesticide results 
are to be reported, the Section Supervisor and/or the Laboratory Director, and the QA 
Manager must approve the reporting of these results.  The laboratory Project Manager shall 
be notified, and may choose to relay the non-compliance to the client, for approval, or other 
corrective action, such as re-sampling and re-analysis.  The analyst or Section Supervisor 
performing the secondary review initiates the project narrative, and the narrative must 
clearly document the non-compliance and provide a reason for acceptance of these results. 

 

13. Method Performance 

13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 

The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP 1732.  These studies performed by the laboratory are maintained on file for review. 

13.2 Demonstration of Capability Studies  

Refer to Alpha SOP 1739 for further information regarding IDC/DOC Generation. 

13.2.1 Initial (IDC) 
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The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 

13.2.2 Continuing (DOC) 

The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   

 

14. Pollution Prevention and Waste Management 

 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  

 

15. Referenced Documents 

 Chemical Hygiene Plan 

 SOP 1559 Sample Receipt and Login 

 SOP 1729 Document Control 

SOP 1732 MDL/LOD/LOQ Generation 

SOP 1739 IDC/DOC Generation 

SOP 1797 Hazardous Waste and Disposal 

SOP 2165 Extraction of Water Samples by Separatory Funnel 

SOP 2166Tissue Preparation and Homogenization  

SOP 2167 GPC Cleanup by HPLC 

SOP 2168 Sulfur Cleanup 

SOP 2261 Shaker Table Extraction  

SOP 2267 Silica cleanup 

SOP 2172 Microscale Solvent Extraction 

 

16. Attachments 

Table 1: Reporting Limits 

Table 2: QC Acceptance Criteria 

Table 3: 5-8 Level Curve Preparation for Individual Components 
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Table 1: Reporting Limits (RLs) for Pesticides by GC/ECD 
  

Parameter   
Solid Samples  

(ug/Kg) 
Aqueous 

Samples  (ug/L) 

alpha-BHC 0.0333 0.0005  

beta-BHC 0.0333 0.0005  

gamma-BHC (Lindane) 0.0333 0.0005  

delta-BHC 0.0333 0.0005  

Heptachlor 0.0333 0.0005  

Aldrin 0.0333 0.001 

Hexachlorobenzene 0.0666 0.001 

alpha-Chlordane 0.0333 0.0005  

gamma-Chlordane 0.0333 0.0005  

Heptachlor epoxide 0.0333 0.0005  

Oxychlordane 0.0666 0.001 

Cis-Nonachlor 0.0333 0.0005 

Trans-Nonachlor 0.0333 0.0005 

Dieldrin 0.0333 0.0005  

Endrin 0.0333 0.0005  

Endrin aldehyde 0.1 0.0005  

Endrin ketone 0.0333 0.0005  

4,4’-DDD 0.0333 0.0005  

4,4’-DDE 0.0333 0.0005  

4,4’-DDT 0.0333 0.0005  

2,4‘-DDD 0.0333 0.0005 

2,4‘-DDE 0.0333 0.0005 

2,4‘-DDT 0.0333 0.0005 

Endosulfan I 0.0333 0.0005  

Endosulfan II 0.0333 0.0005  

Endosulfan sulfate 0.0333 0.0005  

Methoxychlor 0.333 0.005  

Mirex 0.0333 0.0005 

Toxaphene 1.67 0.025 

Chlordane 1.67 0.025  

 
 
 

Note: The reporting limits used for “Solid” refer to the matrices of soil, sediment, tissue, and any other 
possible non-aqueous matrix. The table above represents an example of the range of reporting limits 
generally used in this analysis.  The RLs for this analysis can vary based on sample matrix, amount 
extracted, final volume and cleanup schemes. Adjustments to these limits can be made to satisfy specific 
workplan or data quality objective requirements and specialty matrices.  

The quantitation Internal Standard for all the targets is BZ 192. 
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Table 2: QC Acceptance Criteria 
 
 

QC Parameter Acceptance Criteria 

Initial Calibration Curve 
20% RSD for all target analytes,  r is >0.99, the COD (coefficient 

of determination) or r
2
 >0.99   

Independent Check Verification +/- 20% recovery of the true values 

Continuing Calibration Verification Analyzed every 12 hours, 20% D  

Method Blank 
No analyte at or above the reporting limit, 

 “B” qualify analyte if detected  

Laboratory Control Sample  
40-140% 

(Sporadic Marginal Failure Criteria allowed) 

Matrix Spike / Matrix Spike Duplicate Same as for LCS; 50% RPD between the duplicates. 

Sample / Sample Duplicate 50% RPD between the duplicates. 

Surrogates 30-150% 

Internal Standards 50% - 200% of the daily CCV area for the Internal Standards 

SRM 40-140% 

%RPD between dual column +/- 40%, “P” qualify analyste 

 

Table 3: 5-8 Level Curve Preparation for Individual Components 

Calibration Level 
Volume of 

Pesticide/Surrogate 
Stocks added* 

Aliquot of 
  High Calibration 

level** added  

Volume 
of Hexane added 

Level 1 – 0.5 ug/L NA 0.025 ml 10 mL final volume 

Level 2 – 1.0 ug/L NA 0.05 ml 10 mL final volume 

Level 3 – 5.0 ug/L NA  0.25 ml 10 mL final volume 

Level 4 –  10 ug/L NA 0.5 ml 10 mL final volume 

Level 5 –  20 ug/L NA 1.0 ml 10 mL final volume 

Level 6 –  50 ug/L  0.25 mL NA 25 mL final volume 

Level 7 – 100ug/L 0.2 mL NA 10 mL final volume 

Level 8 – 150ug/L 0.3 mL NA 10 mL final volume 

Level 9 – 200ug/L 0.4 mL NA 10 mL final volume 

 
 
Up to 10 levels may be analyzed.  Standards chosen should bracket the linear range of the instrument.  A 
minimum of a 5-level curve must be analyzed, but 6-levels, or more, may be analyzed and evaluated 
depending upon client specific project detection limits. This is an example of possible curve levels, the 
curve used may vary based on project and instrument performance. 
* Each calibration level is a combination of four stock solutions prepared at the concentration of 5000ug/L 
added at the indicated amount.   
**High calibration level is 200ug/L. 
 
Note: 20uL of the 2.5ug/mL chosen Internal Standard mix is added to each calibration level.  
 
 



Pace CSIA for Volatile Organics 

Compound-Specific Isotope Analysis (CSIA) is a technique that can be used to measure the 
isotopic composition of many types of compounds. CSIA has been applied to study both the sources 
(forensics) and behavior (fate) of subsurface contaminants, including organics such as Chlorinated 
Solvents, BTEX, MTBE, PAHs, crude oil and its refined hydrocarbon products. Detailed analytical 
procedures are based on a U.S. EPA published report (December 200S): A Guide for Assessing 
Biodegradation and Source Identification of Organic Ground Water Contaminants using CSIA. 

An Agilent gas chromatograph (GC) is used with a capillary column for compound separation. An 
Isotope Ratio Mass Spectrometer (IRMS) is used as detector for the Gc. Volatile organics in samples are 
analyzed on the instrument using purge and trap injection. Interference in the CSIA method is highly 
dependent on sample matrix. Analysts performing this method should be experienced in the evaluation 
and interpretation of this type of method and in the identification of chromatographic or matrix 
interference. 

Stable isotopes are measured as the ratio of the two most abundant isotopes of a given element. 
For carbon it is the ratio of 13C, with a terrestrial abundance of 1.11%, to common 12C which represents 

9S.S9% of terrestrial carbon. Thus the 13C/ 12C ratio is about 0.011. 

Measuring an absolute isotope ratio requires rather sophisticated mass spectrometers. Rather 
than measuring a "true ratio", its "apparent ratio" can be easily measured by gas source mass 
spectrometry. To cancel the instrumental error due to operational variations in different laboratories 
and instruments, etc., a known reference can be measured on the same instrument at the same time. 

The difference between the measured ratios of the sample and reference is expressed by the 
delta (0) notation. Further, 0 values are expressed as parts per thousand or per mil (%0) difference from 
the reference, for carbon: 

,13 _ [(13 /12 . ) / (13 /12 ) 1 0 u C - C Csample C Cstandard -1 x 1000%0 PDB 

where PDB is the name of the reference used, in this case Pee Dee Belemnite, a belemnite rostrum from 
the Cretaceous Pee Dee formation of South Carolina. 

The standard, by definition, has a Ii value of 0%0, and samples may have positive or negative Ii 
values depending on whether the sample is enriched or depleted in the heavier isotope relative to the 
international standard. 

Up to nine replicates for each groundwater sample are collected therefore both VOCs and 
isotopic analysis can be performed at the same time. 

Holding time for the VOCs test is 14 days defined by the U.S. EPA. For CSIA it is safer to adapt the 
14 days (currently there is no clear requirement from US EPA on the holding time of CSIA), since there is 
no sufficient evidence that samples being held for more than one month create artifacts for CSIA. 



Samples are kept at -4"C in the dark and shipped overnight on ice to the lab. Upon receipt of 
samples and a signed chain of custody, the lab will have the samples logged into its LlMS system, issuing 
a project number and a laboratory work order. Samples will be kept at -4"C in the dark until analysis. 

Volatiles are extracted from water samples on a purge and trap system. The samples are loaded 
onto the auto-sampler. CSIA involves a three-step process using GC-IRMS: (1) separation of individual 
carbon-bearing compounds on a gas chromatograph, (2) quantitative conversion of each compound to 
CO2 in a high temperature combustion oven, and (3) removal of H20 produced in combustion, and 
introduction of the CO2 derived from each compound into the isotope ratio mass spectrometer for 
carbon isotope analysis. 

After ionization of COb the mass spectrometer separates ions with different mass-to-charge 
ratios in space, allowing the simultaneous measurement of the ions with fixed Faraday cups. The high 
precision required in CSIA at the natural abundance level of stable isotopes can be achieved only with 
this simultaneous ion measurement. 

For daily calculations, standards of known value relative to the international standards are used. 
The CO2 working standard is included in individual sample sets to act as an internal standard. The CO2 

working standard is injected and analyzed at the beginning of each sample run. 

"Raw" isotope data are automatically calculated using specialized software, comparing the 
difference in isotope abundance between the CO2 reference injected and each sample CO2 gas signal. 
Additional runs with a modified GC program may be applied to improve the separation of peaks if co
elution is observed. Sample "Raw" Data reported are also corrected for the isotope fractionation effect. 

According to the manual from the manufacturer, there is a threshold in the magnitude of the 
signal (1 Vs) on the Thermo GC-IRMS system, below which the variation for replicate values of the 
working standard may increase significantly. The values that are measured below this threshold can be 
more enriched than the standard value, or less enriched than the standard value, and whether they are 
more or less than the standard value may vary with time under constant operating conditions - hence 
corrections are not recommended for values that are measured below this threshold. 

Carbon isotope ratios can be measured for common volatiles, such as chlorinated solvents PCE, 
TCE, cDCE, and VC, down to concentration as low as ll1g/L in water, when the sample matrix allows. 

Typical CSIA accuracy and precisions for carbon are: 13C/ 12C as CO2, a13C ± 0.5%0 PDB 

Purge and Trap sample extraction incurs negligible isotope fractionation effects for the common 
volatile organics, often within ± 0.5%0 in a13c. 
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STANDARD OPERATING PROCEDURE 

ACRYLAMIDE BY HPLC 

1) Scope and Applicability 
1.1 This method provides procedures for the determination of Acrylamide in water and soil 

samples.   

1.2 The method utilizes high performance liquid chromatography (HPLC) with 
ultraviolet/visible (UV/Vis) detection to identify and quantitate the target analytes. 

1.3 The following compound is determined by this method: 
 

  Compound Name     CAS #   
  _______________________________________________________________  
   Acrylamide       79-06-1 

     

1.4 Method detection limits (MDL) and practical quantitation limits (PQL) are documented 
in the applicable LIMS test code.  

1.5 This SOP is based upon and compliant with SW846-8316. 

2) Summary of Procedure 
2.1 Liquid and Solid Samples  

   
2.1.1 Solid phases are prepared by extracting a 1g sample with 10ml of DI Water. 

An aliquot of the extract is then filtered prior to analysis using a syringe filter 
into a 2ml autosampler vial. 

2.1.2 Aqueous samples are analyzed without preparation. If particulates are 
present, an aliquot will be filtered using a syringe filter prior to analysis.   

2.1.3 Acrylamide is analyzed using HPLC and is determined at a wavelength of 195 
nm. 

3) Definitions 

3.1 HPLC: high performance liquid chromatography with ultraviolet/visible (UV/Vis) 
detection 

3.2 Organic Free Water: De-ionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm). For 
additional purification before use, the DI water is passed through an activated carbon 
filter.    

3.3 Laboratory Control Samples (LCS): A known clean matrix spiked with compound(s) 
representative of the target analytes and used to evaluate/document laboratory 
method performance.  

3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) containing 
the analyte(s) of interest.  

3.5 Matrix Spikes (MS/MSD):  An aliquot of sample spiked with a known concentration of 
target analyte(s) prior to sample extraction and processing. 
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3.6 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. 

3.7 Standard Curve:  A plot of known analyte concentrations (standards) versus the 
instrument response. 

3.8 CAR: Corrective Action Report (refer to SOP QAQC-003, current revision). 

4) Health and Safety Warnings 
4.1 Lab Safety  

 
4.1.1 Due to various hazards in the laboratory, safety glasses, disposable gloves, 

and laboratory coats or aprons must be worn when working with unknown 
samples. In addition, heavy-duty gloves and a face shield are recommended 
when dealing with toxic, caustic, and/or flammable chemicals. 

4.1.2 The toxicity or carcinogenicity of each reagent used has not been precisely 
defined. However, each chemical used must be treated as a potential health 
hazard and exposure reduced to the lowest possible level. The laboratory 
maintains a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these 
analyses.  

4.2 Waste Disposal  
 

4.2.1 Procedures for sample disposal are documented in SOP HN-SAF-001, Waste 
Disposal Procedures.  

4.2.2 Samples must be disposed according to Federal, State, and local regulations. 

4.3 Pollution Prevention  
 

4.3.1 The quantities of chemicals purchased, when possible, must be based on the 
expected usage during its shelf life.  

4.3.2 Standards and reagents must be prepared in volumes consistent with 
laboratory use to minimize the volume of expired standards or reagents to be 
disposed.  

5) Cautions 
5.1 Routine preventative maintenance must be performed as scheduled and documented 

to assure optimum instrument performance. Refer to HN-EQ-004 (current version) for 
additional information. 

6) Interferences 

6.1 Method interferences may be caused by contaminants in solvents, reagents, glassware, 
and other sample processing hardware that lead to discrete artifacts and/or elevated 
baselines in the chromatograms.  All of these materials must be routinely 
demonstrated to be free from interferences under the conditions of the analysis by 
analyzing laboratory reagent blanks as described in Sec. 16.5. 

 
6.1.1 Glassware must be scrupulously cleaned.  Clean all glassware as soon as 

possible after use by rinsing with the last solvent used.  This should be 
followed by detergent washing with hot water, and rinses with tap water and 
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organic-free reagent water.  It should then be drained, dried, and heated in a 
laboratory oven at 130oC for several hours before use.  Solvent rinses with 
acetonitrile may be substituted for the oven heating.  After drying and 
cooling, glassware should be stored in a clean environment to prevent any 
accumulation of dust or other contaminants. 

  
6.1.2 The use of high purity reagents and solvents helps to minimize interference 

problems.  

6.2 Matrix interferences can be caused by contaminants co-extracted from the sample.  
The extent of matrix interferences will vary considerably from source to source, 
depending upon the nature and diversity of the matrix being sampled.  If interferences 
occur, modification of the mobile phase or additional cleanup may be necessary. 

7) Personnel Qualifications and Responsibilities 

7.1 General Responsibilities - This method is restricted to use by or under the supervision      
of analysts experienced in the method.  

7.2 Analyst - It is the responsibility of the analyst(s) to:  
 

7.2.1 Produce contractually compliant data that meets all quality requirements 
using this procedure and the Data Reduction, Review and Validation SOP.  

7.2.2 Complete the required demonstration of proficiency prior to performing this 
procedure independently.  

7.2.3 Create and populate a data entry batch in LIMS for review by the department 
supervisor (or designee). 

7.3 Department Supervisor - It is the responsibility of the department supervisor to: 
 

7.3.1 Ensure that all analysts have the technical ability and have received adequate 
training required to perform this procedure. 

7.3.2 Ensure analysts have completed the required demonstration of proficiency 
prior to performing this procedure without supervision.  

7.3.3 Produce contractually compliant data that meets all quality requirements 
using this procedure and the Data Reduction, Review and Validation SOP.   

7.4 QA Manager – It is the responsibility of the QA Manager to: 
 

7.4.1 Ensure that the analytical method and SOP are followed as written through 
internal method and system audits. 

7.5 Project Manager - It is the responsibility of the Project Manager to:  
 

7.5.1 Ensure that all contractual requirements for a client requiring this procedure 
are understood prior to initiating this procedure for a given set of samples. 

8) Sample Collection, Handling, and Preservation 

8.1 Samples must be refrigerated at 4oC.   

8.2 Soil samples must be extracted and analyzed within 14 days of sample collection.     

8.3 Water samples must be analyzed within 14 days of collection. 
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9) Equipment and Supplies 

9.1 High performance liquid chromatograph (Agilent  1100 or equivalent) 
 

9.1.1 Pumping system – Isocratic, capable of constant of 2.0 mL/min. 
9.1.2 Auto-Sampler with high-pressure injection valve and 100 µL loop. 
9.1.3 Column - 250 mm x 4.6 mm ID, 5 µm particle size, C18 (Phenomenex Luna or 

equivalent), constant temperature of 40oC. 
9.1.4 Absorbance detector @ 195 nm. 
9.1.5 HP Chemstation - Use of a data system for measuring peak areas and 

retention times is recommended. 

9.2 Syringes – Appropriate sizes for standard preparation 

9.3 Syringe Filters - 0.45 µm filtration disks (Gelman Acrodisc 4438 or equivalent) 

9.4 Extraction vials, 15ml screw cap, borosilicate glass with phenolic caps 

9.5 Autosampler vials – 2ml screw cap, borosilicate glass with Teflon-lined septum caps 

9.6 Vortex mixer 

10) Standards and Reagents 

10.1 Unless otherwise indicated, it is intended that all reagents shall conform to the 
specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available.  Other grades may be used, provided 
it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

10.2 Organic-free reagent water   

10.3 Acrylamide - Analytical grade, neat (Sigma Aldrich A9099-25G). 

10.4 Stock Standard Solutions  
 

10.4.1 Stock Acrylamide (approximately 1000 mg/L)   
 

10.4.1.1 Prepare by weighing 100 mg (to the nearest 0.1 mg) of the neat 
Acrylamide (10.3) in a 100mL volumetric flask filled ¾ with Organic-
free Reagent Water. Dilute to 100 mL.   

10.5 Standard Storage   
 

10.5.1 Store all standard solutions at 4oC in a glass vial with a Teflon-lined cap, and 
minimum headspace in the dark.   

10.5.2 Standards can be stored for no longer than 6 months.   
10.5.3 All standards must be checked frequently for signs of degradation or 

evaporation. 

10.6 Calibration Standards 
 

10.6.1 Prepare calibration solutions at a minimum of 5 concentrations for each 
analyte of interest in Organic-free reagent water from the stock standard 
solution.   

10.6.2 The lowest concentration of each analyte must be at or below the PQL.   
10.6.3 The other concentrations of the calibration curve should correspond to the 

expected range of concentrations found in real samples. 
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11) Method Calibration 

11.1 Approximate chromatographic conditions: 
 

Column:    C18, 4.6 mm x 250 mm ID, 5 µm particle size 
Mobile Phase:   100% DI Water 
Flow Rate:   2.0 mL/min 
Detector:    UV-Vis, operated at 195 nm 
Injection Volume:    100 µL 

11.2 Initial Calibration Procedure  
 

11.2.1 Inject 100 µl of each calibration level 
11.2.2 Record the peak area for each target analyte. 
11.2.3 Calculate the calibration factor for each analyte at each standard 

concentration as documented in Section 14. 
11.2.4 Calculate the mean calibration factor and the relative standard deviation (RSD) 

of the calibration factors as documented in Section 14.  
11.2.5 If the RSD is greater than 20%, then linearity through the origin cannot be 

assumed and the analyst must use a linear or non-linear calibration curve for 
quantitation. 

11.2.6 Retention Time (RT) Windows 
 

11.2.6.1 Record the retention time of the Acrylamide peak. 
11.2.6.2 Calculate the mean RT and standard deviation (SD) for each 

standard 
11.2.6.3 The RT Window for each peak is defined at + 3 times the SD around 

the mean RT. 
11.2.6.4 If the SD of the retention time is 0, a default value of 0.03 minutes 

should be used to define the window. 
 

11.2.7 The initial calibration curve, once established and verified, may be used until 
QC-CCV-RT failures, instrument modification, or instrument maintenance 
dictate otherwise 

11.2.8 Reference Section 15 for additional quality control and corrective action 
criteria 

11.3 Initial Calibration Verification 
 

11.3.1 Verify the initial calibration curve using a second source standard at or below 
the mid-point of the initial calibration curve  

11.3.2 Verification must fall with + 20% the true value 

11.4 Continuing (i.e., Daily) Calibration Verification (CCV) 
 

11.4.1 The working calibration curve must be verified each day at the beginning of 
the analytical sequence, after every 10 sample injections, and at the end of 
analytical sequence using a standard at or below the mid-point of the 
calibration curve 

11.4.2 The response obtained must fall within + 20 percent of the initially 
established response 

 
 

Uncontrolled Document



 Acrylamide by HPLC 
 HN-HP-003-R01 
 Effective: 12/05/2014 
 Page 6 of 14 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

12) Sample Preparation/Analysis 

12.1 Extraction of Solid Samples  
 

12.1.1 All solid samples must be made as homogeneous as possible by mixing with 
removal of sticks, rocks, and other extraneous material (see HN-QS-008, Sub-
Sampling and Sample Homogenization).  

 
12.1.1.1 Determination of dry weight: 

 
12.1.1.1.1 When such data are desired or required, a portion of 

sample for dry weight determination should be 
weighed out at the same time as the portion used for 
analytical determination. 

 
12.1.2 Measure 1.0 g of solid into a 15 mL vial with a Teflon lined screw cap, and 

add 10 mL of Organic-free Reagent Water.  Extract the solid by shaking for 2 
minutes, followed by vortexing for 1 minute.  Let the extract settle and then 
filter through a syringe filter into a 2 mL autosampler vial and store at 4oC 
until ready for analysis.   

12.2 Preparation of Aqueous Samples 
 

12.2.1 For aqueous samples, measure a 2 mL aliquot of sample and transfer to a 2 
mL autosampler vial. If there are particulates in the sample, filter through a 
syringe filter while transferring. 

12.3 Analysis 
 

12.3.1 Analyze samples by HPLC, using conditions established for the initial 
calibration curve. 

12.3.2 If the peak area exceeds the linear range of the calibration curve, a smaller 
sample injection volume should be used.  Alternatively, the final solution may 
be diluted with acetonitrile and reanalyzed. 

12.3.3 After completion of the analysis, calculate the concentration of Acrylamide as 
documented in Section 15.  

13) Troubleshooting 

13.1 Refer to HPLC Hardware manual for specific technical guidance. 

14) Data Acquisition  

14.1 Instrument operation and data collection utilizes HP ChemStation data acquisition 
software.  

14.2 HP Enviroquant data processing software converts the acquired signal information into 
final results.  

15) Calculation, and Data Reduction Requirements 
15.1 Calibration Factor (CF) and calibration RSD calculations: 
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15.1.1 Calibration Factor and Mean Calibration Factor:  
 

15.1.1.1 
nanograms)(in  Injected Compound  theof Mass

Standard in the Compound  theof Height)(or  AreaPeak 
 = CF    

15.1.1.2   
n

CF
 = CF = CFean 

i

n

1=i
∑

M    

Where: 
 n = Number of standards analyzed.   

 
15.1.2 Standard deviation (SD) and RSD:    

 

 100 x 
CF
SD

 = RSD              
1n-

)CF-CF(
 = SD

i

2
n

1=i
∑

 

15.2 Linear Regression (least squares) 
 

15.2.1 Linear regression may be utilized based on past experience or at the 
discretion of the analyst. 

15.2.2 Linear regression constructs a linear equation of the form: 
 

 Y = ax + b 
  

 Where: 
  Y = Final value 
  x = instrument response 
  a = Regression coefficient (or slope) 
  b = y-intercept  

15.3 Non-Linear (Quadratic) Calibration 
 

15.3.1 Non-linear calibration may be utilized when the instrument response does not 
follow a linear model. 

15.3.2 Prior knowledge of this model must exist for its use with an analyte. The use 
of a non-linear model must not be used for methods or instruments that have 
previously exhibited linear calibration for the analyte(s) of interest or for 
extending the calibration range 

15.3.3 Non-linear calibration constructs an equation of the form: 
 

Y = ax2 + bx + c 
 

Where: 
 Y     = Final value 
 x      = instrument response 
 a,b,c = variable parameter  
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15.4 Calculation of Linear Regression Correlation Coefficient, r  

 
Where: 

X = individual values for independent variable 
Y = individual values for dependent variable 
n = number of pairs of data. 

 

15.5  Calculation of % drift by using the following formula:   
 

% Drift= [(Calculated conc. - Theoretical conc.) x 100] / Theoretical conc. 
 

15.6   Calculation of % difference (using the calibration factors):   
 

% Difference = [(CF – mean CF) x 100] / mean CF  
 

Where:   
   CF = the calibration factor from the CCV and  

Mean CF = the mean calibration factor from the initial 
calibration 

15.7 Sample Concentration – aqueous samples:  
 
 
 
 

 Where: 
Ax  =  Concentration of the analyte in the sample. 
Vt  =  Total volume of the concentrated extract. 
D   =  Dilution factor, if the sample or extract was diluted prior to 

analysis. 
CF  =  Mean calibration factor from the initial calibration 
Vs   =  Volume of sample extracted 

15.8 Sample Concentration – solid samples:  
 
 
 
 

  

)
n

)Y(
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n
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n
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2
2

2
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Where: 
Ax = Concentration of the analyte in the sample. 

  Vt = Total volume of the concentrated extract. 
 D   = Dilution factor, if the sample or extract was diluted prior 

to analysis. 
 CF = Mean calibration factor from the initial calibration 

  Ws  = Weight of sample extracted 

15.9 QC Calculations:  Calculate the percent recovery for QC samples (MS/MSD, LCS) 
according to the following equations:   

 
15.9.1 % Recovery, %R (MS and MSD Samples) 

 
Where: 
SSR  = Spiked Sample Result (mg/L or mg/kg). 
SR    = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 

 
15.9.2  % Recovery, %R (Standards, LCS)  

 
Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 

 
15.9.3   % RPD (for precision or replication evaluation) 

Where: 
SR1 = Sample result for replicate 1 
SR2 = Sample result for replicate 2 

16) Quality Control, Data Assessment and Corrective Action   

16.1 Initial Calibration:  
 

16.1.1 Frequency:  

( ) 100
SRSR½

SRSR
RPD%

21

21 ×
+

−
=

( )
100

SA
SRSSR

R% ×
−

=

( )
100% ×=

SA

SSR
R
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16.1.1.1 A new curve must be generated whenever the ICV or CCV criteria 
are not met, after major instrument maintenance, or after changes 
in operation conditions. 
 

16.1.2 Criteria:  
 

16.1.2.1 All analytical runs utilized in establishment of the initial calibration 
curve must clearly document and provide for the traceability of the 
associated standard used. 

16.1.2.2 Upon establishment of a new initial calibration curve, the 
associated method (w/calibration) must be uniquely identified such 
that subsequent analyses utilizing the calibration can be clearly 
identified. 

16.1.2.3 The initial calibration curve must have a minimum of 5 points. Six 
points are required for second order curve fits. 

16.1.2.4 The low level standard must be at or below the PQL. 
16.1.2.5 The mean RSD must be < 20 % or  
16.1.2.6 Perform the least squares regression. The correlation coefficient (r) 

or coefficient of determination (r2) must be >0.99. 
16.1.2.7 If non-linear fit (second order) is used, the COD (r2) must be > 0.990 

 
16.1.2.7.1 Prior knowledge of this model must exist for its use. 

The use of a non-linear model must not be used for 
methods or instruments that have previously exhibited 
linear calibration for the analyte of interest. 

16.1.2.7.2 The use of a non-linear model must not be used to 
extend the calibration range. 

 
16.1.3 Corrective Action:  
 

16.1.3.1 Verify standard integrity, perform any necessary instrument 
maintenance, and repeat calibration process. 

16.1.3.2 All samples associated with a failed initial calibration curve must be 
reanalyzed prior to reporting. 

16.1.3.3 If reanalysis cannot be completed, all associated sample results 
must be flagged as “unusable” and narrated. 

16.2 Initial Calibration Verification (ICV)  
 

16.2.1 Frequency:  
 

16.2.1.1 Perform an ICV upon completion of each new initial calibration 
curve. 
 

16.2.2 Criteria:  
 

16.2.2.1 The ICV analysis must clearly document, and provide for the 
traceability of the associated standard used. 

16.2.2.2 The ICV must utilize a second source supplier 
16.2.2.3 The ICV must be at or below the mid-point of the calibration curve. 
16.2.2.4 Agreement between the curve and the ICV results must be ±20%. 

 
16.2.3 Corrective action:   
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16.2.3.1 If the ICV fails to achieve acceptance criteria, evaluate standard 
integrity and/or perform any needed system maintenance. If a 
subsequent ICV analysis cannot achieve acceptance criteria, prepare 
new standards and generate new curve. 

16.2.3.2 All samples associated with a failed ICV must be reanalyzed prior to 
reporting 

16.2.3.3 If reanalysis cannot be completed, all associated sample results 
must be flagged as “unusable” and narrated. 

16.3 Continuing (i.e., Daily) Calibration Verification (CCV):  
 

16.3.1 Frequency:  
 

16.3.1.1 The CCV must be analyzed at the beginning of each daily sequence, 
minimally after every 10 samples, and at the end of the sequence. 

 
16.3.2 Criteria:  
 

16.3.2.1 The CCV analyses must clearly document and provide for the 
traceability of the associated standard used. 

16.3.2.2 Agreement between the curve and the CCV results must be ±20%. 
 

16.3.3 Corrective Action:   
 

16.3.3.1 If the calibration does not meet the criteria, perform any necessary 
maintenance and re-analyze the standard. If the subsequent 
analysis fails to achieve acceptance criteria, prepare a new 
calibration curve.   

16.3.3.2 All samples associated with a failed CCV must be re-analyzed.  

16.4 Retention Time (RT) Window: 
 

16.4.1 Frequency:  
 

16.4.1.1 Calculate new RT windows with each new calibration curve. 
 

16.4.2 Criteria: 
  

16.4.2.1 Set RT at ± 3 times the SD around the mean for each analyte.  
16.4.2.2 The ICV and CCVs must fall within the RT windows.  

 
16.4.3 Corrective Action:   
 

16.4.3.1 Correct problem then repeat the initial calibration  

16.5 Method Blank (MBLK): 
 

16.5.1 Frequency:  
 

16.5.1.1 Analyze the method blank at a frequency of one per preparative 
batch of 20 or less samples.  

 
16.5.2 Criteria:  
 

Uncontrolled Document



 Acrylamide by HPLC 
 HN-HP-003-R01 
 Effective: 12/05/2014 
 Page 12 of 14 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

16.5.2.1 The concentration of Acrylamide should be < ½ PQL and must be < 
PQL.    

 
16.5.3 Corrective Action:  
 

16.5.3.1 If the method blank does not meet the acceptance criteria, the 
laboratory must take corrective action to locate and eliminate the 
source of the contamination  

16.5.3.2 All samples associated with the contaminated method blank must 
be re-extracted and/or re-analyzed. 

16.5.3.3 If samples cannot be re-processed because of insufficient sample, 
all data associated with the contaminated method blank must be 
flagged with a “B” and narrated.  

16.6 Laboratory Control Samples (LCS):  
 

16.6.1 Frequency:  
 

16.6.1.1 The LCS must be processed with each preparative batch of 20 or 
less samples.  

 
16.6.2 Criteria:  
 

16.6.2.1 Samples must meet all accuracy and precision criteria as 
documented in the applicable LIMS test code. 

 
16.6.3 Corrective Action:  
 

16.6.3.1 If LCS accuracy does not meet the acceptance, the sample batch 
must be re-extracted and/or re-analyzed.  

16.6.3.2 If samples cannot be re-processed due to insufficient sample, all 
associated results must be qualified and narrated.  

16.7 Matrix Spikes (MS/MSD): 
 

16.7.1 Frequency:  Process a MS/MSD pair with each preparative batch of 20 or less 
samples. 

   
16.7.2 Criteria:   
 

16.7.2.1 Unless project specified, MS/MSD samples must be randomly 
selected and rotated among projects/clients. 

16.7.2.2 MS/MSD samples should achieve accuracy criteria and must meet 
precision criteria as documented in the applicable LIMS test code. 

 
16.7.3 Corrective Action:  
 

16.7.3.1 If the MS/MSD recoveries are outside the target range, the deviation 
may be related to matrix effects. In such instances, the LCS must be 
carefully evaluated to determine if matrix interference is present or 
if method performance (systemic error) is suspect. (Note that the 
MS/MSD are used to evaluate the matrix effect, not to control the 
analytical process.) 
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16.7.3.2 If matrix interference is indicated, re-extraction or re-analysis is not 
necessary.  

16.7.3.3 If systemic error is indicated, all associated samples must be re-
extracted and/or re-analyzed. 

17) Data Records Management 
17.1 All data must be retained for a period of not less than 10 years. 

17.2 Hard copy documentation must be maintained for standard/chemical tracking, 
extraction procedures, instrument maintenance, and run logs. 

18) Quality Assurance and Quality Control 
18.1 Logbooks must be reviewed monthly by the department supervisor. 

18.2 Logbooks must be reviewed quarterly by the QA Staff. 

18.3 The QA Staff must conduct periodic audits to evaluate compliance with this SOP.  

19) Contingencies for Handling Non-Compliant Data 

19.1 When QC failures occur, the source of the QC failure must be determined, corrected, 
and sample reanalysis carried out whenever possible 

19.2 When sample analysis cannot be repeated due to sample unavailability or holding time 
issues, data associated with failed QC data must be appropriately flagged and 
narrated.  

19.3 Deviations from this procedure or the quality control criteria within must be 
documented via the NC/CA database and submitted to the QA department for further 
evaluation. 

20) Method Performance 

20.1 Demonstration of Capability 
 

20.1.1 Each analyst must demonstrate initial proficiency by generating 4 sets of data 
of acceptable accuracy and precision for target analytes in a clean matrix 

20.1.2 Each analyst must demonstrate ongoing proficiency annually by generating 4 
sets of data of acceptable accuracy and precision for target analytes in a clean 
matrix, by processing an acceptable MDL study, or by passing performance in 
approved PT evaluations. 

20.2 MDL studies must be conducted annually (at a minimum), and whenever major 
modifications are performed. 

21) Summary of Changes 

21.1 Summary of Changes Table 
Revision Number Effective Date Document Editor Description of Changes 

R01 12/5/14 JG/CES New SOP 

22) References and Related Documents 
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22.2 U.S. Environmental Protection Agency, “Method 8316 Acrylamide, Acrylonitrile and 
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22.3 Department of Defense Quality Service Manual, Version 4.2 April 2009 
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1. PURPOSE/IDENTIFICATION OF METHOD  

The purpose of this Standard Operating Procedure (SOP) is to describe the procedures used to 
determine the concentration of Total Organic Carbon (TOC), Total Carbon (TC), Total Inorganic 
Carbon (TIC), and Dissolved Organic Carbon (DOC) in aqueous samples using the Teledyne 
Tekmar Fusion Instrument.  This SOP follows analytical methods SM 5310C-2011 and SW 846-
9060A using the UV Persulfate technique that is equivalent to NPOC. 

2. SUMMARY OF METHOD 

When running aqueous samples, the sample is injected into a reactor filled with a persulfate 
solution where it is oxidized by means of ultra-violet light. The product of the reaction is CO2 
gas, which is then blown into the non-dispersive infrared detector (NDIR). The NDIR uses 
infrared energy to measure the CO2. This measurement is proportional to the carbon in the 
sample. In order to analyze for TOC the aqueous sample must first have the Inorganic Carbon 
(IC) removed by the addition of acid and a nitrogen purge.  TC analysis is done without the acid 
addition and nitrogen purge. 

3. SCOPE AND APPLICATION 

This SOP pertains to ground waters, surface waters, domestic and industrial waste samples. This 
SOP includes analysis using quadruplicate repetitions for SW 846-9060A and duplicate 
repetitions for SM 5310C-2011.  EPA 9060A only lists TOC as a reportable analyte. 

4. APPLICABLE MATRICES 

4.1 This SOP is applicable to aqueous samples. 

5. LIMITS OF DETECTION AND QUANTITATION 

5.1 Current LOD and LOQ can be found in the Laboratory Information Management System 
(EpicPro) or from the QA/QC department.  The low standard of the calibration curve is 
0.5 mg/L. 

6. INTERFERENCES 

6.1 Carbonate and bicarbonate carbon represent interferences under the terms of this test and 
must be removed or accounted for in the final calculation. 

6.2 When dealing with a water matrix, this SOP is applicable only to homogenous samples 
that can be injected into the apparatus reproducibly by means of an auto-sampler syringe. 

7. SAMPLE COLLECTION, PRESERVATION, SHIPMENT AND STORAGE 

7.1 Aqueous samples are collected in amber glass 40mL VOA vials or 4oz amber glass jars, 
which are acidified with H2SO4 to a pH of <2. Dissolved Organic Carbon samples should 
be field filtered with a 0.45µm pore diameter filter and preserved in the field.  Samples 
are shipped to the lab on ice and stored at ≤6°C until time of analysis. Analysis must 
occur within 28 days of sample collection.  Samples to be analyzed for Total Carbon 
must be received unpreserved in amber glass 40mL VOA vials or 4 oz. amber glass jars. 
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8. DEFINITIONS 

8.1 Total Carbon (TC): The measurement of all the carbon in the sample, both inorganic and 
organic.  

8.2 Total Organic Carbon (TOC): All carbon atoms covalently bonded in organic molecules. 
To measure TOC, all the inorganic carbon is removed by addition of acid and purging: 
The result is that only organic carbon is left.  

8.3 Total Inorganic Carbon (TIC): Inorganic carbon includes carbonate, bicarbonate, and 
dissolved CO2.  The measurement of the total inorganic carbon is found by subtracting 
the Total Organic Carbon from the Total Carbon. TIC = TC – TOC. 

8.4 Dissolved Organic Carbon (DOC): The fraction of total organic carbon that passes 
through a 0.45µm pore filter. 

8.5 Suspended Organic Carbon:  Also referred to as particulate carbon.  The fraction of TOC 
retained by the 0.45µm pore filter. 

8.6 Non-Purgeable Organic Carbon (NPOC): The fraction of TOC not removed by gas 
stripping.  TOC by UV Persulfate method is equivalent to NPOC 

8.7 Additional definitions can be found in Section 10 of the Pace Analytical Services, Inc. 
Quality Manual. 

9. EQUIPMENT AND SUPPLIES 

9.1 Equipment 

9.1.1 Teledyne Tekmar Fusion TOC analyzer with NDIR detector 

9.1.2 Calibrated Mechanical Pipettes –Assorted adjustable air displacement pipettes 
with disposable tips - Eppendorf or equivalent. 

9.1.3 Volumetric flasks, 10 mL, 25 mL, 50 mL, 100 mL, 500 mL and 1 L. 

10. REAGENTS AND STANDARDS 

10.1 Reagents 

10.1.1 Phosphoric Acid (H3PO4) – 85% 

10.1.1.1 Fisher Scientific or equivalent, Cat. # A242 

10.1.1.2 Expires per manufacturer date (2 years from date received if not 
listed by manufacturer). 
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10.1.2 Phosphoric Acid (H3PO4) – 21% 

10.1.2.1 Fill 1000mL volumetric flask with 500mL of DI Water. Pour 250mL 
phosphoric acid into the volumetric and dilute to volume with DI 
Water.  

10.1.2.2 Store in plastic container at room temperature. 

10.1.2.3 Expires in 1 year unless the Phosphoric Acid lists an earlier 
expiration date. 

10.1.3 Deionized water (DI water)  

10.1.4 Purified Compressed Nitrogen 

10.1.5 Sodium Persulfate – Neat 

10.1.5.1 Sigma Aldrich or equivalent, reagent grade, Cat # 216232 

10.1.5.2 Expires per manufacturer date (5 years from the date received if not 
listed by manufacturer). 

10.1.6 Sodium Persulfate Solution, 10.0% w/v 

10.1.6.1 In a one liter volumetric flask, add 500 mL DI water followed by 25 
mL 85% phosphoric acid, dissolve 100 g of sodium persulfate.  
Dilute to volume with deionized water. 

10.1.6.2 Store in plastic container at room temperature. 

10.1.6.3 Expires in 1 year unless the composed of standards list an earlier 
expiration date. 

10.1.7 Sodium Bicarbonate – Neat 

10.1.7.1 Fisher Scientific or equivalent, Cat # S233. 

10.1.7.2 Expires per manufacturer date (5 years from the date received if not 
listed by manufacturer). 

10.2 Standards 

10.2.1 Two sources of purchased TOC standards from two different venders are used.  
Neat Potassium hydrogen phthalate (KHP) may also be diluted and used. 

10.2.1.1 A Primary Source to be used for Calibration, CCVs and RLVS 
standards. Expiration date – 1 year from date of receipt, not to 
exceed manufacturers’ expiration date. 

10.2.1.2 A Secondary Source to be used for ICV, LCS, and MS/MSD 
standards and spikes. Expiration Date – 1 year from date of receipt, 
not to exceed manufacturers’ expiration date. 
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10.2.2 Sodium Bicarbonate Solution, 2.5 mg/L Inorganic Carbon 

10.2.2.1 In a one liter volumetric flask, add 500 mL DI water and dissolve 
0.0175 g of sodium bicarbonate.  Dilute to volume with deionized 
water. Standard will be run every day after calibration for 
verification of Inorganic Carbon removal. 

10.2.2.2 Expires in 1 year unless the composed of standards list an earlier 
expiration date. 

10.2.3 See Table A for Stock, Intermediate, and Working Standards, instructions and 
concentrations. Shelf Life = 1 Month 

Table A: Stock, Intermediate and Working Standards. 
Stock and Intermediate Standards 

Standard Name Analyte Conc. (mg/L) Vendor  
(or 

equivalent) 

Part Number 
 

Bottle 
Volume 

(mL) 
Primary Stock 

Standard 
TOC 1000 SCP 

Science 
250-250-051 

DI Water 
500 

Secondary Stock 
Standard 

TOC 1000 Ultra 
Scientific 

IQC-106-5 
DI Water 

500 

Sodium 
Bicarbonate 

Solution 

Inorganic 
Carbon 

2.5 Fisher S233-500 
DI Water 

1000 

Calibration and QC Standards 
Standard Name Final Conc. 

(mg/L) 
Amount of 
Std. Added 

(mL) 

Conc. Of 
Std. 

(mg/L) 

Name of 
Standard Used 

Reagent 
used 

Final 
Volume 

(mL) 
Calibration Std 1 0.00 0.00  - - DI Water 100 
Calibration Std 2 0.50 0.05 1000 Primary Stock 

Std. 
DI Water 100 

Calibration Std 3 1.00 0.100 1000 Primary Stock 
Std. 

DI Water 100 

Calibration Std 4 2.00 0.200 1000 Primary Stock 
Std. 

DI Water 100 

Calibration Std 5 2.50 0.250 1000 Primary Stock 
Std. 

DI Water 100 

Calibration Std 6 5.00 0.500 1000 Primary Stock 
Std. 

DI Water 100 

ICV 2.50 0.250 1000 Secondary Stock 
Standard 

DI Water 100 

CCV 2.50 0.250 1000 Primary Stock 
Std. 

DI Water 100 

ICB/CCB 0.00 0.00 - - DI Water 100 
CRDL 0.50 0.05 1000 Primary Stock 

Std. 
DI Water 100 

IC Check 2.5 30 2.5 Sodium 
Bicarbonate 

Solution 

DI Water 30 

MB 0.00 0.00 - - DI Water 100 
LCS 2.50 0.250 1000 Secondary Stock 

Standard 
DI Water 100 

MS/MSD 2.50 0.250 1000 Secondary Stock 
Standard 

Analytical 
Sample 

30 



Pace Analytical Services, Inc. – Green Bay Laboratory File: S-GB-I-063-Rev.05.doc 
The Determination of Total Organic Carbon Using the Teledyne Tekmar Fusion Instrument Date: Upon Final Signature 
S-GB-I-063-REV.05  Page 7 of 19 

SOPs distributed as Controlled Documents are given a copy number on the signed Title Page. Copies without a 
number are considered uncontrolled and must be verified as the most recent version prior to each use. 

11. CALIBRATION AND STANDARDIZATION 

11.1 The instrument is calibrated for every analytical run, but a run may be extended even 
after a sequence has finished. 

11.2 The calibration curve has 1 blank and 5 non-zero points (0, 0.5, 1, 2, 2.5, 5 mg/L). The 
resulting correlation coefficient for the curve must be 0.995 or better.  

11.3 The calculated concentration of the non-calibration points must be within ±10% of their 
true value. 

11.4 Initial Calibration QC:  A calibration curve is not valid and cannot be used on samples 
until passing an ICV, ICB, and CRDL.  

11.5 Inorganic Carbon Check: Standard will be analyzed following the Initial Calibration QC.  

11.6 CCVs and CCBs are analyzed after every ten samples and at the conclusion of the 
analytical sequence. 

12. PROCEDURE  

12.1 There are two different methods by which to analyze TOC:  SW846 9060A and SM 
5310C-2011. 

12.1.1 When referencing Method SW846 9060A, quadruplicate analysis is required for 
all samples.  Each sample will be composed of four individual injections of 4mL.  
Report all four individual injection readings and the average of the four readings. 

12.1.2 When referencing Method SM 5310C-2011, two injections of the sample must 
have an RPD within 10% to be a valid analysis.  The average result of the 
injections is reported. If the first two injection readings are at or below the PQL, 
precision is NOT calculated and the average reading is reported.  If no injection 
reading is within 10% RPD of the next injection reading and the injection 
readings are above the PQL, the sample must be rerun. This is used for water 
matrix only.  If re-analysis suggests that the matrix may be causing the RPD 
failure, dilute and analyze the sample until two consecutive results are within an 
RPD of 10%. 

12.1.3 No injections can be used if they are above the curve. The sample must be diluted 
and rerun. 

12.2 Water Sample Preparation 

12.2.1 Dissolved Organic Carbon (DOC) analysis –Based on client request, the 
following procedure will be followed for samples that are received for DOC 
analysis that were not sampled and preserved in accordance with the EPA 
method.  The PM will be notified that the samples will be qualified for improper 
field preservation (the method states samples should be preserved within 2 hours 
of collection).  The samples will be filtered and preserved in the lab, the Method 
Blank and all spikes (LCS, MS/MSD) will go through the field step of filtration 
and preservation. 
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12.2.2 Filtering non-preserved samples for dissolved analysis – When samples are not 
filtered and preserved in the field, lab filtering and preservation will be 
performed.  

12.2.2.1 The data must be qualified as “Sample field preservation does not 
meet EPA or method recommendations for this analysis.” 

12.2.2.2 Filter pre-rinse- Whatman Nylon filters must be flushed with 150 mL 
of nano-pure water, at a minimum, before filtering the samples.  
Restek Nylon Cap filter can also be used, but must be flushed with 
30 mL of nano-pure water, at a minimum, before filtering the 
samples. 

12.2.2.3 Samples are filtered using the pre-rinsed filters and put into glass 
amber containers containing H2SO4 preservative. 

12.2.2.4 Quality Control – The laboratory Method Blank is put through this 
same process.  The LCS, MS/MSD may also be put through this 
process by client request. 

12.2.3 Prepare the water sample as follows for SM 5310C-2011 and SW846 9060A: 

12.2.3.1 Shake sample vigorously to suspend the sediment. 

12.2.3.2 Pipette or pour at least 30.0mL of sample into a clean 40mL auto-
sampler vial. 

12.2.3.3 The Teledyne Tekmar Fusion will add 1mL of 21% Phosphoric Acid 
to all samples and QC including MB, LCS, and MS/MSD and purge 
with Nitrogen.  For TC analysis the Teledyne Tekmar Fusion will 
not add 1mL of 21% Phosphoric Acid and not purge with Nitrogen. 

12.2.3.4 Prepare Method Blank (MB) by filling a clean 125mL amber bottle 
with Nano pure water and place it in one of the center positions of 
the carousal.  

12.2.3.5 Prepare the Laboratory Control Spike (LCS) by pipetting 250µL of 
1000mg/L Secondary Standard into a 100mL volumetric flask.  
Shake flask vigorously to mix solution and then pour into a clean 
125mL amber bottle.  Place bottle in one of the center positions of 
the carousal. 

12.2.3.6 Prepare the Matrix Spike (MS), Matrix Spike Duplicate (MSD) by 
pipetting 30µL of 1000mg/L Secondary Standard into a clean 40mL 
auto-sampler vial and dilute to 30mL with 29.25mL of parent sample  
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12.3 Water Sample Analysis: 

12.3.1 Turn on the compressed nitrogen tank then turn on the Teledyne Tekmar Fusion 
power switch on the instrument. 

12.3.2 Log onto the Fusion software by clicking the Fusion icon on the desktop. 

12.3.3 Once the Fusion window is open, click on the Ready icon on the top toolbar to 
turn on the instrument lamp.  

12.3.4 Run leak checks on the UV reactor and IC Sparger.  Go to the Tools dropdown, 
curse over Maintenance  Leak Check  select Leak Check both. 

12.3.5 Run a Detector Offset.  Go to the Tools dropdown, curse over Maintenance  
select Detector Offset.    

12.3.6 Build sample schedule by selecting New and then Schedule. 

12.3.7 Schedule begins with line 1 sample type clean, line 2 sample type blank,  

12.3.8 Lines 3-8 contain the calibration:  For sample type, select cal standard.  A 
window will popup where the analyst can select the 0.5-5ppm TOC or TC 
calibrations.  Once this has been selected the calibration will populate. 

12.3.9 Lines 9 and on will all be set as sample type Sample and be associated to the 
applicable method and calibration.  Enter analyses for the ICV, ICB, CRDL, IC 
Check samples, and CCVs/CCBs.  Run a CCV/CCB every 10 samples and at the 
end of the run.  All reps are set to 1 regardless of the method being cited. 

12.3.10 Select the correct vial positions so that the sequence matches the auto-sampler. 

12.3.11 Sample ID follows the following format “sample number_Batch number_x 
dilution” (4052689001_10679x5).   

12.3.12 For 5310C-2011 each sample and batch QC should be put in the sequence two 
consecutive times (two injections).  For 9060A each sample and batch QC is 
entered 4 consecutive times (four injections).A 4 mL of aliquot of sample is 
injected for each injection. Once all samples have been added to schedule click 
“save and start” on upper toolbar.  Save schedule as “Date_WETA Batch_ 
Initials”. 

12.3.13 Schedule will shut off automatically once the end of the schedule has been 
reached. 

12.3.14 Once a sample has been analyzed it can then be checked to verify sufficient 
preservation to a pH of <2.  Document that the pH is < or > than 2 and qualify 
any data generated from a sample that has a pH >2. 
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12.4 Shutdown 

12.4.1 Close out all of the windows and disconnect the link to the Teledyne Tekmar 
Fusion. 

12.4.2 Turn off the Teledyne Tekmar Fusion power switch, upper right front of 
instrument. 

12.4.3 Turn off the compressed nitrogen at the cylinder valve. 

12.5 Epic Pro/LimsLink 

12.5.1 Samples are batched in Epic Pro. 

12.5.2 Samples are pulled into a new LimsLink file created for the batches in the 
analysis. 

12.5.3 The sample dilutions are recorded in LimsLink. 

12.5.4 When the analytical run has been completed, acceptable data is then posted to 
Epic Pro. 

13. QUALITY CONTROL 

13.1 Refer to the most current version of the Pace Quality Manual Appendix I Quality Control 
Calculations and SOP GB-Q-009 Common Laboratory Calculations and Statistical 
Evaluation of Data (most current revision or replacement) for equations and calculation 
details. 

13.2 Initial Calibration Verification (ICV) must be run immediately following the instrument 
calibration. The ICV must be prepared from stock standard obtained from a different 
source than the stock standard used to prepare the initial calibration and must be prepared 
at a level at or near the mid-range of the calibration curve. The result of the ICV must fall 
within the range of 90%-110% - if not rerun or recalibrate. 

13.3 Initial Calibration Blank (ICB) – An ICB is analyzed after the ICV and must meet the 
acceptance criteria before samples are analyzed. The absolute value of the ICB result 
must be less than the laboratory LOQ – if not rerun or recalibrate. 

13.4 Continuing Calibration Verification (CCV) – A CCV must be run every 10 samples and 
at the end of the analytical sequence. The CCV is prepared from the same solution as the 
calibration and the result must fall within the range of 90%-110%.  If outside the range, 
rerun once.  If still outside the range, the problem must be corrected before continuing 
and the affected samples reanalyzed. 

13.5 The Continuing Calibration Blank (CCB) – A CCB is analyzed after the CCV and must 
meet the acceptance criteria before samples are analyzed. The absolute value of the CCB 
result must be less than the laboratory LOQ.  If outside the range, rerun once.  If still 
outside the range, correct the problem and rerun all samples back to the last passing CCB. 
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13.6 Method Blank – A Method Blank (MB) must be prepared and analyzed with every 
sample batch or every 20 samples whichever is more frequent. For samples filtered in 
house, the MB analyzed with DOC samples must be filtered through a 45 µm pore 
diameter filter. The data obtained is used to assess contamination from the laboratory 
environment. Values that exceed the LOQ indicate laboratory or reagent contamination 
should be suspected and corrective actions must be taken before continuing the analysis. 
Values that are between the LOD and LOQ are evaluated based on the concentration in 
the samples compared to the concentration in the blank. 

13.7 Laboratory Control Sample (LCS) – An LCS prepared from a source different from the 
calibration must be performed with every batch. The LCS must be evaluated for accuracy 
and must meet the laboratory generated control limits before samples are analyzed. Upon 
client request, the LCS analyzed with DOC samples that are lab filtered must be filtered 
through a 45 µm pore diameter filter and preserved.  If no in-house limits are in use, then 
a range of 80 – 120% will be used. If the LCS recovery does not meet the acceptance 
criteria, corrective action must be taken.  The LCS recovery must be acceptable before 
proceeding with sample analysis. An LCSD is performed when requested by the client or 
when there is insufficient sample volume to perform a matrix spike / matrix spike 
duplicate. The LCSD is held to the same accuracy criterion as the LCS.  The LCS/LCSD 
must be evaluated for precision and must meet the laboratory generated control criteria.  
If no in-house limits are in use, then 10% will be used. 

13.8 Matrix spike/Matrix spike duplicate – A MS/MSD pair must be prepared and analyzed 
every 10 samples. The MS must be a duplicate of the aliquot used for sample analysis. 
Upon client request, the MS/MSD analyzed with DOC samples that are lab filtered must 
be filtered through a 45 µm pore diameter filter and preserved.  Calculate the percent 
recovery, corrected for concentration measured in the parent sample, and compare to the 
in-house generated limits. If no in-house limits are in use then a range of 80 – 120% will 
be used. Calculate the precision between the MS and MSD and compare to the in-house 
generated limits. If no in-house limits are in use, then 10% will be used. 

13.9 (CRDL) – A standard prepared at the concentration of the Limit of Quantitation.  It is 
analyzed after the calibration, recovery 60-140% of true value.  If outside the limits, 
reanalyze once.  If still outside the limits, recalibrate. 

13.10 Inorganic Carbon Check (IC Check) – For TOC method the true value is 0.0 mg/L and 
should recover less than the LOD. For TC method, the true value is 2.5 mg/L and the 
recovery must fall within the range of 90%-110%.  If these fail, verify failure by 
remaking the standard and reanalyze. Check that acidification is being performed 
correctly if the standard fails again and recalibrate.  

13.11 When preparation of a sample exceeds 28 days past the time of collection, notify the 
project manager before proceeding.  If a sample is run past 28 days after collection, flag 
the result with appropriate data qualifier. 

13.12 If a sample was diluted due to matrix effects and the result is a non-detect, the result must 
be qualified with appropriate data qualifier. 

13.13 See Tables B and Table C for a summary of QC. 
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14. DATA ANALYSIS AND CALCULATIONS 

14.1 Calculations: 

14.1.1 All Data produced by the Teledyne Tekmar Fusion must be processed though the 
appropriate curve.  Using the linear regression formula, (y) = m(x) + b, the 
adjusted absorbance values found for the calibration points are used to calculate 
the curve. 

14.1.2 The instrument provides raw data results in ppm (mg/L) and in adjusted 
absorbance for aqueous samples. The adjusted absorbance is used in LIMS Link 
to plot the calibration curve that is used to calculate the reported data.  All data 
produced by the Teledyne Tekmar Fusion must be processed through the 
appropriate curve. 

14.1.3 SW846 9060A Sample Calculations: 

Injection 1: 
Raw Data Value mg/L X Dilution = TOC (mg/L) (TOC1) 
 
Injection 2: 
Raw Data Value mg/L X Dilution = TOC (mg/L) (TOC2) 
 
Injection 3 (Quad Only): 
Raw Data Value mg/L X Dilution = TOC (mg/L) (TOC3) 
 
Injection 4 (Quad Only): 
Raw Data Value mg/L X Dilution = TOC (mg/L) (TOC4) 

14.1.4 SW846 9060A average Sample result (quadruplicate): 

Quad Average Result = (TOC1) + (TOC2) + (TOC3) + (TOC4) 
                4 {number of injections} 

14.1.5 For samples analyzed in Quadruplicate (SW846 9060A) each injection and the 
average are calculated and reported.  The accuracy is calculated based on the 
average and not the individual injections. 

14.1.6 SM 5310C-2011 Sample calculations:   

Injection 1: 

Raw Data Value mg/L X Dilution = Rep1 (mg/L) 
 
   Injection 2: 

Raw Data Value mg/L X Dilution = Rep2 (mg/L) 
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14.1.7 SM 5310C:  Repetition acceptance criteria 

Relative percent difference (RPD) must be less than 10% 
   
   % RPD =   I Rep. 1 – Rep. 2I   X 100  
          (Rep. 1 + Rep. 2)/2 
 

Rep. 1 = raw amount of first replicate 
Rep. 2 = raw amount of second replicate 

14.1.8 SM 5310C-2011:  The average of the two reps that are within the 10% 
acceptance criteria is reported: 

 
5310C-2011 Average Result  =          (Rep1) + (Rep2)       

 2 {number of injections} 

14.1.9 MS/MSD calculation for both SW846 9060A and SM 5310C-2011: 

 
% Recovery = SSR – SR X 100 SSR = Spike sample result 

                   SA    
 
     Where :     SR = Sample result 
           SA = Spike added 
 

Recovery is only calculated on the final average – not each injection. 

14.1.10 Precision (for QC samples) for both SW846 9060A and SM 5310C-2011: 

The precision is calculated based on the recovery of the matrix spike / matrix 
spike duplicate (MS/MSD) result.   

 
   Relative percent difference (RPD) calculation: 
 
    % RPD =|MS-MSD| x 100  

                 (MS+MSD)/2  

Precision is only calculated on the final average – not each injection. 
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15. DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY 
CONTROL MEASURES 

Table B.  QUALITY CONTROL 

Preparation 
Method  
Quality 
Control 
Measure  

 
 
 
TOC  
 

Method Blank 
 

One per batch of samples, up to 
20 environmental samples, 
whichever is more frequent.  

Laboratory 
Control Spike 
and Duplicate 
 

One per batch of samples, up to 
20 environmental samples.  A 
LCSD is required if MS/MSD is 
not performed.   

Matrix Spike / 
Matrix Spike 
Duplicate 

One pair per batch of samples, 
up to 10 environmental samples, 
whichever is more frequent.   

Initial 
Calibration 

Minimum of 5 standards plus 
blank.  Must be performed 
every time before samples are 
analyzed.  

CRDL After the calibration and 
monthly at minimum. 

Calibration 
Verification 
(ICV/CCV) 

ICV – analyzed after calibration 
but before samples.  
CCV – analyzed after every 10 
samples.   

Calibration 
Blank  
(ICB/CCB) 

ICB – analyzed after ICV.   
CCB – analyzed after every 
CCV pair.   

Inorganic 
Carbon Check 
(IC Check) 

IC Check – analyzed after 
CRDL 
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16. CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 

Table C.  ANALYST/TECHNICIAN DATA ASSESSMENT 
Analytical Method  
Acceptance Criteria 
Data Assessment Measure  

TOC 
If these conditions are not 
achieved  

Method Blank  1 
Accuracy & Precision  
Matrix Spike Samples 

 2 

Accuracy & Precision 
Laboratory Control Spikes 

 3 

Initial Calibration  4 
CRDL standard   5 
Initial / Continuing Calibration 
Verification 

 6 

Initial / Continuing Calibration Blank  7 
Inorganic Carbon Check  8 

 

1. In the absence of project specific requirements, sample detects less than 20 times the method blank 
contamination level is reported with the appropriate data qualifier. Sample detects greater than 20 
times the method blank contamination are reported without qualification. 
 

2. In the absence of project specific or method requirements, in-house generated limits will be used. If 
the parent, MS, or MSD is greater than the reportable linear dynamic range, dilute and reanalyze the 
parent, MS, and MSD.  If the concentration of the spike is less than 25% of the concentration of the 
parent the MS and MSD recoveries are not evaluated.  Any failures resulting from this are qualified 
appropriately.  If the concentration of the spike is greater than 25% of the concentration of the parent, 
appropriately qualify the parent sample if either the MS and/or MSD fail accuracy.  If the MS and 
MSD fail precision control limits flag the parent with the appropriate precision data qualifier.   
 

3. If sample volume does not allow re-analysis the entire prep/analytical batch of samples shall be 
flagged with the appropriate accuracy and appropriate precision qualifier to reflect the deficiencies.  

 
4. If calibration criteria fail, reanalyze once.  If still outside criteria, perform maintenance and 

recalibrate. 
 

 
5. If outside criteria, reanalyze once.  If still outside criteria, recalibrate. 

 
 
6. If ICV/CCV is outside the control limits reanalyze the ICV/CCV to verify the instrument is out of 

control.  If the 2nd analysis is outside control limits, perform maintenance and recalibrate. Samples 
that bracket the out of control standards must be reanalyzed.   If the ICV/CCV recovers greater than 
the control limit and the samples bracketing the out of control ICV/CCV are non-detects, the results 
may be reported without a flag. 

 
 

7. If ICB/CCB is outside the control limits, reanalyze the ICB/CCB to verify the instrument is out of 
control. If the 2nd analysis is outside control limits, perform maintenance and recalibrate. Samples that 
bracket the out of control standards must be reanalyzed. Samples that are >10X the concentration in 
the CCB the samples do not have to be reanalyzed. 
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8. If IC CHECK is outside the control limits reanalyze/remake the IC CHECK to verify the instrument 

is out of control.  If the 2nd analysis is outside control limits, perform maintenance and recalibrate. 
 

17. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR 
UNACCEPTABLE DATA 

17.1 Refer to Table C in Section 16. 

18. METHOD PERFORMANCE 

18.1 There are several requirements that must be met to insure that this procedure generates 
accurate and reliable data.  A general outline of requirements has been summarized 
below.  Further specifications may be found in the Laboratory Quality Manual and 
specific Standard Operating Procedures. 

18.1.1 The analyst must read and understand this procedure with written documentation 
maintained in his/her training file. 

18.1.2 An initial demonstration of capability (IDC) must be performed per S-ALL-Q-
020, Orientation and Training Procedures (most current revision or replacement).  A 
record of the IDC will be maintained in his/her QA file with written authorization 
from the Laboratory Manager and Quality Manager. 

18.1.2.1 Analysis of four (4) LCS for each method the analyst will be 
performing.  SW846 9060A will have 4 injections for each of the 4 
LCSs that will make up the demonstrations of capability. The 
recovery is to be within the current water LCS QC limits for the 
known concentrations and 10% RSD for all replicates. 

18.1.3 An annual limit of detection (LOD) study will be completed per S-GB-Q-020, 
Determination of LOD and LOQ (most current revision or replacement), for this 
method and whenever there is a major change in personnel or equipment.  The results 
of these studies are retained in the quality assurance office. 

18.1.4 Linear Calibration Range – The linear calibration range must be determined 
initially and verified quarterly or whenever a significant change in instrument 
response is observed or expected.  The initial demonstration of linearity must use 
sufficient standards to insure that the resulting curve is linear.  If any verification data 
exceeds the initial values by + 10%, linearity must be reestablished.  If any portion of 
the range is shown to be nonlinear, sufficient standards must be used to clearly define 
the nonlinear portion. 

18.1.5 Periodic performance evaluation (PE) samples are analyzed per S-GB-Q-021, 
PE/PT Program (most current revision or replacement), to demonstrate continuing 
competence.  All results are stored in the QA office. 

19. METHOD MODIFICATIONS 

19.1 Method modifications for EPA method 9060A and SM5310C-2011 are as follows 
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19.1.1 Modifications should be targeted to improve quality, efficiency or the cost 
effectiveness of the procedure. 

19.1.2 All major modification to the procedure that may directly affect data quality must 
be thoroughly documented. A new demonstration of capability and equivalency 
must be performed and kept on record. 

19.1.3 Procedures identified as “Best Practices” by the PACE 3P Program will be 
incorporated into this document as minimum requirements for Pace laboratories. 

19.1.4 Samples are vigorously shaken to homogenize, in lieu of using a blender. 

19.1.5 Samples to be analyzed for dissolved organic carbon (DOC) may be filtered and 
preserved at the laboratory if field filtering is not completed. Data will be 
appropriately qualified due to not being preserved within 2 hours of sampling. 

19.1.6 If a client fails to provide sufficient volume for the method required Matrix 
Spike/Matrix Spike Duplicate (MS/MSD), the laboratory will analyze a 
Laboratory Control Spike Duplicate to demonstrate precision. The analytical 
batch will be qualified with the “M5” data qualifier. 

19.1.7 Sample purge time in both EPA 9060A and SM 5310C-2011 is noted as 10 min.  
The lab uses a 1.0 min purge time.  Longer purge time has been demonstrated to 
provide no additional benefit in the removal of IC.  In addition each calibration 
has an associated IC check analyzed with it further demonstrating the removal of 
IC for TOC analysis. 

20. INSTRUMENT / EQUIPMENT MAINTENANCE 

20.1 Refer to Teledyne Tekmar Fusion Instrument manual for information. 

21. TROUBLESHOOTING 

21.1 Refer to Teledyne Tekmar Fusion Instrument manual for information. 

22. SAFETY 

22.1 All samples, standards, and reagents should be treated as hazardous.  Safety glasses, 
gloves, and lab coats are to be worn.  The toxicity or carcinogenicity of each reagent used 
in this method has not been precisely defined.  However, each chemical compound 
should be treated as a potential health hazard.  Exposure to these chemicals must be 
reduced to the lowest possible level by a safe technique.  Special care should be taken 
when handling the high concentration acids and oxidizing reagents used for sample 
digestion. 

22.2 The laboratory is responsible for maintaining a current awareness file of OSHA 
regulations regarding the safe handling of any chemical.  A reference file of Material 
Safety Data Sheets (MSDS) and a formal safety plan are made available to all personnel 
involved in chemical analysis and should be consulted prior to handling samples and 
standards. 
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23. WASTE MANAGEMENT 

23.1 The quantity of chemicals purchased is based on expected usage during its shelf life and 
disposal cost of unused material.  Actual reagent preparation volumes reflect anticipated 
usage and reagent stability. 

23.2 Excess reagents, samples and method process wastes are characterized and disposed of in 
an acceptable manner. For further information on waste management consult the current 
version of S-GB-W-001, Waste Handling and Management. 

24. POLLUTION PREVENTION 

24.1 Pollution prevention encompasses any technique or procedure that reduces or eliminates 
the quantity or toxicity of waste at the point of generation.   

24.2 The laboratory Chemical Hygiene Plan/Health and Safety Plan contains additional 
information on pollution prevention. 

25. REFERENCES 

25.1 40CFR Part 136 National Institute of Standards and Technology (NIST) 

25.2 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
5310 A –2011 

25.3 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
5310 B –2011 

25.4 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
5310 C –2011 

25.5 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
5020 –2011 

25.6 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
1080 –2011 

25.7 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
1040 –2011 

25.8 Standard Methods for the Examination of Water and Wastes, on-line Edition – Method 
1030 –2011 

25.9 USEPA Test Methods for Evaluating Solid Wastes, SW 846, 3rd Edition, Methods 9060A 

25.10  PASI Quality Manual, current revision 

25.11 The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current 
version 

25.12 Teledyne Tekmar Fusion TOC analyzer User Manual 
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26. TABLES, DIAGRAMS, FLOWCHARTS, APPENDICES, ADDENDA ETC 

26.1 Not applicable to this SOP. 

27. REVISIONS 

 
Revision Number Reason for Change Date 

S-GB-I-063-Rev.03 

Throughout Document: Updated SOP to new format following SOP: 
S-GB-Q-017 Preparation of SOPs (most current revision or 
replacement).  
Sections 1, 7.1, 8, 12.2, 13.7, 13.8: Added applicable information for 
the analysis of samples for DOC. 
Section 11.6 Calculations: Moved to Section 14. 
Section 19: Included laboratory method modifications. 
Section 26: Moved Table B and C to Sections 16 and 17. 

27Aug2013 

S-GB-I-063-Rev.04 Section 25: Updated Reference to 2011 Editorial Revision. 24Feb2014 

S-GB-I-063-Rev.05 

Section 1: Added language for the method of UV Persulfate. 
Section 3: Removed drinking water matrix, added that 9060 analyte is 
TOC only. 
Throughout Document: Changed MDL and RL to LOD and LOQ. 
Section 7: Changed temperature from 4±2°C to ≤6°C. 
Section 8: Updated definitions and added Suspended OC and NPOC, 
Section 10: Added expiration dates and sodium bicarbonate. Moved 
Table A from Section 26 to Section 10. 
Section 11.2 and Table A: Changed calibration curve to 5 non-zero 
points. 
Sections 11.5, 13.10 and 16: Added IC Check information. 
Section 11.3: Added requirement to recalculate the curve points 
against the initial calibration. 
Section 12.2.3.6: Changed spike amount to 30µL. 
Section 12.3.14: Added a post-analysis pH check. 
Section 19.17: Added documentation for the modification to a 1mL 
purge time. 
Section 25: Updated with all references. 
Section 26: Moved Table A to Section 10. 

19Jan2016 

S-GB-I-063-Rev.06 Section 12.1.1 and 12.3.12: Added injection volume of 4mL. 27Jul2016 
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1. Purpose/Identification of Method 

1.1. The purpose of this SOP is to establish a procedure for the determination of metals by inductively 
coupled plasma atomic emission spectroscopy (ICP-AES) as delineated in EPA Method 6010B (Dec. 
1996), 6010C (Feb. 2007), 6010D (Jul. 2014) or 200.7 (Rev. 4.4). 

2. Summary of Method 

2.1. Prior to analysis, samples must be solubilized or digested using appropriate sample preparation 
methods. 

2.2. This method describes the determination of elements by ICP-AES.  The method measures element-
emitted light by optical spectrometry.  Samples are nebulized and the resulting aerosol is transported to 
the plasma torch.  Element-specific atomic-line emission spectra are produced by a radio-frequency 
inductively coupled plasma.  The spectra are dispersed by a grating spectrometer, and the intensities of 
the lines are monitored by a charge coupled device detector (CCD). 

2.3. All data is collected by simultaneous measurement.  Software is used to measure and apply corrections 
due to background or inter-element interferences using a variety of techniques. Alternate wavelengths 
are also monitored for confirmation or to use in correction equations. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel involved 
in the analytical method or non-analytical process.   

3.2. Parameters: This SOP applies to the elements listed in Attachment I. 

4. Applicable Matrices 

4.1. This SOP is applicable to drinking water, ground water, aqueous samples, liquid samples, leachates, 
industrial wastes, soils, sludges, sediments, and other solid wastes. 

5. Limits of Detection and Quantitation 

5.1. The reporting limit (RL) / Limit of Quantitation (LOQ) for all analytes is listed in Attachment I.  All 
current method detection limits (MDL) are listed in the LIMS and are available by request from the 
Quality Manager.   

6. Interferences 

6.1. Spectral Interferences are caused by background emission from continuous or recombination 
phenomena, stray light from the line emission of high concentration elements, overlap of a spectral line 
from another element, or unresolved overlap of molecular band spectra. 

6.1.1. Spectral overlap can be compensated by computer-correcting the raw data after monitoring and 
measuring the interfering element.  Unresolved overlap requires selection of an alternate 
wavelength.  Background contribution and stray light can usually be compensated for by a 
background correction adjacent to the analyte line.   

6.2. Physical Interferences are effects associated with the sample nebulization and transport processes.  
Changes in viscosity and surface tension can cause significant inaccuracies, especially in samples 
containing high dissolved solids or high acid concentrations. A high solids nebulizer is used on all 
instruments.  Internal standards are also used to monitor and correct for physical effects.  

6.3. Chemical interferences include molecular compound formation, ionization effects and solute 
vaporization effects.  Normally, these effects are not significant with the ICP technique, but if 
observed, can be minimized by careful selection of operating conditions, use of an ionization buffer, or 
by matrix matching of standards and samples. 
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6.4. Memory interferences result when analytes in a previous sample contribute to the signals measured in 
the new sample.  Memory effects can result from sample deposition on the uptake tubing to the 
nebulizer and from buildup of sample material in the plasma torch and spray chamber. Regular 
maintenance and awareness of samples with high concentrations minimize these interferences. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Table 7.1 – Sample Collection, Preservation, Shipment and Storage 
Sample type Collection per sample Preservation Storage Hold time 
Liquid Polyethylene containers. 

Collect dissolved metal 
samples and filter them 
immediately through a 
0.45-micron filter on-site 
by the sampler before 
adding preservative.  If 
samples are filtered at the 
laboratory, use a 
polyethylene container 
and preserve after 
filtration with HNO3. 

Collect total metal 
samples into a nitric acid 
(HNO3) preserved bottle. 

Preserve immediately with HNO3 
to bring the pH to <2 
 
For samples received with a pH>2, 
additional nitric acid must be 
added upon receipt to dissolve the 
metals that may have adhered to 
the sample container.  Sample 
receiving personnel add the 
additional acid, labels the samples 
with the amount of acid added, the 
lot number of the acid, date, time 
and initials of person that added 
the acid.  
 
NOTE: Do not add HNO3 to 
exceed 1% of the total volume of 
the sample container (example: 2.5 
mL for 250 mL bottle, 10 mL for 
1000 mL bottle). 
 
 The samples must not be analyzed 
for 24 hours from acid addition per 
the Method Update Rules. The 
final pH is checked and recorded 
prior to sample preparation. 

Store total and 
dissolved metal 
samples at room 
temperature. 
 
 
 
 

 

The maximum 
sample 
holding time 
for metals is 
180 days from 
sample 
collection. 

Solid 
 

Glass or polyethylene 
container 

N/A Above freezing 
but below 6oC. 

The maximum 
sample 
holding time 
for metals is 
180 days from 
sample 
collection. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 – Equipment and Supplies 
Supply Description Vendor/Item #/Description 

Simultaneous ICP-AES  CCD Detector, full wavelength region Agilent 720 or Agilent 5100/5110. 
Desktop computer and printer Optimized per instrument Various –matched with instrument 
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Auto-sampler  Optimized per instrument Cetac 520, Agilent SPS3, or Agilent 
SPS4. 

Peristaltic pump tubing Various – including but not limited to 
blue-blue, red-red, white-white, black-
black, orange-blue, orange-green 

Fisher, Agilent, Environmental 
Express, SCP, Perkin-Elmer, or 
equivalent 

Refrigerated Circulator One per instrument PolyScience or equivalent 
Argon gas supply  high-purity grade, 99.99% House Argon 
Mechanical pipettes, and metals-free 
disposable pipet tips  

Various Eppendorf, Fisherband, or equivalent 

Glassware / Plastic ware Class A volumetric flasks or calibrated 
non-class A plastic ware 

Fisher or equivalent 

Disposable digestion cups  50 mL or 100 mL Environmental Express or equivalent 
Epic Pro  Data reporting software See master list for current version 
LimsLink  Data transmission software See master list for current version 
Agilent ICP Expert Software Agilent Control & Data See master list for current versions 
Filtermate Plunge filters 2 um PTFE Environmental Express, SC0408 

10. Reagents and Standards 

10.1. Table 10.1 – Reagents and Standards 
Reagent/Standard Concentration/Description Requirements/Vendor/Item # 

De-ionized Water ASTM Type II House E-pure DI water (>17.5 MOhm) 
Concentrated Hydrochloric acid (HCl) Trace Metals grade  Fisher or equivalent 
Concentrated Nitric Acid (HNO3) Trace Metals grade  Fisher or equivalent 
Calibration Standard Stock Solutions Custom blend Inorganic Ventures or equivalent 
Initial Calibration Verification (ICV) 
Stock Standard solutions 

Custom blend.  Must be separate stock 
from the calibration standards. 

Spex Certiprep or equivalent 

– Cesium Ionization Buffer for use 
with Agilent 720 

 50,000 PPM High Purity Standards P/N 1B-CS-B5 
or equivalent. 

Wavelength Cal Solution - Agilent Various analytes Agilent P/N 6610030100 
Internal Standards Yttrium Inorganic Ventures or equivalent 
 

10.2. Table 10.2 - Working Standard Dilutions and Concentrations 

11. Calibration and Standardization 

11.1. Table 11.1 – Calibration and Standardization 
Calibration 

Metric Parameter/Frequency Criteria Comments 

Initial 
Calibration 
(ICAL) 

Instruments must be calibrated at a 
minimum once every 24 hours or prior to 
use.  The instrument standardization date 
and time must be included in the raw 
data.  See Attachment VI for an example 
run sequence. 

A calibration curve 
must consist of a 
blank and at least one 
calibration standard. 

If not met, remake standards, 
recalibrate, and verify before sample 
analysis. 
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Second 
Source 
Verification 
Standard 
(ICV) 

Immediately after the calibration 
standards have been analyzed, the 
accuracy of the initial calibration shall be 
verified and documented for every 
analyte by the analysis of an ICV 
Solution at each wavelength used for 
analysis.  The Initial Calibration 
Verification (ICV) Stock Solution(s) must 
be obtained from a different source than 
the calibration standards. 

± 10% for method 
6010B,6010C and 
6010D or ± 5% for 
method 200.7 
 
The RSD of the 
standards must be 
below 5% for 6010B, 
6010C,and 6010D 
and below 3% for 
200.7. 

If the ICV fails, take the following 
action. Remake the standard 
accordingly if that is the cause.  Re-
inject the ICV one more time; if it 
fails stop all analysis.  Perform all 
necessary instrument maintenance 
and recalibrate the instrument.  Only 
two injections are allowed back to 
back, and then the system must be 
recalibrated. 

Continuing 
Calibration 
Verification 
(CCV) 

To ensure calibration accuracy during 
each analytical run, a CCV standard must 
be analyzed after no more than 10 
samples and at the end of the run for each 
wavelength.  The ICV solution can be 
utilized as the CCV. 

For method 6010B, 
6010C, 6010D and 
200.7, the CCV must 
be within ± 10% of 
the true value. 
 
 
The RSD of the CCV 
must be below 5% 
for 6010B. 

If the requirements for continuing 
calibration are not met, review for 
preparation error or instrument drift.  
A CCV may be repeated once, but a 
second failure requires re-analysis of 
any samples bracketed by a failing 
CCV with the following exception: 
 
If the samples bracketed are non-
detect and the CCV is biased high, 
data may be reported as there is no 
impact from the high bias.  If the 
samples associated are non-detect 
and the only detections are 
associated with the batch QC 
(LCS/LCSD/MS/MSD) but the QC 
is within limits, the data can be 
reported.  The QC should be flagged 
indicating that there was bias but 
that there was no impact to the 
associated samples. 
 

6010B/200.7 
- Contract 
Required 
Detection 
Limit 
Sample 
(CRDLA) 

The CRDLA must be analyzed at the 
beginning of each run for every analyte of 
interest.  The CRDLA is analyzed at or 
below the RL. 

 ± 40% (or specified 
by the client) 

If the CRDLA fails, the system must 
be stopped.  The CRDLA may be 
repeated once.  If it fails again, 
perform any necessary maintenance 
and recalibrate accordingly. 

6010C/D – 
Low Level 
Initial/Conti
nuing 
Calibration 
Verification 
(LLICV/LL
CCV) 

The LLICV/LLCCV is named CRDLA 
for purposes of consistency.  It is the 
same solution.  The CRDLA must be 
analyzed following the ICV at a 
concentration at or below the RL.  
Additionally, the CRDLA must be 
analyzed after samples to cap them for 
method 6010C or client request. This 
frequency varies by client. In some cases 
it is every 10 samples and some cases by 
batch.  The method requires that it be run 
at least once capping samples. 
 
The CRDLA need not be bracketed by a 
CCV/CCB to be considered valid in most 

For method 6010C, 
must be within ± 
30%  
 
For method 6010D, 
must be within .± 
20% 
 
 
 
 

If the CRDLA fails, it may be 
repeated once.  If it fails again, 
samples bracketed by a failing 
CRDLA must be re-analyzed with 
the following exception. 

If the samples bracketed are non-
detect and the CRDLA is biased 
high, data may be reported as there is 
no impact from the high bias.  If the 
samples associated are non-detect 
and the only detections are 
associated with the batch QC 
(LCS/LCSD/MS/MSD) but the QC 
is within limits, the data can be 
reported.  The QC should be flagged 
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cases.  In some instances the CRDLA 
must be bracketed by a valid CCV/CCB 
depending on the QAPP.  It is best to 
bracket the CRDLA. 

indicating that there was bias but 
that there was no impact to the 
associated samples. 

Initial 
Calibration 
Blank (ICB) 

An ICB must be analyzed immediately 
following an ICV for each element of 
interest.    

All elements of 
interest must be 
evaluated to a criteria 
of < ½  the absolute 
value of the RL for 
method 6010D.  
 
All elements of 
interest must be 
evaluated to absolute 
value of the RL for 
method 
6010B,6010C and 
200.7. 
Criteria to be 
evaluated to method 
criteria unless 
otherwise specified 
by client 
 

If the ICB fails, re-pour the sample 
and analyze a second time.  If the 
ICB is still out of control, re-
calibrate.  

Continuing 
Calibration 
Blank (CCB) 

A CCB must be analyzed, for each 
element of interest after every CCV. 

All elements of 
interest must be 

evaluated to a criteria 
of < than the absolute 

value of the RL for 
200.7, 6010B, and 
6010C.. Depending 
on the data quality 

objective of 
individual client’s 

different criteria may 
apply.  For example 
data may need to be 
evaluated to ½ the 
RL or to the MDL. 

For 6010D, data must 
be evaluated to an 

absolute value of ½ 
the RL 

If  the absolute value of an analyte of 
interest is greater than the RL (or 1/2 
RL, if specified), the CCB may be 
repeated once.  If it fails again, all 
samples bracketed by the failed CCB 
must be re-analyzed with the 
following exception. 
 
If the sample concentration is greater 
than 10 times the CCB 
concentration, or the result is non-
detect, the result may be reported. 
 
If associated projects are evaluated 
to the method detection limits per 
data quality objectives, the 
detections must be evaluated for data 
impact and the system evaluated for 
necessary corrective actions. 

Spectral 
Interference 
Check 
Solutions 
(SIC) 

SIC solutions are single-element solutions 
used to evaluate and correct IEC factors. 
Specific elements evaluated are listed in 

specific instrument methods. 

SIC absolute value 
must be less than RL. 

If SIC fails, re-calculate IEC and re-
process data. 
 
If sample level exceeds an SIC level 
and the interfering element affects 
target analytes, then: a) run a higher 
SIC or b) dilute the sample. 

Interelement 
Correction 
Standard A 
(ICSA) 

A solution containing high concentrations 
of Al, Ca Fe and Mg is analyzed at the 
beginning of each sample run sequence. 
 

Acceptance criteria 
for the spiked 
interferent elements 
are ± 20% and ± the 

  
If the initial ICSA fails criteria, it 
may be re-analyzed once.  Also, the 
ICSA can be re-processed after 



Inductively Coupled Plasma Atomic Emission Spectroscopy 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-I-313-rev.30 Page: 8 of 23 
 

 

In some specific client requirements the 
ICSA must bracket the run or the 
analytical batch. 

RL for target 
analytes.  

appropriate SIC solutions are 
analyzed and the IECs are 
recalculated. If ICSA passes, 
continue. 
 
If a bracketing ICSA fails, it may be 
repeated once, and if it fails again,  
all affected samples must be re-
analyzed. 
 

Interelement 
Correction 
Standard AB 
(ICSAB) 

A solution containing high concentrations 
of Al, Ca, Fe and Mg and low to mid-
range concentrations of target analytes as 
outlined in ILM5.3. 
 
This is analyzed following the ICSA 
when requested. 
This is required by certain clients. It is not 
a method requirement and need be 
analyzed only for clients specifying this 
in the QAPP 

The acceptance 
criteria are ± 20% for 
all interferent 
elements and target 
elements and +/- the 
RL for non-spiked 
analytes. 

If the initial ICSAB fails criteria, it 
may be re-analyzed once. Also, the 
ICSAB can be re-processed after 
appropriate SIC solutions are 
analyzed and the IECs are 
recalculated. If ICSAB passes, 
continue...  
 
If a bracketing ICSAB fails, it may 
be repeated once, and, if it fails 
again,  all affected samples must be 
re-analyzed. 
 

    

12. Procedure 

12.1. Instrument Set up and Operation. Set up and calibrate the instrument per the manufacturer’s 
instruction and individual training provided by senior staff.  It is outside the scope of this SOP to 
provide detailed instruction on instrument and/or software operation.  The following highlights 
common items that are critical to success.  Method conditions are stored with each instrument run. 

12.1.1. Perform maintenance as needed and record in the daily maintenance log. 
12.1.1.1. Ensure rinse is above ¼ full. 
12.1.1.2. Ensure waste is below ½ full.  Back pressure can cause problems. 
12.1.1.3. Clean nebulizer once per month or more if drifting / clogging occurs. 

12.1.2. ICP Ignition / Warm-up. 
12.1.2.1. Check the gas supply. 
12.1.2.2. Confirm the water circulator/chiller is on. 
12.1.2.3. Leave instrument on and software up when not in use.  Turning things off and on are bad 

for the instruments. 
12.1.2.4. A periodic re-boot of the PC is necessary and recommended at least once per month. 
12.1.2.5. Adjust the pump-tubing in such a way to ensure proper flow prior to igniting the plasma. 

12.1.2.5.1. Decrease flow to where flow of bubble actually stops or barely moves. 
12.1.2.5.2. Turn knob 2 full turns. 

12.1.2.6. Ignite plasma while tubing is in a rinse solution. 
12.1.2.7. Allow plasma to warm up at least 30 minutes and preferably 60-90 minutes. 

12.1.3. Use the warm up time to create the sequence and pour samples. 
12.1.3.1. Use Horizon Uploader to copy labels into the sequence. 
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12.1.3.2. Label all sample tubes so that each sample can be uniquely identified on the rack. 
12.1.3.2.1. Alternate red, blue, and black Sharpie so that batches can be readily identified. 

12.1.3.3.  If any samples in a batch need to be filtered because of suspended material, use an 
Environmental Express Filtermate.  The Method Blank and LCS must also be filtered if 
any samples are.  Record the ID of the Filtermates used. 

12.1.4. Pour the standards and start the calibration of the instrument.   
12.1.5. Set the system to either a) shut down once complete or b) leave plasma and pump on. 

12.1.5.1. If option b is used it is critical that someone be present when run completes – be very 
careful using this option. 

12.1.6. Monitor all initial QC checks.  One re-analysis of QC checks is allowed.  If initial QC fails 
twice, make instrument modifications and recalibrate.  If checks pass criteria, continue with 
sample analysis. 

12.1.6.1. If ICSA fails, analyze SIC 1-4 and re-process IECs based on the data gathered.   
12.1.7. During the sample analysis or after the analysis is completed, transfer valid data into LIMS 

system using LIMS LINK. 
12.1.7.1. Export data from instrument to CSV file. 
12.1.7.2. Open LIMSLINK 
12.1.7.3. Click open instrument, select CSV file from list, data will import 
12.1.7.4. Highlight QC + samples, select “Get LIMS Info” 

12.1.7.4.1. Run QC will prompt for Q-Batch # plus standard selection 
12.1.7.4.2. Sample data will prompt for SD/PDS source sample. 

12.1.7.5. Right click on samples to select/de-select elements 
12.1.7.5.1. Be sure to make the appropriate selections in LIMSLNK rather than post-editing in 

EPIC.  This provides for a much smoother experience and minimizes chance for error.  
If edits must be done in EPIC be sure to make edits prior to uploading new data from 
LIMSLINK, as this, again minimizes error due to confusion. 

12.1.7.6. Highlight samples to upload and select “Export Run to Epic Pro”. 
12.1.7.7. When complete select “Excel bench sheet” 
12.1.7.8. Save the Excel Bench sheet to the instrument folder marked “LIMSLINK RAW DATA 

and to the DATA REVIEW FOLDER (see below) Use convention of run date (e.g. 
032917ICP5) Note discrepancies in the notes section of the run log (including dilutions, QC 
issues, re-runs, etc). 

12.1.8. In LIMS system make final adjustments and add any required footnotes.  Print validation lists 
and complete checklist.  Turn data in for validation. 

12.2. Documentation for Data Review /Daily File 
12.2.1. Documentation is a mix of electronic and paper files. Key data must be stored electronically so 

that data review may be performed from any location.  Some documents are stored in the physical 
daily folder and archived for easy reference. 

12.2.2. Label a physical file with the date. 
12.2.3. Record the file name, Q-Batch, and all prep batches on the folder for each run that day (example: 

032917ICP5 and 032917ICP5B.. 
12.2.4. Store printed copies batch worklist reports, prep bench sheets, the original checklist, a printed 

copy of the IEC Form 10-IN generated from Gandolf, and a printed copy of the run log from 
LIMSLINK file in this folder. If the data reviewer requests additional printed information place it 
in this folder as well. 
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12.2.5. On the G: drive created a new folder for the run labeled using the run name. This folder is 
created under G:\METALS\Instrument Data\10ICP5\DATA REVIEW\032917ICP5. Substitute 
ICP4 when using ICP4 and use the file name current to the data being used. 

12.2.6. In this folder store electronic copies of the LIMSLINK Raw Data File, Validation Reports from 
LIMS (labeled using the LIMS Batch # first), scanned copies of the completed checklists (labeled 
using the LIMS Batch # first), the Instrument QC Report, the IEC Form 10-IN, and a copy of the 
raw data that is the same as that stored on the X: Drive. 

12.2.7. For data validated off-site the electronic copy is signed and data validated in LIMS. The original 
copies of the checklists are signed off by the data review chemist the next time he or she is in the 
office and archived in the physical folder. 

12.2.8. Label the daily file folder with date, Q-Batch, and instrument information. 
12.3. Calibration Standards.  There may be some exceptions due to client specific requests for non-routine 

analysis; however, for most samples the following calibration standards apply. 
12.3.1. Calibration levels are set at the levels denoted in attachments II (calibration) and III (calibration 

verification).  
12.3.2.  CRDLA is prepared at the RL/LOQ listed in attachment I. 
12.3.3.   ICSA and ICSAB levels are noted in attachments IV and V and follow the definitions given in 

ILM05.3.  
12.3.4.  The acid matrix is typically 4% nitric acid and 5% hydrochloric acid.   

13. Quality Control 

13.1. Table 13.1 – Quality Control 
QC Sample Components Frequency Acceptance Criteria Corrective Action 

Method 
Blank (MB) 

DI water for 
liquid samples 
 
Resin beads for 
solid samples 
  

Prepared and 
analyzed with each 
group of samples 
digested. 
 
Carried through the 
appropriate steps of 
the analytical 
process.  These 
steps may include, 
but are not limited 
to, prefiltering, 
digestion, dilution, 
filtering and 
analysis. 

All elements of interest 
must be evaluated to a 
criteria of the absolute 
value being < ½  the RL 
for method 6010D. 
 
All elements of interest 
must be evaluated to a 
critera of the absolute 
value being< the RL for 
method 
6010,6010B,6010C and 
200.7 
 
If the method blank does 
not contain target analytes 
at a level that interferes 
with project-specific 
DQOs, then the method 
blank would be considered 
acceptable.  

 

If MB fails, one reanalysis allowed. 
If it fails again, affected samples 
should be re-prepared and  re-
analyzed  with following 
exceptions: If sample ND, report 
sample without qualification; 
If sample result >10x MB detects, 
report the data as it is not impacted 
by the blank detections; 
If sample result <10x MB detects 
and cannot be 
reprepared/reanalyzed, report 
sample with appropriate B-flag 
qualifier to indicate an estimated 
value.  Client must be alerted and 
authorize this condition. 

Laboratory 
Control 
Sample 
(LCS) 

DI water for 
liquids and resin 
beads for solids, 
spiked with 
analytes of 
interest at same 

Prepared and 
analyzed for every 
batch of 20 or less 
samples digested 

80-120% for 6010B,6010C 
and 6010D 
 
85-115% for 200.7 

If the percent recovery for the LCS 
falls outside the control limits of 80-
120% for 6010B, 6010C,and 
6010Dor 85-115% for 200.7, 
one reanalysis of the LCS is 
allowed. .  If reanalysis of the LCS 
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level as 
MS/MSD 

fails, all samples affected by the 
failing LCS elements need to be re-
digested and re-analyzed. 
 
EXCEPTION: if LCS fails high and 
samples are ND, the data may be 
reported with appropriate 
qualification. 

Matrix 
Spike (MS) / 
Matrix 
Spike 
Duplicate 
(MSD) 

The spike is 
added to a well-
mixed aliquot of 
a selected 
sample before 
the digestion 
(i.e., prior to the 
addition of 
other reagents). 

One MS/MSD per 
batch.  If batch 
consists  of more 
than10 samples for 
200.7, an 
additional MS is 
required.  Clients 
may have 
requirements that 
create a higher 
frequency of 
MS/MSD samples. 

75-125% for 6010B,  
6010C, and 6010D 
 
70-130% for 200.7 
 
% RPD: 20%  

If the percent recovery for the MS 
and MSD fall outside the control 
limits, the results are flagged that 
they are outside acceptance criteria 
along with the parent sample.  If the 
RPD exceeds the acceptance criteria, 
the MSD sample and associated 
parent sample need to be flagged. 
 
If  MS or MSD fails and spike 
amount is less than 4 times the native 
concentration in the sample, remove 
M1 flag and replace with P6 flag. 
 
For Minnesota Admin Contract 
clients – all MS/MSD failures require 
reanalysis of the MS/MSD and the 
original sample. If it is still out of 
control, investigate and document the 
cause in the associated narrative as 
well as qualifying appropriately. 

Post 
Digestion 
Spike (PDS) 

Spike is added 
to the native QC 
sample at the 
same 
concentration as 
the MS but at 
the instrument. 

Method suggestion 
/ Pace policy if 
reporting by 
6010B, 6010C, 
6010D and 
MS/MSD fail 
outside 75-125%  

75-125% for 6010B and 
80-120% for 6010C.   
  

Data is provided to data package 
clients for their evaluation 

Internal 
Standard 

The same 
concentration 
should be used 
for standards 
and samples 
throughout the 
entire analytical 
run. 

Introduced 
automatically with 
every sample. 

70-130% of its true 
concentration 

If the recovery is outside the criteria, 
sample is reanalyzed at a 5X 
dilution. If it fails at a 5X dilution, 
higher dilutions are made until result 
is within specification. 
 
 

Serial 
Dilution 

A 1:5 dilution 
of the sample 
used for the QC. 
This is 
performed at the 
bench. 
 
 

One SD per batch.  
 
Method suggestion 
/ Pace Policy, if 
reporting by 
6010B, 6010C, or 
6010D. 
 

6010B/C: SD should agree 
within +/- 10% of the 
original result when the 
original sample is greater 
than 10x the RL.  The SD 
test is not applicable to 
sample concentrations < 
10x the RL.  6010D: 1:5 
Dilution of MS, or 
concentrations 25x > 
LLOQ in parent sample, 

 
 
Data is provided to data package 
clients for their evaluation. 
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results within +/- 20% 

Laboratory 
Filter Blank 
(FB) 

A filtered 
aliquot of 
reagent water 
treated and 
prepared 
exactly as all 
samples when 
lab filtration is 
requested. 
 

Analyzed only with 
batches of lab 
filtered dissolved 
metals, one per 
batch of 20 or less. 

All elements of interest 
must be evaluated to a 
criteria of the absolute 
value of the result being < 
½ the RL for method 
6010D. 
 
All elements of interest 
must be evaluated to a 
criteria of the absolute 
value of the result being < 
the RL for method 
60106010B,6010C and 
200.7 
.  . 
If the FBlank does not 
contain target analytes at a 
level that interferes with 
project-specific DQOs, 
then the FB would be 
considered acceptable.  

 

If FB fails, one reanalysis allowed. 
If it fails again, affected samples 
should be re-analyzed  with 
following exceptions:  
If sample ND, report sample without 
qualification; 
If sample result >10x FB detects, 
report sample as not impacted by the 
blank contamination; 
If sample result <10x FB detects and 
sample cannot be reanalyzed, report 
sample with appropriate qualifier to 
indicate an estimated value.  Client 
must be alerted and authorize this 
condition. 

14. Data Analysis and Calculations 

14.1.  Inter-element Correction Factor (IEC) = Concentration of apparent concentration (observed) in mg/L / 
Concentration of Interferent in mg/L. 

14.2. The percent recovery of the spike is calculated from the following equation: 
 

     

 

 
 
 

14.3. The relative percent difference between the MS/MSD can be calculated as follows: 

RPD = │(S-D) │   X    (100) 
  (S+D)/2 

Where: RPD =   Relative Percent Difference 
 S = Original Spiked Sample Value, ug/L or mg/kg dry 
 D =   Second Spiked Sample Value, ug/L or mg/kg dry 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See tables in section 11 and 13.   

% Recovery = (SSR-SR) X  100 
  ST 

Where: SSR = Spiked Sample Result, ug/L or mg/kg dry 
 SR = Sample Result, ug/L or mg/kg dry 
 ST = Spike Target, ug/L or mg/kg dry 
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16. Corrective Actions for Out-of-Control Data 

16.1. See tables in section 11 and 13. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If not specifically listed in the tables in section 11 or 13, the contingencies are as follows.  If there is 
no additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted annually (per the 
method) per S-MN-Q-269 – Determination of Limit of Detection and Limit of Quantitation (or 
equivalent replacement) for each matrix per instrument.   

18.3. Instrument Detection Limit (IDL) Study: An IDL study must be conducted quarterly per S-MN-Q-
269 – Determination of Limit of Detection and Limit of Quantitation (or equivalent replacement). 

18.4. Demonstration of Capability (DOC):  Every analyst who performs this method must first document 
acceptable accuracy and precision by passing a demonstration of capability study (DOC) per S-ALL-Q-
020 - Training Procedures (or equivalent replacement).   

18.5. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing competence 
per SOP S-MN-Q-258 – Proficiency Testing Program (or equivalent replacement). Results are stored in 
the QA office. 

18.6. Linear Dynamic Range (LDR) study: The upper limit of the LDR must be established annually for 
each instrument and each wavelength utilized. The LDR is determined by analyzing progressively 
higher standard concentrations of the analyte until the observed analyte concentration remains within 
+/- 10% of the known concentration of the study. Method 6010D requires that a LDR check sample be 
analyzed daily prior to any samples. Data is reported up to 90% of the LDR.  When evaluating 
interferences use values up to the full LDR for the interferent. 

19. Method Modifications 

19.1. There is considerable variability and confusion in the reference methods concerning blank evaluation.  
In order to provide consistency, blanks are evaluated as the absolute value compared to either the 
reporting limit (RL), ½ the RL, or to the method detection limit depending on the method or client 
QAPP.  Data is rejected and re-prepared/re-analyzed based on either the RL or ½ the RL only.  If data 
is being evaluated to the MDL, data is not rejected based on the MDL but rather on the RL or ½ the 
RL. However, data is qualified with a B-Flag if the absolute value is greater than the MDL in the case 
where data is evaluated to the MDL and passed criteria for the RL or 1/2 RL. 

20. Instrument/Equipment Maintenance 

20.1. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.  

 

21. Troubleshooting 

21.1. Not applicable for this SOP. 

22. Safety 
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22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003 - Waste 
Handling and Management (or equivalent replacement). 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.  

25. References 

25.1. Pace Quality Assurance Manual- most current version. 
25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 
25.4. Test Methods for Evaluating Water and Solid Waste, SW-846 3rd Edition, Final Update III, Method 

6010B. 
25.5. Test Methods for Evaluating Water and Solid Waste, SW-846, Method 6010C Update IV, Feb. 2007. 
25.6. Test Methods for Evaluating Water and Solid Waste, SW-846, Method 6010D Update V, July 2014. 
25.7. Method 200.7 Revision 4.4 , Determination of Metals and Trace Elements in Water and Wastes by 

Inductively Coupled Plasma-atomic Emission Spectrometry. 
25.8. US EPA Contract Laboratory Program Statement of Work ILM05.3, March 2004. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Attachment I - Target Analyte List and Reporting Limits (PRL) 
26.2. Attachment II - ICP Working Calibration Standard 
26.3. Attachment III - ICP Calibration Verification Standard 
26.4. Attachment IV - ICSA 
26.5. Attachment V - ICSAB 
26.6. Attachment VI - Sample Run Sequence 
26.7. Attachment VII – Wisconsin Procedures for 3020A/3050B 
26.8. Attachment VIII – ICP Linear Ranges 

27. Revisions 
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ATTACHMENT I – Target Analyte List and Reporting Limits (PRL) 
 

Element Water PRL (ug/L) Soil PRL (mg/kg) 
Aluminum 200 10 
Antimony 20 1.0 
Arsenic 20 1.0 
Barium 10 0.50 
Beryllium 5.0 0.25 
Boron 150 7.5 
Cadmium 3.0 0.15 
Calcium 500 25 
Chromium 10 0.50 
Cobalt 10 0.50 
Copper 10 0.50 
Iron 50 2.5 
Lead 10 0.5 
Magnesium 500 25 
Manganese 5.0 0.25 
Molybdenum 15 0.75 
Nickel 20 1.0 
Potassium 2500 125 
Selenium 20 1.0 
Silver 10 0.50 
Sodium 1000 50 
Sulfur 500 25 
Thallium 20 1.0 
Tin 75 3.75 
Titanium 25 1.25 
Vanadium 15 0.75 
Zinc 20 1.0 
Hardness 3300 N/A 
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ATTACHMENT II –ICP Working Calibration Standard 
 

Element 
Stock Conc. 

(mg/L)  
Aliquot 

(mL) 

Final 
Volume 

(mL) 

Cal STD 
Final Conc. 

(mg/L) 
 Ag 100 1.0 50 2 
Al 2,000 0.5 50 20 
As  200 1.0 50 4 
Ba 200 1.0 50 4 
Be 200 1.0 50 4 
Ca 2000 0.5 50 20 
Cd 200 1.0 50 4 
Co 200 1.0 50 4 
Cr 200 1.0 50 4 
Cu 200 1.0 50 4 
Fe 2000 0.5 50 20 
K 2000 0.5 50 20 

Mg 2000 0.5 50 20 
Mn 200 1.0 50 4 
Na 2000 0.5 50 20 
Ni 200 1.0 50 4 
Pb 200 1.0 50 4 
S 10000 0.1 50 20 

Sb 200 1.0 50 4 
Se 200 1.0 50 4 
Tl 200 1.0 50 4 
V 200 1.0 50 4 
Zn 200 1.0 50 4 
Mo 200 1.0 50 4 
B 200 1.0 50 4 
Sn 200 1.0 50 4 
Ti 200 1.0 50 4 
Si 1000 1 50 20 
Li 200 1 50 4 
P 200 1 50 4 
Sr 200 1 50 4 
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ATTACHMENT III –ICP Calibration Verification Standard 
 

Element 
Stock Conc. 

(mg/L) 
Aliquot in 

(mL) 

Final 
Volume 

(mL) 

Final 
Conc. 
(mg/L) 

 Ag 50 1.0 50 1 
Al 1000 0.5 50 10 
As  100 1.0 50 2 
Ba 100 1.0 50 2 
Be 100 1.0 50 2 
Ca 1000 0.5 50 10 
Cd 100 1.0 50 2 
Co 100 1.0 50 2 
Cr 100 1.0 50 2 
Cu 100 1.0 50 2 
Fe 1000 0.5 50 10 
K 1000 0.5 50 10 

Mg 1000 0.5 50 10 
Mn 100 1.0 50 2 
Na 1000 0.5 50 10 
Ni 100 1.0 50 2 
Pb 100 1.0 50 2 
S 10000 0.05 50 10 

Sb 100 1.0 50 2 
Se 100 1.0 50 2 
Tl 100 1.0 50 2 
V 100 1.0 50 2 
Zn 100 1.0 50 2 
Mo 100 1.0 50 2 
B 100 1.0 50 2 
Sn 100 1.0 50 2 
Ti 100 1.0 50 2 
Si 500 1 50 10 
Li 100 1 50 2 
P 100 1 50 2 
Sr 100 1 50 2 
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ATTACHMENT IV – ICSA 
 

Table 1 
 

Source: CLP SOW ILM 5.3 for 200.7, 6010B, 6010C 
 

Element 
Stock Conc. 

(mg/L) 
Aliquot in 

(mL) 

Final 
Volume 

(mL) 
Final Conc. 

(ug/L) 

 Al 5000 5 100 250000 
Ca 5000 5 100 250000 
Fe  2000 5 100 100000 
Mg 5000 5 100 250000 

 
Table 2 

 
For 6010D, may be used with 200.7, 6010B, 6010C 

 

Element 
Stock Conc. 

(mg/L) 
Aliquot in 

(mL) 

Final 
Volume 

(mL) 
Final Conc. 

(ug/L) 

 Al 5000 10 100 500000 
Ca 5000 10 100 500000 
Fe  2000 10 100 200000 
Mg 5000 10 100 500000 
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ATTACHMENT V – ICSAB 
 

Source: CLP SOW ILM 5.3 for 200.7, 6010B, 6010C 
 

Element 
Stock Conc. 

(mg/L) 
Aliquot in 

(mL) 

Final 
Volume 

(mL) 
Final Conc. 

(ug/L) 
 Ag 20 1.0 100 200 
Al 5000 5.0 100 250000 
As  10 1.0 100 100 
Ba 50 1.0 100 500 
Be 50 1.0 100 500 
Ca 5000 5.0 100 250000 
Cd 100 1.0 100 1000 
Co 50 1.0 100 500 
Cr 50 1.0 100 500 
Cu 50 1.0 100 500 
Fe 2000 5.0 100 100000 
Mg 5000 5.0 100 250000 
Mn 50 1.0 100 500 
Ni 100 1.0 100 1000 
Pb 5 1.0 100 50 
Sb 60 1.0 100 600 
Se 5 1.0 100 50 
Tl 10 1.0 100 100 
V 50 1.0 100 500 
Zn 100 1.0 100 1000 

 
 

For 6010D, substitute values for Al, Ca, Fe, and Mg from Attachment IV, Table 2 above.  This may also 
be used with 200.7, 6010B, and 6010C. 
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ATTACHMENT VI – Sample Run Sequence 
 
 

1. CAL0 
2. CAL1 
3. ICV 
4. ICB 
5. CRDLA 
6. ICSA 
7. ICSAB 
8. SIC-1 Fe 
9. SIC-2 Ca 
10. SIC-3 Al 
11. SIC-4 Mg 
12. CCV 
13. CCB 
14. SAMPLE 1 
15. SAMPLE 2 
16. SAMPLE 3 
17. SAMPLE 4 
18. SAMPLE 5 
19. SAMPLE 6 
20. SAMPLE 7 
21. SAMPLE 8 
22. SAMPLE 9 
23. SAMPLE 10 
24. CCV 
25. CCB 
26. SAMPLE 11 
27. SAMPLE 12 
28. SAMPLE 13 
29. SAMPLE 14 
30. SAMPLE 15 
31. SAMPLE 16 
32. SAMPLE 17 
33. SAMPLE 18 
34. SAMPLE 19 
35. SAMPLE 20 
36. CCV 
37. CCB 
38. CRDLA 
39. CCV 
40. CCB 
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ATTACHMENT VII – Procedure for Wisconsin Samples 3020A/3050B 
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Attachment VIII – ICP Linear Ranges 

 

10ICP5 10ICP4 

 

Wavelength LDR (PPM) Wavelength LDR (PPM) 

Ag 328 5 Ag 328 2.5 

Al 237 1500 Al 308 500 

As 188 50 As 188 50 

B 249 50 B 249 50 

Ba 455 30 Ba 585 50 

Ba 493* 30   

Be 234 20 Be 234 30 

Ca 370 3000 Ca 370 3000 

Cd 228 30 Cd 228 50 

Co 228 200 Co 228 200 

Cr 267 50 Cr 267 50 

Cu 327 50 Cu 327 50 

Fe 261 200 Fe 261 200 

Fe 273* 3000 Fe 273 3000 

K 766 500 K 766 50 

Li 610 10 Li 610 20 

Mg 383 1500 Mg 383 1000 

Mn 257 30 Mn 257 30 

Mn 293* 200 Mn 293 50 

Mo 204 50 Mo 204 50 

Na 589 500 Na 589 50 

Ni 231 50 Ni 231 50 

P 213 50 P 213 50 

Pb 220 200 Pb 220 200 

S 181 300 S 181 300 

Sb 206 50 Sb 206 50 

Se 196 50 Se 196 50 

Si 251 200 Si 251 200 

Sn 189 50 Sn 189 50 

Sr 421 5 Sr 421 5 

Ti 334 50 Ti 334 50 

Tl 190 50 Tl 190 50 

V 292 50 V 292 50 

Zn 206 80 Zn 206 100 

 

*Used for Interference Correction Only 
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1. PURPOSE/IDENTIFICATION OF METHOD 

1.1. The purpose of this SOP is to determine the alkalinity, i.e. the acid-neutralizing capacity of potable 
and surface waters, domestic and industrial wastewaters, and saline waters as delineated in Standard 
Methods 2320B.  Alkalinity may be reported as total alkalinity or individually as bicarbonate, 
carbonate, or hydroxide. 

2. SUMMARY OF METHOD 

2.1. The sample is titrated to an electrometrically determined endpoint of pH 8.3 then to pH 4.5 in 
succession with an acid reagent. 

3. SCOPE AND APPLICATION 

3.1. Personnel: The policies and procedure contained in this SOP are applicable to all personnel involved 
in the analytical method or non-analytical process.   

3.2. Parameters: This method is applicable to waters or wastes with alkalinity in ranges from 5 mg/L to 
approximately 1,000 mg/L.  

4. APPLICABLE MATRICES 

4.1. This SOP is applicable to water and wastewater.   

5. LIMITS OF DETECTION AND QUANTITATION 

5.1. The reporting limit is 5 mg/L using a 25 mL sample volume. 

6. INTERFERENCES 

6.1. Soaps, oily matter, suspended solids, or precipitates may coat the glass electrode and cause a sluggish 
response.  Allow additional time between titrant additions to let the electrode come to equilibrium or 
clean the electrodes occasionally.  Do not filter, dilute, concentrate, or alter the sample. 

7. SAMPLE COLLECTION, PRESERVATION, SHIPMENT AND STORAGE 

7.1. Sample Collection Table 1 
Sample Type Collection per Sample Preservation Storage Hold Time 

Aqueous 

Collect samples in glass 
or polyethylene bottles.  

For analysis use the 
Pace General (GN) 

bottle (or equivalent) 

Not required Above freezing 
≤6°C 

Max hold time is 
14 days 

8. DEFINITIONS 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.  
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9. EQUIPMENT AND SUPPLIES (INCLUDING COMPUTER HARDWARE AND SOFTWARE) 

9.1.  Equipment and Supplies 
              Supply                            Description    Vendor/ Item # 
pH Meter General laboratory equipment Scientific Instruments IQ 180 GLP 

Steel Electrode General laboratory equipment Fisher part # 13-620-285, or 
equivalent 

Miscellaneous Glassware Various class A volumetric flasks and pipettes 
Class A 50 mL burette 
Non-class A beakers, 150 mL to 250 mL 
Watch glass 

Fisher Scientific or equivalent 

10 L Nalgene Bottle with 
Dispenser 

For storing and delivering titer (see 10.2.1.) Fisher part # 02-963-2A 

Magnetic Stir Plate and 
Magnetic Stir Bars 

General laboratory equipment Fisher Scientific or equivalent 

778 Autotitrator system 
with 888 Titrando Dosing 
unit (10WET6) 

Includes mechanical burette, pH electrode, 1 L 
amber glass container for titer, Tiamo software 

Metrohm 

814 Autotitrator system 
with 905 Titrando Dosing 
unit (10WT63) 

Includes mechanical burette, pH electrode, 1 L 
amber glass container for titer, Tiamo software 

Metrohm 

Hot plate General laboratory equipment Fisher Scientific or equivalent 
replacement 

Analytical Balance Capable of reading to 0.0001 g Sartorius RC 210P or equivalent 

Laboratory Information 
System (LIMS) 

Laboratory Information System (LIMS) – data 
reporting software 

Horizon, see master software list 
for current version 

10. REAGENTS AND STANDARDS 

10.1. Reagents and Standards 

Reagent/Standard Concentration/ Description Requirements/ Vendor/ Item # 
De-ionized (DI) Water N/A Verify daily that pH and specific 

conductivity are within acceptable limits 
and record in the electronic prep log. 

Hydrochloric Acid (HCl) 6N HCl. Store at room temperature. Expires 
per manufacturer’s specifications. 

Fisher part # 3750-1 

Sodium Carbonate 
(Na2CO3), Anhydrous 

Powder. Store at room temperature. Expires 
per manufacturer’s specifications. 

Fisher part # S263-500 

Sodium Carbonate 
(Na2CO3) Solution 

0.05N. For use in standardizing titer. 
Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

Fisher part # 7185-16 

pH 4.00 ± 0.01 Buffer Used for calibration of the pH electrode. 
Store at room temperature. Expires as 

SCP Science part # 250-204-503 or 
equivalent 
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specified by manufacturer. 
pH 7.00 ± 0.01 Buffer Used for calibration of the pH electrode. 

Store at room temperature. Expires as 
specified by manufacturer. 

SCP Science part # 250-207-503 or 
equivalent 

pH 10.00 ± 0.01 Buffer Used for calibration of the pH electrode. 
Store at room temperature. Expires as 
specified by manufacturer. 

SCP Science part # 250-210-503 or 
equivalent 

pH 5.00 ± 0.01 Buffer Used to verify calibration of the pH 
electrode before sample analysis. Store at 
room temperature. Expires as specified by 
manufacturer. 

Fisher part # SB102-1 or equivalent 

10.2.  1.0N HCl Stock Solution.  Add 167 mL of 6 N HCl to a 1000 mL volumetric flask containing 800 
mL DI water.  Dilute to mark, mix thoroughly, cool in fume hood and transfer to 1 L amber glass 
container. Expires in 12 months.   

10.2.1. 0.02N HCl Solution (Titer).  Add 40 mL of 1.0N stock to 2000 mL volumetric flask containing 
approximately 1500 mL DI water. Dilute to mark, mix thoroughly, cool in fume hood and transfer 
to a 10 L Nalgene plastic dispenser. Expires in three months. Standardize this solution per section 
11.2. 

10.3. Stock LCS/ICV/CCV Standard: 10,000 mg CaCO3/L as Na2CO3. Dry ~200 g of anhydrous Na2CO3 at 
180ºC for at least four hours. Dissolve 10.6 g of Na2CO3 in a 1000 mL volumetric flask containing 
about 900 mL of DI water. Dilute to the mark and mix thoroughly. Transfer to a plastic bottle, cap 
tightly and store at room temperature. Expires in six months. 

11. CALIBRATION AND STANDARDIZATION 

11.1. Calibration 
11.1.1. Before beginning analysis, the pH probe used with the autotitrator must be calibrated daily to 

three points: 4.00, 7.00 and 10.00. The acceptance criteria for the slope is 96-106% per 
manufacturer guidelines. Print this information from the database and include with the respective 
batch paperwork. 

11.1.2. Immediately after calibration a pH calibration check must be performed using the pH 5.00 
buffer. The acceptance criteria for this check is ± 0.10 pH units. If outside the acceptance criteria, 
the pH probe must be recalibrated and the pH 5.00 buffer check must be reanalyzed. Print this 
information from the database and include with the respective batch paperwork. 

11.2. Standardization 
11.2.1. 0.02N HCl solution must be standardized prior to any analysis. 

11.2.1.1. In a beaker, add 15 mL 0.05 N NaCO3 solution and approximately 22 mL DI water. 
11.2.1.2. Fill a burette with the 0.02N HCl solution to be standardized. 
11.2.1.3. Titrate potentiometrically to a pH of about 5.0. 
11.2.1.4. Lift out the electrode and rinse into the beaker. 
11.2.1.5. Boil contents of the beaker for 3-5 minutes under a watch glass, cool to room 

temperature.  Rinse watch glass into the beaker. 
11.2.1.6. Finish titrating to a pH of 4.5, and calculate the normality using the formula below: 

Normality of 0.02N HCl,       N =   A x B 
C 

Where 
A = Normality of NaCO3 
B = mL of NaCO3 solution used for titration 
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C = mL HCl used 
11.2.1.7. Record in the Normality of Titer in calibration program 
11.2.1.8. Scan the completed Titer Standardization worksheet and transfer to J:\Share\LAB\Wet 

Chem\Alkalinity Titer Standardization 

12. PROCEDURE 

12.1. Batch Samples 
12.1.1. Batches include up to 20 samples, a method blank (MB), laboratory control spike (LCS), 

laboratory control spike duplicate (LCSD) and a matrix spike/matrix spike duplicate for every 10 
samples (MS/MSD). 

12.1.2. See Attachment II for an example of a sample sequence.  
12.2. Sample Analysis 

12.2.1. Measure the sample with a 50 mL class A graduated cylinder and transfer it to a 50-mL sample 
vessel.  The recommended sample volume is 25 mL, less may be used when required. 

12.2.2. Add a magnetic stir bar to each sample vessel. Mixing of the sample is controlled by the 
automated process. 

12.2.3. Fill the 1L titer container with the standardized 0.02 N HCl. 
12.2.4. The pH of the sample is measured. The values are recorded into the instrument’s database.  

12.2.4.1. If the initial pH is greater than 8.3, titrate the sample to pH 8.3 and record the volume of 
the titrant, then continue titration to pH 4.5 and record the volume of the titrant. 

12.2.4.2. If the initial pH is less than 8.3 but greater than 4.5, titrate the sample to pH 4.5 and 
record the volume of the titrant. 

12.2.4.3. If the pH is less than or equal to 4.5, alkalinity is not present. 
12.2.5. If the total alkalinity of the sample is less than 20 mg/L, it must be re-analyzed using the 

instrument’s low level method. The low level method uses the titrant to reduce the sample to a pH 
of 4.5 without measuring the volume. It then titrates to a pH of 4.2, records the volume and uses it 
for the total alkalinity concentration. 

12.2.5.1. Titrate all method blanks, initial calibration blanks and continuing calibration blanks 
using the low level method. 

12.3. Exporting Data 
12.3.1. Select samples from the database to be exported.  Send the results to the folder “Alkalinity 

Data”, found on the desktop or J:\Share\LAB\Wet Chem\Alkalinity Data Files   
12.3.2. After the files are sent to the desktop folder, rename file: AlkBatch#20010 MM.DD.YY.xls     
12.3.3. Upload to LIMSLINK. Send to 10WET6 or 10WT63 data file. 

12.4. Calculations 
12.4.1. Refer to section 14. 

13. QUALITY CONTROL 

13.1. Quality Control Table 1 
QC Sample Components Frequency Acceptance Criteria Corrective Action 

pH Calibration 
Check 

pH 5.0 Buffer Immediately after 
calibration of the pH 
probe 

±0.10 pH units If the acceptance criterion 
is not met, terminate 
analysis, correct the 
problem, recalibrate and 
attempt a new pH 



Pace Analytical Services, LLC 
Alkalinity, Titrimetric Date: Upon Final Signature 
S-MN-I-365 Rev.19 Page 7 of 14 
 

 

calibration check 

Initial Calibration 
Verification (ICV) 
/ Continuing 
Calibration 
Verification (CCV) 
/ Laboratory 
Control Spike 
(LCS) / Laboratory 
Control Spike 
Duplicate (LCSD) 

Prepare by 
pipetting 0.1 mL 
of the 
10,000mg/L 
stock standard 
into 25 mL of DI 
water. The true 
value is 40 mg/L 

An ICV must be 
conducted immediately 
after pH calibration 
check (pH 5.0 Buffer) 
 
A CCV standard must be 
analyzed and reported 
every ten samples and at 
the end of the analytical 
run to ensure calibration 
accuracy 
 
An LCS and LCSD must 
each be analyzed once 
per batch 

90-110% of the true 
value 
 
20% RPD for 
LCS/LCSD 

If acceptance criteria are 
not met for the ICV, LCS 
or LCSD, a single 
reanalysis of the respective 
failing QC is allowed. If 
the reanalysis is outside 
the acceptance criteria,  
the analysis must be 
terminated, the problem 
corrected, the instrument 
recalibrated, and the 
calibration reverified.  
If the deviation of the 
CCV is greater than ±10%, 
the analysis must be 
stopped and the problem 
corrected.  All samples 
analyzed since the last 
compliant CCV must be 
reanalyzed 

Method Blank 
(MB) /Initial 
Calibration Blank 
(ICB) and 
Continuing 
Calibration Blank 
(CCB) 

DI water A calibration blank must 
be analyzed immediately 
after every ICV and 
CCV 
 
A method blank must be 
analyzed once per batch 

The ICB and CCB's 
must be less than the 
reporting limit unless 
otherwise specified 
by the client or 
QAPP 

If acceptance criterion is 
not met for the 
ICB/CCB/MB, a single 
reanalysis of the respective 
failing QC is allowed. If 
the reanalysis is outside 
the acceptance criteria, the 
analysis must be 
terminated, the problem 
corrected, the instrument 
recalibrated and the 
calibration reverified.  
 
A failing ICB/CCB/MB 
may be accepted if the 
affected sample results are 
non-detect or at least 10 
times greater than the 
failing result. Batch data 
must be qualified 
accordingly. 

 Matrix Spike (MS) 
and Matrix Spike 
Duplicate (MSD) 

The spike is 
added to the 
sample by 
pipetting 0.1 mL 
of the 10000 ppm 
stock standard 
solution directly 
into the sample.  
The value of 
spike added to a 

The spikes are 
performed at a minimum 
frequency of 10%.  
Samples identified as 
field blanks cannot be 
used for spike sample 
analysis 

The recovery must be 
within 80-120% of 
the true value 
 
30% RPD for the 
MS/MSD 

If acceptance criteria are 
not met for the MS/MSD, 
batch data may be 
qualified as long as the 
LCS/LCSD are within 
their respective acceptance 
criteria 
 
For Minnesota Admin 
Contract clients – all 
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25 mL sample in 
this manner is 40 
mg/L. The spike 
sample analysis 
is designed to 
provide 
information 
about the effect 
of the sample 
matrix on the 
measurement 
procedures.   

MS/MSD failures require 
reanalysis of the MS/MSD 
and the original sample. If 
it is still out of control, 
investigate and document 
the cause in the associated 
narrative as well as 
qualifying appropriately. 

14. DATA ANALYSIS AND CALCULATIONS 

14.1. Phenolphthalein alkalinity (pH 8.3) 
mg CaCO3/L = (A × N × 50000) ÷ V 
Where 
A = mL standard acid titrant to pH 8.3 
N = Normality of standard acid titrant 
V = Volume of sample analyzed 

14.2. Total alkalinity (pH 4.5) 
mg CaCO3/L = (A × N × 50000) ÷ V        
Where   
A = mL standard acid titrant to pH 4.5 
N = Normality of standard acid titrant 
V = Volume of sample analyzed 

14.3. Low level total alkalinity 
mg CaCO3/L = [(2B – C) × N × 50000] ÷ V 
Where   
B = mL standard acid titrant to pH 4.5 
C = total mL standard acid titrant to pH 4.2 
N = Normality of standard acid titrant 
V = Volume of sample analyzed 

14.4. Bicarbonate, carbonate, and hydroxide alkalinity values may also be calculated using the data 
obtained from the titration and the following table. 

 Hydroxide Carbonate Bicarbonate 
 Alkalinity Alkalinity Concentration 
 as CaCO3 as CaCO3 as CaCO3 

P = 0 0 0 T 
P < ½T 0 2P T - 2P 
P = ½T 0 2P 0 
P > ½T 2P - T 2(T - P) 0 
P = T T 0 0 

Where 
P = Phenolphthalein alkalinity 
T = Total alkalinity 

14.5. Spike Sample Analysis (MS) Recovery is calculated as follows: 
% Recovery = (SSR - SR)    x   100 
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           SA 
Where  
SSR = Spike sample result, mg/L 
SR  = Sample result, mg/L* 
SA  = Spike added, mg/L 
 

*If the sample concentration is less than the MDL, use SR = 0 for the purpose of calculating spike recovery.   
14.6. Duplicate Spike Sample Analysis (MSD) or Duplicate Sample relative percent difference (RPD) is 

calculated as: 
RPD =  |S – D|(100) 

(S + D)/2]   
 
Where  
S = Spike sample value, mg/L 
D = Duplicate spike sample value, mg/L 

14.7. Calculating non-CaCO3 fractions: 
14.7.1. Converting bicarbonate as CaCO3 to bicarbonate as HCO3: 

CaCO3 + H2O + CO2 → Ca(HCO3)2 
14.7.1.1. The molecular weight of CaCO3 is 100 g/mol and that of HCO3

- is 61 g/mol. One mole 
of Ca(HCO3)2 corresponds to one mole of  CaCO3 and contains 122 g of HCO3

-. Therefore, 
bicarbonate alkalinity as:  
HCO3

- (mg/L) = 1.22 x Bicarbonate alkalinity as CaCO3 (mg/L). 
14.7.2. Converting carbonate as CaCO3 to carbonate as CO3

2-: 
14.7.2.1. The molecular weight of CaCO3 is 100 g/mol and that of CO3

2- is 60 g/mol, therefore 
carbonate alkalinity as:  
CO3

2- = (60/100) or 0.60 x Carbonate alkalinity as CaCO3 (mg/L). 
14.7.3. Converting hydroxide as CaCO3 to hydroxide as OH-: 

CaCO3 + 2 H+ → Ca2+ + H2CO3 
2 OH- + 2 H+ → 2 H2O 

14.7.3.1. Two moles of OH- (17 g/mol) consume as many protons as one mole of CaCO3 (100 
g/mol). Therefore, hydroxide alkalinity as: 
 OH- (mg/L) = (2 x 17/100) or 0.34 x Carbonate alkalinity as CaCO3 (mg/L). 

15. DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY CONTROL MEASURES 

15.1. See table in section 13. 

16. CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 

16.1. See table in section 13. 

17. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA 

17.1. See table in section 13. 

18. METHOD PERFORMANCE 
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18.1. There are several requirements that must be met to insure that this procedure generates accurate and 
reliable data.  A general outline of requirements has been summarized below.  Further specifications 
may be found in the Laboratory Quality Manual and specific Standard Operating Procedures. 

18.1.1. The analyst must read and understand this procedure with written documentation maintained in 
his/her training file, which is maintained in the Quality Assurance Office. 

18.1.2. An initial demonstration of capability (IDC) must be performed per SOP S-ALL-Q-020 (or 
equivalent replacement).  A record of the IDC will be maintained in his/her file with written 
authorization from the Laboratory Manager and Quality Manager. 

18.1.3. An annual minimum detection limit (MDL) study, following S-MN-Q-269 (or equivalent 
replacement), will be completed for this method and whenever there is a major change in 
personnel or equipment.  Results of these studies are maintained in the Quality Assurance 
department. 

18.1.4. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing 
competence per SOP S-MN-Q-258 (or equivalent replacement). 

19. METHOD MODIFICATIONS 

19.1. The lab utilizes a sample volume of 25 mL instead of 100 to 200 mL as described in the method for 
the potentiometric titration of low alkalinity (SM 2320B section 4d). 

20. INSTRUMENT/EQUIPMENT MAINTENANCE 

20.1. Please refer to the instrument manual provided by Metrohm for maintenance procedures performed by 
the lab. 

20.2. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument. 

21. TROUBLESHOOTING 

21.1. Not applicable to this SOP. 

22. SAFETY 

22.1. The toxicity or carcinogenicity of each reagent used in this method has not been fully established.  
Each chemical should be regarded as a potential health hazard and exposure should be as low as 
reasonably achievable.  Cautions are included for known extremely hazardous materials. 

22.2. Each laboratory is responsible for maintaining a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method.   

22.3. A reference file of MSDS is maintained by the lab and available to all personnel to review at any time 
needed. 

22.4. The toxicity or condition of samples analyzed by this method is unknown.  Therefore, always wear 
appropriate personal protective equipment to control exposure to hazards. 

23. WASTE MANAGEMENT 

23.1. The quantity of chemicals purchased is based on expected usage during its shelf life and disposal cost 
of unused material.  Actual reagent preparation volumes reflect anticipated usage and reagent stability. 

23.2. The Environmental Protection Agency (USEPA) requires that laboratory waste management practice 
be conducted consistent with all applicable rules and regulations.  Excess reagents, samples and 
method process wastes are characterized and disposed of in an acceptable manner.  For further 
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information on waste management consult S-MN-S-003 – Waste Handling and the Chemical Hygiene 
Plan (or equivalent replacement). 

24. POLLUTION PREVENTION 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.   

25. REFERENCES 

25.1. Standard Methods for the Examination of Water and Wastewater, Online Edition, Method 2320B, 
1997. 

25.2. Pace Quality Assurance Manual- most current version. 
25.3. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.4. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 

26. TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA 

26.1. Attachment I – Alkalinity Bench Sheet (example) 
26.2. Attachment II – Alkalinity Sample Sequence (example) 
26.3. Attachment II – Alkalinity Conversion Spreadsheet (example) 

27. REVISIONS 

Document Number Reason for Change Date 

S-MN-I-365 Rev.18 

Updated to LLC throughout document 
Removed uncontrolled 
New revision to attachment I 
Table 10.1. & Section 10.2  – Reagents and Standards updated 
Added 11.2.1.8./12.3.3. 

12Mar2017 
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ATTACHMENT I – Alkalinity Spreadsheet (example) 
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ATTACHMENT II – Alkalinity Sample Sequence (example) 
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ATTACHMENT III – Alkalinity Conversion Spreadsheet (example) 
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1. Purpose/Identification of Method 

1.1. This Standard Operating Procedure provides a detailed description based on EPA Methods 200.8, 
6020, 6020A  and 6020B for analysis determining dissolved and total recoverable metals by 
Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) in environmental samples. 

2. Summary of Method 

2.1. An aliquot of a well-mixed, homogeneous sample is accurately measured for sample processing.  For 
total recoverable analysis of solids and liquids or dissolved liquid analysis requiring digestion, analytes 
are first solubilized by gently refluxing with nitric and hydrochloric acids.  After cooling, the sample is 
brought to volume, mixed and allowed to settle overnight prior to analysis.  For the determination of 
dissolved analytes in a filtered aqueous sample by 200.8, or for the “direct analysis” total recoverable 
determination of analytes in drinking water by 200.8 where sample turbidity is < 1 NTU, the sample is 
made ready for analysis by the appropriate addition of nitric acid, and then mixed and allowed to set for 
the required time prior to analysis. 

2.2. The method describes the determination of trace elements in aqueous solutions by ICP-MS.  Sample 
solutions are introduced by pneumatic nebulization into a plasma, in which desolvation, atomization 
and ionization occurs.  Ions are extracted from the plasma through a differentially pumped vacuum 
interface and separated on the basis of their mass-to-charge ratio by a quadrupole mass spectrometer.  
The ions transmitted through the quadrupole are detected by an electron multiplier.  Ion intensities at 
each mass are recorded and compared to those obtained from external calibration standards to generate 
concentration values for the samples.  Results are corrected for instrument drift and matrix effects using 
internal standards.  Additional corrections are applied as necessary to correct for isobaric and poly 
atomic elemental interferences (Section 6). 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel 
involved in the analytical method.   

3.2. Parameters: This SOP applies to the determination of dissolved and total recoverable elements by 
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) in environmental samples.   

3.3. This SOP is applicable to the determination of the following elements, at a minimum: 
 

Analyte Registry Number (CAS #) 
Aluminum (Al) 7429-90-5 
Antimony (Sb) 7440-36-0 
Arsenic (As) 7440-38-2 
Barium (Ba) 7440-39-3 
Beryllium (Be) 7440-41-7 
Bismuth (Bi) 7440-69-9 
Boron (B) 7440-42-8 
Cadmium (Cd) 7440-43-9 
Calcium (Ca) 7740-70-2 
Chromium (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper (Cu) 7440-50-8 
Iron (Fe) 7439-86-6 
Lead (Pb) 7439-92-1 
Lithium (Li) 7439-93-2 
Magnesium (Mg) 7439-95-4 
Manganese (Mn) 7439-96-5 
Mercury (Hg) 7439-97-6 
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Molybdenum (Mo) 7439-98-7 
Nickel (Ni) 7440-02-0 
Palladium (Pd) 7440-05-3 
Platinum (Pt) 7440-06-4 
Potassium (K) 7440-70-2 
 
Selenium (Se) 7782-49-2 
Silicon (Si) 7740-21-3 
Silver (Ag) 7440-22-4 
Sodium (Na) 7740-23-5 
Strontium (Sr) 7440-24-6 
Thallium (Tl) 7440-28-0 
Tin (Sn) 7440-31-5 
Titanium (Ti) 7440-32-6 
Vanadium (V) 7440-62-2 
Zinc (Zn) 7440-66-6 

4. Applicable Matrices 

4.1. This SOP is applicable to ground, surface, drinking, and storm runoff water samples; industrial, 
domestic waste waters and solids. 

4.2. Dissolved elements are determined after suitable filtration and acid preservation.  In order to reduce 
potential interferences, dissolved solids should not exceed 0.2 % (w/v). 

4.3. Where this method is approved for the determination of metal and metalloid contaminants in 
drinking water, samples are analyzed directly by pneumatic nebulization without acid digestion if the 
samples have been properly acid-preserved and have turbidity of < 1 NTU at the time of analysis, this 
total recoverable determination procedure is referred to as “direct analysis”.  Direct Analysis is only 
applicable to samples being analyzed by 200.8. 

4.4. For the determination of total recoverable analytes in aqueous samples containing particulate and 
suspended solids a digestion step is required prior to analysis. 

5. Limits of Detection and Quantitation 

5.1. The reporting limit (LOQ) for all analytes ranges from 0.08 to 53.5 ug/L for waters and 0.08 to 50 
mg/Kg for soils depending on the element for this method.  All current method detection limits (MDLs) 
and LOQs are listed in the LIMS and are available by request from the Quality Manager.   

6. Interferences 

6.1. Isobaric Elemental Interferences – Isobaric elemental interferences result when isotopes of different 
elements have the same nominal mass-to-charge ratio and cannot be resolved with the instrument’s 
spectrometer.  One way to solve this problem is to measure a different isotope for which there is no 
interference.  Alternatively, one can monitor another isotope of the element and subtract an appropriate 
amount from the element being analyzed, using known isotope ratio information.  Corrections for most 
of the common elemental interferences are programmed into the software. 

6.1.1. All analytes listed in section 2.1 have at least one isotope free of isobaric elemental 
interference.  Of the analytical isotopes recommended for use with this method (Table III), 
only molybdenum-98 (ruthenium) and selenium-82 (krypton) have isobaric elemental 
interferences.  If alternative analytical isotopes having higher natural abundance are selected 
in order to achieve greater sensitivity, an isobaric interference may occur.  All data obtained 
under such conditions must be corrected by measuring the signal from another isotope of the 
interfering element and subtracting the appropriate signal ratio from the isotope of interest.  A 
record of this correction process should be included with the report of the data.  Such 
corrections will only be as accurate as the accuracy of the isotope ratio used in the elemental 
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equation for data calculations.  Relevant isotope ratios should be established prior to the 
application of any corrections. 

6.2. Abundance Sensitivity Interference – Abundance sensitivity interference refers to the degree of peak 
overlap that can occur between adjacent peaks.  Interference can occur when the shoulder of a large 
peak significantly overlaps the peak of a neighboring minor peak, thereby contributing to its intensity.  
The potential for these interferences should be recognized and the spectrometer resolution adjusted to 
minimize them. 

6.3. Isobaric Polyatomic Interference – Isobaric polyatomic interferences result when ions containing 
more than one atom have the same nominal mass-to-charge ratio as an analyte of interest and cannot be 
resolved by the instrument’s spectrometer.  Examples include ArCl (mass 75) which interferes with 
As, ClO+ (mass 51) which interferes with V and must be corrected by measuring ClO+ at mass 53.  
These interferences are highly dependent on the matrix of the samples and day-to-day plasma 
conditions, so correction factors must be determined on the day of analysis.  When possible, one should 
choose an interference-free isotope to measure. 

6.4. Physical Interferences – Physical interferences result from the physical processes associated with the 
transport of sample to the plasma, sample behavior within the plasma, and transmission through the 
interface region between the plasma and the mass spectrometer.  Viscosity and surface tension 
differences can affect results, as can deposits on the sampler and skimmer cones caused by large 
quantities of dissolved solids in the sample.  The interferences can be compensated for by the use of 
internal standards that approximate the analytical behavior of the elements being determined.  
Additionally, it is recommended that dissolved solids in samples be kept below 0.2% (w/v). 

6.5. Memory Interference – Memory interferences are related to sample transport and result when there is 
carryover from one sample to the next.  Sample carryover can result from sample disposition on the 
sample and the skimmer cones and from incomplete rinsing of the sample solution from the plasma 
torch and the spray chamber between samples.  These memory effects are dependent upon both the 
analyte being measured and sample matrix and can be minimized through the use of suitable rinse 
times. 

6.5.1. The rinse times necessary for a particular analyte should be estimated prior to analysis.  This 
may be achieved by aspirating a standard containing the analyte at a concentration ten times 
the LDR for the normal sample analysis period, followed by analysis of the rinse blank at 
designated intervals.  The length of time required to reduce the analyte signal to less than ten 
times the method detection limit should be noted.  The minimum rinse time between samples 
should be set to this time.  Memory interferences may also be assessed within an analytical 
run by using three or more replicate integrations for data acquisition.  If the integrated signal 
values drop consecutively, the analyst should check for the possibility of a memory effect.  If 
the analyte concentration in the previous sample is high enough to suspect analyte carryover, 
the sample should be re-analyzed after a long rinse period. 

6.6. Silver is only slightly soluble in the presence of chloride unless there is a sufficient chloride 
concentration to form the soluble chloride complex.  Therefore, low recoveries of silver may occur in 
samples, fortified sample matrices and even fortified blanks if determined as a dissolved analyte or by 
“direct analysis” where the sample has not been processed using the total recoverable mixed acid 
digestion.  For this reason samples are digested prior to the determination of silver.  The total 
recoverable sample digestion procedure is suitable for the determination of silver in aqueous samples 
containing concentrations up to 0.1 mg/L.  For the analysis of wastewater samples containing higher 
concentrations of silver, succeeding smaller volumes of well mixed sample aliquots must be prepared 
until the analysis solution contains < 0.1 mg/L silver. 

6.7. The total recoverable sample digestion procedure given in this method will solubilize and hold in 
solution only minimal concentrations of barium in the presence of free sulfate.  For the analysis of 
barium in samples having varying and unknown concentrations of sulfate, analysis should be 
completed as soon as possible after sample preparation. 

7. Sample Collection, Preservation, Shipment and Storage 
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7.1. Table 7.1 Collection, Preservation and Storage. 
Sample type Collection per sample Preservation Storage Hold time 
Aqueous Plastic or glass, 250 mL 

minimum. 
Acidified with nitric acid to 
pH<2; if received unpreserved 
at 1.5 mL nitric fore each liter 
received.  Mix and confirm 
that the pH has been adjusted 
to <2 and allow the samples to 
sit for 24 hours prior to 
analysis. 

<6°C if shared with 
mercury analysis; 
otherwise ambient 
if preserved 
properly with nitric 
acid 

Must be prepped 
and analyzed 
within 180 days 
of collection for 
all other metals 
than mercury. 

Solid 8 oz glass jar None <6°C, but above 
freezing 

Must be prepped 
and analyzed 
within 180 days 
of collection. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 Equipment and Supplies. 
Supply Description Vendor/ Item # / Description 

ICPMS (Inductively 
Coupled Plasma Mass 
Spectrometer) 

Agilent 7700 and Thermo XII ICPMS 
instrumentation equipped with interference 
reduction technology via collision cells. Cetac 
ASX-530 Autosampler, Niagra valve system and 
PC3 spray chamber chiller/valve system.  Thermo 
or Agilent recirculating chiller. 

Thermo Fisher Scientific XSeries 
2 ICP-MS 
Agilent 7700 series ICPMS 

Argon gas High purity grade, 99.99% Praxair or equivalent replacement 
Collision Gas High purity 7%H/93% He mix 

Ultra high purity He, Ultra high purity H2 

Praxair (Oxygen Services) or 
equivalent replacement 

Autosampler tubes 15 mL metals free autosampler tubes Mold Pro, MP100 or equivalent 
replacement 

Rough pump oil CMP-19 Fisher Scientific or equivalent 
replacement 

Peristaltic pump tubing Various sizes Fisher Scientific or equivalent 
replacement 

Analytical Balance With the capability to measure to 0.1 mg Sartorius BP 110S, A&D EK-610i, 
A&D FX1200, or Sartoriius 
LC612S-00MS or equivalent 
replacement 

Mechanical pipettors Capable of delivering volumes ranging from 10 to 
5000 μL, and associated metal –free disposable 
pipet tips 

Eppendorf, Fisher brand or 
equivalent replacement 

Glassware Class A volumetric flasks, graduated cylinders, 
funnels (glass and/or metal-free plastic 

Fisher Scientific or equivalent 
replacement 

Digestion cups 50 mL disposable digestion cups Environmental Express SC475or 
equivalent replacement 

Digestate Filters 5µm PTFE-faced polypropylene filter Environmental Express, # SC0401 
Narrow mouth storage 
bottles 

FEP (fluorinated ethylene propylene) with screw 
top closure, 135 mL to 1 L capacity 

C&G Containers or equivalent 
replacement 

Data Reporting 
Software 

 Horizon (also referenced Epic Pro) 

Data Uploading 
Software 

Pace internal software used to transfer data from 
the instrument to the LIMS 

Limslink 
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Instrument software PlasmaLab and Mass Hunter ICPMS software Thermo Fisher and  Agilent 

10. Reagents and Standards 

10.1. Table 10.1 Reagents and Standards. 
Reagent/Standard Concentration/ Description Requirements/ Vendor/ Item # 

Hydrochloric acid (HCl) Trace metals grade or better Fisher Scientific, A-508-P212 or 
equivalent replacement 

Nitric Acid (HNO3) Trace metals grade or better Fisher Scientific, A-509-P212 or 
equivalent replacement 

Deionized water (DI) Reagent grade (DI) water – (18 MOhm 
resistivity)  

Barnstead Epure System or equivalent 
replacement 

2% (v/v) Nitric Acid/1% 
(v/v) Hydrochloric Acid 
Solution 

Used for instrument blanks, standards and 
dilutions.  Prepared in 1 L increments utilizing a 
volumetric flask and transferring into a C&G 
narrow mouth storage bottle.  This is measured 
by mixing 20 mL of HNO3 trace metals grade 
acid and 10 mL of HCl trace metals grade acid 
and DI H2O, and bringing to volume of 1 L. 

n/a 

Calibration Stock 
Standard solutions 

Custom blend of elements. See Table 10.2 for 
the standard preparation information 
 
Table IV contains Stock Standard 
Concentrations. 

Spex Certiprep, XFSPA-221-250, 
XFSPA-656-250, XFSPA-220-250, 
XFSMN-26-250A, XFSMN-27-250A, 
XFSMN-28-250A; or equivalent 
replacement 

Initial Calibration 
Verification (ICV) 
Stock Standard solutions 

Custom blend from of elements from a different 
source than the Calibration Stock Standard 
Solutions.  See Table 10.2 for standard 
preparation information. 
 
Table IV contains Stock Standard 
Concentrations. 

Inorganic Ventures, PACE-5, PACE-4B 
, Hg: 4400-1000331 or equivalent 
replacement. 

Internal Standard Stock 
Solution 

Can be a purchased multi-element blend or 
single element standards to be mixed prior to use 
with concentrations of 10,000 ug/mL. 

Peak Performance; 
In: S4400-1000241, Y: S4400-1000671, 
 Tb: S4400-1000571; 
Inorganic Ventures; Ge: CGGe1 
 Th: CGTH1, Sc: CGSC-1 

Tuning Stock Solution Purchased multi-element standard from a 
qualified vendor, 10ug/mL. 

Spex Claritas PPT, CL-Tune-1 

Rinse Blank 2-5% (v/v) Nitric Acid solution for rinsing 
between runs. Prepared in 1G increments 
utilizing Nalgene bottles. This is measured by 
mixing 76 mL of  HNO3 trace metals grade acid 
and 38 mL of HCl trace metals grade and DI 
H2O, and bringing to volume of 1 G. 

n/a 

 
 
 

10.2. Working Standard Dilutions and Concentrations 

Standard 
Standard(s) 

Used 

Standard(s) 
Amount 

(mL) Diluent 
Solvent 

Volume (mL) 

Final Total 
Volume 

(mL) 

Final 
Concentration 

(ug/L) 
Standard 1 Refer to Table 

10.1, See 
Calibration 

Stock Standard 

0.250 2% 
Nitric/1% 
HCl acid 
solution 

9.75 10 5/62.5 
Standard 2 0.500 9.5 10 10/125 
Standard 3 1.000 9 10 20/250 
Standard 4 0.1 9.9 10 200/2500 
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Standard 4 Solutions 0.1 9.9 10 200/2500 
Standard 4 0.1 9.9 10 200 
Standard 5 0.05 9.95 10 500 
Standard 5 0.05 9.95 10 250/500/2500 
Standard 5 0.25 9.75 10 25000 

CRDL 
Inorganic 
Ventures, 
PACE-28 

0.1 9.9 10 varied 

ICS-A 
Inorganic 

Ventures 6020 
ISC-OA 

0.25 9.75 10 25000 

ICS-AB 

Inorganic 
Ventures, 6020 

ISC-OA 
Spex, 

XFSPA-221-
250, XFSPA-

656-250, 
XFSPA-220-

250  
 

0.25 

9.60 10 100/1250/26250 

0.05 

0.05 

0.05 

ICV 

Inorganic 
Ventures, 
PACE-5, 
PACE-4B 

0.2 
49.6 50 80/1000 

0.2 

CCV 

Inorganic 
Ventures, 
PACE-5, 
PACE-4B 

0.2 
49.6 50 80/1000 

0.2 

Hg-Intermediate 
Refer to 10.1 

See Calibration 
Stock Standard 

Solutions 

1.000 24.0 25 40 
Standard 6 0.05 9.95 10 0.2 
Standard 7 0.25 9.75 10 1.00 
Standard 8 0.25 4.75 5 2.00 
Standard 9 0.5 4.5 5 4.00 

ICV/CCV/Hg* 
Inorganic 
Venture, 

CGHG1-1 
0.05 24.95 25 2 

11. Calibration and Standardization    

11.1. Table 11.1 Calibration and Standardization. 
Calibration 

Metric 
Parameter / 
Frequency 

Criteria Comments 

Tune Daily prior to any 
calibration 

EPA performance report - print and 
file all reports, note failures and 
corrective actions taken.  Adjust 
spectrometer resolution to produce a 
peak width of approximately 0.75 
amu at 5% peak height. This must be 
completed using 5 replicates with a 
resulting RSD of <5%. 

Adjust mass calibration if it has 
shifted by more than 0.1 amu from 
unit mass.  

Note:  The tuning criteria utilized are 
based on the 200.8 method.  The 

The tune criteria must pass 
before instrument is calibrated 
and any samples are analyzed.  

Follow manufacturer guidelines 
for troubleshooting and 
maintenance for tune failures.  
Document all maintenance 
performed and return to 
compliance. 
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mass criteria for 200.8 (0.75 amu at 
5% peak height) is more stringent 
than the criteria for 6020A/B (0.9 
amu at 10% peak height) therefore 
applicable for both methods. 

Calibration 
Curve Fit 

Linear Regression r ≥ 0.998 Instruments are setup with the 
following calibration curve fit 
options; linear regression, linear 
regression through the blank, 
and weighted least squares. 
Analysis is conducted utilizing 
the calibration curve fit method 
recommended by the instrument 
manufacturer. If not met, remake 
standards and recalibrate and 
verify before sample analysis.  

Second 
Source 
Verification 
Standard 
(ICV) 

Immediately after each 
initial calibration 

% Diff ± 10%  
of the true value 

 
%RSD between multiple integrations 

must be ≤ 5% 

Review the standard preparation.  
Remake the standard 
accordingly if that is the cause.  
Re-inject the ICV one more 
time, if it fails stop all analysis.  
Perform all necessary instrument 
maintenance and recalibrate the 
instrument.  Only two injections 
are allowed back to back, then 
the system must be recalibrated.  

Initial 
Calibration 
Blank (ICB) 

Immediately after the 
initial calibration 
verification 

Evaluate the blank to the MDL 
depending on the data quality 
objective of the associated samples, a 
blank with detections less than the 
RL or have levels at least 1/10th of 
that in the associated samples to be 
acceptable.   
 
6020B ICB and NC samples are 
required to be < ½ RL for target 
analytes. 
 
Per client QAPP/Technical 
Specifications the blanks may require 
to be evaluated and clean to the MDL 
or ½ RL. 
 
WIDNR and West Virginia require 
samples to be reported to the MDL.  
The blanks must be clean to the data 
quality objectives. 

If there is a detection, stop 
analysis and determine the 
source of the contamination. 
Perform any necessary 
maintenance and recalibrate the 
instrument accordingly. 

Contract 
Required 
Detection 
Limit 
Sample 
(CRDL) 
 or  
Low Level 
Initial/ 
Continuing 

6020/6020B/200.8 - 
The CRDL must be 
analyzed at the 
beginning of each run 
for every analyte of 
interest.   
 
6020A - must be 
analyzed at the 
beginning of each run, 

The CRDL/LLICV/LLCCV is at or 
below the RL. 
 
For 6020/200.8:  The acceptance 
criteria are ± 40% (or specified by 
the client).  
 
For 6020A:  The acceptance criteria 
are ± 30% (or specified by the 
client). 

Evaluate standard preparation, 
re-prepare and analyze if 
suspected.   
 
-If the CRDL fails high, samples 
that are non-detect below the 
reporting limit can be reported 
and sample concentrations 
exceeding the CCV may be 
reported provided the CCV 
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Calibration 
Verification 
(LLICV/LL
CCV) 

and once at the end of 
each analytical batch. 
 
Per client 
QAPP/Technical 
Specifications a closing 
CRDL may be required 
every 8 hours or close 
of the sequence of 
client samples, 
whichever more 
frequent.  

 
6020B:  The acceptance criteria is ± 
20% (or specified by the client). 

passes all criteria, as there would 
be no impact from the high bias. 
-If the CRDL is biased low, no 
data can be reported for the 
target elements failing criteria 
including J-flagged data.  The 
system must be stopped.  
Perform any necessary 
maintenance and recalibrate 
accordingly. 

Interference 
Check 
Solutions 
(ICSA/AB) 

ICSA containing high 
concentrations of C, Cl, 
Al, Ca, Fe, K, Mg, Mo, 
Na, P, S and Ti is 
analyzed at the 
beginning of each 
sample run sequence 
after the CRDL. 
ICSAB containing high 
concentrations of C, Cl, 
Al, Ca, Fe, K, Mg, Mo, 
Na, P, S and Ti and 
mid-range 
concentrations of the 
remaining analyzed 
elements is analyzed at 
the beginning of each 
sample run sequence 
following the ICSA. 
6020A and 6020B 
requires the ICSA/AB 
be analyzed every 12 
hours thereafter. 
Per client 
QAPP/Technical 
Specifications a closing 
sequence ICSA/AB 
may be required at a 
frequency of every 8 
hours or end of 
sequence, whichever is 
more frequent. 

ICSA all spiked elements are to be 
within 20% of the expected true 
value.  The non-spiked elements are 
to be below the RL. 
 
ICSAB all spiked elements are to be 
within 20% of the expected true 
value. 
 
Client QAPPs/Technical 
Specifications by provided alternate 
criteria for non-spiked elements and 
must be followed accordingly. 

If the ICSA or AB fail criteria, 
stop analysis.  Review the 
standard preparation, remake 
accordingly.  Perform any 
necessary maintenance and 
recalibrate prior to sample 
analysis.   
Adjust the equations accordingly 
or recalibrate as needed to meet 
specified requirements.  Note 
that monitoring the interference 
source does not necessarily 
require monitoring the 
interference itself, but that a 
molecular species may be 
monitored to indicate the 
presence of the interference 
 
Exception: 
If the minerals are high bias and 
the analytes of interest are not 
impacted, passing all criteria, the 
data may be reported. 

Continuing 
Calibration 
Verification 
(CCV) 

Prior to the analysis of 
any samples and after 
every 10 injections 
thereafter.  Samples 
must be bracketed with 
a closing CCV 
standard. 

% Diff ± 10% 
of the true value 

 
%RSD between multiple integrations 

must be ≤ 5% 

If the requirements for 
continuing calibration are not 
met, review for preparation error 
or instrument malfunction.  A 
CCV may be repeated, but a 
second failure requires the 
system to be recalibrated prior to 
further analysis. 
 
If the samples bracketed are non-
detect and the CCV is biased 
high, data may be reported as 
there is no impact from the high 
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bias.  If the samples associated 
are non-detect and the only 
detections are associated with 
the batch QC (LCS/MS) but the 
QC is within limits, the data can 
be reported.  The QC should be 
flagged indicating that there was 
bias but that there was no impact 
to the associated samples. 
 
If the CCVs are biased low, 
reanalyze any samples impacted 
since the last passing CCV. 

Continuing 
Calibration 
Blank (CCB) 

Following every CCV 
injection 

Evaluate the blank to the MDL 
depending on the data quality 
objective of the associated samples, a 
blank with detections less than the 
RL or have levels at least 1/10th of 
that in the associated samples to be 
acceptable. 
 
NC  samples are required to be < ½ 
RL for target analytes.   
 
Per client QAPP/Technical 
Specifications the blanks may require 
to be evaluated and clean to the MDL 
or ½ RL. 
 
WIDNR and West Virginia require 
samples to be reported to the MDL.  
The blanks must be clean to the data 
quality objectives. 

If there is detection, stop 
analysis and determine the 
source of the contamination. 
Perform any necessary 
maintenance and recalibrate the 
instrument accordingly. 
 
Reanalyze any samples impacted 
since the last passing CCB. 

Internal 
Standard 
Response 

Monitor the signal 
intensity for the internal 
standard masses 
throughout the 
analytical run.  This 
information is useful in 
detecting instrument 
drift, sensitivity shifts, 
and inherent internal 
standard (i.e., a natural 
constituent in a 
sample). 

For method 6020, the absolute 
intensity of any one internal standard 
in the ICB/CCB and ICS (ICSA/AB) 
standards must not deviate more than 
80-120% from its original intensity 
in the associated calibration blank.  
The absolute intensity of any one 
internal standard in the samples and 
remaining QC must not deviate more 
than 30-120% from its original 
intensity in the associated calibration 
blank.  For method 6020A/B, the 
intensity of the internal standards 
must not fall below 70% from its 
original intensity in the associated 
calibration blank for any standard or 
sample.  An upper limit of 125% 
from its original intensity in the 
associated calibration blank will be 
applied to the internal standard 
recoveries for analyses.  For Method 
200.8 the absolute intensity of any 
one internal standard in the samples 
and QC must not deviate more than 
60-125% from its original intensity 

If deviations greater than these 
are observed, flush the 
instrument with the rinse blank 
and re-analyze the calibration 
blank and examine the internal 
standard intensities with the 
following actions; 
 
If the intensities of the internal 
standards are acceptable, dilute a 
fresh aliquot of the sample and 
re-analyze. A 5X dilution or 
larger factor or multiple 
dilutions may be required to 
achieve acceptable results. 
 
If the internal standards are still 
out-of-limits, terminate the 
analysis and determine the cause 
of the drift.  Routine 
maintenance of the sampling 
interface or re-tuning the mass 
spectrometer may be required.  
The system must be calibrated 
and any samples not bordered by 
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in the associated calibration blank.   acceptable ICV/CCV samples 
re-analyzed. 

12. Procedure 

12.1. Perform all initial system set up procedures 
12.1.1. Check waste jug.  If more than half full, empty it into the acid waste stream. 
12.1.2. Check the chiller temperature and water level.  Add additional water as needed to return the 

instrument to specification.  The system will not operate if the water is too low. 
12.1.3. Check rough pump oil color.  It should be amber or light yellow; if it is the color of coffee it 

should be changed. 
12.1.4. Check pressure of collision gas cylinder, change if needed. 
12.1.5. Open the torch chamber and visually inspect the cones if the instrument performance is not 

acceptable.  If there are significant deposits, remove both cones and clean or replace them. 
12.1.6. Check torch position and fittings.  Adjust the position of the torch accordingly, reattach the 

fittings as necessary. 
12.1.7. Check the peristaltic pump tubing.  If it has flattened or plugged, replace it. 
12.1.8. Turn plasma on by switching the instrument into the operating state.  Place the probes in 2% 

nitric acid solution and allow the instrument to warm up for 20-30 minutes. 
12.1.9. Check peristaltic pump flow by monitoring bubble movement in the pump tubing.  Adjust 

tension as needed to achieve a smooth flow. 
12.1.10. Perform daily tuning and optimization of the instrument in the following order:   
12.1.10.1. Torchbox alignment, if torch chamber was opened. 
12.1.10.2. EPA autotune wizard. 
12.1.10.3. EPA performance report, print and file all reports.  Note failures and corrective actions 

taken. 
12.1.10.4. Detector cross calibration. 
12.1.10.5. CCT-KED autotune wizard. 
12.1.10.6. CCT-KED performance report, print and file all reports.  Note failures and corrective 

actions taken. 
12.1.10.7. CCT autotune wizard. 
12.1.10.8. CCT performance report, print and file all reports.  Note failures and corrective actions 

taken. 
12.1.11. See Attachment I for an example of the Daily Operational Checklist Form F-MN-I-212, or 

equivalent replacement. 
 
 
 

12.2. Analysis 

12.2.1. General method development steps are outlined in the Training and Operations manuals from 
Thermo Scientific.  Select masses carefully to avoid and/or minimize interferences.  Make 
sure appropriate measures are in place to deal with interferences.  Use an internal standard 
within 50 mass units of the analyte if possible. 

12.2.2. Run analytical samples, appropriate batch and quality control samples. 
12.2.3. Each sample preparation set will typically include a digestion blank, a laboratory control 

spike, matrix spike and sample duplicate, as defined in the Glossary Section of the PASI 
Quality Manual.  More quality control samples may be necessary.  In particular, it is 
suggested that the matrix spike be added in a form that tests the digestion efficiency. 
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12.2.4. CCV/CCB required every 10 samples using the same solution and control limits as the ICV 
and ICB standard and blank. 

12.2.5. Review results of quality control samples for PASS/FAIL criteria. 
12.2.6. Review the sample in-solution concentrations.  Samples that have concentrations outside the 

linear range for each element will be diluted until they fall within range. 
12.2.7. At the conclusion of the experiment, set the instrument to go into vacuum status.  Selecting 

shut down will turn the vacuum off.  Selecting or leaving the instrument at none will leave 
the plasma on. 

12.3. Daily File (in hardcopy format; if electronic assembly is available the same images will be captured 
in pdf accordingly) 

12.3.1. Gather all daily printouts. 
12.3.2. Print out instrument raw data. 
12.3.3. Include the calibration summaries and runlogs. 
12.3.4. Update and include necessary standard preparation logbooks. 
12.3.5. Label the daily folder with the date and instrument information.   

13. Quality Control 

13.1. Table 13.1 Quality Control and Corrective Action. 
QC Sample Components Frequency Acceptance Criteria Corrective Action 
Method 
Blank (MB) 

Reagent water 
for water 
samples or 
Teflon chips/or 
nonmetal 
containing solid 
matrix for soil 
batches 

One per 20 
samples 

Target analytes must be 
less than reporting limit. 
 
6020B – Target analytes 
must be less than ½ 
reporting limit for 6020B. 
 
If results are reported to 
MDL, target analytes in 
MB should be non-detect. 
 
NC  samples are required 
to be < ½ RL for target 
analytes. 
 
WIDNR and West 
Virginia require samples 
to be reported to the 
MDL.  The blanks must 
be clean to the data 
quality objectives. 

Re-analyze associated samples. 
 
Exceptions: 

If sample ND, report sample without 
qualification; 
If sample result >10x MB detects, report 
sample as not impacted by the blank 
contamination; 
If sample result <10x MB detects and sample 
cannot be reanalyzed, report sample with 
appropriate qualifier to indicate an estimated 
value.  Client must be alerted and authorize 
this condition.  

Laboratory 
Control 
Sample 
(LCS) 

DI water spiked 
with all target 
compounds or a 
spiked Teflon 
chip/or 
nonmetal 
containing 
matrix for soils. 
 
 

One per 20 
samples 

6020/6020A/6020B: 80-
120% 

 
200.8: 85-115% 

The analyses should be terminated, the 
problem corrected, and the samples 
associated with that LCS re-analyzed.  If 
reanalysis of the samples fail, the samples 
affected by the failing LCS elements need to 
be re-digested and re-analyzed. 
 
Exceptions: 
If LCS recovery is > QC limits and these 
compounds are non-detect in the associated 
samples, the sample data may be reported 
with appropriate data qualifiers. 
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Matrix 
Spike (MS) 

 Client sample 
spiked with all 
target 
compounds 

One per 20 
samples for 
6020 and 
6020A 
 
One per 10 
samples for 
200.8 

6020/6020A/6020B : 75-
125% 

 
200.8: 70-130% 

If LCS and MBs are acceptable, the 
MS/MSD chromatogram should be reviewed 
and it may be reported with appropriate 
footnote indicating matrix interferences. 
 
Perform a PDS on any elements that failed to 
meet criteria. 
 
For Minnesota Admin Contract clients – all 
MS/MSD failures require analysis of the 
MS/MSD and the original sample. If it is still 
out of control, investigate and document the 
cause in the associated narrative as well as 
qualifying appropriately. 

MSD / 
Duplicate 

MS Duplicate 
OR 

(alternative) 

Sample Dup 

One for 
every 20 
samples for 
6020 and 
6020A.  

%Diff ≤ 20% Report results with an appropriate footnote. 

Serial 
Dilution 

A 5-fold 
dilution of a 
digested 
sample.  See 
section 13.1.1. 

One per 
batch of 20 
samples or 
less 

 6020/6020A fivefold 
dilution must agree within 
± 10% of the original 
determination if analyte 
concentration is >50x 
MDL.  6020B 1:5 dilution 
of sample 25x > LLOQ or 
1:5 dilution of MS since 
reasonable concentrations 
are present, results to 
agree to ± 20%. 

If criteria is not met, original sample and 
dilution shall be reanalyzed. 

Post 
Digestion 
Spike (PDS) 

An aliquot of 
the parent 
sample used for 
the MS, 
prepared at the 
same dilution 
as the parent 
sample.  Spiked 
with 20 uL of 
20/250 mg/L 
stock 
concentration. 

One per 
batch if 
there is a 
MS failure. 

6020/ 6020A 80-120% 
6020B applicable to 
elements failing MS, 
results to agree to +/- 

25%. Recommended if 
high concentration sample 
not available for dilution 

test. 

If the element fails to meet the recovery 
criteria, then the dilution test on the PDS 
must be performed.   
If the dilution test fails, it is determined to be 
matrix interference, 

Serial 
Dilution of 
Post 
Digestion 
Spike 

The above PDS 
is diluted 1:5 
and treated as a 
serial dilution 

Required by 
certain client 
QAPPs. 
This is not a 
standard 
practice 

fivefold dilution must 
agree within ± 10% of the 

original determination 

If this fails data is qualified 

Laboratory 
Filter Blank 
(FB) 

A filtered 
aliquot of 
reagent water 
treated and 
prepared 
exactly as a 
sample when 
lab filtration is 
requested. 
 

Analyzed 
only with 
batches of 
lab filtered 
dissolved 
metals, one 
per batch of 
20 or less. 

Target analytes must be 
less than reporting limit. 
 
6020B – Target analytes 
must be less than ½ 
reporting limit for 6020B. 
 
NC  samples are required 
to be < ½ RL for target 
analytes. 

Re-analyze associated samples. 
 
Exceptions: 

If sample ND, report sample without 
qualification; 
If sample result >10x MB detects, report 
sample as not impacted by the blank 
contamination; 
If sample result <10x MB detects and sample 
cannot be reanalyzed, report sample with 
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If results are reported to 
MDL, target analytes in 
MB should be non-detect. 
 

WIDNR and West 
Virginia require samples 

to be reported to the 
MDL.  The blanks must 

be clean to the data 
quality objectives. 

appropriate qualifier to indicate an estimated 
value.  Client must be alerted and authorize 
this condition. 

13.1.1. To prepare a 5-fold dilution: take a 1 mL aliquot from the sample and add to 4 mL of 2% 
HNO3 / 1% HCl DI water diluents.  Note: this is a typical process for 200.8 and 6020W.  It 
can be replicated for the preparation of highly concentrated samples by starting with a 
diluted “parent” sample and then performing the stepwise dilution process.  

14. Data Analysis and Calculations 

14.1. Percent Recovery Equation: 
 
 
 
 

 
 
 
 

 
 
14.2 Relative Percent Difference Calculation 
 

RPD = │(S-D) │   X    (100) 
  (S+D)/2 

 
 
 
 
 

 
 

14.3 Concentration Calculation for Soils 
(W) x (1- (M/100)) = C 

 

(K) x (D) x (F) = X 
(C x 1000)  

 
Where: 
W = original sample weight (g) 
M = percent moisture 
K = on column analyte concentration (ug/L) 
D = digested volume (mL) 
F = dilution factor  
C = moisture corrected weight (g) 

14.4 Linear Regression Equation 
   y = mx+ b 

% Recovery  = (SSR-SR) X  100 
  ST 

Where: SSR = Spike sample result, μg/L or mg/kg dry 
 SR = Sample result, μg/L or mg/kg dry 
 ST = Spike target, μg/L or mg/kg dry 

Where: RPD =   Relative Percent Difference 
 S = Original Spiked Sample Value, μg/L or mg/kg dry 
 D =   Second Spiked Sample Value, μg/L or mg/kg dry 
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Where: 
y = instrument response 
m = slope of calibration function 
x = analyte concentration (ug/L) 
b = blank concentration (ug/L) 

14.5 The Weighted Least Squares Regression of each point (wi) is calculated as follows: 

 
Where: 
wi = weight of each point 
Si = standard deviation of each point 
n = number of point 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See tables in section 11 & 13.   

16. Corrective Actions for Out-Of-Control Data 

16.1. See tables in section 11 % 13.   

17. Contingencies for Handling Out-Of-Control or Unacceptable Data 

17.1. If not specifically listed in the tables in section 11 & 13, the contingencies are as follows.  If there is 
no additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted annually (per the 
method) per S-MN-Q-269, Method Detection Limit Studies for each matrix per instrument.  For 200.8, 
a new MDL must be performed with each new analyst begins work as well. 

18.3. Demonstration of Capability (DOC):  Every analyst who performs this method must first document 
acceptable accuracy and precision by passing a demonstration of capability study (DOC) per S-ALL-Q-
020, Training Procedures.   

18.4. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing competence 
per SOP S-MN-Q-258, or equivalent replacement. Results are stored in the QA office. 

18.5. An Instrument Detection Limit (IDL) Study is required quarterly.  This consists of three runs on 
three consecutive days from the analysis of a reagent blank with seven consecutive measurements per 
day.  The data will be maintained in the metals department. 

19. Method Modifications 

19.1. The tuning criteria utilized is based on the 200.8 method.  The mass criteria for 200.8 (0.75 amu at 
5% peak height) is more stringent than the criteria for 6020A (0.9 amu at 10% peak height) therefore 
applicable for both methods 

19.2. Sample digestates are allowed to settle overnight.  If undissolved material does not settle out, the 
sample digestate, method blank, and laboratory control sample are filtered prior to analysis on the 
instrument.  The laboratory does not centrifuge samples as suggested in the method. 
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19.3. Aqueous samples with less than 1%-undissolved solids are brought up to a final volume of 100 mL 
(no preparation step is performed at the instrument). 

19.4. LRB results are not subtracted from LFB results for calculation of LFB recoveries.  The level of 
contamination in the LRB should be minimal when compared to the LFB spiking levels. 

19.5. Instruments utilize dual detector scanning, analog and pulse counting.  The detector cross calibration 
is used to convert the data acquired using analog detector mode into the equivalent pulse counting data.  
During detector cross calibration, a polynomial fit line is applied by comparing masses found on the y-
axis against x-axis.  External calibration is completed each day by utilizing 100/1250 ug/L solution.  
Internal instrument calibrations are also obtained by the instrument during pauses in operation, utilizing 
obtained integrated counts per second across the mass range and creating a separate polynomial fit line.   

19.6. Calibration 
19.6.1. Linear Regression 
19.6.1.1. Utilizing a standard linear regression format (See Equation 14.4). All points of the 

calibration curve including the blank are plotted as regular fitted points. 
19.6.2. Weighted Least Squares Regression 
19.6.2.1. Utilizing Weighted Least Squares Regression in Section 14.5. When data with more 

than one repetition is used to create a calibration curve, weighted regression can be selected. 
The count error for data collected in this manner is represented as the standard deviation of 
the counts. Usually the count error for higher concentrations is larger than that for lower 
concentrations. When weighted regression is selected, lower concentrations are given more 
weight because it is more desirable that the curve pass through points having lower error 
than points having higher error. 

19.7. Analyte List from Section 3.3 
19.7.1. The following elements are not listed in the method 6020A recommended analyte list; 

bismuth, boron, lithium, molybdenum, palladium, platinum, silica, silicon, strontium, tin, 
titanium, and uranium-238. The accuracy and precision for the analysis of these analytes have 
been demonstrated in the matrices of interest, at the concentration of interest, and in the same 
manner as the elements recommended in the method. All analytes listed in section 3.3 are part 
of the current TNI certification.  

19.7.2. The following elements are not listed in the method 200.8 recommended analyte list: bismuth, 
boron, calcium, iron, lithium, magnesium, palladium, platinum, potassium, silica, silicon, 
sodium, strontium, tin, and titanium. The accuracy and precision for the analysis of these 
analytes have been demonstrated in the matrices of interest, at the concentration of interest, 
and in the same manner as the elements recommended in the method. All analytes listed in 
section 3.3 are part of the current TNI certification. 

19.7.3. The following elements are not listed in the method 6020B recommended analyte list: 
bismuth, boron, lithium, molybdenum, palladium, platinum, silica, silicon, strontium, tin, 
titanium and uranium-238. The accuracy and precision for the analysis of these analytes have 
been demonstrated in the matrices of interest, at the concentration of interest, and in the same 
manner as the elements recommended in the method. 

 
19.8. Kinetic Energy Discrimination (KED) 

19.8.1. Interference reduction technologies, such as collision cells or reaction cells, are designed to 
reduce the effect of spectroscopic interferences that may bias results for the element of 
interest. The use of interference reduction technologies is allowed, provided the method 
performance specifications relevant to ICP-MS measurements are met. Collision Mode is 
utilized for all 6020/200.8 methods that have undergone PT, MDL, IDL, and LDR studies, 
with the exception of drinking water samples that cannot utilize this mode. 

20. Instrument/Equipment Maintenance 
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20.1. Please refer to the instrument manual for maintenance procedures performed by the lab.   
20.2. Routine Maintenance (Document all routine maintenance in the Routine Maintenance Logbook at the 

time of performing the maintenance) 
20.2.1. Weekly Maintenance. 
20.2.1.1. Replace peristaltic pump tubing for sample, internal standard and waste. 
20.2.1.2. Clean spray chamber and nebulizer. 
20.2.1.3. Clean and/or replace torch (optional or as needed). 
20.2.1.4. Check and clean air filters id necessary. 
20.2.1.5. Check multiplier voltages. 

20.2.2. Monthly Maintenance 
20.2.2.1. Check rotary pump oil. 
20.2.2.2. Check oil mist filters. 
20.2.2.3. Replace sample uptake tubing. 
20.2.2.4. Check chiller water level in reservoir 
20.2.2.5. Bi-Annual Maintenance 
20.2.2.6. Examine lens system and clean, if necessary. 
20.2.2.7. Examine penning gauge and clean, if necessary. 
20.2.2.8. Change rotary pump oil (perform more frequently based on sample type and load). 
20.2.2.9. Annual Maintenance 
20.2.2.10. Replace worn o-rings.   

21. Troubleshooting 

21.1. Not applicable to this SOP. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003, Waste 
Handling, or equivalent replacement. 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.   

25. References 



ICP-MS Method 6020/6020A/ 6020B/200.8 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-I-492-Rev.27 Page: 19 of 26 

25.1. Pace Quality Assurance Manual- most current version. 
25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 
25.4. U.S. Environmental Protection Agency.  Method 200.8, Determination of Trace Elements in Waters 

and Wastes by Inductively Coupled Plasma – Mass Spectrometer, Revision 5.4, EMMC Version, May 
1994. 

25.5. Fisons –VG Genesis Users Manual. 
25.6. Region 9 Laboratory Standard Operating Procedure 130, Glassware Cleaning Procedures. 
25.7. Region 9 Laboratory Standard Operating Procedure 462, Analysis of Total Suspended Solids By 

EPA Method 160.2. 
25.8. U.S. Environmental Protection Agency.  SW846 Method 6020, Inductively Coupled Plasma – Mass 

Spectrometry, Revision 0, 9/94. 
25.9. U.S. Environmental Protection Agency.  SW846 Method 6020A, Inductively Coupled Plasma – 

Mass Spectrometry, Revision 1, 02/2007. 
25.10. U.S. Environmental Protection Agency.  SW846 Method 6020B, Inductively Coupled Plasma – Mass 

Spectrometry, Revision 2, 7/2014. 
25.11. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  

Method 3020A. 
25.12. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  

Method 3050B. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Attachment I – ICPMS Daily Operational Checklist 
26.2. Attachment II – IS Reference ICPMS. 
26.3. Attachment III - Method 6020/6020A/200.8 Analyte List and PRL 
26.4. Table I – Internal Standards and Limitation of Use. 
26.5. Table II – Recommended Elemental Equations for Data Calculations. 
26.6. Table III – Recommended Analytical Isotopes and Additional Masses. 

27. Revisions 

Document Number Reason for Change Date 

S-MN-I-492-rev.26 
19.2-"If undissolved material does not settle out, the sample digestate, 
method blank, and laboratory control sample are filtered prior to 
analysis on the instrument." 

11Apr2016 

S-MN-I-492-rev.27 

Updated to LLC throughout document 
3.3. – Cesium, Cerium, Iridium, Lanthanum, Neodymium, Rhenium, 
Rhodium, and Rubidium removed from analyte list 
11.1. – Internal standard response criteria updated 
19.7. – Updated to reflect analyte list from section 3.3. 

23Nov2016 
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Attachment I – ICPMS Daily Operational Checklist 
 

 
 
 



ICP-MS Method 6020/6020A/ 6020B/200.8 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-I-492-Rev.27 Page: 21 of 26 

Attachment II - IS Reference ICPMS 
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Attachment III: – Method 6020/6020A/200.8 Analyte List and PRL 
 

Analyte CAS# 
Water 

PRL (ug/L) 
Soil 

PRL (mg/kg) 

Aluminum 7429-90-5 10.0 10.0 

Antimony 7440-36-0 0.5 0.5 

Arsenic 7440-38-2 0.5 0.5 

Barium 7440-39-3 0.3 0.3 

Beryllium 7440-41-7 0.2 0.2 

Bismuth 7440-69-9 0.5 0.5 

Boron 7440-42-8 5.0 5.0 

Cadmium 7440-43-9 0.08 0.08 

Calcium 7740-70-2 40.0 40.0 

Chromium 7440-47-3 0.5 0.5 

Cobalt 7440-48-4 0.5 0.5 

Copper 7440-50-8 1.0 1.0 

Iron 7439-86-6 50.0 50.0 

Lead 7439-92-1 0.1 0.1 

Lithium 7439-93-2 0.5 0.5 

Magnesium 7439-95-4 10.0 10.0 

Manganese 7439-96-5 0.5 0.5 

Molybdenum 7439-98-7 0.5 0.5 

Nickel 7440-02-0 0.5 0.5 

Palladium 7440-05-3 0.5 - 

Platinum 7440-06-4 0.5 - 

Potassium 7440-70-2 50.0 50.0 

Selenium 7782-49-2 0.5 0.5 

Silica 7631-86-9 53.5 53.5 

Silicon 7740-21-3 50.0 50.0 

Silver 7440-22-4 0.5 0.5 

Sodium 7740-23-5 50.0 50.0 

Strontium 7440-24-6 0.5 0.5 

Thallium 7440-28-0 0.1 0.1 

Tin 7440-31-5 0.5 0.5 

Titanium 7440-32-6 1.0 1.0 

Vanadium 7440-62-2 1.0 1.0 

Zinc 7440-66-6 5.0 5.0 

Uranium-238 7440-61-1 0.5 0.5 

 
NOTE:  Reporting Limits are current at the time of issuing this SOP. For the most current reporting limits, refer 
to LIMS system. 
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Table I - Internal Standards and Limitations of Use 
 
 
Internal Standard Mass Possible Limitation 
Lithium 6 a 
Scandium 45 polyatomic ion interference 
Yttrium 89 a, b 
Rhodium 103  
Indium 115 isobaric interference by Sn 
Terbium 159 
Holmium 165 
Lutetium 175 
Bismuth 209 
 
 
a-  May be present in environmental samples 
b-  In some instruments Yttrium may form measurable amounts of YO+ (105 amu) and YOH+ (106 amu).  If this 

is the case, care should be taken in the use of the cadmium elemental correction equation. 
 
Internal standards recommended for use with this method are underlined. 
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Table II - Recommended Elemental Equations for Data Calculations 
 
Element Elemental Equation  Note 
Al (1.000) (27C) 
Sb (1.000)(123 C) 
As 1.000(75C)-3.1278(77C)+0.815(82C) 1 
Ba 1.000(137C) 
Be 1.000(9C) 
Cd 1.000(111C) -1.073 (108C)+0.76398(106C)  2 
Cr 1.000(52C)  3 
Co 1.000(59C) 
Cu 1.000(63C) 
Pb 1.000(206C)+1.000 (207C)+1.000(208C) 4 
Mn 1.000(55C) 
Mo 1.000(98C) -0.146 (99C)  5 
Ni 1.000(60C) 
Se 1.000(82C)  6 
Ag 1.000(107C) 
Tl 1.000(205C) 
Th 1.000(232C) 
U 1.000(238C) 
V 1.000(51C) -3.1081 (53C)+0.353351(52C) 7 
Zn 1.000(66C) 
Bi 1.000(209C) 
Sc 1.000(45C) 
Tb 1.000(159C) 
Y 1.000(89C) 
Hg 1.000(202C) 
 
 
C  Calibration blank subtracted counts at specified mass. 
1 Correction equation for as taken from EPA method 6020.  Isobaric correction for ArCl. 
2 Correction for MoO, Sn. 
3 The background for ClOH will normally be small and can be estimated from the reagent blank. 
4 Allowance for isobaric variability of lead isotopes. 
5 Isobaric elemental correction for Ru. 
6 Some Ar supplies contain Kr as an impurity.  Se is corrected for Kr by background subtraction. 
7 Correction for chloride interference with adjustment for Cr.  ClO 51/53 ratio may be determined from the 

reagent blank.  Isobaric mass 52 must be from Cr only not ArC+. 
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Table III - Recommended Analytical Isotopes  
 

Element of Interest                                                         Isotope 
Aluminium  27 
Antimony  121,123 
Arsenic  75 
Barium  135, 137 
Beryllium  9 
Cadmium  106, 108, 111, 114 
Chromium  52, 53 
Cobalt  59 
Copper  65 
Lead  206,207,208 
Manganese  55 
Mercury  202 
Molybdenum  95, 97, 98 
Nickel  62 
Selenium  77, 82 
Silver  107, 109 
Thallium  203, 205 
Vanadium  51 
Zinc  66, 67, 68 
Ruthenium  99 
Palladium  105 
Tin  118, 120 

 
 
NOTE:  Isotopes recommended for analytical determination are underlined. 
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Table IV – Stock Standards Concentrations 
 
 
 

Analyte

XFSPA-221-250 XFSPA-656-250 XFSPA-220-250 XFSMN-26-250A XFSMN-27-250A, XFSMN-28-250A PACE-5 PACE-4B PACE-28 6020 ISC-OA
Aluminum 20 ug/mL 1000ug/mL 20 ug/mL 1000 ug/L 1,000 ug/mL

Antimony 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Arsenic 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Barium 20 ug/mL 100 ug/mL 20 ug/mL 30ug/L

Beryllium 20 ug/mL 100 ug/mL 20 ug/mL 20ug/L

Bismuth 20 ug/mL 20 ug/mL 50ug/L

Boron 20 ug/mL 100 ug/mL 20 ug/mL 500ug/L

Cadmium 20 ug/mL 100 ug/mL 20 ug/mL 8ug/L

Calcium 250 ug/mL 1000ug/mL 250 ug/mL 4000ug/L 1,000 ug/mL

Chromium 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Cobalt 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Copper 20 ug/mL 100 ug/mL 20 ug/mL 100ug/L

Iron 250 ug/mL 1000ug/mL 250 ug/mL 5000ug/L 1,000 ug/mL

Lead 20 ug/mL 100 ug/mL 20 ug/mL 10ug/L

Lithium 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Magnesium 250 ug/mL 1000ug/mL 250 ug/mL 1000ug/L 1,000 ug/mL

Manganese 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Molybdenum 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L 20 ug/mL

Nickel 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Palladium 20 ug/mL 20 ug/mL 50ug/L

Platinum 20 ug/mL 20 ug/mL 50ug/L

Potassium 250 ug/mL 1000ug/mL 250 ug/mL 5000ug/L 1,000 ug/mL

Selenium 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Silicon 250 ug/mL 500 ug/mL 250 ug/mL 5000ug/L

Silver 20 ug/mL 50 ug/mL 20 ug/mL 50ug/L

Sodium 250 ug/mL 1000ug/mL 250 ug/mL 5000ug/L 1,000 ug/mL

Strontium 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Thallium 20 ug/mL 100 ug/mL 20 ug/mL 10ug/L

Tin 20 ug/mL 100 ug/mL 20 ug/mL 50ug/L

Titanium 20 ug/mL 100 ug/mL 20 ug/mL 100ug/L 20 ug/mL

Vanadium 20 ug/mL 100 ug/mL 20 ug/mL 100ug/L

Zinc 20 ug/mL 100 ug/mL 20 ug/mL 500ug/L

Uranium-238 20 ug/mL 20 ug/mL 50ug/L

Stock Standard Concentrations
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1. Purpose/Identification Of Method 

1.1. This Standard Operating Procedure (SOP) describes operations used to measure Total Solids (TS), 
Total Suspended Solids (TSS), Total Dissolved Solids (TDS), and Total Volatile Solids (TVS) in water 
samples, and TS and TVS on solids, based on Standard Methods 2540-B, 2540-C, and 2540-D and 
EPA 160.4. 

2. Summary of Method 

2.1. Total Solids (TS) – A well-mixed sample is evaporated to dryness and the residue solids are measured 
gravimetrically. 

2.2. Total Suspended Solids (TSS) – A well-mixed sample is filtered.  The residue collected by the filter is 
dried and measured gravimetrically. 

2.3. Total Dissolved Solids (TDS) – A well-mixed sample is filtered.  The filtrate passing through the filter 
is evaporated to dryness and the residual solids is measured gravimetrically. 

2.4. Total Volatile Solids (TVS, TVSS, or TVDS) – Residue obtained from the determination of TS, TSS, or 
TDS is ignited at 550 ºC in a muffle furnace.  The loss of weight on ignition is reported as mg/L 
volatile solid (TVS if the result was obtained from ashing a TS sample, TVSS if the result was from a 
TSS sample, or TVDS if the result was obtain from a TDS sample). 

2.5. Solid matrices are reported as a percentage for TS and TVS.  

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel involved in 
the analytical method.   

3.2. Parameters: This SOP applies to matter suspended or dissolved in water or wastewater. 

4. Applicable Matrices 

4.1. This SOP is applicable to water samples, including drinking water, groundwater, municipal and 
industrial wastewater. 

5. Limits Of Detection and Quantitation 

5.1. The reporting limit (LOQ) for all analytes is 10 mg/L for a default volume of 100 mL.  All current 
limits are listed in the LIMS and are available by request from the Quality Manager. 

6. Interferences 

6.1. Non-representative materials, e.g., leaves and sticks should be removed from the sample prior to 
measurement unless it is determined that their inclusion is desired.  If floating oil and grease are 
present, the sample should be dispersed by blending prior to analysis. 

6.2. Measurements are subject to negative bias for samples containing significant quantities of ammonium 
carbonate, volatile organics, or other volatile materials that could be lost during drying. 

6.3. The residue of samples for TS and TDS that are highly mineralized, especially containing significant 
concentrations of calcium, magnesium, chloride, and/or sulfate may be hydroscopic and will require 
longer drying, desiccation, and rapid weighing. 

6.4. Samples for TS and TDS containing high concentrations of bicarbonate will require careful, and 
possibly prolonged, drying to ensure that all bicarbonate is converted to carbonate. 

6.5. The volumes of aliquots for TS and TDS should be selected to limit the total residue to 200 mg to 
prevent the residue from crusting over and trapping water during drying. 
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6.6. Samples for TSS with high TDS, such as saline waters, brines, and some wastes, may be subject to 
positive bias.  Care must be taken to properly rinse the filter to minimize the bias. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Collection, Preservation, Storage and Holding Time Table 

Sample type 
Collection 
per sample Preservation Storage Hold time 

Aqueous Samples are 
collected in  
plastic bottles 

N/A Samples are 
stored above 
freezing but 
below 6°C  

Analyze as soon as possible to minimize 
microbiological decomposition of organic solids, 
holding time not to exceed 7 days from 
collection. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware And Software) 

9.1. Table 9.1 Equipment and Supplies Table 
Supply Description Vendor/ Item # / Description 

Analytical Balance Electronic with RS-232 output, capable of weighing 
0.0001g 

Mettler Toledo, AB135-S 

Drying Oven Capable of maintaining temperature at 103-105C for 
TSS, capable of holding temperature at 178-182C for 
TDS 

VWR 1370F, Precision Scientific 

Muffle Furnace Capable of maintaining temperature at 550C for 
volatile solids 

Fisher Scientific, or equivalent 

Vacuum Filtration 
System 

Including filter holder, membrane filter funnel, 
vacuum flask and vacuum pump 

Pall 

EPIC Horizon 
(LIMS) 

Data Reporting Software  See master list for current version 

LIMSLink Data Transmission Software See master list for current version 
Microsoft Excel Spreadsheet software See master list for current version 
Dessicator General laboratory equipment Labconco 
Indicating 
Dessicant 

General laboratory equipment Drierite, 23005 

Non-indicating 
Dessicant 

General laboratory equipment Drierite, 13005 

Ceramic 
Evaporating Dishes 
(Crucibles) 

For use in TVS Fisher Scientific, or equivalent 

Beaker 200 mL capacity, tall form. For use in TDS and TS. Fisher Scientific part # 02-546B, 
or equivalent 

StableWeigh TDS 
Vessels 

Pre-weighed, disposable polymer vessel Environmental Express part # 
TDS100 

Glass Fiber Filters Pre-washed and dried. For use in TDS. Environmental Express part # 
F92447MM 

Glass Fiber Filters Pre-washed, dried, pre-weighed and barcoded. For use 
in TSS. 

Environmental Express part # 
F93447MM 

Wash Bottle Nalgene, one piece stem or equivalent Fisher Scientific, or equivalent 
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Glass Fiber Filter 
(TVSS) 

Pre-washed and dried Environmental Express part # 
F92447VOL  

Glass Fiber Filters 
(Sand Filtrate) 

General laboratory equipment Millipore part # AP2504700 

Aluminum Dish 70 mL. Low form weighing dish, smooth.  Fisher part # 08-732-103 

10. Reagents and Standards 

10.1. Table 10.1 - Reagents and Standards Table 

Reagent/Standard Concentration/ Description Requirements/ Vendor/ Item # 
De-Ionized (DI) 
Water 

 Verify daily that pH and specific 
conductivity are within acceptable 
limits.  

CeLite Filter Aid TSS dry standard. Diatomaceous earth. Store at room 
temperature. Expires per manufacturer’s specifications or 
five years after opening, whichever is sooner. 

Fisher part # C212-500 or 
equivalent 

Sodium Chloride 
(NaCl) 

TDS dry standard. Store at room temperature. Expires 
per manufacturer’s specifications or five years after 
opening, whichever is sooner. 

Fisher part # S640-500 or 
equivalent 

TS/TSS/TDS 
Standard 

Purchased premade. Store at room temperature. Expires 
per manufacturer’s specifications. 
 TDS = 1000 mg/L, TSS = 100 mg/L,  
TS = 1100 mg/L 

Environmental Express part # 
NS1QC1-55H or equivalent 

Hydrochloric Acid 
(HCl) 

6N HCl. For use in cleaning glassware. Store at room 
temperature. Expires per manufacturer’s specifications or 
one year after opening, whichever is sooner. 

Fisher part # 3750.1-1 or 
equivalent 

Solids QR Sample For use in training new employees on TSS/TDS. See 
13.2.2. 

TSS: ERA part # 507QR or 
equivalent 
TDS: ERA part # 506QR or 
equivalent 

10.2. Table 10.2 - Working Standard Dilutions and Concentrations 

Standard Standard(s) Used 
Standard(s) 

Amount Solvent 
Final Total 

Volume Final Concentration 
TSS Standard CeLite Filter Aid 0.2 g DI Water 2000 mL 100 mg/L 
TDS Standard NaCl 2 g DI Water 2000 mL 1000 mg/L 
TSS/TDS/TS 
Combined 
Standard 

CeLite Filter Aid 0.2 g 
DI Water 2000 mL 

100 mg TSS/L 
1000 mg TDS/L 
1100 mg TS/L NaCl 2 g 

10% HCl HCl 100 mL DI Water 1000 mL 10% HCl 

10.2.1.  All standards have a six month expiration date. Store at room temperature. 

11. Calibration and Standardization 

11.1. Daily calibration of the balance is required following SOP S-MN-Q-264 – Support Equipment (or 
equivalent replacement). Record in associated balance calibration logbook. Calibration limits are found 
in the balance calibration logbook; if values exceed these limits, recalibrate the balance. 

11.2. All balances must be certified by an outside agency on an annual basis with documentation of the 
calibration maintained in the QA office. 

11.3. Establishing Constant Weight 
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11.3.1. Weigh the vessel (filter pad, beaker or crucible) and dry in an oven for at least 1 hour (104 ± 1ºC 
for TSS filter pads and TS beakers or crucibles, 180 ± 2ºC for TDS beakers, 550ºC muffle 
furnace for TVSS filter pads and TVS crucibles). 

11.3.2. Remove from the oven and allow them to cool to room temperature in a desiccator. 
11.3.2.1. If done in a room with < 20% humidity, the vessels may be allowed to cool on a benchtop 

for approximately 15 minutes to allow more rapid cooling. 
11.3.3. Weigh the filter pad, beaker or crucible again. If the second weight is within ±0.5 mg of the first, 

constant weight is established and analysis is complete, otherwise repeat 11.3.1 through 11.3.3 
for a third weight and, if necessary, a fourth weight. 

11.3.3.1. 4% Rule (only applicable to residue, does not apply to clean vessel weights): If any weight 
measurement agrees within 4% of a previous weight, it is considered a constant weight and 
analysis is complete. 

11.3.3.2. If the fourth weight is still not within ±0.5 mg, use the fourth weight and qualify the 
sample data as not having established constant weight. 

11.3.3.3. TSS filters may be purchased pre-weighed and may be used immediately. One filter per 
manufacturer’s lot must be weighed to verify correctness. 

11.3.3.4. All weights must be recorded and the date/time and oven temperature must be recorded in 
the electronic prep log. 

12. Procedure 

12.1. Total Solids (TS) 
12.1.1. Wash beakers (or crucibles if TVS is being performed) with phosphate-free soap and warm tap 

water.  Rinse three times or until free of soap. Rinse three times with DI water and dry at 
180±2°C for at least 1 hour. 

12.1.2. Assign clean, dry beakers to each sample and record the tare weight to the nearest 0.1 mg using 
the constant weight procedure described in section 11.3. 

12.1.3. Choose a sample volume to yield a residue of at least 25 mg but less than 200 mg. If there is not 
a reliable indication of solids content, choose 100 mL if the sample appears clean or, as little as 
10 mL if the sample appears to have solids. 

12.1.4. Shake thoroughly to homogenize the sample and measure the chosen aliquot volume in a 
graduated cylinder and pour into the respective beaker. 

12.1.5. Rinse the graduated cylinder with ~10 mL DI water and pour into the beaker. Repeat this step 
twice. All three rinses should be poured into the beaker as part of the analysis. 

12.1.6. Optional: Evaporate the beakers in an oven no higher than 105ºC to complete dryness, 
preferably overnight. 

12.1.7. Place the evaporated beakers in an oven at 104 ± 1ºC for at least 1 hour. 
12.1.8. Remove the beakers from the oven and allow them to cool to room temperature in a desiccator. 

12.1.8.1. If done in a room with < 20% humidity, the beakers may be allowed to cool on a benchtop 
for approximately 5 minutes to allow more rapid cooling. 

12.1.9. After cooling to room temperature, weigh each beaker to the nearest 0.1 mg. 
12.1.10. Repeat steps 12.1.7 through 12.1.9 and establish constant weight as described in section 11.3. 
12.1.11. Record all weights, dates and times of oven and desiccator tracking as well as oven 

temperatures in the electronic prep log (F-MN-I-318 for TS, F-MN-I-375 for beaker preweights). 
12.2. Total Suspended Solids (TSS) & Sand Filtrate 

12.2.1. Use ProWeigh filter pads (prewashed and preweighed) from Environmental Express. Verify the 
weight indicated on the weigh pan or record the actual weight if it differs from the vendor 
indicated weight. 
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12.2.2. For sand filtrate or for TSS or TVSS when ProWeigh filter pads are not available, identify and 
wash each filter pad with three 20 mL aliquots of DI water and vacuum to dryness between each 
aliquot. Establish constant weight for each filter pad as described in section 11.3.  

12.2.2.1. Use Millipore part # AP2504700 for sand filtrate. 
12.2.2.2. Use Environmental Express part # F92447VOL for TVSS. 
12.2.2.3. Use Environmental Express part # F92447MM for TSS when ProWeigh filter pads are not 
available. 

12.2.3. Choose a sample volume to yield a residue of at least 1 mg but less than 200 mg. 
12.2.3.1. For TSS low level, filter a 500 mL volume if the sample appears clean.  

12.2.3.1.1. Per client request, filter a 1000 mL volume if the sample is drinking water or other 
very clean surface water. 

12.2.3.2. For wastewaters, choose 100 mL if the sample appears clean. When filtering less than 10 
mL, dilute the aliquot of sample in at least 10 mL DI water prior to filtering in order to 
disperse the sample on the filter pad evenly.  

12.2.3.3. For sand filtrate, filter a 1000 mL volume. 
12.2.4. Place a clean filter pad on the filtration manifold, handling the filter pad with forceps only. Wet 

the filter with a small volume of DI water to seat it. Discard the rinsates if the sample is also 
being analyzed for TDS. 

12.2.5. Shake the sample thoroughly and measure the chosen aliquot volume using a class A graduated 
cylinder. 

12.2.6. Filter the sample. Rinse the graduated cylinder and wash the filter three times with 
approximately 10 mL of DI water. Once filtration is complete, maintain the filter vacuum for 
about three minutes and until filter has come to complete dryness. 

12.2.6.1. If the sample is also being analyzed for TDS, retain the filtrate. Transfer the filtrate to an 
evaporating vessel and complete the analysis for TDS as described in Section 12.3. 

12.2.6.2. If total volatile suspended solids (TVSS) are also to be performed, transfer the filter pad to 
a ceramic evaporating dish and complete the analysis for TVSS as described in Section 12.4. 

12.2.7. Remove the filter pad with the forceps and place it back into its respective aluminum pan. 
12.2.7.1. If the sample contains oils, solvents, surfactants, dyes and other organic materials that 

adhere strongly to surfaces, wash all parts of the filter apparatus as well as the graduated 
cylinder with hot, soapy water and a brush until all solids are thoroughly removed. Failure to 
do so may result in cross-contamination between samples. 

12.2.8. Place the pans with filter pads onto drying racks in oven at 104±1ºC for at least 1 hour. 
12.2.9. Remove the samples from the oven and place them in a desiccator to cool. 
12.2.10. After cooling to room temperature, weigh each filter pad to the nearest 0.1 mg.  
12.2.11. Repeat steps 12.2.8 through 12.2.10 and establish constant weight as described in section 

11.3. 
12.2.12. Record all weights, dates and times of oven and desiccator tracking as well as oven 

temperatures in the electronic prep log (F-MN-I-325 for TSS, F-MN-I-375 for sand filter 
preweights). 

12.3. Total Dissolved Solids (TDS) 
12.3.1. StableWeigh TDS Method 

12.3.1.1. If using StableWeigh TDS vessels, assign clean vessel to each sample and record the tare 
weight to the nearest 0.1 mg. Proceed to section 12.3.3. 

12.3.2. Beaker TDS Method  
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12.3.2.1. Wash beakers (or crucibles if TVDS is being performed) with phosphate-free soap and 
warm tap water.  Rinse three times or until free of soap. Rinse three times with DI water and 
dry at 180 ± 2°C for at least 1 hour. 

12.3.2.2. Assign clean, dry beakers to each sample and record the tare weight to the nearest 0.1 mg 
using the constant weight procedure described in section 11.3. 

12.3.3. Choose a sample volume to yield a residue of at least 25 mg but less than 200 mg. Choose 100 
mL by default but if sample is suspected of having large amounts of TDS, proceed to 12.3.3.1 to 
prescreen. When filtering less than 10 mL, dilute the aliquot of sample in at least 10 mL DI 
water prior to filtering in order to evenly disperse the sample on the filter pad. 

12.3.3.1. Prescreen samples to determine the general range of TDS using the Analog Total 
Dissolved Solids Meter. 

12.3.3.2. Rinse the cell cup three times with the sample. 
12.3.3.3. Fill the cell with the sample to at least ¼” above the upper electrode. 
12.3.3.4. Press the black button and read the meter. 

12.3.4. Prepare the filter system with a prewashed filter pad. If the sample will also be analyzed for 
TSS, use a ProWeigh filter pad and handle the filter with forceps only. 

12.3.5. Wet the filter with a small volume of DI water to seat it and thoroughly rinse the vacuum flask 
with DI water. Discard the rinse water. 

12.3.6. Shake the sample thoroughly and measure the chosen aliquot volume using a class A 
graduated cylinder. 

12.3.7. Filter the sample. Rinse the graduated cylinder and wash the filter three times with 
approximately 10 mL of DI water. Once filtration is complete, maintain the filter vacuum for 
about three minutes. 

12.3.8. Transfer the filtrate to its assigned vessel.  Rinse the flask three times with approximately 10 
mL of DI water and add the rinseates to the vessel. 

12.3.8.1. If the sample is also being analyzed for TSS, transfer the filter pad to its respective pan 
and complete the analysis for TSS as described in Section 12.2. 

12.3.8.2. If the sample contains oils, solvents, surfactants, dyes and other organic materials that 
adhere strongly to surfaces, wash all parts of the filter apparatus as well as the graduated 
cylinder with hot, soapy water and a brush until all solids are thoroughly removed. Failure to 
do so may result in cross-contamination between samples. 

12.3.9. Optional: Evaporate the vessels in an oven no higher than 105ºC to complete dryness, 
preferably overnight. 

12.3.10. Place the evaporated vessels in an oven at 180±2ºC for at least 1 hour. 
12.3.11. Remove the vessels from the oven and allow them to cool to room temperature in a 

desiccator. 
12.3.11.1. If done in a room with < 20% humidity, the vessels may be allowed to cool on a bench 

top for approximately 5 minutes to allow more rapid cooling. 
12.3.12. After cooling to room temperature, weigh each vessel to the nearest 0.1 mg. 
12.3.13. Repeat steps 12.3.10 through 12.3.12 and establish constant weight as described in section 

11.3. 
12.3.14. Record all weights, dates and times of oven and desiccator tracking as well as oven 

temperatures in the electronic prep log (F-MN-I-324 for TDS, F-MN-I-375 for beaker 
preweights). 

12.4. Volatile Solids (TVS, TVDS, or TVSS) 
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12.4.1. Wash crucibles with phosphate-free soap and warm tap water. Rinse three times or until free 
of soap. Rinse at least three times with DI water and ignite in a muffle furnace at 550°C for 1 
hour. 

12.4.2. Assign crucibles to each sample and record the tare weight to the nearest 0.1 mg using the 
constant weight procedure described in section 11.3. 

12.4.3. Obtain the dry residue from a TS, TDS, or TSS determination. Note: The residue for TS and 
TDS is obtained by drying the sample directly in a prepared crucible through the respective 
drying process for each analysis. The residue for TSS is obtained by filtering the sample on a 
pad suitable for volatization (see 12.2.2), dried through the same process for TSS samples and 
then placed in a clean aluminum dish for TVSS. 

12.4.4. Place the crucibles (clean aluminum dishes with TSS filters if TVSS is being analyzed) into 
the muffle furnace at 550ºC for 30 minutes. 

12.4.4.1. Note: 15 to 20 minute ignition times are usually required for a 200 mg residue; however, 
multiple samples and/or heavier residues may overtax the furnace and therefore necessitate a 
longer ignition time of 30 minutes. 

12.4.5. Remove the crucibles from the furnace and cool for approximately 10 minutes. Place the 
crucibles in a desiccator to cool to room temperature. 

12.4.6. After cooling to room temperature, weigh each beaker to the nearest 0.1 mg. 
12.4.7. Repeat steps 12.4.4 through 12.4.6 and establish constant weight as described in section 11.3. 
12.4.8. Record all weights, dates and times of oven and desiccator tracking as well as oven 

temperatures in the electronic prep log (F-MN-I-318 for TVS, F-MN-I-375 for crucible 
preweights). 

12.5. Cleaning Glassware with HCl 
12.5.1. As beakers and other glassware become heavily used, solid deposits may appear on surfaces 

that are impossible to remove with hot, soapy water and a brush. In this case, a  solution of 
10% hydrochloric acid (HCl) can be used to remove solids. 

12.5.2. Prepare 10% HCl as outlined in table 10.2. Fill dirty beakers with as much solution as needed 
to cover any hard-to-remove solids and allow to sit for several minutes. 

12.5.3. Pour out HCl from beaker and scrub with brush. Rinse beaker thoroughly and use normal 
glassware cleaning procedures. 

12.5.4. Note: The 10% HCl solution may be re-used several times, until it has lost its efficacy. 

13. Quality Control 

13.1. Table 13.1 Quality Control Table 
QC Sample Components Frequency Acceptance Criteria Corrective Action 

Method 
Blank (MB) 

100 mL of DI 
water 

Once per batch 
of up to 20 
samples. 
 
An MB is not 
analyzed in TVS 
or TVDS. 

Absolute value must be 
less than the reporting 
limit. 
 
Per QAPP or client 
specifications, alternate 
criteria such as 
evaluating to ½ RL may 
apply. 

Re-analyze associated samples. 
Exceptions: 

If sample ND, report sample without 
qualification; 
If sample result >10x MB detects, report the 
data as it is not impacted by the blank 
detections; 

If sample result <10x MB detects and 
cannot be reprepared/reanalyzed, report 
sample with appropriate qualifier to indicate 
an estimated value.  Client must be alerted 
and authorize this condition. 
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Laboratory 
Control 
Sample 
(LCS) and 
Laboratory 
Control 
Sample 
Duplicate 
(LCSD) 

50 mL of 
TSS 
Standard, 
TDS 
Standard or 
TSS/TDS/TS 
Combined 
Standard 

Once per batch 
of up to 20 
samples. 
An LCSD must 
be substituted in 
the event of 
insufficient 
sample volume 
for a duplicate 
sample. 
 
An LCS is not 
analyzed in any 
volatile solids 
analyses. 

80-120% of the true 
value 

 
If an LCSD is analyzed, 
the RPD < 10% 
 
For tests undergoing 
volatizing by EPA 
160.4, RPD < 20% 

Reanalyze all samples in the batch. 
 

Duplicate 
Sample 

Client-
provided 
sample 

Once every 10 
samples. 

RPD ≤ 10% 
 
For tests undergoing 
volatizing by EPA 
160.4, RPD < 20% 

Qualify the parent sample and duplicate 
with the D6 flag. 
 
If RPD is so great (>50%)  that it indicates a 
possible lab error, reanalyze the parent 
sample in duplicate to confirm either the 
parent sample result or duplicate result. 
 
Exception: If the results of the sample and 
duplicate are less than 5x the RL, the data 
can be reported with the D8 qualifier and no 
further corrective action unless it is 
suspected that the data is in error for any 
other reason. 
 
If either the parent sample or the duplicate is 
below the MDL, RPD is not generated and 
no further action is necessary 
 
If either the parent sample or the duplicate is 
below the RL but above the MDL, qualify 
with a D8 flag.  

Pad Weight 
Verification 
(not 
reported) 

ProWeigh 
TSS pads 

One pad per box 
of 100 (pre-
weighed TSS 
pads) is weighed 
and the weight is 
logged on the 
certificate that is 
included in the 
box with the pad.  
This 
documentation is 
filed with the 
certificates of 
analysis for all 
materials 
received in the 
wetchem 
department. 

± 0.0005 g of the 
weight specified by the 
manufacturer 

If outside the acceptance criteria, attempt 
verification on a second pad in the lot. If the 
second is also outside the acceptance 
criteria, discard the lot. 

13.2. New Solids Analyst Training 
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13.2.1.  Follow the diagram on Attachment I for sample vessel organization when filtering and 
weighing back analytical batches. 

13.2.2. A new analyst who is to learn one or more of the procedures described in this SOP will be 
audited by the staff supervisor within 30 days of his or her first day of training in solids. The 
audit will focus on filtering technique and will cover a few key points necessary in proper 
filtration as described in this SOP which include but are not limited to the following: 

13.2.2.1.  Seating the filter with a small amount of DI water prior to filtration. 
13.2.2.2. Thoroughly homogenizing the sample prior to measuring an aliquot for filtration. 
13.2.2.3. Measuring the sample aliquot using a class A graduated cylinder at eye level. 
13.2.2.4. Rinsing the graduated cylinder and filter funnel at least three times with 10 mL aliquots of 

DI water. 
13.2.2.5. Allowing the filter pad to vacuum-dry for at least three minutes after the filtration is 

complete or until it has come to complete dryness. 
13.2.3. In addition, the analyst must successfully complete a blind QR sample within 60 days of his or 

her first day of training in solids. This sample will be treated the same as a proficiency testing 
sample. 

14. Data Analysis and Calculations 

14.1. See the most current Quality Manual for calculations 
14.2. LCS Recovery  

 

LCS Recovery =   SSR   x   100% 
   SA 

Where:  
SSR = Spike Sample Results 
SA = Spike Added from spiking mix 

14.3. Relative Percent Differences (RPD) 

 
 

RPD
A B

A B
x



 2
100  

Where:  
RPD = Relative Percent Difference 
A = % Moisture for Sample 
B = % Moisture for Sample Duplicate 
 

14.4. TS, TSS and TDS 
  TS, TSS and TDS (mg/L) = (A-B)*1000/V 
  Where: 
  A = Weight of residue and vessel (g) 
  B = Tare weight of vessel (g) 
  V = Volume of sample aliquot (mL) 

 
14.5. TVS, TVDS and TVSS 

 TVS, TVDS or TVSS (mg/L) = 100x
V

BA
 

 % TVS = (A-B)/(A) *100 
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 Where:  
 A = Weight of dry sample residue and dish before ignition (mg) 

B = Weight of ignited sample residue and dish (mg) 
V = Volume of sample aliquot (mL) 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See table in section 13.   

16. Corrective Actions for Out-Of-Control Data 

16.1. See table in section 13.   

17. Contingencies for Handling Out-Of-Control or Unacceptable Data 

17.1. If not specifically listed in the table in section 13, the contingencies are as follows.  If there is no 
additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study: Not applicable to this SOP. 
18.3. Demonstration of Capability (DOC): Every analyst who performs this method must first document 

acceptable accuracy and precision by passing a demonstration of capability study (DOC) S-ALL-Q-020 
(or equivalent replacement), Training Procedures. 

18.4. Periodic performance evaluation (PE) samples are analyzed periodically to demonstrate continuing 
competence per SOP S-MN-Q-258 (or equivalent replacement).  Results are stored in the Quality 
office. 

19. Method Modifications 

19.1.  The duplicate criteria exception of reported data outside of 10% is a modification.  This is due to the 
fact that samples close to the reporting limit can be statistically unreliable.  The 5x the RL criteria is 
based on the inorganic guidance provided in National Functional Guidelines. 

20. Instrument/Equipment Maintenance 

20.1. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.  

21.  Troubleshooting 

21.1.  Not applicable. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 
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22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003, Waste 
Handling and Management, or equivalent replacement. 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.   

25. References 

25.1. Pace Quality Assurance Manual- most current version. 
25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 
25.4. USEPA Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Method 160.4, 

Issued 1971. 
25.5. Methods 2540-B, 2540-C, and 2540-D, Standard Methods for Examination of Water and Wastewater, 

20th Edition (1997). 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Attachment I: Filters, Beakers, and Crucibles  

27. Revisions 
Document Number Reason for Change Date 

S-MN-I-528-rev.15 

12.1.5- Added, “All three rinses…as part of analysis.” 
12.3.8- Added the 3x rinse process 
12.3.9- Changed 05ᵒ  to 1ᵒ  

13.2.1- Added directions to follow Attachment I 

6/01/16 

S-MN-I-528-rev.16 

Updated LLC 
Removed “uncontrolled” 
Added “Copies without a distribution number below are considered 
uncontrolled.” to the statement of copyright. 
Stable weight TDS vessels and accompanying descriptions added to 
table 9.1. 
Section 12.2.2 wording changed from “For sand filtrate, TVSS or for 
TSS” to “For sand filtrade or for TSS or TVSS”.  
Section 12.3.1 and subsections describing StableWeigh method added . 
Section 12.3.8 – 12.3.12: “beaker” changed to “vessel” in each 
occurrence.  
Added title to Attachment I and formatted text.   

12Jul2017 
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1. Purpose/Identification of Method 

1.1. This method is used to determine the concentration of the following inorganic anions by ion 
chromatography: Fluoride, Chloride, Bromide, Nitrite, Nitrate, and Sulfate by EPA Method 300.0 and 
SW-846 Method 9056A. 

2. Summary of Method 

2.1. Approximately 50 μL of sample is injected into an ion chromatograph system.  The anions of interest 
are separated and measured using a system composed of a guard column, analytical column, suppressor 
device, and conductivity meter. Anions are identified based on their retention times as compared to 
known standards. Quantitation is accomplished by measuring the peak area comparing it to a 
calibration curve generated from known standards. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel involved 
in the analytical method or non-analytical process.   

3.2. Parameters: This SOP applies to Fluoride, Chloride, Bromide, Nitrite, Nitrate, and Sulfate. 

4. Applicable Matrices 

4.1. This SOP is applicable to drinking water, surface water, mixed domestic and industrial wastewaters, 
groundwater, and reagent waters. 

5. Limits of Detection and Quantitation 

5.1. The reporting limit (LOQ) is 0.05 mg/L for Fluoride, 0.08 mg/L for Bromide, 0.10 mg/L for Nitrate 
and Nitrite, 1.2 mg/L for Chloride and Sulfate.  All current MDLs are listed in the LIMS and are 
available by request from the Quality Manager.   

6. Interferences 

6.1. Interferences can be caused by substances with retention times that are similar to and overlap those of 
the anion of interest.  Large concentrations of one anion can interfere with the peak resolution of an 
adjacent anion.  Sample dilution can be used to alleviate most interference problems. 

6.2. The negative peak that elutes near the fluoride peak can usually be eliminated by the optional addition 
of the equivalent of 0.1 mL of concentrated eluent to 5 mL of each standard or sample. 

6.3. Method interferences may be caused by contaminants in the reagent water, reagents, glassware, and 
other sample processing apparatus that lead to discrete artifacts or to elevated baselines in ion 
chromatograms.  

6.4. Samples must be filtered prior to injection to prevent damage to instrument columns and flow 
systems. 

6.5. Known co-elution is caused by other small organic anions eluting in the area of fluoride causing 
interference. 

6.6. The acetate anion elutes early during the chromatographic run, plus the retention times of the anions 
also seem to differ when large amounts of acetate are present.  Avoid analysis of leachates (TCLP 
extracts), as acetic acid is used for pH adjustment. 

6.7. Low molecular weight organic acids (formate, acetate, propionate, etc.) are conductive and co-elute 
with or near fluoride and can bias the fluoride quantitation in some drinking waters and most 
wastewaters. 
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6.8. Residual chlorine dioxide present in the sample will result in the formation of additional chlorite.  If 
chlorine dioxide is suspected (chlorinated drinking water supplies), then purge the sample with nitrogen 
for 5 minutes. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Table 7.1 – Sample Collection, Preservation, Shipment and Storage 
Sample type Collection per sample Preservation Storage Hold time 

Aqueous Glass or plastic.  A 
minimum of 50 mL is 
required to allow for 
filtering and duplication. 

Unpreserved Above freezing but 
below 6°C 

Must be analyzed within 
28 days from collection.  If 
the analysis is to speculate 
Nitrate and Nitrite, samples 
must be analyzed within 48 
hours of collection. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 – Equipment and Supplies 
Supply Description Vendor/Item #/Description 

Ion Chromatograph Metrohm 881 Compact IC Pro, 
858 Professional Sample 
Processor, 800 Dosino for in-line 
and automatic dilution, A Supp 5 
column and Metrohm Suppressor 
Module (MSM) 

Metrohm, or equivalent. See Metrohm 
Product Catalog for respective part 
numbers 

Sample loop 20 uL Metrohm part #6.1825.210 
H2O scrubber  Metrohm part # 6.2837.010 
CO2 scrubber  Metrohm part # 6.2837.000 
Peristaltic pump tubing (sampler) Yellow-yellow (1.42 mm I.D.) 

Black-black (0.76 mm I.D.) 
Yellow-yellow: Metrohm part # 
6.1826.070 
Black-black: Metrohm part # 
6.1826.040 

Peristaltic pump tubing (MSM) Orange-yellow (0.51 mm I.D.) Metrohm part # 6.1826.060 
Ultrafiltration disks 47 mm diameter, 0.2 µm thickness Metrohm part # 6.2714.020 
In-line filtration disks  Metrohm part # 6.2821.130 
Column: Metrosep A Supp 5 – 100/4.0  Metrohm part # 6.1006.510 
Sample vials 11 mL plastic tubes Moldpro Inc. part # MP-100 
MagIC Net 2.2 software Used to analyze, integrate and 

export data from IC 
Metrohm 

Data transmission software LIMSLink See master list for current version 
Data reporting software Horizon See master list for current version 

10. Reagents and Standards 

10.1. Table 10.1 – Reagents and Standards 
Reagent/Standard Concentration/Description Requirements/Vendor/Item # 

E-pure DI water  Verify daily that pH and conductivity 
are within acceptance limits 

Sodium Carbonate 
(Na2CO3) 

Anhydrous. Powder. Store at room temperature. 
Expires per manufacturer’s specifications. 

Fisher part # S263-500 

Sodium Bicarbonate Powder. Store at room temperature. Expires per Fisher part # S233-500 
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(NaHCO3) manufacturer’s specifications. 
Methanol Store at room temperature. Expires per 

manufacturer’s specifications. 
Fisher part # A454-4 

Sulfuric Acid, Optima 
(H2SO4) 

Concentrated. Store at room temperature. Expires per 
manufacturer’s specifications. 

Fisher part # A468-500 

Oxalic Acid Dihydrate Store at room temperature. Expires per 
manufacturer’s specifications. 

Fisher part # 423152500 

Acetone Store at room temperature. Expires per 
manufacturer’s specifications. 

Fisher part # A929-4 

Ascarite Store at room temperature. Expires per 
manufacturer’s specifications. 

Fisher part # AC208091000 

Bromide Standard 1000 mg Br/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 046 
Inorganic Ventures part # ICBR1-1 

Chloride Standard 1000 mg Cl/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 988 
Inorganic Ventures part # ICCL1-1 

Fluoride Standard 1000 mg F/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 989 
Inorganic Ventures part # ICF1-1 

Nitrate Standard 1000 mg NO2-N/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 991 
Inorganic Ventures part # ICNNO31-1 

Nitrite Standard 1000 mg NO3-N/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 990 
Inorganic Ventures part # ICNNO21-1 

Sulfate Standard 1000 mg SO4/L. Purchase premade. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

ERA part # 995 
Inorganic Ventures part # ICSO41-1 

A Supp 5 Eluent 20x 64 mM Sodium Carbonate, 20 mM Sodium 
Bicarbonate. Purchase premade or prepare as 
outlined in table 10.2. Store at room temperature. 
Expires per manufacturer’s specifications. 

Metrohm part # REAIC1101 

Suppressor Rinse 
Solution 

DI water with 0.1 % methanol. Purchase premade or 
prepare as outlined in table 10.2. Store at room 
temperature. Expires per manufacturer’s 
specifications. 

Metrohm part # REAIC1150C 

Suppressor Cleaning 
Solution 

1 M Sulfuric Acid & 0.1 Oxalic Acid in 5% Acetone. 
Purchase premade or prepare as outlined in table 
10.2. Store at room temperature. Expires per 
manufacturer’s specifications. 

Metrohm part # REAIC1190 

Suppressor Regenerant 
Solution 

0.1 M Sulfuric Acid. Purchase premade or prepare as 
outlined in table 10.2. Store at room temperature. 
Expires per manufacturer’s specifications. 

Metrohm part # REAIC1160C 

Calibration Solution 
(CAL6) 

Bromide – 8.0 mg/L 
Chloride – 100 mg/L 
Fluoride – 4.0 mg/L 
Nitrate as N – 8.0 mg/L 
Nitrite as N – 8.0 mg/L 
Sulfate – 100 mg/L 
Purchase premade or prepare as outlined in table 
10.2. Store at 4±2ºC. Expires per manufacturer’s 
specifications. 

Metrohm part # REAIC1028 

Initial & Continuing 
Calibration Verification 
(ICV/CCV) Solution 

Bromide – 1.0 mg/L 
Chloride – 12.5 mg/L 
Fluoride – 1.0 mg/L 
Nitrate as N – 1.0 mg/L 

Metrohm part # REAIC1029 
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Nitrite as N – 1.0 mg/L 
Sulfate – 12.5 mg/L 
Purchase premade or prepare as outlined in table 
10.2. Store at 4±2ºC. Expires per manufacturer’s 
specifications. 

Spiking Solution Bromide – 10.0 mg/L 
Chloride – 125 mg/L 
Fluoride – 10.0 mg/L 
Nitrate as N – 10.0 mg/L 
Nitrite as N – 10.0 mg/L 
Sulfate – 125 mg/L 
Purchase premade or prepare as outlined in table 
10.2. The system automatically prepares the spike at 
a 10x dilution in the selected parent sample. Store at 
4±2ºC. Expires per manufacturer’s specifications. 

ERA part # 092 (custom standard) 

10.2. Table 10.2 – Working Standards and Reagents 
Note: The system can be programmed to automatically make the necessary dilutions. 

Solution Reagent(s) Used Reagent(s) 
Amount Solvent Final Solution 

Volume 
Final 

Concentration 

A Supp 5 Eluent 20x Na2CO3 6.78 g DI Water 1000 mL 64 mM Na2CO3 
20 mM NaHCO3 NaHCO3 1.68 g 

Suppressor Rinse 
Solution Methanol 1 mL DI Water 1000 mL 0.1% Methanol 

Suppressor 
Regenerant Solution H2SO4 5.3 mL DI Water 1000 mL 0.1 M H2SO4 

Suppressor Cleaning 
Solution 

H2SO4 53 mL 
DI Water 1000 mL 

1 M H2SO4 
0.1 M Oxalic Acid 

5% Acetone 
Oxalic Acid 12.6 g 

Acetone 50 mL 

Calibration Solution 
(CAL6) 

Fluoride Standard 0.1 mL 

DI Water 50 mL 

2.0 mg F/L 
100 mg Cl/L 

8.0 mg NO2-N/L 
8.0 mg Br/L 

8.0 mg NO3-N/L 
100 mg SO4/L 

Chloride Standard 5 mL 
Nitrite Standard 0.4 mL 

Bromide Standard 0.4 mL 
Nitrate Standard 0.4 mL 
Sulfate Standard 5 mL 

CAL5 CAL6 5.0 mL DI Water 10 mL 

1.0 mg F/L 
50 mg Cl/L 

4.0 mg NO2-N/L 
4.0 mg Br/L 

4.0 mg NO3-N/L 
50 mg SO4/L 

CAL4 CAL6 2.5 mL DI Water 10 mL 

0.50 mg F/L 
25 mg Cl/L 

2.0 mg NO2-N/L 
2.0 mg Br/L 

2.0 mg NO3-N/L 
25 mg SO4/L 

CAL3 CAL6 0.50 mL DI Water 10 mL 

0.10 mg F/L 
5.0 mg Cl/L 

0.40 mg NO2-N/L 
0.40 mg Br/L 

0.40 mg NO3-N/L 
5.0 mg SO4/L 

CAL2 CAL6 1.0 mL DI Water 50 mL 0.040 mg F/L 
2.0 mg Cl/L 
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0.16 mg NO2-N/L 
0.16 mg Br/L 

0.16 mg NO3-N/L 
2.0 mg SO4/L 

CAL1 CAL6 0.50 mL DI Water 50 mL 

0.020 mg F/L 
1.0 mg Cl/L 

0.080 mg NO2-N/L 
0.080 mg Br/L 

0.080 mg NO3-N/L 
1.0 mg SO4/L 

ICV/CCV Solution 

Fluoride Standard 0.2 mL 

DI Water 200 mL 

1.0 mg F/L 
12.5 mg Cl/L 

1.0 mg NO2-N/L 
1.0 mg Br/L 

1.0 mg NO3-N/L 
12.5 mg SO4/L 

Chloride Standard 2.5 mL 
Nitrite Standard 0.2 mL 

Bromide Standard 0.2 mL 
Nitrate Standard 0.2 mL 
Sulfate Standard 2.5 mL 

Spiking Solution 

Fluoride Standard 0.5 mL 

DI Water 50 mL 

10.0 mg F/L 
125 mg Cl/L 

10.0 mg NO2-N/L 
10.0 mg Br/L 

10.0 mg NO3-N/L 
125 mg SO4/L 

Chloride Standard 6.25 mL 
Nitrite Standard 0.5 mL 

Bromide Standard 0.5 mL 
Nitrate Standard 0.5 mL 
Sulfate Standard 6.25mL 

ICV/CCV 2 Solution 

Fluoride Standard 0.15 mL DI Water 

100 mL 

1.5 mg F/L 
Chloride Standard 5.0 mL DI Water 50 mg Cl/L 
Nitrite Standard 0.4 mL DI Water 4.0 mg NO2-N/L 

Bromide Standard 0.4 mL DI Water 4.0 mg Br/L 
Nitrate Standard 0.4 mL DI Water 4.0 mg NO3-N/L 
Sulfate Standard 5.0 mL DI Water 50 mg SO4/L 

10.3. A Supp 5 Eluent 20x. Add 6.78 g Na2CO3 and 1.68 g NaHCO3 to ~500 mL DI water in a 1 L 
volumetric flask and dilute to mark. Use a stir bar and a magnetic stirring plate to fully dissolve the 
solids and degas the water for 20-30 minutes. Store in a glass container at room temperature. Expires in 
six months. 

10.4. Suppressor Rinse Solution & Suppressor Regenerant Solution. Add respective reagents to ~500 mL 
DI water in a 1 L volumetric flask. Dilute to mark and mix thoroughly. Store in a glass container at 
room temperature. Expires in six months. 

10.5. Supressor Cleaning Solution. Add 53 mL H2SO4 to ~500 mL DI water in a 1 L volumetric flask. Add 
12.6 g oxalic acid and 50 mL acetone. Dilute to mark and mix thoroughly, making sure the oxalic acid 
is fully dissolved. Store in a glass container at room temperature. Expires in six months. 

10.6. Calibration Solution (CAL6). Spike the respective amount of each anion standard into ~25 mL DI 
water in a class A 50 mL volumetric flask. Dilute to mark and mix thoroughly. Expires in 24 hours; 
alternatively, the solution expires in 7 days if nitrite is not included or evaluated. Note: Be sure to use 
different lots for each standard than that which is used for the ICV/CCV Solution and the 
Spiking Solution. 

10.7. ICV/CCV Solution. Spike the respective amount of each anion standard into ~100 mL DI water in a 
class A 200 mL volumetric flask. Dilute to mark and mix thoroughly. Expires in 24 hours; 
alternatively, the solution expires in 7 days if nitrite is not included or evaluated. Note: Be sure to use 
different lots for each standard than that which is used for the Calibration Solution (CAL6). 

10.8. Spiking Solution. Spike the respective amount of each anion standard into ~25 mL DI water in a class 
A 50 mL volumetric flask. Dilute to mark and mix thoroughly. Expires in 24 hours; alternatively, the 
solution expires in 7 days if nitrite is not included or evaluated. Note: Be sure to use different lots for 
each standard than that which is used for the Calibration Solution (CAL6). 

11. Calibration and Standardization 
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11.1. Table 11.1 – Calibration, Verification and Acceptance Criteria 
Calibration Metric Parameter/Frequency Criteria Comments 
Calibration Curve 
Fit 

Quadratic fit or linear regression. 

Curve is valid for 90 days but must be 
confirmed every 30 days with a 
standard at the reporting limit. 

 

r ≥ 0.990 for 
each analyte 

If criteria are not met, remake the 
calibration standards and recalibrate the 
instrument. 

A quadratic fit is allowed per the 
Federal Register (see 19.1 and 25.7); a 
minimum of six points must be included 
in the calibration. 

If linear regression is used, a minimum 
of three calibration points and a blank is 
required. 

Manufacturer recommends r > 0.9990 
for each analyte with a relative standard 
deviation (RSD) of 5% or less. This is 
not required. 

Initial & 
Continuing 
Calibration 
Verification 
(ICV/CCV) 

ICV must be performed immediately 
after calibration. A CCV must be 
analyzed every 10 samples and at the 
end of the analytical sequence. 
For WI-originating samples, if a 
quadratic curve is utilized two CCVs 
have to be analyzed at differing 
concentrations at the inflection points. 

90-110% of 
the true value 

 

When measurements exceed the 
acceptance criteria, all analytical 
samples since the last compliant CCV 
must be reanalyzed. If the ICV or two 
consecutive CCVs exceed the control 
limits, the analysis must be terminated, 
the problem corrected and the system 
recalibrated. 

Monthly 
Calibration 
Verification 

Once 30 days after calibration and 
once 60 days after calibration. 
The true value must be equal to or less 
than the reporting limit for each 
analyte. 

60-140% of 
the true value 

If the initial calibration is utilized for 
greater than 30 days, the reporting limit 
must be verified every 30 days at the 
same criteria. If criteria are not met, the 
reporting limit must be raised to the 
next standard that meets the criteria 
until a new calibration has been 
performed per Minnesota Department of 
Health (MDH) rules. 
 
When necessary, make manual 
adjustments to the integration in order to 
obtain the most accurate peak areas. 
Include all documentation, including a 
before and after, of any manual 
integration. 

Linear Calibration 
Range (LCR) 

Must be determined initially and 
verified every 6 months or whenever a 
significant change in instrument 
response is observed or expected. 

90-110% of 
the true value 

Verify the linear calibration range every 
six months by analyzing a blank and 
three standards quantitated against the 
calibration curve.   

Initial & 
Continuing 
Calibration Blank 
(ICB/CCB) 

Analyzed after every ICV/CCV The absolute 
value must be 
less than the 
reporting limit 
for each 
analyte. 
 
Per QAPP or 
client 
specifications, 

If a CCB exceeds the RL, reanalyze all 
samples since the last compliant CCB. 
If the ICB or two consecutive CCBs 
exceed the control limits, the analysis 
must be terminated, the problem 
corrected and the system recalibrated. 
 
Exception:  
If all the affected samples are non-detect 
or at least 10x the concentration of the 
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alternate 
criteria such as 
evaluating to 
½ RL may 
apply. 

failing result, the sample data may be 
accepted. 

High Check Required by client-specific tech specs. 
Must be performed on the same day 
that client’s samples are analyzed. 
 
The high check must be above the 
mid-point of the calibration curve. 
Utilize CAL6 or ICV/CCV2 Solution. 

90-110% of 
the true value 

If either/or check is outside the 
acceptance criteria, remake the 
respective check standard and re-
analyze. If the reanalysis is outside the 
acceptance criteria, the instrument must 
be re-calibrated prior to the analysis of 
any samples that require this high 
check. 

ICV/CCV 2 Required by WI DNR. If using a 
quadratic regression for any analytes, 
must be performed during analysis of 
any samples of Wisconsin origin for 
those analytes. Analyze immediately 
after each ICV/CCV. 
 
The analytes in the ICV/CCV 2 should 
be close to or at the inflection point. 
Utilize ICV/CCV 2 Solution. 

90-110% of 
the true value 

If either/or check is outside the 
acceptance criteria, remake the 
respective check standard and re-
analyze. If the reanalysis is outside the 
acceptance criteria, the instrument must 
be re-calibrated prior to the analysis of 
any samples of Wisconsin origin. 

11.2. Generating a Calibration Curve 
11.2.1. Turn the IC on and open the MagIC Net 2.3 software. Click Start HW in the Equilibration tab to 

allow the system to stabilize and the column heater to come up to temperature (35.0°C). This takes 
approximately 30 minutes. 

11.2.2. Prepare the calibration solution (CAL6) using the volumes found in table 10.2. Alternatively, 
use the premade calibration stock solution purchased through Metrohm. 

11.2.3. Pour an aliquot of calibration solution into a vial and load in the rack. Load five additional 
empty vials to accommodate dilutions made by the system. 

11.2.4. Enter the calibration standards in the determination series of the MagIC software as CAL1, 
CAL2, CAL3, CAL4, CAL5 and CAL6. The sample type for each standard must be Standard 1, 
Standard 2, Standard 3, Standard 4, Standard 5 and Standard 6, respectively. CAL6 is the 
calibration standard made in table 10.1 and CAL1 through CAL5 are dilutions prepared from 
CAL6 by the system. The dilutions are as follows: 
CAL1 = 100x dilution CAL4 = 4x dilution 
CAL2 = 50x dilution CAL5 = 2x dilution 
CAL3 = 20x dilution CAL6 = 1x dilution 
 Alternatively, CAL1 through CAL5 may be manually prepared by diluting the CAL6 in class A 
volumetric flasks. See table 10.1 for instructions for manual dilutions. 

11.2.5. After the calibration standards have been analyzed, analyze a CCV and CCB (Note: This will be 
changed to ICV/ICB during evaluation of the calibration). Once complete, click on Database in the 
MagIC Net software. 

11.2.6. Highlight the six calibration standards and the CCV and CCB, right click and select 
Reprocess… 

11.2.7. In the reprocessing table, change the name of the CCV and CCB to ICV and ICB, respectively. 
11.2.8. Click on CAL6 and update the retention time for each anion peak. Click Update once this is 

complete. 
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11.2.9. With CAL6 still highlighted, click on Reprocessing. This will open a small window prompting 
you to reprocess the calibration. Select From standards of reprocessing table and Keep manual 
integration and click OK. 

11.2.10. With CAL6 still highlighted, click on Reprocessing again. This time, select From selected 
determination and Keep manual integration and click OK. 

11.2.11. Next, click Method… and then Save as… 
11.2.12. Select the method being used for analysis: EPA 300.0 Anions. Save, noting the day’s date and 

analyst initials. 
Note: The method name in the instrument specifies EPA 300.0 Anions although the analysis 
is also applicable to SW-846 Method 9056A.  

11.2.13. Now select OK in the lower right hand corner of the reprocessing table window. When 
prompted, select Calibration Changed and note the day’s date and analyst initials. It may take 
several minutes for the database to update the calibration information. 

11.2.14. To report the calibration curve to a Q batch, follow the sample reporting steps in section 12.2. 

12. Procedure 

12.1. Sample Prep 
12.1.1 If a sample contains a considerable amount of sediment or other solids, filter the sample through a 0.45 
µm membrane filter. Filter the associated method blank and LCS and document which samples were filtered on 
the raw data run log as well as the lot number of the filter used. 

12.2. Sample Analysis 
12.2.1. Batch up samples in Horizon and allow them to come to room temperature before analysis. 
12.2.2. Turn the IC on and open the MagIC Net 2.3 software. Click Start HW in the Equilibration tab to 

allow the system to stabilize and the column heater to come up to temperature (35.0°C). This takes 
approximately 30 minutes. 

12.2.3. Open LimsLink and click on Get Samples to create a prep run. Pull in the batch information and 
select Import Instrument and then Export to Metrohm.  

12.2.4. In MagIC, go to the Determination series tab and click on Sample table. Select Import Data and 
then select IC.csv. The run sequence will be generated and fill out all blank cells other than those 
titled Info. 

12.2.5. Begin the sequence by analyzing a CCV and CCB if they have not been performed within the 
last six hours. The sequence may be edited even after the analysis has begun. Therefore, samples 
may be added on to the end of a run, the order that samples are run may be altered or dilutions can 
be added and changed as the run progresses. 

12.2.6. Critically evaluate all chromatograms in the Database and determine if any require manual 
integration or further dilution. Manual integration should be avoided if at all possible. If manual 
integration is used, both before and after chromatograms should be included in the data package 
along with a memo stating that the chromatogram was manually integrated. 

12.2.7. If doubt exists over the identification of a peak in the chromatogram, confirmatory techniques 
such as sample dilution and fortification must be used. 

12.3. Reporting Data 
12.3.1. In the Database, highlight all analytical points pertinent to the batch being reported. 
12.3.2. Open Determinations in the toolbar at the top of the window and select Export… Makes sure 

the selection specifies All selected data records and that the export template is set to LimsLink 
Export. Select OK. 

12.3.3. Open the folder C:/Limslink Data/Test Data and find the file named TEST.csv. Rename this to 
the WETA batch number and close the folder. 
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12.3.4. Open LimsLink and create a new run under IC_QBATCH. 
12.3.5. Open Import Instrument, select 10WT61 and scroll down to find the batch being reported. 

Select the batch to populate the spreadsheet. 
12.3.6. Click on Options and Import / Export Data and click on Set Standard IDs. Once prompted, enter 

the Q batch number of the most current calibration. 
12.3.7. Select the appropriate standard IDs for the CCV and CCBs used in the run. 

12.3.7.1. When posting initial calibration data to a Q batch, select the appropriate standard IDs for 
CAL1 through CAL6 as well as the ICV and ICB. 

12.3.8. Click on Options and Import / Export Data again and select Get LIMS Info. Click Yes when 
prompted to use the entire run. 

12.3.9. If any samples are reporting analytes at different dilutions, right click the appropriate sample 
cell and delete the X from the Use Element column in order to exclude the result from posted. 

12.3.10. Highlight all the samples being reported, open Options and Import / Export Data and select 
Export Run to Epic Pro. 

13. Quality Control 

13.1. Table 13.1 – Quality Control 
QC Sample Components Frequency Acceptance Criteria Corrective Action 
Method 
Blank (MB) 

DI Water Analyzed once per 
batch of up to 20 
samples. 

The absolute value 
must be less than the 
reporting limit for 
each analyte. 
 
Per QAPP or client 
specifications, 
alternate criteria such 
as evaluating to ½ RL 
may apply. 

 If outside the acceptance criteria, 
reanalyze. If reanalysis still does not pass, 
terminate analysis and reject all batch data 
associated with the failing MB. 
 
Exception:  
If all batch samples are non-detect or at 
least 10x the concentration of the failing 
result, the sample data may be accepted. 

Laboratory 
Control 
Sample 
(LCS) / 
Laboratory 
Control 
Sample 
Duplicate 
(LCSD) 

1 mL of 
Spiking 
Solution : 9 mL 
DI Water 

An LCS must be 
analyzed once per 
batch of up to 20 
samples. 
 
An LCSD must be 
performed 
quarterly to 
generate data 
points to determine 
a precision limit for 
the laboratory. 

90-110% of the true 
value 
 
Until sufficient data 
points (>20 points) 
have been generated,  
≤ 20 % RPD will be 
utilized for criteria. 

If LCS recovery is not within the criteria, 
reanalyze. If reanalysis does not pass, 
terminate analysis and reject all batch data 
associated with the failing LCS. The 
system may need to be recalibrated and/or 
require maintenance. 

Matrix 
Spike (MS) 
/ Matrix 
Spike 
Duplicate 
(MSD) 

1 mL of 
Spiking 
Solution : 9 mL 
of client-
provided 
sample 

A pair of MS/MSD 
must be analyzed 
once every ten 
samples or once 
per batch, 
whichever is more 
frequent. 

90-110% of the true 
value 
 
RPD ≤ 20% 

If the MS recovery is not within the 
criteria, and the LCS is shown to be in 
control, the recovery problem is judged to 
be matrix related and the results may be 
accepted. If the concentration of matrix 
spike is less than 25% of the background 
concentration of the matrix, the matrix 
spike recovery should not be calculated. 
 
For Minnesota Admin Contract Clients – 
all MS/MSD failures require reanalysis of 
the MS/MSD and the original sample. If it 
is still out of control, investigate and 
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document the cause in the associated 
narrative as well as qualifying 
appropriately. 

14. Data Analysis and Calculations 

14.1. All calculations are done internally within the MagIC NET 2.3 software. 
14.2. Spike sample recovery is calculated as follows:  

% Recovery = 

 
SA

SRSSR 

 
 
Where:  
SSR = Spike sample result, mg/L 
SR  = Sample result, mg/L 
SA  = Spike added, mg/L 

 
14.3. The relative percent difference (RPD) is calculated as: 

RPD = [|S-D| x 100]  
 (S+D)/2 

Where:   
S = Sample value, mg/L 
D = Duplicate sample value, mg/L 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See tables in section 11 & 13.   

16. Corrective Actions for Out-of-Control Data 

16.1. See tables in section 11 & 13. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If not specifically listed in the tables in section 11 & 13, the contingencies are as follows.  If there is 
no additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted every six months (per 
the method) per S-MN-Q-269 – Determination of Limit of Detection and Limit of Quantitation (or 
equivalent replacement) for each matrix per instrument.   

18.3. Demonstration of Capability (DOC):  Every analyst who performs this method must first 
document acceptable accuracy and precision by passing a demonstration of capability study (DOC) 
per S-ALL-Q-020 - Training Procedures (or equivalent replacement).   

18.4. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing 
competence per SOP S-MN-Q-258 – Proficiency Testing Program (or equivalent replacement). 
Results are stored in the QA office. 

19. Method Modifications 



Inorganic Anions by Ion Chromatography 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-I-583-Rev.06 Page: 13 of 14 
 

19.1. The calibration curve may be fitted using a quadratic function in lieu of the linear regression model. In 
such a case, the minimum number of calibration points should be six, and in no case should 
concentrations be extrapolated for instrument responses that exceed that of the most concentrated 
calibration point. Ref. 25.7 

20. Instrument/Equipment Maintenance 

20.1. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.  

20.2. Routine Maintenance – Refer to Metrohm USA IC User Guide (25.6.) 
20.2.1. Weekly 
20.2.2. The ultra-filtration membrane filter disk should be inspected for sediment build-up and algal 

growth. In this event, it should be changed and the acrylic apparatus holding it together be 
thoroughly rinsed and cleaned with E-pure DI water. 

20.2.3. The water scrubber should be changed (beads changed and baked out) and the carbon dioxide 
scrubber should be checked and changed as needed. 

20.2.4. On a bi-weekly schedule, flows should be checked through the autosampler pump tubes and 
through the suppressor acid and water pump tubes. If not to the manufacturer’s specification, 
replace any pump tubing as needed. 

20.2.5. The remainder of the maintenance is to be performed on either a monthly, quarterly or annual 
basis.  The annual maintenance is covered by a maintenance contract and performed as part of the 
annual preventative maintenance.  All other maintenance is performed by the analyst.  The 
frequency of maintenance is summarized below: 

20.3. Table 20.1 Instrument Maintenance and Frequency 
Maintenance Frequency 
Change suppressor rinse solution As needed 
Change suppressor regenerant solution As needed 
Triple rinse the dilution water reservoir and change water As needed 
Change A Supp 5 Eluent 20x As needed 
Replace the ultra-filtration disk, cleaned disk apparatus Weekly or as needed 
Replace the water scrubber and/or CO2 scrubber As needed 
Change sampler and MSM pump tubing As needed 
Replace the RP guard disk and filter Quarterly or as needed 
Triple rinse the eluent water reservoir and change water Weekly or as needed 
Replace the 3 inline filters Quarterly or as needed 
Change the trap on top of the eluent (Replace ascarite) Semi-Annually 
Change the eluent aspirating filter As needed 
Replace check valves Annually 
Replace piston seals Annually 
Replace sapphire support rings Annually 
Replace sample waste lines Annually 
Clean pump rollers with deionized water Annually 

21. Troubleshooting 

21.1. Refer to the Metrohm operators’ manual for troubleshooting techniques. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
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Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003 - Waste 
Handling and Management (or equivalent replacement). 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.  

25. References 

25.1. Pace Quality Assurance Manual- most current version. 
25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 
25.4. Methods for the Determination of Inorganic Substances in Environmental Samples, EPA/600/R-

93/100, Method 300.0, Revision 2.1, August 1993.  
25.5. Metrohm USA Operators Manual - stored on desktop of instrument computer 
25.6. Federal Register/Vol. 77, No. 96/Friday, May 18, 2012/Rules and Regulations – Page 54, section (x.) 
25.7. U.S. Environmental Protection Agency, Methods for the Determination of Inorganic Anions by Ion 

Chromatography, Revision 1, February 2007, SW-846 Method 9056A. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Not applicable to this SOP. 

27. Revisions 

Document Number Reason for Change Date 

S-MN-I-583-rev.05 

Table 10.2- Changed reagent & final volumes of the spiking solutions 
Section 10.8-  Changed volume of flask to 50mL, Changed the expire time 
to 24 hours and solution expiration to 7 days.\ 
11.2.10- changed the wording in the section 
Table 20.1- Replace the RP guard disk and filter quarterly. 
Change the trap on top of the eluent semi-annually. 

06JUN2014 

S-MN-I-583-rev.06 Updated to LLC throughout document 
Section 12 – Procedure updated 29Nov2016 
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1. Purpose/Identification of Method 

1.1. The purpose of this Standard Operating Procedure (SOP) is to set forth the procedure used for the 
determination of a number of organic compounds that are partitioned into an organic solvent and are 
amendable to gas chromatography/mass spectrometry by EPA SW-846 8270C and 8270D. 

2. Summary of Method 

2.1. A measured amount of sample is extracted, dried, and concentrated to a specific final volume, and 
analyzed by GC/MS.  Qualitative identification of the analyte of interest in the extract is performed 
using the retention time and relative abundance of at least two characteristic masses.  Quantitation is 
performed using the internal standard technique with a single characteristic mass in coordination with 
the average relative response factor from the initial calibration. 

2.2. This method can be used to quantitate most neutral, acidic, and basic organic compounds that are 
soluble in methylene chloride and capable of being eluted without derivatization from a gas 
chromatographic fused-silica capillary column coated with a slightly polar silicone.  Such compounds 
include polynuclear aromatic hydrocarbons, chlorinated hydrocarbons and pesticides, phthalate esters, 
organophosphate esters, nitrosamines, haloethers, aldehydes, ethers, ketones, anilines, pyridines, 
quinolines, aromatic nitro compounds, and phenols, including nitrophenols. 

2.3. The following compounds may require special treatment when being determined by this method. 
Benzidine can be subject to oxidative losses during solvent extraction and exhibits poor 
chromatographic behavior.  Under the alkaline conditions of the extraction step, a-BHC, g-BHC, 
endosulfan I and II, and endrin are subject to decomposition.  Hexachlorocyclopentadiene is subject to 
thermal decomposition in the inlet of the gas chromatograph, chemical reaction in acetone solution, and 
photochemical decomposition.  N-nitrosodiphenylamine decomposes in the gas chromatographic inlet 
and can not be separated from diphenylamine.  Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 
4,6-dinitro-2-methylphenol, 4-chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 
4-chloroaniline, and benzyl alcohol are subject to erratic chromatographic behavior, especially if the 
GC system is contaminated with high boiling material. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel 
involved in the analytical method or non-analytical process.   

3.2. Parameters: This SOP applies to semivolatile organic compounds. 

4. Applicable Matrices 

4.1. This SOP is applicable to all types of water, oil, soil, and solid waste matrices.   

5. Limits of Detection and Quantitation 

5.1. The reporting limit (LOQ) for all analytes is 330-1700 ug/kg for soils (see Table IIa and IIb for each 
compound).  The reporting limit (LOQ) is 10-160 ug/L for waters with some analytes having an RL 
raised above 10 ug/L.  All current RLs and MDLs are listed in the LIMS and are available by request 
from the Quality Manager.   

6. Interferences 

6.1. Matrix interferences may be caused by contaminants in solvents, reagents, glassware, and other 
sample processing hardware that lead to discrete artifacts and/or elevated baselines in the ion current 
profiles.  All of these materials must be routinely demonstrated to be free from interferences under the 
conditions of the analysis by running laboratory reagent blanks. 
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6.2. Matrix interferences may be caused by contaminants that are coextracted from the sample.  The 
extent of matrix interferences will vary considerably from source to source, depending upon the nature 
of the environment being sampled. 

6.3. An interference that is unique to selected ion monitoring techniques can arise from the presence of an 
interfering compound which contains the quantitation mass ion.  This event results in a positive 
interference to the reported value for the compound of interest. This interference is controlled to some 
degree by acquiring data for a confirmation ion.  If the ion ratios between the quantitation ion and the 
confirmation ion are not within the specified limits, then interferences may be present. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Table 7.1 – Sample Collection, Preservation, Shipment and Storage 
Sample type Collection per sample Preservation Storage Hold time 
Soil 4 oz amber glass bottles 

with Teflon-lined lids 
 

Unpreserved The samples must be 
refrigerated above 
freezing but below 6C 
from the time of 
collection until extraction.  
The extracts must also be 
kept refrigerated above 
freezing but below 6C 
until analysis. 

Soil samples must be 
extracted within 14 days 
from date of collection. 
The sample extracts must 
be analyzed within 40 days 
of sample extraction. 

Water 1 liter glass amber  Unpreserved Above freezing but below 
6°C 

Must be extracted within 7 
days from the date 
collected. 

Leachate.  
See 7.1.1. 

Glass container Unpreserved.  
The TCLP 
extraction 
fluid is at a pH 
of 5. 

Above freezing but below 
6°C 

Must be extracted within 7 
days from the date leached. 

7.1.1. See SOP S-MN-I-312 (or equivalent replacement) for TCLP. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 – Equipment and Supplies 
Supply Description Vendor/Item #/Description 

Syringe 10 L, Hamilton or equivalent Fisher/Hamilton 80390 
Agilent gas chromatograph  Model 5890 (or equivalent) Agilent 
Agilent mass spectrometer  Model 5972 (or equivalent) Agilent 
Agilent Autosampler  Model 7673A (or equivalent) Agilent 
Column Zebron ZB-Semivolatiles30 m x 0.25 mm x 

.50 um (ID) bonded-phase silicone coated 
fused silica capillary column, 0.25 – 0.5 μm 
film thickness (or equivalent) 

#Phenomenex /7HG-G027-17 

Chemstation Data Acquisition Software See master list for current version 
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Target Data Processing Software See master list for current version 

EpicPro (Horizon) Data Reporting Software See master list for current version 

Gandalph Data Packaging Software See master list for current version 

10. Reagents and Standards 

10.1. Table 10.1 – Reagents and Standards 
Reagent/Standard Concentration/Description Requirements/Vendor/Item # 

Methylene Chloride Optima grade Fisher Scientific or equivalent 
Acetone Optima grade Fisher Scientific or equivalent 
8270 Mega Mix 500-1000 µg/mL Restek, 31850 
605 Benzidine 2,000 µg/mL Restek, 31030 
Benzoic Acid 2,000 µg/mL Restek, 2-0140-1 
Acid Surrogate Mix 10,000 µg/mL Restek, 31086 
B/N Surrogate Mix 5,000 µg/mL Restek, 31087 
Acid Comp Mix 2000 µg/mL AccuStd, CLP-HC-A-R 
B/N Comp Mix 2000 µg/mL AccuStd, CLP-HC-BN-R 
Comp Mix #2 2000 µg/mL AccuStd Z-014E-R 
1-Methylnapthalene 2000 µg/mL AccuStd, H-001S-D-40X 
Carbazole 2000 µg/mL AccuStd, H114S-D-40X 
Mix #7 Benzidine 2000 µg/mL Chem Serv, PP-HC7 
Internal Standard Mix 4000 µg/mL Accustd, Z-014J-PAK 
DFTPP – Decafluorotripheylphosphine 1000 ug/mL Accustandard, M-625-TS-20X, or equivalent 

 
10.2. Table 10.2 - Working Standard Dilutions and Concentrations 

Standard Standard(s) Used/Vendor 
Standard(s) 

Amount Solvent 
Solvent 
Volume 

Final 
Total 

Volume 
Final 

Concentration 

8270-SS Acid Surrogate Mix (Restek) 5.0 mL Acetone 37.5 mL 50.0 mL 1000 µg/mL 
B/N Surrogate Mix(Restek) 7.5 mL  750 µg/mL 

Initial 
Calibration 

(ICAL) Stock 
Standard 

8270 Mega Mix (Restek) 0.8 mL 

Methylene 
Chloride 2.6 mL 5 mL 

80-160 µg/mL 
605 Benzidine (Restek) 0.4mL 160 µg/mL 
Benzoic Acid (Restek) 0.4 mL 160 µg/mL 

8270-SS 0.8 mL 120/160 µg/mL 
   

The initial 
calibration 
verification 
(ICV) (also 
called 8270 

external check) 

Acid Comp Mix (Accu) 0.040 µg/mL 

Methylene 
Chloride 

 
 
 

0.680mL 
 

1.0 mL 
 

80 µg/mL 
Mix #7 Benzidine(Chem 

Serv) 0.040 µg/mL 80 µg/mL 

8270-SS 0.08 µg/mL 60-80µg/mL 
B/N Comp Mix (Accu) 0.040 µg/mL 80 µg/mL 
Comp Mix #2 (Accu) 0.040 µg/mL 80 µg/mL 

1-methylnaphthalene (Accu) 0.040 µg/mL 80 µg/mL 
Carbazole (Accu) 0.040 µg/mL 80 µg/mL 

Internal Standard Mix 0.010 µg/mL 40 µg/mL 
Continuing 
Calibration 
Verification 

(CCV) 

8270-6 0.5 Methylene 
Chloride 0.5mL 1.0mL 40-80 ug/mL 
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Standard 

Tune Standard DFTPP – 
Decafluorotripheylphosphine 0.5mL Methylene 

Chloride 9.5mL 10 mL 50ug/mL 

 
10.3. The initial calibration working standards should be prepared as follows using the stock standard: 

 

Solution Name 
Conc. of 

Parent Sol’n 
Aliquot 
Volume Internal Std Diluent Vol. Final Conc. 

 (µg/mL) (mL) (µL) (mL)** (µg/mL) 
8270-8 80-160 1.0 10 To 1.0 80-160 
8270-7 80-160 0.750 10 To 1.0 60-120 
8270-6 80-160 0.500 10 To 1.0 40-80 
8270-5 80-160 0.250 10 To 1.0 20-40 
8270-4 80-160 0.125 10 To 1.0 10-20 
8270-3 80-160 0.0625 10 To 1.0 5-10 
8270-2 80-160 0.03125 10 To 1.0 2.5-5 
8270-1 80-160 0.00625 10 To 1.0 0.5-1 

** Diluent is Methylene Chloride. 

11. Calibration and Standardization 

11.1. Table 11.1 – Calibration and Standardization 
Calibration Metric Parameter/Frequency Criteria Comments 
Initial Calibration.  
See 11.2. 

Prior to the analysis of 
samples and after tuning 
criteria have been met (See 
table 1).  The system 
should be set up to analyze 
the eight calibration levels 
from section 10.3. 

The %RSD should be less than or 
equal to 15% for each target analyte 
for 8270C and 20% for 8270D, 
except the Calibration Check 
Compounds (CCC) for 8270C only 
(see Table V) which MUST be less 
than 30%.  See 11.2.4 note.  The 
relative retention times of each 
compound in each calibration run 
should agree within 0.06 relative 
retention time units.  See 11.2.5 for 
further 8270C criteria. 
 
The reporting limit standard must be 
evaluated following the initial 
calibration by requanting the 
standard against the passing ICAL. 
Per 8270D, the calibration standard 
equivalent to the reporting limit is to 
be within ±30% for linear 
regression curves, for MN work 
MPCA requires that the reporting 
limit verification be within 40% for 
all compounds for all curve fits. 

When target analytes are 
>15% for 8270C or >20% for 
8270D RSD, performing a 
linear regression (0.990 or 
better for 8270C and  8270D) 
or a weighted least squares 
regression (0.99 or better) 
must be employed to achieve 
linearity.  
It should be noted that clients 
may specify other criteria. 
 
The initial calibration is valid 
only after the requirements 
listed in this table and in 
section 11.2.5 have been met 
or justification is given that 
would support valid 
generation of data.   
Note: Sample analysis can 
only begin after these criteria 
are met.   

Continuing GC/MS 
Calibration 
Verification Or 
External Check 
 

If the External Check is not 
the CCV it must, at a 
minimum, be analyzed 
after the initial calibration 
for verification 

70-130% for 8270C and  
70-130% for 8270D 
 
unless client specific 

See 11.3 

11.2. Initial Calibration 
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11.2.1. Inject an aliquot (1-3uL) of each calibration standard and tabulate the area of the primary 
characteristic ion against concentration for each compound (as indicated in Table IV). 

11.2.2. Calculate response factors (RFs) for each compound in each calibration level using equation 1 
in 14.1. 

11.2.3. Calculate the percent relative standard deviation for each compound using equation 2 in 14.2. 
11.2.4. Note:  For GC/MS calibration, Method 8270C requires 15% RSD as evidence of sufficient 

linearity to employ an average response factor.  For the following compounds, some project 
QAPPs may allow 25% RSD: 

Benzyl alcohol 4-Chloroaniline 
Hexachlorocyclopentadiene 3,3-Dichlorobenzidine 

11.2.5. For 8270C:  A system performance check compounds must be evaluated to ensure that 
minimum average RFs are met before the calibration curve is used. 

11.2.5.1. The System Performance Check Compounds (SPCCs) (See Table VI) have a minimum 
acceptable average RF of 0.050.   

11.2.5.2. These SPCCs typically tend to decrease in response as the chromatographic system begins 
to deteriorate or the standard material begins to deteriorate.  They are usually the first to 
show poor performance.  Therefore, they must meet the minimum requirement when the 
system is calibrated. 

11.3. Continuing GC/MS Calibration Verification or External Check 
11.3.1. The CCV is valid only after all the criteria has been met: 

11.3.1.1. Compare the response factor data from the standards every 12 hours with the average 
response factor from the initial calibration and calculate the percent difference using 
equation 4 in 14.3. 

11.3.1.1.1. For 8270C: The %D MUST be less than or equal to 20% for each Calibration 
Check Compounds (CCC) (see standard traceability SOP ALL-Q-025, or 
equivalent replacement).  

11.3.1.1.2. For 8720C:  If the CCC compounds are not on the list being evaluated, all analytes 
of interest must have a %D less than 20%.   

11.3.1.1.3. For 8270C:  If the CCC compounds are on the list being evaluated, all other target 
analytes must be evaluated utilizing a criterion of 40% with technical justification 
and footnoting of sample data to all outliers. 

11.3.2. The internal standard responses and retention times in the CCV must be evaluated immediately 
after or during data acquisition.   
11.3.2.1.1. If the retention time for any internal standard changes by more than 30 seconds 

from the midpoint calibration standard of the initial calibration, the analytical 
system must be inspected for malfunctions and corrections must be made.   

11.3.2.1.2. If the EICP area for any of the internal standards changes by a factor of two, (-50% 
to +100%) from the midpoint calibration standard of the initial calibration, the MS 
must be inspected for malfunctions and corrections must be made. 

11.3.2.1.3. Internal standard recoveries out low (high bias) – if compounds associated with the 
internal standard(s) that are outside the control limits are non-detect, the sample can 
be reported without re-analysis, however, if the outlier is not indicative of a system 
drift (i.e. If only one sample has internal standard drift, which is dissimilar from 
other samples around the injection time), re-analysis should be performed to rule 
out matrix effects. 

11.3.2.2. Internal standard recoveries out high (low bias) – re-analysis should be performed 
assuming there is sufficient sample volume remaining. Appropriate footnoting practices 
are also observed. 
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11.3.2.3.  For 8270C:  The CCV is valid only after both the %D (20%) for CCC compounds, and 
the minimum RF (0.05) for SPCC have been met or justification is given that would 
support valid generation of data.  Only after both these criteria are met may sample 
analysis begin.   

11.3.2.4. For 8270D, the CCV is valid after the 20 %D and minimum response criteria in 
Attachment VII has passed criteria.  Due to the number of analytes being analyzed, some 
compounds may fail to meet the 20% criteria. Any detections reported in the samples 
need to be within the 20% D criteria on the associated CCV.  To report non detect 
compounds in samples up to 20% of the compounds in the CCV, the value may be outside 
20% D criteria but it must be ≤ 40% D.  If greater than 20% of the analytes fail the 20% 
criteria, corrective action must take place prior to sample analysis.  For Arizona samples 
the reporting limit must be ± 20% of the true value.   

12. Procedure 

12.1. Sample Preparation 
12.1.1. EPA method 3550, Sonication Extraction Technique. 

12.1.1.1. Method -Attachment I. 
12.1.1.2. Extraction bench sheet - Attachment II. 

12.1.2. EPA method 3580A, Waste Dilution Technique. 
12.1.2.1. Method - Attachment III. 
12.1.2.2. Extraction bench sheet - Attachment IV. 

12.1.3. EPA method 3520 Continuous Liquid Liquid Extraction 
12.1.3.1. See Pace SOP’s S-MN-O-496 and S-MN-O-539 

12.1.4. EPA method 3510 Separatory Funnel Extraction 
12.1.4.1. See Pace SOP S-MN-O-566 

12.2. GC/MS Operating Conditions 
12.2.1. The recommended GC/MS operating conditions: 

Mass Range: 35-500 amu 
Scan Time: 1 sec/scan 
Initial Temperature: 45° C  
Temperature Program: 45-320°C at 20° C/min 
Final Temperature: 320°C 
Injector Temperature: 275° C 
Transfer Line Temperature: 300° C 
Source Temperature:   210 to 250° C 
Injector:   Splitless 
Sample Volume: 1 L 
Carrier Gas: Helium at 30 mL/min 

 
NOTE:  These values may change to optimize the efficiency of the GC/MS system. 

12.3. GC/MS Hardware Tuning 
12.3.1. Each GC/MS system must be hardware-tuned to meet the criteria in Table I for a 50 ng injection 

of decafluorotriphenylphosphine (DFTPP). 
12.3.1.1. DDT, Pentachlorophenol, and Benzidine should also be evaluated during the tuning 

process. 
12.3.1.2. Whenever the laboratory takes corrective action which may change the tuning criteria for 

DFTPP (e.g., ion source cleaning or repair, etc.) the tune must be verified irrespective of 
the 12-hour tuning requirements. 
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12.3.1.3. Analyses should not begin until all these criteria are met.  
12.3.2. The twelve-hour time period for GC/MS system tuning and standards calibration (initial or 

continuing calibration criteria) begins at the moment of injection of the DFTPP analysis that the 
laboratory submits as documentation of compliant tune.  The time period ends after twelve 
hours have elapsed according to the system clock. 

12.3.2.1. The analysis of DFTPP may be performed by: 
12.3.2.1.1. Injection of 50 ng of DFTPP 
12.3.2.1.2. By adding 50 ng to continuing calibration standard. 

12.4. GC/MS Sample Analytical Procedure 
12.4.1. Sample Analysis 

12.4.1.1. Extracts may be screened on a GC/FID using the same type of capillary column. This will 
minimize contamination of the GC/MS system from unexpectedly high concentrations of 
organic compounds. 

12.4.1.2.  The one mL extract obtained from sample preparation laboratory should be fortified with 
10 L of internal standard solution just prior to analysis such that 40 ng of each internal 
standard is injected on the column. 

12.4.1.3.  Analyze each extract by GC/MS by injecting 1 L onto the column. 
12.4.1.4.  Store the extracts above freezing but below 6C protected from light in crimp-top vials 

equipped with unpierced Teflon lined septa.   
12.4.2. Qualitative Analysis - Target Analytes 

12.4.2.1. Two criteria must be satisfied to verify the identifications of compounds in the sample:   
12.4.2.1.1. Elution of the sample component at the same GC relative retention time as the 

standard component. The sample component RRT must compare within ± 0.06 
RRT units of the RRT of the preceding CCV. 

12.4.2.1.2. Correspondence of the sample component and standard component mass spectra. 
12.4.2.2. For comparison of standard and sample component mass spectra, mass spectra obtained 

on each PACE GC/MS system are utilized from the preceding CCV. 
12.4.2.3. The requirements for qualitative verification by comparison of mass spectra are as 

follows: 
12.4.2.3.1. All ions present in the standard mass spectra at a relative intensity greater than 30% 

(most abundant ion in the spectrum equals 100%) must be present in the sample 
spectrum. 

12.4.2.3.2. The relative intensities of must agree within plus or minus 30% between the 
standard and sample spectra. 

12.4.2.3.3. Ions greater than 10% in the sample spectrum must be considered and accounted for 
by the analyst making the comparison. 

12.4.3. Quantitative Analysis - Target Analytes 
12.4.3.1. The internal standard used shall be the one nearest the retention time to that of a given 

analyte.  See Table III for guidelines. 
12.4.3.2.  The EICP area of characteristic ions of analytes listed in Tables IV and VII are used.  

12.4.3.2.1. Secondary ions may be used if interferences are present.   
12.4.3.2.2. The area of a secondary ion cannot be substituted for the area of a primary ion 

unless an average response factor is calculated using the secondary ion. 
12.4.3.3. The average response factor from the initial calibration is used to calculate the 

concentration in the sample.  All soil samples are corrected for moisture by the LIMs 
unless there are state or contractual differences.  See equation 5 in 14.4. 
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12.4.4. Qualitative Analysis - Non-Target Analytes (TICs) 
12.4.4.1. A library search may be executed for non-target sample components for the purpose of 

tentative identification.  For this purpose, the NIST05 Mass Spectral Library should be 
used. 

12.4.4.2. Up to 10 substances (Contract Specific) of greatest apparent concentration not listed in 
Table II, Table IIA, Table IIB (depending on the client request) for the combined 
base/neutral/ acid fraction shall be tentatively identified via a forward search of the 
NIST05 mass spectral library.  (Substances with responses less than 10% of the nearest 
internal standard are not required to be searched in this fashion).   

12.4.4.3. If in the opinion of the analyst, no valid tentative identification can be made, the 
compound should be reported as unknown.   

12.4.4.4. The mass spectral specialist should give additional classification of the unknown 
compound, if possible (i.e. unknown phthalate, unknown hydrocarbon, unknown acid 
type, unknown chlorinated compound).  If probable molecular weights can be 
distinguished, include them. 

12.4.5. Quantitative Analysis - Non -Target Analytes (TICs)  
12.4.5.1. For quantitation, the nearest internal standard free of interferences shall be used. 
12.4.5.2. When calculating concentration for non-calibrated components, total area counts from the 

total ion chromatograms are to be used for both the compound to be measured and the 
internal standard.   

12.4.5.3. An average response factor of 1.0 is to be assumed.   
12.4.5.4. The value from this quantitation shall be qualified as estimated and the nearest resolved 

internal standard used to quantitate shall be identified.   
12.4.5.5. This estimated concentration should be calculated for all tentatively identified compounds 

as well as those identified as unknowns. 

13. Quality Control 

13.1. Table 13.1 – Quality Control 
QC Sample Components Frequency Acceptance Criteria Corrective Action 
Method 
Blank (MB) 

Leachate = Solution 
used to leach samples.  
A method blank is 
leached with each set 
and is continued through 
extraction process. 
 
Soil = Sand (baked, and 
solvent washed) 
Water = Deionized 
water 
 
The initial 
volume/weight used for 
the method blank must 
be approximately equal 
to the sample aliquots 
being processed. 

Method blank 
analysis must be 
performed at the 
following 
frequency:  
 
Once each batch. 
 
With every twenty 
(20) samples of 
similar 
concentration 
and/or sample 
matrix. 
 
Whenever 
samples are 
extracted by the 
same procedure. 

Less than the reporting 
limit of any single 
target analyte, or to the 
MDL for data quality 
objectives. 

If a laboratory reagent blank 
exceeds criteria, the laboratory 
must consider the analytical 
system out of control.  The source 
of the contamination investigated 
and appropriate corrective 
measures must be taken and 
documented.   
 
All sample processed with an 
unacceptable method blank must 
be reprepared (if additional raw 
sample is available) and 
reanalyzed; unless they are non-
detect for analytes present in the 
method blank or greater than 10 
times the concentration found in 
the associated method blank. 
 
The laboratory will report ALL 
sample concentration data as 
UNCORRECTED for blanks. 
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Laboratory 
Control 
Sample 
(LCS)/ 
Laboratory 
Control 
Sample 
Duplicate 
(LCSD) 

A control matrix injected 
with target analytes. 
 
The control matrices 
include: 
Leachate = Solution used 
to leach samples 
Water = Deionized water 
Soil = Sand (baked, and 
solvent washed) 

Each analytical 
batch or once per 
20 samples, 
whichever is more 
frequent.  A 
LCSD is prepared 
ONLY when an 
MS/MSD is not 
available to 
analyze. 

Limits are established 
by the laboratory and 
are updated annually 
by the QA office.  The 
most current limits can 
be found in LIMS. 
 
If an LCSD is 
performed <20% 
relative percent  
difference (RPD). 
 
NELAC requirements 
for how many analytes 
can be out per analyte 
list can be found in the 
Quality Assurance 
Manual. Certain 
clients may have 
tighter criteria per 
QAPP or Tech. Specs. 

If a laboratory control sample 
exceeds criteria all samples in the 
batch with no detections can be 
reported.  
 
If a laboratory control sample is 
below the required criteria all 
samples must be reprepared (if 
additional raw sample is 
available) and reanalyzed. 
 
 
 
Exceptions: 
If LCS recovery is > QC limits 
and these compounds are non-
detect in the associated samples, 
the sample data may be reported 
with appropriate data qualifiers. 
If the LCSD is within criteria, but 
the RPD fails treat like a biased 
high LCS recovery. 

Surrogates   Limits are established 
by the laboratory and 
are updated annually 
by the QA office.  The 
most current limits can 
be found in LIMS.  It 
is our general practice 
to allow one surrogate 
to be outside criteria.  
Some clients may have 
tighter criteria per 
QAPP or Tech specs. 

Surrogates out due to matrix can 
be reported as such. 
 
Samples with surrogates 
exceeding criteriacan be reported 
if they are non-detect, samples 
with hits will have to be 
reprepared (if additional raw 
sample is available) and 
reanalyzed. 
 
Samples with surrogates below 
the required criteria have to be 
reprepared (if additional raw 
sample is available) and 
reanalyzed. 

Matrix 
Spike (MS)/ 
Matrix 
Spike 
Duplicate 
(MSD) 

Prepared like the 
laboratory control 
sample with a designated 
sample being the control 
matrix. 

Performed with 
every twenty (20) 
samples of similar 
concentration 
and/or similar 
sample matrix if 
sufficient sample 
is provided by the 
client.  (Note: If 
sample is not 
available, an LCS 
and an LCS 
duplicate should 
be analyzed.)  
Analyzed at the 
same dilution as 
the original 
unspiked sample. 

The recoveries and 
RPD should fall 
between the limits 
updated annually by 
the QA office.  The 
most current limits can 
be found in LIMS. 

If a recovery fails criteria, it is the 
responsibility of the analyst and 
supervisor to determine if the 
outliers are related to the matrix 
of the unspiked sample. 
 
For Minnesota Admin Contract 
clients – all MS/MSD failures 
require reanalysis of the MS/MSD 
and the original sample. If it is 
still out of control, investigate and 
document the cause in the 
associated narrative as well as 
qualifying properly. 

14. Data Analysis and Calculations 
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14.1. Calculate response factors (RFs) for each compound in each calibration level using equation 1: 

Equation 1:   
  
  xis

isx

CA

CA
RF   

 
Where:  
Ax =  Area of the characteristic ion for the compound being measured. 
Ais =  Area of the characteristic ion for the specific internal standard. 
Cis =  Concentration of the specific internal standard (ng/L). 
Cx =  Concentration of the compound being measured (ng/L). 

 
14.2. Calculate the percent relative standard deviation using equation 2:  

Equation 2: 100% x
RF

SD
RSD   

 
Where: 
RF =  Mean of the Response Factors mentioned above. 
SD  =  Standard Deviation of initial response (Equation 3). 

 

Equation 3: 
 

1
1

2
1









n

RFRF

SD

n

i  

 
Where: 
RF1  =  Each individual response factor 
RF =  Mean of the Response Factors mentioned above. 
n  = Number of response factors 

 
14.3. Calculate the percent difference using equation 4: 

Equation 4: 
 

100% x
RF

RFRF
Difference

i

ci   

 
Where:  
RFi =  Average response factor from initial calibration 
RFc =  Response factor from current verification check standard 
 

14.4. Calculate the concentration in the sample using equation 5: 

Equation 5: 
   

    iois

tsx

VWRFA

VIA=(ug/L)ion Concentrat  

 
Where:  
Ax = Area of the characteristic ion for the compound to be measured 
Ais = Area of the characteristic ion for the internal standard 
Is = Amount of internal standard injected in nanograms (ng) 
Wo = Volume of sample extracted in liters (or weight in g) 
Vi = Volume of extract injected (mL) 
Vt = Final volume of total extract  
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RF = Average response factor from initial calibration 
 

14.5. The recoveries and RPDs are calculated as follows and are used to verify that the precision and bias 
of the analytical process are within control limits.  

 
Equation 6:  

100covRe% x
SA

SRSSR
ery


  

 
Where:  
SSR  =  Spike Sample Results 
SR  =  Sample Result 
SA  =  Spike Added from spiking mix 
 
Equation 7: 

 
100

2
x

BA

BA
RPD




  

 
Where:  
RPD  =  Relative Percent Difference 
A  =  First Sample Value 
B  =  Second Sample Value (duplicate) 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See tables in section 11 & 13.   

16. Corrective Actions for Out-Of-Control Data 

16.1. See tables in section 11 & 13. 

17. Contingencies for Handling Out-Of-Control or Unacceptable Data 

17.1. If not specifically listed in the table in section 13, the contingencies are as follows.  If there is no 
additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted annually (per the 
method) per S-MN-Q-269 – Determination of Limit of Detection and Limit of Quantitation (or 
equivalent replacement) for each matrix per instrument.   

18.3. Demonstration of Capability (DOC):  Every analyst who performs this method must first document 
acceptable accuracy and precision by passing a demonstration of capability study (DOC) per S-ALL-Q-
020 - Training Procedures (or equivalent replacement).   

18.4. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing competence 
per SOP S-MN-Q-258 – Proficiency Testing Program (or equivalent replacement). Results are stored in 
the QA office. 
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19. Method Modifications 

19.1. Not applicable to this SOP. 

20. Instrument/Equipment Maintenance 

20.1. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.  

20.2. Basic Maintenance: 
20.2.1. Injection port maintenance 
20.2.2. Changing of Septa – daily or as needed 
20.2.3. Evaluation/cleaning/replacement of liners – as needed.  Daily evaluation.   
20.2.4. Evaluation/changing of Gold seal – evaluate daily when liners are being cleaned/replaced.  

Mass spec tunes will be able to give you a good indication of the condition of the gold seal.  
Certain compounds are more susceptible to degradation in the injection port.  

20.2.5. Clipping of column – as needed.  Clipping the column will often decrease tailing, revive some 
sensitive compounds and help prolong column life. 

20.2.6. Split line/Weldment cleaning 
20.2.6.1. Frequency– monthly or as needed.  Samples are direct injected so it will depend on the 

samples you are analyzing.  If samples are high in petroleum and/or oily matrixes it may 
require you to clean your split lines and weldment more often.  Typical signs of split lines 
requiring cleaning is poor back end (back half of your chromatogram) response and 
breaking down of compounds (DDT, endrin, etc.) 

21. Troubleshooting 

21.1. The tune should help serve as a troubleshooting guide for column degradation and standard issues.  
For example:  if the instrument has trouble passing calibrations consistently and PCP is present and 
DDT is not breaking down excessively then the result of the calibration issues is more likely due to 
standard degradation and not the system itself.  Conversely if the system has trouble consistently 
passing calibrations or recoveries are inconsistent from run to run and PCP is not present and/or DDT 
is breaking down the result is more than likely due to a system issue.  This would cue the analyst to 
perform different maintenance including injection port maintenance, clipping column, cleaning split 
lines, cleaning weldments, or replacing columns. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003 - Waste 
Handling and Management (or equivalent replacement). 
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23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.  

25. References 

25.1. Pace Quality Assurance Manual- most current version. 
25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 
25.4. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 

Update III, Method 8270C. 
25.5. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 

Update IV, Method 8270D 
25.6. USEPA Contract Laboratory Program Statement of work for Organics Analysis, OLMO3.0, Exhibit 

D Semivolatiles. 
25.7. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Online, March 

2003, Revision 3, Method 8000C. 
25.8. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition and 

Update IV, Method 3550C, 2007. 
25.9. Test Methods for Evaluating Solid Waste, SW-846, Final Update III, Method 3520C. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Table I: DFTPP Key Ions and Ion Abundance Criteria 
26.2. Table IIa: Analytes and Quantitation Limits – Standard 8270 Reporting Limit 
26.3. Table IIb: Analytes and Quantitation Limits – Additional Extractable 8270 Analytes 
26.4. Table IIc: Analytes and Quantitation Limits –Extractable 8270 TCLP Analytes 
26.5. Table III: Internal Standard Method of Quantitation 
26.6. Table IV: Characteristic Ions for Target Compounds  
26.7. Table V: Calibration Check Compounds (CCC) 
26.8. Table VI: System Performance Check Compounds (SPCC) 
26.9. Table VII: Characteristic Ions for Internal Standards 
26.10. Table VIII: Characteristic Ions for Surrogates 
26.11. Table IX: Surrogate Compounds 
26.12. Attachment I: Sonication Extraction Technique – Benchsheet (example) 
26.13. Attachment II: Waste Dilution Technique – Method  
26.14. Attachment III: Instrument Run Log (example) 
26.15. Attachment IV: Method 8270D Minimum Response Factor Criteria 

27. Revisions 

Document Number Reason for Change Date 
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S-MN-O-436-Rev.25 

Edited Title to include water. 
Removed uncontrolled. 
Added “Copies without a distribution number below are considered 
uncontrolled.” to the statement of copyright. 
Added water to Applicable Matrices, Section 4.1. 
Added reporting limits for water to Section 5.1 
Added water row and parameters to Table 7.1. 
Added Procedure sample preparation references in 12.1.3 and 12.1.4. 
Edited Table 13.1 to include Water and remove “sifted” from soil 
description. 

08Aug2017 
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TABLE I: DFTPP Key Ions And Ion Abundance Criteria for 8270C 
 

Mass Ion Abundance Criteria 
51 30.0 - 60.0 percent of mass 198 
68 less than 2.0 percent of mass 69 
69 Mass 69 relative abundance 
70 less than 2.0 percent of mass 69 
127 40.0 - 60.0 percent of mass 198 
197 less than 1.0 percent of mass 198 
198 base peak, 100 percent relative abundance 
199 5.0 - 9.0 percent of mass 198 
275 10.0 - 30.0 percent of mass 198 
365 greater than 1.00 percent of mass 198 
441 present but less than mass 443 
442 Greater than 40.0 percent of mass 198 
443 17.0 - 23.0 percent of mass 442 

 
Tailing analysis 

Pentachlorophenal less than or equal to 5.0 

Benzidine less than or equal to 3.0 

 

 

 

DDT Degradation % Breakdown analysis Summary 

4,4-DDE less than or equal to 20.0 

4,4-DDD less than or equal to 20.0 

4,4-DDD + DDE less than or equal to 20.0 
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TABLE I Continued: DFTPP Key Ions And Ion Abundance Criteria for 8270D 
 

Mass Ion Abundance Criteria 
51 10.0 - 80.0 percent of mass 198 
68 less than 2.0 percent of mass 69 
69 Mass 69 relative abundance 
70 less than 2.0 percent of mass 69 
127 10.0 - 80.0 percent of mass 198 
197 less than 2.0 percent of mass 198 
198 base peak, 100 percent relative abundance 
199 5.0 - 9.0 percent of mass 198 
275 10.0 - 60.0 percent of mass 198 
365 greater than 1.00 percent of mass 198 
441 present but less than 24% of mass 443 
442 Greater than 40.0 percent of mass 198 
443 15.0 - 24.0 percent of mass 442 

                    Note:  Tighter criteria may be used such as the criteria listed in 8270C for the above abundances 

 

Tailing analysis 

Pentachlorophenol and Benzidine less than or equal to 2.0 

 

DDT Degradation % Breakdown analysis Summary 

4,4-DDE less than or equal to 20.0 

4,4-DDD less than or equal to 20.0 

4,4-DDD + DDE less than or equal to 20.0 
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TABLE I Continued: DFTPP Key Ions And Ion Abundance Criteria for 8270D 
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TABLE IIa: Analytes And Quantitation Limits-Standard 8270C/D reporting list 

Analyte CAS # 
PQL 

(ug/kg) 

1,2,4-Trichlorobenzene 120-82-1 330 

1,2-Dichlorobenzene 95-50-1 330 

1,2-Diphenylhydrazine 122-66-7 330 

1,3-Dichlorobenzene 541-73-1 330 

1,4-Dichlorobenzene 106-46-7 330 

1-Methylnaphthalene 90-12-0 330 

2,4,5-Trichlorophenol 95-95-4 330 

2,4,6-Trichlorophenol 88-06-2 330 

2,4-Dichlorophenol 120-83-2 330 

2,4-Dimethylphenol 105-67-9 330 

2.4-Dinitrophenol 51-28-5 330 

2,4-Dinitrotoluene 121-14-2 330 

2.6-Dinitrotoluene 606-20-2 330 

2-Chloronaphthalene 91-58-7 330 

2-Chlorophenol 95-57-8 330 

2-Methylnaphthalene 91-57-6 330 

2-Methylphenol(o-Cresol) 95-48-7 330 

2-Nitroaniline 88-74-4 330 

2-Nitrophenol 88-75-5 330 

3&4-Methylphenol 
108-39-4 
106-44-5 660 

3,3'-Dichlorobenzidine 91-94-1 660 

3-Nitroaniline 99-09-2 330 

4,6-Dinitro-2-methylphenol 534-52-1 1700 

4-Bromophenylphenyl ether 101-55-3 330 

4-Chloro-3-methylphenol 59-50-7 330 

4-Chloroaniline 106-47-8 330 

4-Chlorophenylphenyl ether 7005-72-3 330 

4-Nitroaniline 100-01-6 330 

4-Nitrophenol 100-02-7 330 

Acenaphthene 83-32-9 330 

Acenaphthylene 208-96-8 330 

Anthracene 120-12-7 330 

Benzo(a)anthracene 56-55-3 330 

Benzo(a)pyrene 50-32-8 330 

Benzo(b)fluoranthene 205-99-2 330 

Benzo(g,h,i)perylene 191-24-2 330 
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TABLE IIa: Analytes And Quantitation Limits-Standard 8270C/D reporting list (Continued) 

 

Analyte CAS # 
PQL 

(ug/kg) 

Benzo(k)fluoranthene 207-08-9 330 

Butylbenzylphthalate 85-68-7 330 

Benzoic acid 65-85-0 1700 

Benzyl alcohol 100-51-6 330 

Benzidine 
 

1600 

Carbazole 86-74-8 330 

Chrysene 218-01-9 330 

Di-n-butylphthalate 84-74-2 330 

Di-n-octylphthalate 117-84-0 330 

Dibenz(a,h)anthracene 53-70-3 330 

Dibenzofuran 132-64-9 330 

Diethylphthalate 84-66-2 330 

Dimethylphthalate 131-11-3 300 

Fluoranthene 206-44-0 330 

Fluorene 86-73-7 330 

Hexachloro-1,3-butadiene 87-68-3 330 

Hexachlorobenzene 118-74-1 330 

Hexachloroethane 67-72-1 330 

Hexachlorocyclopentadiene 118-74-1 330 

Indeno(1,2,3-cd)pyrene 193-39-5 330 

Isophorone 78-59-1 330 

N-Nitroso-di-n-propylamine 621-64-7 330 

N-Nitrosodimethylamine 62-75-9 330 

N-Nitrosodiphenylamine 86-30-6 330 

Naphthalene 91-20-3 330 

Nitrobenzene 98-95-3 330 

Pentachlorophenol 87-86-5 670 

Phenanthrene 85-01-8 330 

Phenol 108-95-2 330 

Pyrene 129-00-0 330 

Pyridine 110-86-1 330 

bis(2-Chloroethoxy)methane 111-91-1 330 

bis(2-Chloroethyl) ether 111-44-4 330 

bis(2-Chloroisopropyl)ether 108-60-1 330 

bis(2-Ethylhexyl)phthalate 117-81-7 330 
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TABLE IIb: Analytes & Quantitation Limits -Extractable 8270-TCLP Analytes 

 

Compound CAS Number TCLP µg/L 
Pyridine 110-86-1 100 
1,4-Dichlorobenzene 106-46-7 100 
2-Methylphenol 95-48-7 100 
3&4-Methylphenol 109-39-4 & 106-44-5 100 
Hexachloroethane 67-72-1 100 
Nitrobenzene 98-95-3 100 
2,4-Dinitrotoluene 121-14-1 100 
2,4,6-Trichlorophenol 88-06-2 100 
2,4,5-Trichlorophenol 95-95-4 100 
Hexachlorobenzene 118-74-1 100 
Pentachlorophenol 87-86-5 200 
Hexachloro-1,3-
butadiene 87-68-3 100 
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TABLE III: Internal Standard Method of Quantitation (Standard 8270 list)** 

 
TABLE III: Internal Standard Method of Quantitation (Standard 8270 list)** (Continued) 
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TABLE III: Internal Standard Method of Quantitation (Standard 8270 list)** (Continued) 



Extractable BNA by GC/MS 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-O-436-Rev.25 Page: 25 of 36 
 

 
TABLE III: Internal Standard Method of Quantitation (Standard 8270 list)** (Continued) 
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TABLE IV: Characteristic Ions For Target Compounds – (Standard 8270 List)** 

Compound Primary Ion Secondary Ions 
N-nitrosodimethylamine 74 42, 44 
Pyridine 79 52 
Phenol 94 66, 65 
bis(2-Chloroethyl) ether 63 93, 95, 
2-Chlorophenol 128 64, 130 
1,3-Dichlorobenzene 146 148, 111 
1,4-Dichlorobenzene 146 148, 111 
Benzyl Alcohol 79 108, 77 
1,2-Dichlorobenzene 146 148, 111 
2-Methylphenol 107 108, 77 
bis-(2-Chloroisopropyl) ether 45 77, 121 
N-Nitroso-di-n-propylamine 70 42, 101, 130 
3&4-Methylphenol 107 108, 77 
Hexachloroethane 117 201, 199 
Nitrobenzene 77 123, 65 
Isophorone 82 138, 95 
2-Nitrophenol 139 65, 109 
2,4-Dimethylphenol 107 122, 121 
bis(2-Chloroethoxy)methane 93 95, 123 
Benzoic Acid 105 102, 77 
2,4-Dichlorophenol 162 164, 98 
1,2,4-Trichlorobenzene 180 182, 145 
Naphthalene 128 129, 127 
4-Chloroaniline 127 129, 65 
Hexachlorobutadiene 225 223, 227 
4-Chloro-3-methylphenol 107 142, 144 
2-Methylnaphthalene 142 141 
1-Methylnaphthalene 142 141 
Hexachlorocyclopentadiene 237 235, 272 
2,4,6-Trichlorophenol 196 198, 200 
2,4,5-Trichlorophenol 196 198, 97 
2-Chloronaphthalene 162 127, 164 
2-Nitroaniline 65 138, 92 
Dimethylphthalate 163 194, 164 
2,6-Dinitrotoluene 165 63, 89 
Acenaphthylene 152 151, 153 
3-Nitroaniline 138 92, 108 
Acenaphthene 154 152, 153 
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TABLE IV - Characteristic Ions For Target Compounds – (Standard 8270 List)** (Continued) 
 

Compound Primary Ion Secondary Ions 
2,4-Dinitrophenol 184 63, 154 
4-Nitrophenol 65 109, 139 
Dibenzofuran 168 139 
2,4-Dinitrotoluene 165 89, 63 
Diethylphthalate 149 177, 150 
4-Chlorophenyl phenyl ether 204 206, 141 
Fluorene 166 165, 167 
4-Nitroaniline 138 65, 108 
4,6-Dinitro-2-methylphenol 198 51, 105 
N-nitrosodiphenylamine 169 168, 167 
1,2 Diphenylhydrazine 77  
4-Bromophenyl phenyl ether 248 250, 141 
Hexachlorobenzene 284 142, 249 
Pentachlorophenol 266 264, 268 
Phenanthrene 178 179, 176 
Anthracene 178 176, 179 
Carbazole 167 166 
Di-n-butylphthalate 149 150, 104 
Fluoranthene 202 101, 203 
Benzidine 184 92 
Pyrene 202 200, 203 
Butyl benzyl phthalate 149 91, 206 
3,3'-Dichlorobenzidine 252 254, 126 
Benzo(a)anthracene 228 229, 226 
bis-(2-ethylhexyl)phthalate 149 167, 279 
Chrysene 228 226, 229 
Di-n-octyl phthalate 149 167, 43 
Benzo(b)fluoranthene 252 253, 125 
Benzo(k)fluoranthene 252 253, 125 
Benzo(a)pyrene 252 253, 125 
Indeno(1,2,3-cd)pyrene 276 138, 277 
Dibenz(a,h)anthracene 278 279, 139 
Benzo(g,h,i)perylene 276 138, 277 

 
** Please reference SW-846 method 8270C for quantitation ions for the additional analytes.
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TABLE V: Calibration Check Compounds (CCC) 
 

Base/Neutral Fraction Acid Fraction 
Acenaphthene 4-Chloro-3-methylphenol 

1,4-Dichlorobenzene 2,4-Dichlorophenol 
Hexachlorobutadiene 2-Nitrophenol 

N-Nitrosodiphenylamine Phenol 
Di-n-octyl phthalate Pentachlorophenol 

Fluoranthene 2,4,6-Trichlorophenol 
Benzo(a)pyrene  

 
 
 

TABLE VI: System Performance Check Compounds (SPCC) 
 

Base/Neutral Fraction Acid Fraction 
N-Nitroso-di-n-propylamine 2,4-Dinitrophenol 
Hexachlorocyclopentadiene 4-Nitrophenol 

 
 
 

TABLE VII: Characteristic Ions For Internal Standards 
 

I.S. Compound Primary Ion Secondary Ion(s) 
1,4-Dichlorobenzene-d4 152 150,115 

Naphthalene-d8 136 68 
Acenaphthene-d10 164 162, 160 
Phenanthrene-d10 188 94, 80 

Chrysene-d12 240 120, 236 
Perylene-d12 264 260, 265 
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TABLE VIII: Characteristic Ions For Surrogates 
 

Surrogate Compound Primary Ion Secondary Ion(s) 
Phenol-d6 99 71, 42 

Fluorophenol 112 64 
Nitrobenzene-d5 82 128, 54 
Fluorobiphenyl 172 171 
Tribromophenol 330 332, 141 
Terphenyl-d14 244 122, 212 

 
TABLE IX: Surrogate Compounds* 

 

Compound Fraction Concentration, µg/L 
Nitrobenzene-d5 BN 75 
2-Fluorobiphenyl BN 75 

Terphenyl-d14 BN 75 
Phenol-d6 Acid 100 

2-Fluorophenol Acid 100 
2,4,6-Tribromophenol Acid 100 

 
*at the time of injection 
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ATTACHMENT I: Sonication Extraction Bench Sheet 
(example)
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ATTACHMENT II: Waste Dilution Technique – Method  

 

Analysis Method:  SW8270C Waste Dilution  
Extraction Method:  SW3580A 

 
 
 
 
Holding Time: Samples should be extracted within 14 days from sample collection. All samples 

must be logged under the soil acode with a comment that the sample is a waste 
dilution. 

 
 
QC Requirements: A method blank (MB) must be performed each day or every 20 samples, whichever 

is more frequent.  If sufficient sample is not provided to perform an MS/MSD, a 
LCS/LCSD is performed. 

 
 
Extraction Solvent:  Methylene Chloride 
 
 
Extraction: For samples that are liquid or sludge like form but miscible in methylene chloride  

transfer a ample amount of sample to a 7 mL vial and add a small amount of 
sodium sulfate. Cap and shake the vial to remove any water. Weigh out  0.1 g into a 
2 mL autosampler vial and add 0.1 mL of surrogate.  Add 0.5 mL of MS to the 
appropriate QC.  Finalize each sample at 1.0 mL with methylene chloride.  Record 
all data using a 8270 soil prep sheet.  Vortex each sample for approximately 1 
minute each. 

 
 
 
 
Final Volume:  1.0 mL 
 
 
Final Solvent:  Methylene Chloride 
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ATTACHMENT III: Instrument and Maintenance Run Log (example) 
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ATTACHMENT IV:  Method 8270D Minimum Response Criteria 

 
 



Extractable BNA by GC/MS 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-O-436-Rev.25 Page: 35 of 36 
 

ATTACHMENT IV: Method 8270D Minimum Response Criteria (Continued) 
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ATTACHMENT V: Method 8270D Minimum Response Criteria (Continued) 
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1. Purpose/Identification of Method 

1.1. The purpose of this Standard Operating Procedure (SOP) is to set forth the procedure used for the 
determination of pentachlorophenol and polyaromatic hydrocarbons in solids and liquids that are 
partitioned into an organic solvent and are amenable to gas chromatography/mass spectrometry by 
Method modified 8270C SIM/8270D SIM. 

2. Summary of Method 

2.1. A measured amount of sample, approximately 1000 mL for liquids and 30 g for solids, is extracted 
with methylene chloride using an appropriate extraction technique.  The methylene chloride extract is 
dried, concentrated to a volume of 1 mL, and analyzed by GC/MS.  Qualitative identification of the 
analyte of interest in the extract is performed using the retention time and relative abundance of at least 
one characteristic mass.  Quantitation is performed using the internal standard technique with a single 
characteristic mass in coordination with the calibration curve. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel involved 
in the analytical method or non-analytical process.   

3.2. Parameters: This method is used to determine the concentration of semivolatile organic compounds 
in extracts prepared from all types of solid and liquid matrices. Analytes and reporting limits are shown 
in Table I. 

4. Applicable Matrices 

4.1. This SOP is applicable to all types of solid and liquid matrices.   

5. Limits of Detection and Quantitation 

5.1. All current MDLs are listed in the LIMS and are available by request from the Quality Manager.   

6. Interferences 

6.1. Matrix interferences may be caused by contaminants in solvents, reagents, glassware, and other 
sample processing hardware that lead to discrete artifacts and/or elevated baselines in the ion current 
profiles.  All of these materials must be routinely demonstrated to be free from interferences under the 
conditions of the analysis by running laboratory reagent blanks. 

6.2. Matrix interferences may be caused by contaminants that are co-extracted from the sample.  The 
extent of matrix interferences will vary considerably from source to source, depending upon the nature 
of the environment being sampled. 

6.3. An interference that is unique to selected ion monitoring techniques can arise from the presence of an 
interfering compound containing the quantitation mass ion.  This event results in a positive interference 
to the reported value for the compound of interest. This interference is controlled to some degree by 
acquiring data for a confirmation ion.  If the ion ratios between the quantitation ion and the 
confirmation ion are not within the specified limits, then interferences may be present. 
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7. Sample Collection, Preservation, Shipment and Storage 

7.1. Table 7.1 – Sample Collection, Preservation, Shipment and Storage 
Sample type Collection per sample Preservation Storage Hold time 

Liquid 1L Amber glass bottles 
with Teflon-lined lid 

Keep refrigerated 
until analysis 

<6°C but above 
freezing 
 

Must be extracted 
within 7 days 
from date of 
collection. Must 
be analyzed 
within 40 days of 
sample extraction. 

Solid 4 oz jar with Teflon-lined 
lid 

Keep refrigerated 
until analysis 

<6°C but above 
freezing 
 

Must be extracted 
within 14 days 
from date of 
collection. Must 
be analyzed 
within 40 days of 
sample extraction. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality Manual, 
Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 – Equipment and Supplies 
Supply Description Vendor/Item #/Description 

Agilent gas chromatograph/mass 
spectrometer  

model 5973/ 6890 Agilent 

Hewlett-Packard Autosampler  model 7683A (or equivalent) Agilent 
GC Column DB-5MS, 30 m x 0.25 mm ID bonded-

phase silicone coated fused silica 
capillary column, 0.5 um film 
thickness (or equivalent). 

Phenomenex /7HG-G027-17  

Data Processing Software See master list for most current version Target 
Data Reporting Software See master list for most current version Horizon 
Data Packaging Software See master list for most current version Gandalph 
Acquisition Software See master list for most current version Agilent Chemstation 

9.2. Recommended GC/MS operating conditions: 
Dwell Time per ion:   25 to 100 µS  
Temperature Program:  75˚C, hold for 1 minute 
  20˚C/min to 320 hold for 2.25 minutes 
Injection Temperature:  275˚C 
Transfer Line Temperature:  300˚C 
Sample Volume:  1 µL  
Carrier Gas:  Helium  
 
 
 
 
 
 

10. Reagents and Standards 
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10.1. Table 10.1 – Reagents and Standards 
Reagent/Standard Concentration/Description Requirements/Vendor/Item # 

Organic-free Water (OFW) De-ionized water Verify that background levels of volatile 
compounds are acceptable by analysis 

B/N Surrogate  5000 µg/mL Restek /31086 
2,4,6-Tribromophenol 2000 µg/mL Supelco /4-8084 
Custom Full SIM PAH Mix 250 µg/mL Restek /555193 
Custom Semi-volatile Mix, 22-29 100 µg/mL 02SI /113895-03 
1,6-dinitropyrene 100 µg/mL Accustandard /R-032S 
1,8-dinitropyrene 100 µg/mL Accustandard /R-099S 
Pentachlorophenol 5000 µg/mL Accustandard /AS-E0062 
DFTPP 1000 µg/mL Accustandard/M-625-TS-20X 
Internal Standard Mix 4000 µg/mL Accustandard /Z-014J-PAK 
3-Methylchloroanthrene 100 µg/mL Accustandard/APP-9-128 
Custom PAH Mix, 18-52 100 µg/mL O2Si/ 113892-03-10PAK 
4-Nitropyrene 100 µg/mL Accustandard/R-119S 
Custom PAH Standard 100  µg/mL Restek/566477 

10.2. All surrogate and matrix spike solutions are verified prior to use per the S-ALL–Q–025, Standard and 
Reagent Traceability (or equivalent replacement). 

10.3. All calibrations are verified using a second source standard.  The second source is evaluated as a 
CCV; except in the case of CPAH the second source is evaluated as a LCS (due to the different 
concentration of analytes) and the response must be within the acceptance criteria as outlines in S-
ALL-Q-025 (or equivalent replacement). Some standards are only available through a single 
manufacturer (example 4-Nitropyrene).  

10.4. Table 10.4 - Working Standard Dilutions and Concentrations 
Working Standard for PAH SIMs 

Standard Standard(s) used Vendor Standard 
Amount Solvent Solvent 

Volume 
Final Total 

Volume 
Final 

Concentration 
SIM INT SS B/N surrogate Restek 3.0 mL Acetone 7 mL 10 mL 1500 µg/mL 
PAH-SS SIM INT SS Working std. 1.0 mL Acetone 499 mL 500 mL 3 µg/mL 
SIM-SPK Custom Full SIM PAH 

Mix conc 250 ug/mL 
Perylene  

Restek 
 

Supelco 

0.8 mL 
 

0.10 mL 
Acetone 199.1 mL 200 mL 

1.0 ug/mL 
 

1.0 ug/mL 
CPAH-SPK Custom Semi-Vol Mix 22-29  

Custom PAH Mix 18-52  
1,6-dinitropyrene  
1,8-dinitropyrene  

02Si 
02Si 

Accustandard 
Accustandard 

1.5 mL 
1.5 mL 
1.5 mL 
1.5 mL 

Acetone 44 mL 50 mL 

3 µg/mL 
3 µg/mL 
3 µg/mL 
3 µg/mL 

PCP-SS 2,4,6-tribromophenol  Supelco 0.05 mL Acetone 199.95 mL 200 mL 1 µg/mL 
PCP-SPK Pentachlorophenol  Accustandard 0.02 mL Acetone 99.98 mL 100 mL 1.0 ug/mL 
PAH-IS Internal Standard  Accustandard 0.625 mL MeCl2 9.375 mL 10 mL 250 ug/mL 

8270-Tune 
 DFTPP- 

Decafluorotriphenylpho
sphine 

Accustandard 0.5mL MeCl2 9.5 10 mL 50ug/mL 

SIM ICAL Stock 
Compound Vendor Concentration Amount Final Volume * Final Concentration 

Custom Semi-volatile 
Mix, 22-29 02Si 100 µg/mL 0.500 mL 5 mL 10 µg/mL 

Perlyene Supelco 2000 ug/mL 0.025 mL 5 mL 10 ug/mL 

SIM INT SS Working Std. 1500 µg/mL 0.040 mL 5 mL 12 µg/mL 

*Made in Methylene Chloride 
SIM ICAL 

Level Parent Conc. Amount Final Vol * Final Conc PAH Final Conc. Surrogate 
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1 10/12 µg/mL 0.002 mL 1 mL 0.02 µg/mL 0.024µg/mL 
2 10/12 µg/mL 0.004 mL 1 mL 0.04 µg/mL 0.048 µg/mL 
3 10/12 µg/mL 0.010 mL 1 mL 0.1 µg/mL 0.12 µg/mL 
4 10/12 µg/mL 0.030 mL 1 mL 0.3 µg/mL 0.36 µg/mL 
5 10/12 µg/mL 0.100 mL 1 mL 1.0 µg/mL 1.2 µg/mL 
6 10/12 µg/mL 0.300 mL 1 mL 3.0 µg/mL 3.6 µg/mL 
7 10/12 µg/mL 0.500 mL 1 mL 5.0 µg/mL 6 µg/mL 
8 10/12 µg/mL 1.0 mL 1 mL 10.0 µg/mL  12µg/mL 

*Made in Methylene Chloride 
            **add 10uL of PAH-IS to every level 

SIM Intermediate ICV 
Compound Concentration Amount Final Volume Final Concentration 
Custom Full PAH 
Mix (Restek) 

250 ug/mL 0.200 mL 1.0 mL 50 ug/mL 

SIM INT SS 1500 ug/mL 0.04 mL 1.0 mL 60 ug/mL 
*Made in Methylene Chloride 

SIM ICV 
Compound Concentration Amount Final Volume Final Concentration 
SIM Intermediate 
ICV 

50/60 ug/mL 0.060 mL 1.0 mL 3/3.6 ug/mL 

Perylene (Accust) 50 ug/mL 0.060 mL 1.0 mL 3 ug/mL 
*Made in Methylene Chloride 

            **add 10uL of PAH-IS to SIM ICV 
CPAH ICAL Stock 

Compound Vendor Concentration Amount Final Volume* Final Concentration 
Custom Semi-

volatile Mix, 22-29 
O2Si 100 µg/mL 0.500 mL 5 mL 10 µg/mL 

Custom PAH Mix, 
18-52 

O2Si 100µg/mL 0.500 mL 5 mL 10 µg/mL 

SIM INT SS Working std 1500 µg/mL 0.04 mL 5 mL 12 µg/mL 
1,6-dinitropyrene Accustandard 100 µg/mL 1.5 mL 5 mL 30 µg/mL 
1,8-dinitropyrene Accustandard 100 µg/mL 1.5 mL 5 mL 30 µg/mL 

*Made in Methylene Chloride 
CPAH ICAL 

Level Parent Concentration Amount Final Volume* Final Conc PAH Final Conc. 
Surrogate 

1 10/12/30 µg/mL 0.002 mL 1 mL 0.02 µg/mL /0.06 µg/mL 0.024µg/mL 
2 10/12/30 µg/mL 0.004 mL 1 mL 0.04µg/m/0.12 µg/mL 0.048 µg/mL 
3 10/12/30 µg/mL 0.010 mL 1 mL 0.1 µg/mL/0.3 µg/mL 0.12 µg/mL 
4 10/12/30 µg/mL 0.030 mL 1 mL 0.3 µg/mL/0.9 µg/mL  0.36 µg/mL 
5 10/12/30 µg/mL 0.100 mL 1 mL 1.0 µg/mL/3 µg/mL    1.2 µg/mL 
6 10/12/30 µg/mL 0.300 mL 1 mL 3.0 µg/mL/9 µg/mL  3.6 µg/mL 
7 10/12/30 µg/mL 0.500 mL 1 mL 5.0 µg/mL/15µg/mL 6 µg/mL 
8 10/12/30 µg/mL 1.000 mL 1 mL 10.0 µg/mL/30 µg/mL  12 µg/mL 

*Made in Methylene Chloride 
            **add 10uL of PAH-IS to every level 

CPAH ICV 
Compound Vendor Concentration Amount Final Volume* Final Concentration 
Custom SIM MIX  Restek 250 ug/mL 12 uL 1.0 mL 3 ug/mL 
Custom PAH MIX  Restek 100 ug/mL 30 uL 1.0 mL 3 ug/mL 
4-nitropyrene Accustandard 100 ug/mL 30 uL 1.0 mL 3 ug/mL 



PAHs in Solid and Liquid by GCMS SIM 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-O-507-Rev.26 Page: 7 of 22 
3-
methylchloroanthrene Accustandard 100 ug/mL 30 uL 1.0 mL 3 ug/mL 

1,6-dintropyrene 
Accustandard (no 

second source 
available) 

100 ug/mL 90 uL 1.0 mL 9 ug/mL 

1,8-dinintropyrene 
Accustandard (no 

second source 
available) 

100 ug/mL 90 uL 1.0 mL 9 ug/mL 

SIM INT SS Working Std. 1500 ug/mL 2.4 uL 1.0 mL 3.6 ug/mL 
*Made in Methylene Chloride   
**add 10uL of PAH-IS added to CPAH ICV 

PCP ICAL Stock Intermediate 
Compound Vendor Concentration Amount Final Volume * Final Concentration 

Pentachlorophenol Accustandard 5000 µg/mL 0.100 mL 1 mL 500 µg/mL 
2,4,6- Tribomophenol Supelco 2000 µg/mL 0.250 mL 1 mL 500 µg/mL 

*Made in Methylene Chloride 
PCP ICAL Stock 

Compound Concentration Amount Final Volume* Final Concentration 
PCP ICAL stock intermediate 500 ug/mL 0.100 mL 5.0 10 ug/mL 

*Made in Methylene Chloride 
Initial Calibration Example for PCP 

Level Parent Conc. Amount Final Vol * Final Conc.  
1 10 µg/mL 0.010 mL 1 mL 0.10 µg/mL 
2 10 µg/mL 0.025 mL 1 mL 0.25 µg/mL 
3 10 µg/mL 0.050 mL 1 mL 0.50 µg/mL 
4 10 µg/mL 0.100 mL 1 mL 1 µg/mL 
5 10 µg/mL 0.300 mL 1 mL 3 µg/mL 
6 10 µg/mL 0.500 mL 1 mL 5 µg/mL 
7 10 µg/mL 0.700 mL 1 mL 7 µg /mL 
8 10 µg/mL 0.900 mL 1 mL 9 µg/mL 

*Made in Methylene Chloride 
            **add 10uL of PAH-IS to every level 

 
PCP ICV Intermediate 

Compound Vendor Concentration Amount Final Volume * Final Concentration 
Pentachlorophenol Restek 1000 ug/mL 0.100 mL 1.0 mL 100 ug/mL 

8270-SS Working Std. 1000 ug/mL 0.100 mL 1.0 mL 100 ug/mL 
*Made in Methylene Chloride 

PCP ICV 
Compound Concentration Amount Final Volume * Final Concentration 

PCP ICV 
Intermediate 100 ug/mL 0.030 mL 1.0 mL 3 ug/mL 

        *Made in Methylene Chloride 
        **add 10uL of PAH-IS to PCP ICV 

11. Calibration and Standardization 

11.1. Table 11.1 – Calibration and Standardization 
Calibration Metric Parameter/Frequency Criteria Comments 

Calibration Curve Fit Average 

 

 SIM C  RSD ≤ 15% 

SIM D RSD  ≤ 20 % 

If not met, try non-linear 
regression fit.  If still not 
met, remake standards and 



PAHs in Solid and Liquid by GCMS SIM 
Pace Analytical Services, LLC Effective Date: Upon Final Signature 
S-MN-O-507-Rev.26 Page: 8 of 22 

Linear Regression 

Non-linear Regression 

r ≥ 0.99 

COD ≥ 0.99; if a quadratic 
curve is used with a minimum 

of 6 levels. 

recalibrate and verify before 
sample analysis. 

Second Source 
Verification Standard 
(ICV) 

Immediately after each initial 
calibration 

% Diff ±10% from CCV 
criteria 

 If the requirements for 
initial calibration are not 
met, review standard 
preparation.  Evaluate the 
instrument for any errors. 
If a second source can not be 
readily located, the second 
source may be prepared by 
another analyst for those 
compounds (cPAHs only).   

Continuing Calibration 
Verification (CCV) 

A calibration standard 
containing each compound of 

interest must be analyzed 
every 12 hours (at the 

beginning of each tune/shift 
prior to sample analysis).  

The percent difference for 
each compound must be 

20% for all compounds in 
list 1 and 3 (see Attachment 
III).  All compounds in the 
list 2 must be  40%. It is 

suggested that all compounds 
must meet a minimum 
average RF of 0.05 but 

because SIM is spiked at 
lower concentration of 

internal standard than 8270 
this can not always be met. 

(see Attachment III). 

If the requirements for 
continuing calibration are 
not met, these corrective 
actions must be taken prior 
to reanalysis of standards.  
Only two injections of the 
same standard are permitted 
back to back. 

11.2. DFTPP 
11.2.1. Section 7.1 and Table 3 of SW846 method 8270C allows for the use of alternate tuning criteria 

such as CLP or 525 criteria.  The CLP Statement of Work (SOW) states that a tune is not required 
(applicable) for PAH or PCP work only.   The tune standard (DFTPP) will be analyzed for 
diagnostic purposes and the ratios used will be those listed in the 525.2 criteria even though it is 
not necessary to pass ratios, tailing or breakdown.  The 12 hour window to analyze samples starts 
from the injection time of the tune standard.  The diagnostic criteria are listed in Table3.  The 
criteria in 525.2 also correspond to the 8270D ion abundances. 

11.2.2. When evaluating peaks, SIM is closer to GC than full scan mass spectrometry.  The ions are set 
in the method and will not show interferences from ions that are not monitored.  Because of this, 
the retention time is stressed more than spectral matches for peak identification.  The purpose of a 
tune in full scan mode is to ensure that the mass spectrometer is in a correct ratio of ions to 
optimize method performance throughout the entire analytical run.  Since SIM is more like a GC 
run and the ions are set in separate windows across the analytical run, the tune is considered not 
applicable. 

11.2.3. Diagnostics 
11.2.3.1. The tune can still serve as a troubleshooting guide for the analyst to assess 

instrumentation issues such as column degradation.  
11.2.3.1.1. If the instrument has trouble passing calibrations consistently, PCP is present, and 

DDT is not breaking down excessively, then the result of any calibration issues is more 
likely due to standard degradation and not the system itself.   

11.2.3.1.2. Conversely, if the system has trouble consistently passing calibrations or recoveries 
are inconsistent from run to run, PCP is not present, and/or DDT is breaking down, the 
result is more than likely due to a system issue.  This could indicate that instrument 
maintenance should be performed; such as injection port maintenance, 
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clipping/replacing the column, cleaning split lines, cleaning weldments or replacing 
columns. 

11.3. CONTINUING CALIBRATION VERIFICATION (CCV) 
11.3.1. The internal standard responses and retention times in the calibration check standard must be 

evaluated immediately after or during data acquisition.   
11.3.1.1. If the retention time for any internal standard changes by more than 30 seconds from the 

last check calibration, the analytical system must be inspected for malfunctions and 
corrections must be made.   

11.3.1.2. If the EICP area for any of the internal standards changes by a factor of two, (-50% to 
+100%) from the last daily calibration standard check, the system must be inspected for 
malfunctions and corrections must be made. 

12. Procedure 

12.1. SAMPLE PREPARATION  
12.1.1. Samples are extracted and prepared in accordance with separate extraction procedures (see 

SOPs MN-O-506 and MN-O-540 (or equivalent replacements)).  
12.2. GC/MS ANALYSIS 

12.2.1. Initial calibration standards are prepared in methylene chloride at a minimum of 5 calibration 
levels. 

12.2.2. Samples can be analyzed upon successful completion of the initial calibration activities.  When 
twelve (12) hours have elapsed since the initial QC was completed, it is necessary to conduct a 
calibration check analysis.  Any major system maintenance, such as a source cleaning or 
installation of a new column, requires recalibration of the instrument.  Minor or routine 
maintenance as defined on each instrument specific run log page should necessitate only the 
calibration verification. 

12.2.3. The extract obtained from sample preparation should be spiked at 2.5 g/mL with internal 
standard solution. 

12.2.4. Analyze utilizing a GC/MS system by injecting the extract onto the column. 
12.2.5. If the response for any quantitation ion exceeds the initial calibration curve range of the GC/MS 

system, extract dilution must take place.  Additional internal standard must be added to the diluted 
extract to maintain the required 2.5 μg/mL of each internal standard in the extract volume.  The 
diluted extract must be reanalyzed. 

12.2.6. Samples following over-range samples are to be monitored for carryover. 
12.2.7. Perform all qualitative and quantitative measurements as described in “Data Interpretation”. 
12.2.8. Internal Standards Evaluation - Internal standard responses and retention times in all samples 

must be evaluated. 
12.2.8.1. If the retention time for any internal standard changes by more than 30 seconds, then the 

analytical system must be inspected for malfunctions and corrections made as required. 
12.2.8.2. If the extracted ion current profile (EICP) area for any internal standard changes by more 

than a factor of two (-50% to 100%) from the latest daily calibration standard, the MS 
system must be inspected for malfunction and corrections made as appropriate. 

12.2.8.3. Cutting off 1 foot of the column or cleaning the injector sleeve often improves high end 
sensitivity for the late eluting compounds; repositioning or repacking the front end of the 
column often improves front end column performance.  Poor injection technique can also 
lead to variable IS ratios.  After modification, reanalysis of samples analyzed while the 
system was malfunctioning is necessary. 

12.2.9. Each analytical run must also be checked for saturation.  The level at which an individual 
compound will saturate the detection system is a function of the overall system sensitivity and the 
mass spectral characteristics of that compound.  The initial method calibration requires that the 
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system should not be saturated for high response compounds.  If any compound in any sample 
exceeds the analytical range, that sample must be diluted, the internal standard concentration 
readjusted, and the sample re-injected, as described in specific methods. 

12.2.10. Samples following high standards or over-range samples are to be monitored for carryover. 
12.3. DATA INTERPRETATION 

12.3.1. Qualitative Analysis – Target Analytes 
12.3.2. The target compounds shall be identified by comparison of the sample mass spectrum to the 

mass spectrum of a standard of the suspected compound.  Two criteria must be satisfied to verify 
the identifications:  1) elution of the sample component at the same GC relative retention time as 
the standard component, and 2) correspondence of the sample component and standard component 
mass spectra. 

12.3.3. For establishing correspondence of the GC relative retention time (RRT), the sample component 
RRT must compare within ± 0.06 RRT units of the RRT of the standard component. For 
comparison purposes, the RRT should be evaluated against the standard analyzed prior to the 
sample.  See Table 1 for internal standard assignment. 

12.3.4. For comparison of standard and sample component mass spectra, mass spectra obtained on the 
GC/MS system used in the analysis are required.  The ions from the reference mass spectrum are 
defined as the three ions of greatest relative intensity, or any ions over 30% relative intensity, if 
less than three such ions occur in the reference spectrum. Compounds are identified when the 
following criteria are met.  The ions used are shown in Table 1. 

12.3.5. The baseline to valley between isomers must be <25% of the sum of the two peak heights or the 
result must be reported as isometric pairs. 

12.3.6. All ions present in the standard mass spectra at a relative intensity greater than 10% (most 
abundant ion in the spectrum equals 100%) must be present in the sample spectrum. 

12.3.7. The relative intensities of ions must agree within plus or minus 20% between the standard and 
sample spectra.  In addition, the relative intensities of the ions should maximize within one scan of 
each other. 

12.3.8. Ions greater than 10% in the sample spectrum must be considered and accounted for by the 
analyst making the comparison. 

12.4. QUANTITATION 
12.4.1. Target components identified shall be quantified by the internal standard method.  The internal 

standard used shall be the one nearest the retention time to that of a given analyte. 
12.4.1.1. The EICP area of characteristic ions of analytes listed in Table 1.  The average response 

factor (RF) from the initial calibration is used to calculate the concentration in the sample. 
12.4.1.2. Secondary ions may be used if interferences are present.  The area of a secondary ion 

cannot be substituted for the area of a primary ion unless a response factor is calculated 
using the secondary ion. 

12.4.2. Calculate the concentration in the sample using the average response factor from the initial 
calibration and Equation 5. 

12.4.3. Calculate surrogate standard recovery on all samples, blanks and spikes.  Determine if recovery 
is within limits and report on appropriate form. (See Equation 8) If recovery is not within internally 
generated limits, the following is required: 

12.4.3.1. Check to be sure there are no errors in calculations, surrogate solutions and internal 
standards.  Also, check instrument performance. 

12.4.3.2. Recalculate the data and/or reanalyze the extract if any of the above checks reveal a 
problem. 

12.4.3.3. Re-extract and reanalyze the sample if none of the above is a problem. 

13. Quality Control 
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13.1. Table 13.1 – Quality Control 
QC Sample Components Frequency Acceptance Criteria Corrective Action 
Method 
Blank (MB) 

Reagent water 
or sand 

One per 20 
samples 

Target analytes must be 
less than reporting 
limit. 
  
If results are reported to 
MDL, target analytes in 
MB should be non-
detect 
 

Re-analyze associated samples. 
 
Exceptions: 

If sample ND, report sample without 
qualification; 
If sample result >10x MB detects, report 
sample as not impacted by the blank 
contamination; 
If sample result <10x MB detects and 
sample cannot be reanalyzed, report 
sample with appropriate qualifier to 
indicate an estimated value.  Client must 
be alerted and authorize this condition.  

Laboratory 
Control 
Sample 
(LCS)/ 
Laboratory 
Control 
Sample 
Duplicate 
(LCSD) 

Reagent water 
or sand spiked 
with all target 
compounds 

One per 20 
samples; LCS 
duplicate is 
performed if there 
is insufficient 
sample volume 
for matrix spike 
samples 

Internally generated 
limits generated on an 
annual basis.  
 
Per NELAC standards 
found in the quality 
manual one analyte can 
be out for PAH and two 
analytes can be out for 
CPAH, unless specified 
by client. 
 
 

The LCS/LCSD must pass acceptance 
criteria for the batch to be accepted.   
Re-analyze the LCS to confirm results. 
Check calculation or standard preparation 
documentation to assure there are no 
errors; check internal standard and 
spiking solutions for degradation, 
contamination, etc; check instrument 
performance.  
 
Exceptions: 
If LCS recovery is > QC limits and these 
compounds are non-detect in the 
associated samples, the sample data may 
be reported with appropriate data 
qualifiers. 

Matrix 
Spike (MS) 

Client sample 
spiked with all 
target 
compounds 

One per 20 
samples 

Individual component 
recoveries of the matrix 
spike are calculated 
using Equation 6. 
 
The reproducibility of 
RPD of the MS is 
calculated using 
Equation 7. 

MS usually fail due to matrix 
interference; all failures are flagged in 
horizon. 
 
For Minnesota Admin Contract clients – 
all MS/MSD failures require reanalysis of 
the MS/MSD and the original sample. If it 
is still out of control, investigate and 
document the cause in the associated 
narrative as well as qualifying 
appropriately. 
-If there is insufficient volume for 
MS/MSD, an LCSD must be performed. 

MSD / 
Duplicate 

MS Duplicate 
OR 

(alternative) 

Sample Dup 

One per 20 
samples 

Individual component 
recoveries of the matrix 
spike are calculated 
using Equation 6. The 
reproducibility of RPD 
of the MSD is 
calculated using 
Equation 7. 

MSD usually fail due to matrix 
interference, all failures are flagged in 
horizon. 

13.2. Surrogate 
13.2.1. Each sample (including MS/MSD, LCS/LCSD, and blanks) are spiked with surrogate 

compounds prior to extraction.  The surrogate spiking compounds shown in Table 2 (Table 4 for 
PCP only samples) are used to fortify each sample or blank with the proper concentrations.  
Performance based criteria are generated from laboratory results. 
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13.2.2. Surrogate spike recovery must be evaluated for acceptance by determining whether the 
concentration (measured as percent recovery) falls inside the recovery limits established by the 
laboratory. 

13.2.2.1. Reagent Blank Surrogate Recovery 
13.2.2.1.1. When the surrogate recovery for any one surrogate compound is outside of the 

surrogate recovery limits for a reagent blank, the laboratory must take the following 
actions: 

13.2.2.1.1.1. Check calculations to assure there are no errors; check internal standard and 
surrogate spiking solutions for degradation, contamination, etc.; also, check 
instrument performance. 

13.2.2.1.1.2. Re-analyze the extract if the above fails to reveal the cause of the 
non-compliant surrogate recoveries. 

13.2.2.1.1.3. If the measures listed in the preceding paragraphs fail to correct the problem, 
the analytical system must be considered out of control.  The problem MUST 
be corrected before continuing, unless approval to continue is obtained from 
the client. 

13.2.2.1.1.4. This may mean recalibrating the instrument but it may also mean more 
extensive action.  The specific corrective action is left up to the GC/MS 
supervisor.   

13.2.2.2. Sample Surrogate Recovery 
13.2.2.2.1. When the surrogate recovery of any one surrogate compound is outside of the 

recovery limits for a sample, it is the responsibility of the laboratory to establish 
that the deviation is not due to laboratory problems.  

13.2.2.2.2. The laboratory will document deviations outside acceptable quality control limits 
by taking the following actions: 

13.2.2.2.2.1. Check calculations to assure there are no errors; check internal standard and 
surrogate spiking solutions for degradation, contamination, etc.; and, check 
instrument performance. 

13.2.2.2.2.2. Re-analyze the sample or extract if the step immediately above fails to reveal 
a problem.  If reanalysis of the sample or extract solves the problem, then 
only the sample data from the analysis with surrogate spike recoveries within 
the method limits will be submitted.   

13.2.2.2.2.3. Re-extract and re-analyze the sample if the laboratory is unable to identify a 
definitive problem with the original extraction. 

13.2.2.2.2.4. Report the surrogate spike recovery data and the sample data from the 
original extraction. 

13.2.2.2.2.5. All deviations that cannot be corrected by the points listed above will be 
narrated in a discrepancy report and the client notified.  

14. Data Analysis and Calculations 

14.1.1. Response factors (RFs) for each compound can be calculated using Equation 1: 
 

Equation 1 

RF
A C

A C

x is

is x

  

Where: Ax = Area of the characteristic ion for the compound being measured. 
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Ais = Area of the characteristic ion for the specific internal standard. 
Cis = Concentration of the specific internal standard (µg /mL). 
Cx = Concentration of the compound being measured (µg /mL). 

 
14.1.2. The percent relative standard deviation (%RSD) is calculated using Equation 2: 

Equation 2 

%RSD
SD

RF
x 100  

Where: RF = Mean of the Response Factors mentioned above. 
 SD = Standard Deviation of initial response (see Equation 3) 

 

Equation 3 

 
SD

RF RF

n

i

n









 1

2

1

1
 

Where:  RF1 = Each individual response factor 
 RF  = Mean of the Response Factors mentioned above. 
 N = Number of response factors 

 
14.1.3. The Percent Difference (%D) is calculated as follows:  

Equation 4  

 
%Difference

RF RF

RF
x

i c

i




100  

Where:  Rfi = Average response factor from initial calibration 

 RFc = Response factor from current verification check standard 
 

14.1.4. The concentration of analyte in the sample is calculated as follows: 

Equation 5 

   

    ioiis

tsx

VWRFA

VIA
=(ug/L)ion Concentrat  

 
 

   

    






 

100
100)(

=(ug/kg)ion Concentrat
M

VWRFA

VIA

isiis

tsx  

 
Where:  Ax  =  Area of the characteristic ion for the compound to be measured 

Ais = Area of the characteristic ion for the internal standard 
Is = Amount of internal standard injected in nanograms (ng) 
Wo= Volume of sample extracted in liters 
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Vi = Volume of extract injected (µL) 
Vt = Volume of total extract (mL) 
RF = Average response factor from initial calibration 

sW  = Weight for soil in kg 
M  = % Moisture 

 
14.1.5. The Matrix Spike Percent Recovery as follows: 

Equation 6 

%Recov ery
SSR SR

SA
x

 100  

 
Where:  SSR   = Spike Sample Results 

SR = Sample Result 
SA = Spike Added from spiking mix 

 
14.1.6. The laboratory will calculate the relative percent difference between the matrix spike and matrix 

spike duplicate.  The relative percent differences (RPD) for each component are calculated using 
the following equation: 

Equation 7 

 
RPD

A B

A B
x



 2
100  

Where: RPD = Relative Percent Difference 
A = First Sample Value 
B = Second Sample Value (duplicate) 

14.1.7.  Surrogate Standard Recovery: 
                                                              Equation 8 
 

  100
_)_(
_)_(covRe% x
addedamountionConcentrat

FoundamountiononConcentrat
ery   

 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See table in section 11 and 13.   
 

16. Corrective Actions for Out-of-Control Data 

16.1. See table in section 11 and 13. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If not specifically listed in the table in section 11 or 13, the contingencies are as follows.  If there is no 
additional sample volume to perform re-analyses, all data will be reported as final with applicable 
qualifiers.  If necessary, an official case narrative will be prepared by the Quality Manager or Project 
Manager.   
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18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted annually (per the 
method) per S-MN-Q-269 – Determination of Limit of Detection and Limit of Quantitation (or 
equivalent replacement) for each matrix per instrument.   

18.3. Demonstration of Capability (DOC):  Every analyst who performs this method must first document 
acceptable accuracy and precision by passing a demonstration of capability study (DOC) per S-ALL-Q-
020 - Training Procedures (or equivalent replacement).   

18.4. Periodic performance evaluation (PE) samples are analyzed to demonstrate continuing competence 
per SOP S-MN-Q-258 – Proficiency Testing Program (or equivalent replacement). Results are stored in 
the QA office. 

19. Method Modifications 

19.1. Not applicable to this SOP. 

20. Instrument/Equipment Maintenance 

20.1. All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.  

21. Troubleshooting 

21.1. The tune should help serve as a troubleshooting guide for column degradation and standard issues.  
For example:  if the system has trouble consistently passing calibrations or recoveries are inconsistent 
from run to run and PCP is not present the result is more than likely due to a system issue.  This would 
cue the analyst to perform different maintenance including injection port maintenance, clipping 
column, cleaning split lines, cleaning weldments, or replacing columns. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this 
method have not been fully defined.  Each chemical compound should be treated as a potential health 
hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety Data 
Sheets (MSDSs) are on file in the laboratory and available to all personnel.  Standard solutions should 
be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as potentially 
hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats and safety 
glasses) is required when handling samples.  In the event a sample container must be opened, it is 
recommended to perform this in a hood whenever possible. 

 
 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003 - Waste 
Handling and Management (or equivalent replacement). 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare 
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent 
expires). 

24. Pollution Prevention 
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24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.  

25. References 

25.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Update 
I, Method 8270C 

25.2. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Update 
IV, Method 8270D 

25.3. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Update 
I, Method 8000B 

25.4. Contract Laboratory Program Statement of Work (SOW) for Multi-Media, Multi-Concentration 
Organics Analysis (SOM01.2) 

25.5. Pace Quality Assurance Manual- most current version. 
25.6. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 

Systems”- most current version. 
25.7. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Table 1 - Analytes and Reporting Limits 
26.2. Table 2 - Surrogates Spiking Compounds 
26.3. Table 3 – Ion Abundance Criteria for DFTPP 
26.4. Table 4 – PCP SIM Surrogate Compound 
26.5. Table 5 – PAH SIM Ion and Internal Standard Reference  
26.6. Attachment I – SVOA Analyst Checklist (example) 
26.7. Attachment II –ICAL Verification Form (example) 
26.8. Attachment III – PAH Analyte Lists 

 

27. Revisions 

Document Number Reason for Change Date 

S-MN-O-507-Rev.26 Updated to LLC throughout document 
Table 13.1 – Updated acceptance criteria for LCS/LCSD 30Dec2016 
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TABLE 1: ANALYTES AND REPORTING LIMITS 

Carcinogenic PAH’s CAS Numbers Quant 
Ions 
Qual Qual 

Liquid Reporting Limit 
µg/L 

Solid Reporting Limit 
µg/kg 

1,4-Dichlorobenzene- d4 IS 53-70-3 149.9 151.9 114.9   
Nitrobenzene-d5 Surr 4165-60-01 82.1 128 54   
Napthalene-d8 IS 1520-96-3 135.9 136.9 108   
Naphthalene 91-20-3 128 127 136.9 0.040 10 
Quinoline 91-22-5 129 102  0.040 10 
2-Methylnaphthalene 91-57-6 141.9 140.9 114.9 0.040 10 
1-Methylnaphthalene 90-12-0 141.9 140.9 114.9 0.040 10 
2-Fluorobiphenyl Surr 321-60-8 172 171 170   
2-Chloronaphthalene 91-58-7 162 164 127 0.040 10 
Acenaphthylene 208-96-8 152 151 153 0.040 10 
Acenapthene-d10  IS 15067-26-2 164 162    
Acenaphthene 83-32-9 153 154 152 0.040 10 
Dibenzofuran 132-64-9 168 138.9  0.040 10 
Fluorene 96-73-7 166 165  0.040 10 
Pentachlorophenol 87-86-5 266 264 268 0.3 10 
Phenanthrene-d10 IS 1517-22-2 188 93.9    
Phenanthrene 85-01-8 178.1 179  0.040 10 
Anthracene 120-12-7 178.1 179.1  0.040 10 
Carbazole 86-74-8 167.1 165.9 138.9 0.040 10 
5-Nitroacenaphthene 602-87-9 152 199 153 0.040 10 
Fluoranthene 206-44-0 201.9 199.9 101 0.040 10 
2-Nitrofluorene 607-57-8 165 211 194 0.040 10 
Pyrene 129-00-0 201.9 199.9 101 0.040 10 
Terphenyl-d14  Surr 98904-43-9 244.1 243.1 122   
Chrysene 218-01-9 227.9 225.9 112.9 0.040 10 
Chrysene-d12  IS 1719-03-5 240.1     
Benz(a)anthracene 56-55-3 227.9 225.9 113.9 0.040 10 
4-Nitropyrene 57835-92-4 201 189 247 0.040 10 
5-Methylchrysene 3697-24-3 242 241  0.040 10 
1-Nitropyrene 5522-43-0 201 189 247 0.040 10 
Benzo(b and j)fluoranthene 205-99-2 251.9 249.9 126 0.080 20 
Benzo(k)fluoranthene 207-08-9 251.9 249.9 126 0.040 10 
7,12-Dimethylbenz(a) anthracene 57-97-6 256 252 241 0.040 10 
Total Fluoranthenes     0.120 30 
Benzo(e)pyrene 192-97-2 251.9 249.9 125 0.040 10 
Perylene-d12  IS 1520-96-3 264.2 265 132   
Benzo(a)pyrene 50-32-8 251.9 252.9 126 0.040 10 
6-Nitrochrysene 7496 .02.8 226 273 252 0.040 10 
Perylene 198-55-0 252 250  0.040 10 
3-Methylcholanthrene 56-49-5 268 252  0.040 10 
1,6-Dinitropyrene 42397-64-8 200 292 188 1.0 100 
1,8-Dinitropyrene 42397-65-9 200 292 188 1.0 100 
Dibenz(a,h)acridine 226-36-8 279 280 139 0.040 10 
Dibenz(a,j)acridine 224-42-0 279 280 139 0.040 10 
Indeno(1,2,3-cd)pyrene 193-39-5 275.9 137.9 136.9 0.040 10 
Dibenz(a,h)anthracene 53-70-3 277.9 138.9 275.9 0.040 10 
7H-Dibenzo(c,g)carbazole 194-59-2 267 265  0.040 10 
Benzo(g,h,i)perylene 191-24-2 275.9 137.9 136.9 0.040 10 
Dibenzo(a,e)pyrene 192-65-4 302 150  0.040 10 
Dibenzo(a,l)pyrene 191-30-0 302 150  0.040 10 
Dibenzo(a,h)pyrene 189-64-0 302 303 151 0.040 10 
Dibenzo(a,I)pyrene 189-55-9 302 303 151 0.040 10 
2,4,6-Tribromophenol Surr 118-79-6 329.9 331.9 141   
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TABLE 2: SURROGATE SPIKING COMPOUNDS 
 
 

Compound Fraction SIM Water (g/L) 
Nitrobenzene-d5 BN 3.0 
2-Fluorobiphenyl BN 3.0 
Terphenyl-d14 BN 3.0 

 
 

TABLE 3: ION ABUNDANCE CRITERIA FOR DFTPP 
 

Mass (M/z) Relative Abundance Criteria Purpose of Checkpoint 
51 10-80% of the base peak Low-mass sensitivity 
68 < 2% of Mass 69 Low-mass resolution 
70 < 2% of Mass 69 Low-mass resolution 

127 10-80% of the base peak Low-to mid-mass sensitivity 
197 < 2% of Mass 198 Mid-mass resolution 
198 Base peak or > 50% of Mass 442 Mid-mass resolution and sensitivity 
199 5-9% of Mass 198 Mid-mass resolution and isotope ratio 
275 10-60% of the base peak Mid- to high-mass sensitivity 
365 > 1% of the base peak Baseline threshold 
441 Present and < Mass 443 High-mass resolution 
442 Base peak or > 50% of Mass 198 High-mass resolution and sensitivity 
443 15-24% of Mass 442 High-mass resolution and isotope ratio 

 
TABLE 4: PCP SIM SURROGATE COMPOUND 

 
Compound Concentration (µg/mL) 

2,4,6-Tribromophenol 1.0 
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TABLE 5: PAH SIM IONS AND INTERNAL STANDARD REFERENCES 
 

PAH SIM Ions and Internal Standard References 
 

Monitoring Ions* Analyte Name 
Internal Std 
Reference 

128, 127, 137 Naphthalene Naphthalene-d8 

142, 141, 115 2-Methylnaphthalene Naphthalene-d8 

142, 141, 115 1-Methylnaphthalene Naphthalene-d8 

172, 171,170 2-Fluorbiphenyl(S) Acenaphthene-d10 

162, 164, 127 2-Chloronaphthalene Acenaphthene-d10 

152, 151, 153 Acenaphthylene Acenaphthene-d10 

153, 154, 152 Acenaphthene Acenaphthene-d10 

167.95, 138.9 Dibenzofuran Acenaphthene-d10 

166, 165 Fluorene Acenaphthene-d10 

178, 179 Phenanthrene Phenanthrene-d10 

178, 179 Anthracene Phenanthrene-d10 

166.95, 165.9, 
138.9 

Carbazole Phenanthrene-d10 

202, 200, 101 Fluoranthene Phenanthrene-d10 

202, 200, 101 Pyrene Chrysene-d12 

244.1, 243.05, 
121.95 

Terphenyl - d14 (S) Chrysene-d12 

228, 226, 113 Benzo(a)anthracene Chrysene-d12 

228, 226, 114 Chrysene Chrysene-d12 

252, 250, 126 Benzo(b)fluoranthene Perylene-d12 

252, 250, 126 Benzo(k)fluoranthene Perylene-d12 

252, 250, 125 Benzo(e)pyrene Perylene-d12 

252, 250, 126 Benzo(a)pyrene Perylene-d12 

276, 138, 137 Indeno(1,2,3-cd)pyrene Perylene-d12 

278, 139 Dibenz(a,h)anthracene Perylene-d12 

276, 138, 137 Benzo(g,h,i)perylene Perylene-d12 
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ATTACHMENT I – SVOA Analyst Checklist (example) 
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ATTACHMENT II – ICAL Verification Form (example) 
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ATTACHMENT III – PAH Analyte Lists 
 

List 1 – Short PAH List 
Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 
Napthalene-dS* 
2-Chloronapthalene 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Acenaphthene* 
Phenanthrene 
Anthracene 
Carbazole 
Fluoranthene 
Phenanthrene-d10* 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Chrysene-d12* 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene-d12* 
Indeno(1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

 

List 2 – Extended PAH List 
Quinoline 
5-Nitroacenaphthene 
2-Nitrofluorene 
4-Nitropyrene 
5-Methylchrysene 
1-Nitropyrene 
7,12-Dimethybenz(a)anthracene 
Benzo (j) fluoranthene 
6-Nitrochrysene 
Perylene 
3-Methylcholanthrene 
1,6-Dinitropyrene 
1,8-Dinitropyrene 
Dibena(a,h)acridine 
Dibenz(a,j)acridine 
7H-Dibenzo(c,g)carbazole 
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene 
Dibenzo(a,i)pyrene 
Dibenzo(a,l)pyrene 

 

List 3 – Pentachlorophenol 
Phenanthrene-d10* 

 
* Internal Standard 
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1. Purpose/Identification of Method 

1.1. The purpose of this Standard Operating Procedure (SOP) is to define the process for the 
determination of volatile organic compounds by gas chromatography/mass spectrometry 
(GC/MS), capillary column technique per SW-846 method 8260B. 

2. Summary of Method 

2.1. The volatile organic compounds are introduced into the gas chromatograph by the purge-and trap 
method. Purged sample components are trapped in a tube containing suitable sorbent materials. 
When purging is complete, the sorbent tube is heated and back flushed with helium to desorb 
trapped sample components. The analytes are directly desorbed onto a narrow bore capillary 
column connected to a split/splitless injection port. The column is temperature programmed to 
separate the analytes, which are then detected with a mass spectrometer (MS) interfaced to the 
gas chromatograph. 

2.2. Qualitative identifications are confirmed by analyzing standards under the same conditions used 
for samples and comparing resultant mass spectra and GC retention times. Each identified 
component is quantitated by relating the MS response for an appropriate selected ion produced 
by that compound to the MS response for an appropriately selected ion produced by an internal 
standard. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel 
involved in the analytical method process.   

3.2. Parameters: This SOP applies to compounds listed in Attachment I. Additional compounds may 
be analyzed if all quality control criteria are met. 

3.3. Method 8260B can be used to quantitate most volatile organic compounds that have boiling 
points below 200° C and that are insoluble or slightly soluble in water. Volatile water-soluble 
compounds can be included in this analytical technique. However, for the more soluble 
compounds, quantitation limits are approximately two to ten times higher because of poor 
purging efficiency. Such compounds include low-molecular-weight halogenated hydrocarbons, 
aromatics, ketones, nitrites, acetates, acrylates, ethers, and sulfides. 

3.4. Method 8260B is based upon a purge-and-trap, gas chromatographic/mass spectrometric 
(GC/MS) procedure. This method is restricted to use by, or under the supervision of, analysts 
experienced in the use of purge-and-trap systems and gas chromatograph/mass spectrometers, 
and skilled in the interpretation of mass spectra and their use as a quantitative tool. 

4. Applicable Matrices 

4.1. This SOP is applicable to a variety of matrices. This method is applicable to nearly all types of 
samples, regardless of water content, including ground water, surface water, aqueous sludges, 
soils, and sediments. 

5. Limits of Detection and Quantitation 

5.1. All current MDLs and LOQs are listed in the LIMS and are available by request from the 
Quality Manager.   

5.2. Reporting Limits will be proportionately higher for sample extracts and samples that require 
dilution or reduced sample size to avoid saturation of the detector. 

6. Interferences 

6.1. Major contaminant sources are volatile materials in the laboratory and impurities in the inert 
purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene (PTFE) thread 



GC/MS SW 846 Method 8260B                        
Pace Analytical Services, LLC Date: Date of Final Signature 
S-MN-O-521-rev.32 Page 4 of 39  

 

 

sealants, plastic tubing, or flow controllers with rubber components should be avoided since such 
materials out-gas organic compounds which will be concentrated in the trap during the purge 
operation.  Analyses of blanks provide information about the presence of contaminants. When 
potential interfering peaks are noted in blanks, the analyst should investigate the source of 
contamination and correct it.  Subtracting blank values from sample results is not permitted. If 
reporting values not corrected for blanks results in what the laboratory feels is a false positive for 
a sample, this should be fully explained in text accompanying the uncorrected data. 

6.2. Interfering contamination may occur when a sample containing low concentrations of volatile 
organic compounds is analyzed immediately after a sample containing high concentrations of 
volatile organic compounds. The preventive technique is rinsing of the purging apparatus and 
sample syringes with two portions of organic-free reagent water between samples. After analysis 
of a sample containing high concentrations of volatile organic compounds, one or more method 
blanks should be analyzed to check for cross contamination. For samples containing large 
amounts of water soluble materials, suspended solids, high boiling compounds or high 
concentrations of compounds being determined, it may be necessary to wash the purging device 
with methanol, rinse it with organic-free reagent water, and then dry the purging device in an 
oven less than 120C. In extreme situations, the whole purge and trap device may require 
dismantling and cleaning, typically a methanol back flush followed by a DI water back flush. 
Screening the sample prior to analysis is recommended to prevent system contamination. This is 
especially true for soil and waste samples. Screening may be accomplished with an automated 
headspace technique using a flame ionization detector or by analyzing the sample at a dilution by 
purge and trap GC/MS. 

6.3. Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride 
and fluorocarbons) through the septum seal into the sample during shipment and storage. A trip 
blank is prepared using organic-free water (or pre-tested, boiled and/or purged DI water) and 
carried through the sampling and handling protocol or pre tested, boiled, deionized water can 
serve as a check on such contamination. Trip blanks may also be purchased premade, refer to the 
Bottle Preparation SOP, S-MN-C-003, or equivalent replacement. 

6.4. Holding blanks consisting of VOA vials of DI water or methanol are placed in the refrigerators 
and freezers used for the storage of samples for volatile analysis. These blank samples are 
removed every two weeks and analyzed for the target analytes to determine if cross-
contamination has occurred during sample storage. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Table 7.1 Sample Collection, Preservation and Storage. 

Sample type Collection per sample Preservation Storage Hold time 
Aqueous  3 VOA vials, 

approximately 42 mL 
total volume when capped 
with no headspace (no 
headspace is considered 
less than 6 mm bubble 
present in container 

Acidified with 1:1 
hydrochloric acid  
(HCl) to pH<2; no 
headspace 

<6°C, but above 
freezing 
 
 

Must be analyzed 
within 14 days of 
collection when 
properly 
preserved; 7 days 
if the pH is >2 

Aqueous for 
Acrolein and 
Acrylonitrile 

3 VOA vials, 
approximately 42 mL 
total volume when capped 
with no headspace (no 
headspace is considered 
less than 6 mm bubble 
present in container 

Adjust pH to pH 4-5 <6°C, but above 
freezing 
 

Must be analyzed 
within 14 days of 
collection when 
properly 
preserved; 3 days 
in no pH 
adjustment is 
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made per 40 CFR 
Part 136 guidance 

Solids – Low 
level by 5035 

2 unpreserved tared 40 
mL vial with stirbar and 5 
mL DI water 

DI water <6°C, but above 
freezing 
 

Must be frozen 
within 48 hours of 
collection to -10 
to -20 °C and 
analyzed within 
14 days of 
collection 

Solids – 
Medium level 
by 5035 

2 Tared 40 mL vial or 
wide mouth jar – 25 g 
capacity Encore, or 
similar approved sample 
container and storage 
device (Terracore) 

Methanol <6°C, but above 
freezing 
 

Must be analyzed 
within 14 days of 
collection when 
properly 
preserved 

TCLP/SPLP 
Leachate 

2 VOA vials, 
approximately 42 mL 
total volume when capped 
with no headspace (no 
headspace is considered 
less than 5-6 mm bubble 
present in container 

The leachate 
solution provides a 
pH generally <2 so 
no additional 
chemical 
preservative is 
added 

<6°C, but above 
freezing 
 

Must be analyzed 
within 14 days of 
the end of the 
leaching process 
to analysis 

7.2. Acceptable sample collection options for low level 5035 soil samples are listed below: 

7.2.1. 40mL tared vial preserved with Sodium Bisulfate. Note- Sodium Bisulfate preserved vials 
are not recommended or generally supplied by Pace. The reason why sodium bisulfate is not 
recommended is due to the possibility of ketones contamination/formation. Depending on 
the soil matrix, the sodium bisulfate can react to the soil to form ketones.  Therefore if the 
client chooses to use sodium bisulfate as the preservative there may be ketones detections. 
Also sodium bisulfate is destructive to the autosamplers and concentrators causing 
additional maintenance and down time. 

7.2.2. 5g capacity Encore or similar approved sample collection and storage device (i.e. 
Terracore). 

7.2.3. Method criteria states that the sample weight should be 5 ± 0.5g, but due to field sampling 
the weights may vary. Pace will qualify samples that are received with greater than 7.5 
grams of sample. There may also be times due to matrix, such as an ash, that weights lower 
than 5 grams result in the lab not being able to perform an adequate purge. Pace will notify 
the clients of the matrix difficulties, analyze and qualify accordingly. 

7.3. Samples collected in Encore or similar devices must be extruded within 48 hours of collection.  
Alternatively, samples may be frozen. The extrusion time and date must be recorded in the 
extrusion logbook. 

7.3.1. For low-level soil – extrude the sample into a tared 40mL vial containing 5mL of organic 
free reagent water and a clean stir bar. Record the weight in the extrusion logbook.  Record 
the date and time of extrusion in the extrusion logbook. Cap the vial and freeze at -10 to -
20oC until analysis. 

7.3.2. For medium-level soils – extrude the sample into a tared 40mL vial. Record the weight in 
the extrusion logbook. Record the date and time of extrusion in the extrusion logbook. Add 
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the appropriate ratio of methanol to the weight of the soil (e.g. 10mL methanol to 10g of 
sample) and cap. 

7.3.3. If a client is collecting and freezing in the field, Pace assumes that the samples are frozen 
within the 48 hour requirement if they are received frozen if no associated paperwork is 
received indicating otherwise. The laboratory will not qualify the data if the samples are 
received frozen.\ 

7.3.3.1. If the samples were anticipated to be received frozen, and are received in a manner 
indicating that the samples were not completely frozen or thawed on transport, sample 
receiving will mark the containers received thawed with an “X” on the cap to alert the 
laboratory. 

7.3.3.2. If there is volume available that was received frozen, that container should be used 
for analysis. If there is no frozen volume available and the lab must used a “X” 
container for analysis, the lab must qualify the data as being performed by a container 
that had not been completely frozen. 

7.4. Multiple states allow for packed jars for soil analysis. For samples that are received in a pack jar, 
there may be client specific requirements that direct the subsampling and preserving within 48 
hours as directed by Method 5035.   

7.4.1. If the samples were not preserved within 48 hours, document the information on the 
associated preparation logbook. Qualify the data according to client specific instructions as 
necessary. 

7.4.2. A packed jar will be considered to contain headspace if the soil falls below the threads of 
the vial. If there is headspace, the data will be qualified to indicate that analysis was 
conducted on a sample that contained headspace. 

8. Definitions 

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality 
Manual, Glossary Section.   

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Table 9.1 Equipment and Supplies. 

              Supply                            Description    Vendor/ Item # / Description 
Autosampler Varian Archon 5100 and EST Archon 8100, 

Centurion w/s (or equivalent), or Atomx 
Varian, Tekmar or Centurion 

Sample Concentrator EST Encon Evolution(EV) Concentrator, 
Tekmar Atomx, Tekmar (Lab Sample 
Concentrator) LSC 3100, LSC 3000, OI 
analytical Eclipse or equivalent 

Encon, OI or Tekmar 

Purging Chamber The purging chamber is designed to accept 5mL 
samples with a water column at least 3 cm deep. 
The gaseous headspace between the water 
column and the trap should be minimized. The 
purge gas must pass through the water column 
as finely divided bubbles with a diameter of less 
than 3mm at the origin. The purge gas must be 
introduced no more than 5mm from the base of 
the water column 

Encon,Tekmar, OI analytical or 
equivalent replacement 
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Traps Trap Packing - A variety of traps are available 
from manufacturers. Any of these traps may be 
used if the trap packing materials do not 
introduce contaminants into the analysis and the 
data generated using the trap meets the initial 
and continuing calibration technical acceptance 
criteria of this method. Some traps used include, 
but are not limited to a tenax/silica gel/carbon 
trap, tenax/silica gel/carbon/OV-1 trap, and a 
Vocarb 3000 trap. 

E7300-K03, EVO K trap 
E07300-L03, EVO MoRT trap 
Supelco 24920-u, Tekmar K traps 
for 3000/3100 
Supelco 24910-U, Tekmar A traps 
for 3000/3100 
14-9908-403,#9 (U-shaped) 
14-9908-003, #9 (Straight Trap) 
straight trap H 

Desorber EST EV, Tekmar LSC-3100, LSC 3000 or 
equivalent should be capable of rapidly heating 
the trap to the manufacturer's recommended 
temperature for desorption, typically 180°C to 
260°C, depending on the trap chosen 

Encon, OI, Tekmar, or equivalent 
replacement 

Sample Heater Should be capable of maintaining the purging 
chamber at 40° 

Varian, Tekmar, Centurion, OI or 
equivalent replacement 

Gas Chromatograph An analytical system complete with a 
temperature-programmable gas chromatograph 
suitable for split/splitless injection (Hewlett 
Packard HP 6890 or equivalent) 

Agilent/Hewlett Packard, or 
equivalent replacement 

Column 20 m x 0.18 mm ID x 1.0 μm film thickness 
capillary column 

RestekVMS-Rtx, or equivalent 
replacement 

Mass Spectrometer Capable of scanning from 35 to 300 amu every 2 
seconds or less, using 70 volts (nominal) 
electron energy in the electron impact ionization 
mode. The mass spectrometer must be capable 
of producing a mass spectrum for 
Bromofluorobenzene (BFB) which meets all of 
the criteria in Table III when 5-50 ng of the 
GC/MS tuning standard (BFB) are directly 
injected onto the column. To ensure sufficient 
precision of mass spectral data, the desirable MS 
scan rate allows acquisition of at least five 
spectra while a sample component elutes from 
the GC (HP5973MSD or equivalent) 

Agilent/Hewlett Packard, or 
equivalent replacement 

Transfer Line GC/MS interface - The GC is interfaced to the 
MS with an all glass enrichment device and an 
all glass transfer line. Any GC-to-MS interface 
that gives acceptable calibration points at 50ng 
or less per injection for each of the analytes and 
achieves all acceptable performance criteria may 
be used. If a 0.18-0.32 mm ID capillary column 
is used, it is positioned directly into the ion 
source and this GC/MS interface acts only as a 
heated connection, not as an enrichment device 

Agilent/Hewlett Packard, or 
equivalent replacement 
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Data System A computer system that allows the continuous 
acquisition and storage on machine-readable 
media of all mass spectra obtained throughout 
the duration of the chromatographic program 
must be interfaced to the mass spectrometer.  
The computer must have software that allows 
searching any GC/MS data file for ions of a 
specified mass and plotting such ion abundances 
versus time or scan number. This type of plot is 
defined as an Extracted Ion Current Profile 
(EICP). Software must also be available that 
allows integrating the abundances in any EICP 
between specified time or scan-number limits.  
The most recent version of the EPA/NIST Mass 
Spectral Library should also be available.   

Hewlett-Packard Chemserver 

Data Processing Software  Target 4.1, or equivalent 
replacement 

Data Package and Review 
Software 

Compiles pdf images of all the data to be 
available for package generation and secondary 
review 

Gandalf, see master software list 
for revision 

Data Reporting Software Laboratory information management system 
(LIMS) 

Horizon, see master software list 
for revision 

Microsyringes 10 , 25, 50, 100, 250, 500, and 1000μL Hamilton, or equivalent 
replacement 

Syringes 5, 10, 25mL, 50 mL or gas-tight with shutoff 
valve 

Hamilton, or equivalent 
replacement 

Eppendorf Pipettor 1000μL Eppendorf, or equivalent 
replacement 

Balance Analytical, 0.0001g, and top-loading, 0.1g  

2mL Screw Top Vials Clear glass vials, 2mL with Teflon-lined screw 
cap 

Fisher Scientific C40131500 or 
equivalent replacement 

Disposable pipettes Glass pasteur pipettes Fisher Scientific 13-678-31J or 
equivalent replacement 

Volumetric Flasks Class A - 5mL, 10mL, 25mL, 50mL, and 
100mL, 200mL, 250mL, and 1000mL with 
ground-glass stoppers 

Fisher Scientific or equivalent 
replacement 

Spatula Stainless steel  Fisher Scientific equivalent 
replacement 

VOA vials 40 mL VOA Vials actual volume without 
headspace = 42 mL 

C&G Unpreserved Vials 
NC9879693 or equivalent 
replacement 
 

10. Reagents and Standards 

10.1 Table 10.1 Reagents and Standards. 

Reagent/Standard Concentration/ Description Requirements/ Vendor/ Item # 
Organic-free Water (DI) De-ionized water, may be boiled and/or 

purged to further remove volatile 
contaminants 

Verify that background levels of volatile 
compounds are acceptable by analysis 

Methanol (MeOH) CH3OH - Fisher Purge and Trap grade or Fisher Scientific A453-1 or 
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equivalent, demonstrated to be free of 
analytes.  Store apart from other solvents 

equivalent replacement  

Stock Standard Stock solutions are typically purchased as 
certified solutions.  Multiple stock 
standards can be combined (diluted) to 
yield one working standard.  1000-
40,000mg/L 

O2Si - 121369-02-02 (8260 Gases) 
O2Si - 020986-02-02 (Freon 21) 
O2Si - 121370-02-02 (Custom Mix 98-1370) 
O2Si - 125875-05 (Reactive 5-81) 
or equivalent 

Surrogate Standard 10,000mg/L O2Si -120330-03-P (8260 IS/SS Soln) 
Initial Calibration 
Verification Stock 
Standard 

1000-40,000mg/L O2Si - 121369-02-02-SS (8260 Gases SS) 
O2Si - 020986-02-02-SS (Freon 21 SS) 
O2Si - 121370-02-02-SS (Custom Mix 98-1370SS) 
O2Si - 125875-05-SS (Reactive 45- 
81SS) or equivalent 

Internal Stock Standard 10,000mg/L; 
10,000-100,000mg/L 

O2Si -120330-03-P (8260 IS/SS Soln); 
Chem Service Inc. - SP-89304710CSZ  
(1,4-dioxane d8 and acetone d6) 
 

Tuning Standard 10,000mg/L O2Si -120330-03-P (8260 IS/SS Soln) 
Anti-Foaming Agent Dow Corning 1520-US Antifoam (or 

equivalent replacement). Add 2g to 42 mL 
of DI water and mix vigorously. The 
solution must be gently shaken solution 
prior to use. If anti-foam is used for 
samples, injection 100-200uL of anti-
foam solution into the vial 

Dow Corning 1520-US 

10.2 Working Standard Dilutions and Concentrations 

Standard Standard(s) 
Amount 

Solvent Solvent Diluent 
Diluent 
Volume 

Final Total 
Final 

Volume 

Final 
Concentration 

Intermediate Tune 
Solution 500 μL Methanol 100 mL 50 μg/mL 

Intermediate 
Tune Solution 

Tune 
5 μL Water 5mL 50 μg/L 

Tune 

Calibration 
Working Standard 0.5mL of 

1000mg/L-
40,000mg/L 

Methanol 9.5mL methanol 10mL 

50-2000 
μg/mL(nominal 

conc 
100ug.mL) 

Calibration Std 1 0.5 μL Methanol 249.999 water 250 mL 0.2 μg/L 
Calibration Std 2 1.0 μL Methanol 249.9995 water 250 mL 0.4 μg/L 
Calibration Std 3 1.0 μL Methanol 99.999 water 100 mL 1 μg/L 
Calibration Std 4 4.0 μL Methanol 99.996 water 100 mL 4 μg/L 
Calibration Std 5 10.0 μL Methanol 99.99 water 100 mL 10 μg/L 
Calibration Std 6 20.0 μL Methanol 99.98 water 100 mL 20 μg/L 
Calibration Std 7 50.0 μL Methanol 99.95 water 100 mL 50 μg/L 
Calibration Std 8 100.0 μL Methanol 99.90 water 100 mL 100 μg/L 
Calibration Std 9 250.0 μL Methanol 99.75 water 100 mL 250 μg/L 
Surrogate Working 
Standard for 
Archon 

0.5mL of 
10,000mg/L Methanol 19.5mL 

methanol  20mL  250 μg/mL 

Surrogate Working 
Standard for 
Centurion 

0.5mL of 
10,000mg/L Methanol 99.5mLmethanol  100mL 50 μg/mL 
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Internal Standard 
Working Standard 
for Archon 

0.5mL of 
10,000mg/L; 

0.5mL of 10,000 
to 100,000mg/L 

Methanol 19.5mL 
methanol 20mL 

250 μg/mL 
(1,4-dioxane-
d8 is at 5000 

μg/mL) 
Internal Standard 
Working Standard 
for Centurion 

0.5mL of 
10,000mg/L; 

0.5mL of 10,000 
to 100,000mg/L 

Methanol 99.5mLmethanol  100mL 
50 μg/mL (1,4-
dioxane-d8 is at 

1000 μg/mL) 

Continuing 
Calibration 
Verification 
Standard at 50ppb 

100uL of working 
std Water 199.9mL of 

water 200mL 50ug/mL 

Continuing 
Calibration 
Verification 
Standard at 20ppb 

50uL of working 
std Water 249.95mL of 

water 250mL 20ug/mL 

10.2.1   Calibration standards for SIM/SCAN simultaneous acquisition are prepared by diluting 
calibration std 5 (10ug/L final concentration-see above) with an appropriate volume of organic 
free DI water. Dilutions are performed in 100mL volumetric flasks and diluted to a final 
concentration of 0.005ug/L, 0.01ug/L, 0.05ug/L, and 0.1ug/L. For SIM/SCAN analysis the 
calibration curve is named as calibration std 1 through calibration std 13 beginning with the 
lowest concentration.  

10.3 All standards, blanks, spikes, and samples must be analyzed using the same conditions. A set of 
at least five calibration standards containing the method analytes and surrogates are needed (six 
standards are necessary for quadratic curve fits). One calibration standard should contain each 
analyte at a concentration at or below the reporting limit for that compound; the other 
calibration standards should contain analytes at concentration that define the range of the 
method. To prepare a calibration standard, add an appropriate volume of standard solution to 
organic-free reagent water in a volumetric flask. Using a microsyringe, rapidly inject the 
standard into the expanded area of the filled volumetric flask. Remove the needle as quickly as 
possible after injection. Mix by inverting the flask three times. Transfer the standard to a 40 mL 
VOA vial and load into the Autosampler. If ICAL or CCVs are not used immediately they must 
be stored at 0 to 6 degrees Celsius in a cooler which does not house samples for up to one day 
from the day they were made. 

10.4 The following is an example of standard preparation for an initial calibration. Standard 
preparation is determined by client and project requirements. Unless a reporting limit of 
0.2μg/L or lower is required, the low standard will typically be prepared at 0.4μg/L.  A “soil” 
curve to reflect the chromatography conditions of medium level soils (1:50 ratio of 
MeOH:water) is prepared by adding 2 mL of methanol into the calibration standards and 
reducing the volume of reagent water accordingly. Additional levels may be performed. 

10.5 For the centurions autosamplers, a 5 μL aliquot of the intermediate tune solution is added to the 
sample loop that is transferred to the sparge tube, at this point it is a 5 mL solution at a 
concentration of 50 μg/L on column. The method criteria of 5-50 ng is met as the split ratio is 
set at 30:1 to 50:1 depending on instrument resulting in >5 ng at the mass spectrometer. 

11. Calibration and Standardization 

11.1. Table 11.1 Calibration and Standardization. 

Calibration Metric Parameter / Frequency Criteria Comments 
Tune (BFB) Every 12 hours See below in 11.2 If the tune criteria is not met, evaluate the 

standard preparation. Perform any vendor 
recommended maintenance including 
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hardware tune using 
perfluorotirbutylamine (PFTBA). The 

tune must pass prior to any analysis being 
conducted. 

Calibration Curve 
Fit 

Average Response Factor 

Linear Regression 

Non-linear 
Regression(quadratic) 

% RSD: 30% for 
CCCs, 15% for all 

others 

r ≥ 0.995 

COD ≥ 0.99 

See 11.3 and 11.4 

for CCCs and 

SPCCs 

If not met, try non-linear regression fit. If 
still not met, remake standards and 

recalibrate and verify before sample 
analysis. 

Second Source 
Verification 
Standard (ICV) 

 after each initial 
calibration 

 

CCV criteria + 
10% unless 
otherwise 

specified in a 
QAPP 

If the requirements for ICV are not met, 
verify the standard preparation and if 
there are any apparent issues with the 

initial analysis. Reanalyze one more time. 
Only two injections of the same standard 

are permitted back to back prior to 
recalibrating the instrument.  

May be used as a CCV if CCV 
requirements are met. 

Secondary source standard is also here-in 
referred to as non-calibration source 

standard to note that although the primary 
and secondary source standards are 

comparable in concentration and used 
interchangeably, The calibration is 

prepared from a separate source than is 
used for ICV, CCV, and QC spiked 

samples. (i.e. A calibration curve may be 
prepped with secondary source so long as 
the affiliated ICV,CCV, LCS,LCSD, MS, 

and MSD are spiked using the primary 
(non-calibration) source.) 

Reporting Limit 
Verification 

Initially evaluated from 
the Ical levels and every 

30 days after or until next 
Ical is necessary 

The reporting limit 
must be ± 40% of 
the true value for 
MN originating 

samples  

Requantitate the reporting limit standard 
in the Ical once the linear regression has 
been established to verify the recoveries. 
If the criteria is not met, review for any 

calculation errors. Evaluate for 
recalibration. Depending on data quality 

objectives, the reporting limit may be 
raised to the next passing Ical level. 

Continuing 
Calibration 
Verification (CCV) 

Prior to the analysis of any 
samples and be verified 

every 12 hours following 
the tune 

 
Prepared using non-
calibration source 

standard 

% Diff ±20% for 
CCCs, and ±40% 
for non-CCCs If a 
CCV is evaluated 
using a sublist that 
does not include 

all the CCCs, CCC 
criteria applies to 
all the compounds 
in the list. Client, 

If the requirements for CCV are not met, 
verify the standard preparation and if 
there are any apparent issues with the 

initial analysis. Reanalyze one more time. 
Only two injections of the same standard 

are permitted back to back prior to 
recalibrating the instrument. 
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QAPP, or state 
requirements may 

supersede this 
requirement.   

Internal Standards  All analytical runs Retention time 
must be ±30 

seconds of any 
internal standard 
from the ccv; the 
response factor 
must be within      
-50% to 200%.  

Client, QAPP, or 
state requirements 
may supersede this 

requirement. 
 

The chromatographic system must be 
inspected for malfunctions and 

corrections must be made. 

11.2. Each GC/MS system must be hardware-tuned using perfluorotributylamine (PFTBA) and must 
also meet the criteria below for a 5-50ng injection of 4-bromofluorobenzene.  Analyses must 
not begin until these criteria are met. 

BFB Key Ions and Ion Abundance Criteria 

Mass Ion Abundance Criteria 

95 Base Peak, 100% relative abundance 

50 8.00 - 40.00% of m/z 95 

75 30.00 - 66.00% of m/z 95 

96 5.00 - 9.00% of m/z 95 

173 Less than 2.00% of m/z 174 

174 50.00-120% of m/z 95 

175 4.00 - 9.00% of m/z 174 

176 93.00  to 101.00% of m/z 174 

177 5.00 - 9.00% of m/z 176 

  
 Note:  All ion abundance must be normalized to m/z 95, the nominal base peak, even though the ion 

abundance of m/z 174 may be up to 120 percent.   

  
The mass spectrum of BFB should be acquired in the following manner. Three scan (the peak apex and 
the scans immediately preceding and following the apex) and acquired and averaged. Background 
subtraction is required, and must be accomplished using a single scan no more than 20 scans prior to the 
elution of BFB. Part of the BFB peak must not be background subtracted 

11.3. CCCs include the list below: 
1,1-Dichloroethene 1,2-Dichloropropane 
Chloroform Toluene 
Ethylbenzene Vinyl Chloride 
NOTE:  Additional CCCs may be specified on a client and project-specific 

basis.  If a sublist is analyzed all analytes are treated as CCCs 

11.4. System Performance Check Compounds (SPCCs) are checked for a minimum average response 
factor.  The SPCCs and the minimum response is listed below: 

Compound Minimum Response 
Chloromethane 0.10 
1,1-Dichloroethane 0.10 
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Bromoform 0.10 
Chlorobenzene 0.30 
1,1,2,2-Tetrachlorethane 0.30 

11.5. For water and low level soil analysis, the CCV and LCS/LCSD solutions are the same solution 
(prepared at the same, using the same standards, etc.). The CCV and LCS/LCSD analyses are 
interchangeable and can be used for both sample types (the CCV can also be used as the LCS 
and the LCS can also be used as the CCV) provided that 2 CCV's didn't already fail in a row 
(which would trigger an initial calibration). When these analytical runs are used as the 
same file, they should be named as 2 separate files to distinguish the sample types for reporting 
the appropriate reports and so that there is a unique file name associated with each sample type. 

11.6. For medium level soils, LCS/LCSD's are not interchangeable with the CCV's in the run 
sequences as the LCS/LCSD's are prepared and extracted with the associated sample on the day 
of preparation while the CCV's and initial calibration solutions are prepared by using a ratio of 
1 mL methanol into 50 mL of DI water (to matrix match the calibrations to the sample matrix) 
and are not extracted. 

12. Procedure 

12.1   Water/Leachate Sample Analysis.   

12.1.1 Screening of the sample prior to purge-and-trap analysis will provide guidance on 
whether sample dilution is necessary and will prevent contamination of the purge-and-
trap system.  Screening can be accomplished by using a headspace GC PID or by 
analyzing the sample at a dilution by GC/MS.  When available, historical data may be 
used to perform dilutions prior to analysis. 

12.1.2 BFB tuning criteria and daily GC/MS calibration criteria must be met before analyzing 
samples (see 11.2) 

12.1.2.1 The BFB and calibration verification standard may be combined into a single 
analysis as long as both tuning and calibration verification acceptance criteria for the 
project can be met without interferences. 

12.1.3 Sample vials are loaded onto the autosampler.  All leachate samples are analyzed at 1:25 
based on action limits. 

12.1.3.1 If there is more than one ZHE batch they may be combined, however, all ZHE 
blanks must be tested and proven to be free of contamination. If contamination is 
found in the ZHE blank, the other vial must be analyzed to confirm contamination. 
The affected samples must be footnoted appropriately. Only one is reported if both 
are proven free of contamination. 

12.1.3.2 All leachate samples (including the Blank, LCS, MS/MSD, and sample duplicate 
(DUP) are diluted 1:25 based on action limits. The leachate is diluted by adding 
2000 μL of the leachate extract to a 50 mL volumetric flask containing DI water. 
Dilute to a final volume of 1:25 using DI water. Fill a 40 mL unpreserved VOA vial 
with the prepared sample for analysis. If foaming is observed during dilution of the 
extract, 200 μL of anti-foaming agent (see 9.8) may be added to the 50mL 
volumetric flask to prevent foaming of the concentrator.  

12.1.4 The following procedure is appropriate for diluting purgeable samples. All steps must be 
performed without delays until the diluted sample vial is sealed. 

12.1.4.1 Dilutions may be made in volumetric flasks of various sizes. Select the volumetric 
flask that will allow for the necessary dilution. Intermediate dilutions may be 
necessary for extremely large dilutions. Calculate the approximate volume of 
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organic-free reagent water to be added to the volumetric flask selected and add 
slightly less than this quantity of organic-free reagent water to the flask. See 
Attachments V and VI. 

12.1.4.2 Inject the proper aliquot of sample into the flask.  Dilute the sample to the mark with 
organic-free reagent water.  Cap the flask and invert three times. For samples 
requiring pH determination; once sample dilution is completed, the pH of the un-
diluted sample must be taken with pH paper.  If the pH is greater than 2 the sample 
must be footnoted to the nearest whole number.  Repeat above procedure for 
additional dilutions. 

12.1.4.3 Fill the vial with diluted sample and load onto the autosampler. 

12.1.4.4 The autosampler adds the internal standard spiking solution and the surrogate 
spiking solution to the 5mL sample aliquot. The amount added by the autosampler 
should be equivalent to the concentration of 50 μg/L of each surrogate, 50 μg/L for 
the internal standards 1,4 dioxane d8 is at a concentration of 2000 μg/L and acetone 
d6 is at concentration of 100 μg/L). The archon accomplishes this by adding the 
internal standard and surrogate solution utilizing a 1 μL loop, the centurion w/s adds 
5 μL of the solution. Analyze the samples using the same autosampler and GC 
conditions used to pass BFB, standard, and blank criteria. 

12.1.5 If the initial analysis of sample or a dilution of the sample has a concentration of analytes 
that exceeds the initial calibration range, the sample must be reanalyzed at a higher 
dilution. When a sample is analyzed that has saturated ions from a compound, this 
analysis must be followed by a blank organic-free reagent water analysis. If the blank 
analysis is not free of interferences, the system must be decontaminated. Sample analysis 
may not resume until a blank can be analyzed that is free of interferences. Alternately, 
samples loaded on an autosampler can be accepted after a subsequent sample is shown to 
be free of carry-over contamination or if the detection is 10x greater than the carryover 
detection. Carryover in p&t systems can vary for instrument to instrument depending on 
the condition of the equipment. Analysts review the carryover after the upper level of the 
initial calibrations and after the ICV, in addition they monitor the carryover daily on the 
system blanks ran which is generally ran after QC samples. 

12.1.5.1 It is routine for the laboratory to run multiple blanks after an initial calibration to 
monitor the carryover and ensure the ICV does not have carryover affecting the % 
recoveries. Daily, it is common for the laboratory to run system blank before the 
method blank. The system blank analyzed serves as a carry over assessment. It helps 
us determine how our system is performing from sample to sample and gives us a 
measure of how well our procedures for clean up are functioning on our 
instrumentation including rinses, baking, etc. As a secondary assessment, this allows 
us to determine if low level detections on our system are due to system 
contamination or from carryover which has become increasingly more important as 
we have a significant amount of clients that request evaluation and reporting to the 
statistical MDL levels. The second blank is used as the method blank but we feel 
that there is a benefit to us and the client in the analysis of 2 blanks for better 
assessment of system performance and data evaluation. All samples must be 
thoroughly reviewed when sample concentrations exceed 50µg/L to ensure low-
level carryover is not occurring into subsequent analyses. Samples that need to be 
evaluated to the MDL are not re-analyzed if there are j-flagged detections in the 
method blank or the detections from possible sample carryover.   

12.1.6 For matrix spike analysis, add 8.4 μL or 21 μL of a 100 μg /mL  non-calibration source 
standard to the aqueous sample vial (42 mL actual volume). This is equivalent to a 
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concentration of 20 μg/L or 50 μg/L, respectively, of each non-calibration source 
standard. Add the spiking solution through the septa of the vial as the vial should not be 
opened to maintain sample integrity. 

12.1.7 All dilutions should keep the response of the major constituents (previously saturated 
peaks) in the upper calibration range for compounds which were previously over range. 

12.1.8 Once sample analysis is completed, the pH of the sample must be taken using pH paper 
and recorded in the instrument run logbook. If the pH is greater than 2 and the holding 
time is past 7 days, the sample will be footnoted accordingly. The report number must be 
documented in the instrument run log and the sample data footnoted. 

12.2   Sediment/Soil and Waste Samples 

12.2.1 It is recommended that all samples of this type be screened prior to analysis. These 
samples may contain percent quantities of purgeable organics that will contaminate the 
purge-and trap system, and require extensive cleanup and instrument downtime. Use the 
screening data to determine whether to use the low-concentration method (0.004-0.2 
mg/kg) or the mid-concentration method (>0.2 mg/kg). For both low level soils (LLS) 
and medium level soils (MLS) the pace label is placed on all containers during the log-in 
process which is performed by sample receiving. The weight of the label is subtracted 
from all soil samples to reflect the weight of the soil weight. The weight of the label is 
determined annually (unless specified) by weighing out 10 labels and determining an 
average weight. This subtracting of the label weight is performed in the soil prep 
logbook. 

12.2.2 Low-Level Soils (LLS) - This is designed for samples containing individual purgeable 
compounds of <0.2 mg/kg.  It is limited to sediment/soil samples and waste that is of a 
similar consistency (granular and porous). The low-concentration method is based on 
purging a heated sediment/soil sample mixed with organic-free reagent water containing 
the surrogate and internal standards. Analyze all blanks and standards under the same 
conditions as the samples. 

12.2.2.1 A heated purge calibration curve must be prepared and used for the quantitation of 
all samples analyzed by low level soil method. Follow the initial and daily 
calibration instructions, except the ICAL, CCVs, LCS/LCSD, Blanks are prepared 
by adding 5 mL of the solution into 40 mL unpreserved vial containing 5±0.1 g of 
sand and a stir bar purged at a temperature of 45-50ºC. 

12.2.2.2 The majority of the samples received are sampled in Terracore kits (5035 closed 
system); therefore the exact weight of the soil sample must be determined.  Weigh 
the vial and record to the nearest 0.01 grams. Subtract the vial weight prior to 
sampling and record the final weight. The final weight is entered into Horizon to 
reflect to the soil weight. Refer to 7.2.3.4 for weight acceptance policy. The soil 
volume is critical to the purging of the sample. If there is too much soil in the vial, 
approximately more then ½” high in the vial, the autosampler purging needle can’t 
purge the sample. The sample will be rejected for low level soil analysis and 
medium level analysis will occur instead. If there is soil in the threads of the capped 
vial, the sample will not seal properly and purging efficiency will be reduced which 
is generally indicated by monitoring the internal standards and can result in 
unreportable LLS analysis. 

12.2.2.3 When a sample arrives and low level analysis is required (non- 5035), a 5 g aliquot 
of the sample is weighed directly into a tared unpreserved 40 mL vial. Note the 
weight to the nearest 0.01 g; add 5 mL of organic free DI water, and a stir bar. 
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12.2.2.4 The method blank is prepared by adding 5 mL of organic free DI water with 5+/-
0.1g of sand and a stir bar. The LCS/LCSD is prepared by adding 5 mL of a mid- 
level calibration CCV solution to 5+/-0.1g of sand and a stir bar. The weight of the 
BLK, LCS, and LCSD are recorded as 5 grams so long as the actual weight is 5+/-
0.1grams. 

12.2.2.5 For matrix spike analysis, add 2.5 μL of the 100 μg/mL non-calibration source 
standard through the septa of the vial as the vial should not be opened to maintain 
sample integrity. This is the equivalent to a nominal concentration of 50 μg/kg for 
the majority of the analytes.  Alternatively, if the MS/MSD is being prepared from a 
packed jar or encore, the MS/MSD may be prepared by adding 5 mL of a mid- level 
calibration CCV solution instead of spiking 2.5 μL of the 100 μg/mL non-calibration 
source standard through the septa of the vial. Which method is chosen it must be 
documented on the prep logbook. 

12.2.2.6 The QC and samples are loaded onto the autosampler. The autosampler adds the 
internal standard spiking solution and the surrogate spiking solution to the soil 
sample with the addition of 10 mLs of DI water. The amount added by the 
autosampler should be equivalent to the concentration of 100μg/kg of each 
surrogate, 100μg/kg for the internal standards, and low level soils have 4,000 μg/kg 
for the 1,4-Dioxane d8 internal standard 200 μg/kg for acetone d6  (wet weight). 
The autosampler heats the sample at 45ºC throughout the purge cycle and stirs the 
magnetic stir bar. 

12.2.2.7 If saturated peaks occurred the sample is either E-flagged or the medium level soil is 
prepared and analyzed for the analytes which exceeded the calibration range. If a 
non-closed system (5035) sample is provided, a smaller aliquot, 1 g or larger, may 
be used to dilute the analytes that exceeded the calibration range. 

12.2.3 Medium Level Soil (MLS) - A sample is either extracted or diluted with methanol, 
depending on its solubility. An aliquot of the extract is added to organic-free reagent 
water. The autosampler adds the internal standard and surrogate spiking solution to the 
5mL sample aliquot.  The amount added by the autosampler should be equivalent to the 
concentration of 50 μg/L of each internal and surrogate standard. This is purged at 
ambient temperature. All samples with an expected concentration of > 1.0 mg/kg should 
be analyzed by this method. 

NOTE:  The following steps must be performed rapidly and without interruption to avoid 
loss of volatile organics.  These steps must be performed in a laboratory free from solvent 
fumes. 

12.2.4 To prepare the laboratory method blank (BLK), laboratory control sample (LCS) and 
laboratory control sample duplicate (LCSD) weigh out 10+/-0.1 grams of Ottawa sand 
and add 10mL of methanol to a 40 mL VOA vial (42 mL actual volume). The weight of 
the BLK, LCS, LCSD are recorded as 10 grams so long as the actual weight is 10+/-
0.1grams.They should be uniquely labeled by QC batch numbers to ensure they are 
analyzed with the correct batch of samples. The LCS/LCSD are spiked with the 100 μL 
of 100ug/mL of the non-calibration source standard to achieve a final concentration of 
1000 μg/kg after the 1:50 dilution. 

12.2.5 To prepare the matrix spike (MS) and matrix spike duplicate (MSD), weigh the vial and 
record the weight to the nearest 0.01g.  Subtract the vial weight prior to sampling and 
record the final weight. If the weight is greater than the expected 5g, 10g, or 25g weight, 
the addition of methanol is necessary in order to maintain the 1:1 sample to solvent ratio.  
Add the appropriate amount of the 100 μg/mL of the non-calibration source standardto 
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achieve a final concentration of 1000 μg/kg after the 1:50 dilution. If insufficient sample 
volume was received to prepare the MS/MSD, the project must be footnoted. 

12.2.6 To prepare samples that arrive preserved in methanol, weigh the vial and record to the 
nearest 0.01g. Subtract the vial weight prior to sampling and record the final weight. If 
the weight is greater than the expected 5g, 10g, or 25g weight, the addition of methanol is 
necessary in order to maintain the 1:1 sample to solvent ratio. If the weight is less than 
expected 5g, 10g or 25g weight, record the difference.   

12.2.7 To prepare samples that are not preserved in methanol, the sample consists of entire 
contents of sample container. Using a top-loading balance, weigh 10 grams (wet weight) 
of the sample into a tared 40 mL vial. Record the weight to 0.01g. Samples not field 
preserved should be preserved within 48 hours of collection. Client, QAPP, or state 
requirements may supersede this requirement. 

12.2.8 Oily, solid waste or product samples are generally not field preserved due to the unknown 
solubility.  If the sample is not soluble in water, a waste dilution will be performed by 
weighing out 1gram of the sample into a tared 40 mL VOA vial. Record the weight to 
0.01g. Dilute with the addition of 10 mL of P&T grade methanol. Note the prep method 
as a waste dilution on the prep log.  

12.2.9 The pace label that is applied in sample receiving is subtracted from the soil weight to 
eliminate the label weight from biasing the soil weight.  The label weight was determined 
to be 0.18 grams by averaging 10 labels and all samples have this subtraction done in our 
prep sheets. If additional labels are applied the lab is unable to determine the weight of 
those labels and therefore unable to determine the potential bias in the weight/reporting 
limits. 

12.2.10 The LCS/LCSD, MS/MSD, BLK, and all associated samples within the batch must be 
shaken for two minutes, and then sonicated for 20 minutes. After sonicating, prepare the 
samples by adding 1000 µL either by syringe or eppendorf pipetter of the methanol 
extract to a 50 mL volumetric flask containing DI water.  Dilute to a final volume of 1:50 
using DI water. Fill a 40 mL VOA vial with the prepared sample for analysis. 

12.2.11 The following procedure is appropriate for diluting purgeable samples.  All steps must be 
performed without delays until the diluted sample vial is sealed. 

12.2.11.1 Dilutions may be made in volumetric flasks of various sizes.  Select the volumetric 
flask that will allow for the necessary dilution.  Intermediate dilutions may be 
necessary for extremely large dilutions. 

12.2.11.2 Calculate the approximate volume of organic-free reagent water to be added to the 
volumetric flask selected and add slightly less than this quantity of organic-free 
reagent water to the flask. See attachment III for common dilution factors. 

12.2.11.3 Inject the proper aliquot of sample extract into the flask and the proper amount of 
P&T methanol, so that the same amount of methanol is added to all samples and 
QC.  Dilute the sample to the mark with organic-free reagent water.  Cap the flask 
and invert three times. 

12.2.12 The extracts must be stored above freezing but <6°C. 

12.3   Data Interpretation 

12.3.1 Qualitative Analysis: An analyte is identified by comparison of the sample mass 
spectrum with the mass spectrum of a standard of the suspected compound (standard 
reference spectrum). Mass spectra for standard reference should be obtained on the user's 
GC/MS. These standard reference spectra may be obtained through analysis of the 
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calibration standards. Two criteria must be satisfied to verify identification: (1) elution of 
sample component at the same GC relative retention time (RRT) as those of the standard 
component, and (2) correspondence of the sample component and the standard 
component mass spectrum. 

12.3.1.1 The sample component RRT must compare within ± 0.06 RRT units of the RRT of 
the standard component. For reference, the standard must be run within the same 12 
hours as the sample. If co-elution of interfering components prohibits accurate 
assignment of the sample component RRT from the total ion chromatogram, the 
RRT should be assigned by using extracted ion current profiles for ions unique to 
the component of interest. 

12.3.1.2 All ions present in the standard mass spectra at a relative intensity greater than 10% 
(most abundant ion in the spectrum equals 100%) must be present in the sample 
spectrum. (2) The relative intensities of ions specified in (1) must agree within ± 
30% between the standard and sample spectra. Example:  For an ion with an 
abundance of 50% in the standard spectra, the corresponding sample abundance 
must be between 20 and 80 percent. 

12.3.2 For samples containing components not associated with the calibration standards, a 
library search using the most recent NIST/EPA Library may be made for the purpose of 
tentative identification.  The necessity to perform this type of identification will be 
determined by the type of analyses being conducted.  Guidelines for making tentative 
identification are: 

12.3.2.1 Relative intensities of major ions in the reference spectrum (ions > 10% of the most 
abundant ion) should be present in the sample spectrum. 

12.3.2.2 The relative intensities of the major ions should agree within ± 20%. 

12.3.2.3 Molecular ions present in the reference spectrum should be present in the sample 
spectrum. 

12.3.2.4 Ions present in the sample spectrum but not in the reference spectrum should be 
reviewed for possible background contamination or presence of coeluting 
compounds. 

12.3.2.5 Ions present in the reference spectrum but not in the sample spectrum should be 
reviewed for possible subtraction from the sample spectrum because of background 
contamination or coeluting peaks. Data system library reduction programs can 
sometimes create these discrepancies. 

12.3.2.6 Computer generated library search routines should not use normalization routines 
that would misrepresent the library or unknown spectra when compared to each 
other. Only after visual comparison of sample with the nearest library searches will 
the mass spectral interpretation specialist assign a tentative identification. 

 

 

 

 

 

13. Quality Control 

13.1. Table 13.1 Quality Control. 
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QC Sample Components Frequency Acceptance Criteria Corrective Action 
Method 
Blank (MB) 

Reagent water One per batch of 
20 samples or less 

Target analytes must be 
less than 1/2 reporting 
limit. 
  
If results are reported to 
MDL, target analytes in 
MB should be non-
detect to ½ PRL.  The 
lab is not able to 
routinely achieve MB 
less than the MDLs due 
to common p&t 
carryover and common 
lab contamination. 
 

Re-analyze associated samples. 
 
Exceptions: 

If sample ND, report sample without 
qualification; 
If sample result >10x MB detects, 
report sample as not impacted by the 
blank contamination; 
If sample result <10x MB detects and 
the sample cannot be reanalyzed, 
report sample with appropriate 
qualifier. Client must be alerted and 
authorize this condition.  
If there is insufficient sample volume 
B flag the detections present in the 
samples associated with the 
contaminated blank. 

Laboratory 
Control 
Sample 
(LCS) 

DI water spiked with 
all target compounds 
for waters and Low 
level soils. 
 
Medium level soils 
are extracted in 
10mLs of methanol. 
 
LCS/LCSDs 
prepared using non-
calibration source 
standard 

One per batch of 
20 samples. A 
LCSD is not 
required per 
method 
requirement and 
generally only 
performed if 
insufficient volume 
for MS/MSD or 
MS/DUP.   

Internally generated 
limits updated annually.  
For LCSs containing a 
large number of 
analytes, it is 
statistically likely that a 
few recoveries will be 
outside of the control 
limits.  This does not 
necessarily mean the 
system is out of control, 
and therefore no 
corrective action would 
be required beyond 
footnoting the data.   
 
Client, QAPP, or state 
requirements may 
supersede this 
requirement. 
 
See Quality Manual 
section 4.2 for more 
information. 

The number of allowable exceedance 
is as follows: 
->90 analytes in LCS- 5 outliers 
-71-90 analytes in LCS- 4 outliers 
-51-70 analytes in LCS- 3 analytes 
-31-50 analytes in LCS- 2 outliers 
11-30 analytes in LCS- 1 outlier 
-<11 analytes in LCS- no outliers 
allowed 
 
Evaluate the LCS to determine the 
cause of the outliers; verify 
calculations and standard 
preparation. 
 
Perform any necessary system 
maintenance prior to reanalyzing the 
LCS.  For waters, this is the same as 
the CCV solution so the associated 
samples will have to be reanalyzed 
accordingly. 
 
Exceptions: 
If LCS recovery is > QC limits and 
these compounds are non-detect in 
the associated samples, the sample 
data may be reported with 
appropriate data qualifiers.   

Matrix 
Spike (MS) 

 Client sample spiked 
with all target 
compounds 
 
Prepared using non-
calibration source 
standard 

One per batch of 
20 samples or less 

Internally generated 
limits updated annually 

If LCS and MBs are acceptable, the 
MS/MSD chromatogram should be 
reviewed and it may be reported with 
appropriate footnote indicating 
matrix interferences. 
 
Determine that there was no system 
error causing the outlier, reanalyze if 
necessary per client or regulatory 
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QAPP. 

MSD / 
Duplicate 

MS Duplicate 
OR (alternative) 

Sample Dup 
 
Prepared using non-
calibration source 
standard 

One per batch of 
20 samples or less  
 
MS/MSD is the 
method 
requirement if 
sufficient sample 
volume is 
available.   If 
insufficient vials 
are available 
perform a MS of 
one sample and a 
Dup of another in 
the batch. 
For MPCA/Admin 
Contract clients, if 
there is insufficient 
volume for the 
MS/MSD, perform 
and MS/LCSD 

%Diff ≤ 30% Report results with an appropriate 
footnote. 
 
For Minnesota Admin Contract 
clients – all MS/MSD failures require 
reanalysis of the MS/MSD and the 
original sample. If it is still out of 
control, investigate and document the 
cause in the associated narrative as 
well as qualifying appropriately.   
For Minnesota Admin Contract 
clients, if there is insufficient volume 
for MS/MSD, qualify the batch for 
the insufficient volume even if a 
MS/DUP is performed as the 
MS/MSD are required. 

Surrogate 1,2 Dichloroethane d4 
Toluene d8 
4-Bromofluorobenzene 
(BFB) 

In every analytical 
run.  Surrogates are 
spiked into the 
sample utilizing the 
autosampler using 
a single point 
calibration for 
waters, low level 
soils and medium 
level soils. 

Internally generated 
limits updated annually 

Check to make sure there are no 
calculation errors, surrogate solutions 
or internal standard errors.  
Recalculate accordingly if found. 
 
Check instrument performance, if it 
is correct and reanalyze accordingly. 
 
Reanalyze to confirm outlier.  If 
confirmed, report the initial analysis 
and indicate confirmed by second 
analysis.  If it doesn’t confirm, report 
the second analysis if within holding 
time. 
 
If the methanol preserved soil is 
methanol corrected see section 14.9 
for outliers details. 
 
Exception: if the surrogates are out 
biased high and the sample is non-
detect, report the data with the 
surrogates qualified accordingly or if 
visual matrix affecting the surrogate 
recovery data may be reported with 
footnotes. 

14. Data Analysis and Calculations 
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14.1. The following calculation can be used to calculate the LCS or MS percent recovery (where 
SampleConc would be equal to 0 for the LCS and MSConc would be the LCS concentration): 

                                    

                                        
100*)(%

TrueValue

SampleConcMSConc
REC


  

Where:   
MSConc  =  MS Concentration     
SampleConc =  Sample Concentration of the MS parent sample 

14.2. %REC =  % Recovery The RF is calculated as follows: 

RF
A C

A C

x is

is x

  

Where:   
Ax  =      Area of the characteristic ion for the compound being measured. 
Ais = Area of the characteristic ion for the specific internal standard. 
Cis = Concentration of the specific internal standard (μg/L). 

Cx  = Concentration of the compound being measured (μg/L). 

14.3. The percent relative standard deviation (%RSD) for CCCs: 

%RSD
SD

X
x 100  

Where: RSD       =   Relative standard deviation. 
SD         =   Standard deviation of average RFs for a compound              

 X          =   Mean of initial RFs for a compound 

14.4. Standard deviation is calculated as below: 

 
SD

RF RF

n

i

n









 1

2

1

1
 

Where: RF1       =  Each individual response factor 
RF  =  Mean of the Response Factor 

 n            =  The total number of values 

14.5. Percent Difference (%D) for daily CCV evaluation: 

100%
1

1 x
RF

RFRF
Difference c

  

Where: RF1        =  Average response factor from initial calibration. 

 RFc        =  Response factor from current verification check standard 

14.6. Quantitative Analysis:  When a compound has been identified, the quantitation of that 
compound will be based on the integrated abundance from the EICP of the primary characteristic 
ion.  Quantitation will take place using the internal standard technique.  The internal standard 
used should be the one nearest the retention time of that of a given analyte or as specified in the 
method. 
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Calculate the concentration of each identified analyte in the sample as follows: 

 

Water and Water-Miscible Waste: 

   
  RRFA

DFIA

is

sxion(µg/L)Concentrat  

 Where:  

Ax      =  Area of characteristic ion for compound being measured. 

   Is      =  Amount of internal standard injected (µg/L). 

  Ais     =   Area of characteristic ion for the internal standard. 

 RRF   = Average Relative Response factor for compound being measured. 

  DF    =  Dilution Factor 

Sediment/Soil, Sludge, and Waste: 

    
   

50=g/kg)( Conc. 








sis

tsx

WRRFA

VDFIA
High   

  
   sis

sx

WRRFA

IA
Low =g/kg)( Conc.   

Where:  
       Ax, Is, Ais, RRF   =  Same as in water and water-miscible waste above 

                  Vt  =  Volume of total extract (mL)   
    Vi  =  Volume of extract added (mL) for purging 
    Ws = Weight of sample extracted or purged (g).  The wet weight or dry weight may be used,         
              depending upon the specific applications of the data. 
     Sv =  Volume of diluted extract 

             DF = Dilution factor 

Note: All methanol extracts are diluted 1:50  

14.7. Sediment/soil samples are generally reported on a dry weight basis, while sludges and wastes 
are reported on a wet weight basis.  The percent dry weight of the sample should be reported 
along with the data in either instance. 

14.8. When applicable, an estimate of concentration for non-calibrated components in the sample can 
be made.  The formula given above should be used with the following modifications:  The areas 
Ax and Ais should be from the total ion chromatograms, and the RF for the compound should be 
assumed to be 1.  The concentration obtained should be reported indicating (1) that the value is 
an estimate and (2) which internal standard was used to determine concentrations.  Use the 
nearest internal standard free of interferences. 

14.9. Methanol Correction:  This will only be performed if specifically requested by a regulatory 
agency or by the client.  When methanol correction is requested, the volume needs to be adjusted 
for the amount of soil moisture present in the solid sample.  This is done through Horizon once 
the % moisture analysis has been performed.  The analyst enters the sample weight and volume 
into the prep batch in Horizon.  The condition code needs to be changed to “mc” for methanol 
corrected instead of the standard “ok”. Once this is done, Horizon will perform the calculation.  
The final volume will change in Horizon to reflect the methanol correction. Note: the lab will 
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spike the surrogate solution (if applicable) based on the known actual volume methanol in the 
sample, not the methanol corrected volume.  Depending on the % moisture in the sample(s) the 
lab has seen circumstances where the methanol corrected volume is artificially higher than it 
visually appears.  It is not uncommon to have the surrogate recoveries fail once moisture is 
corrected.  The lab will not re-run for surrogate confirmation if non-methanol corrected surrogate 
recoveries are within control limits. 

14.10. Methanol Correction Formula: 

14.11. Methanol Corrected Volume = Volume of methanol(mL) + ((%_percent_moisture * sample 
weight(g))/100))  

14.12. The methanol corrected volume value obtained becomes Vt in the calculation referenced in 
section 14.6. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See tables in section 11 & 13.   

16. Corrective Actions for Out-of-Control Data 

16.1. See tables in section 11 & 13.   

16.2. SPCC Criteria Failed:  If the minimum response factors are not met, the system must be 
evaluated, and corrective action must be taken before sample analysis begins.  SPCCs are used to 
check compound instability and to check degradation caused by contaminated lines or active 
sites in the system.  Some possible problems are standard mixture degradation, injection port 
inlet contamination, contamination at the front end of the analytical column, and active sites in 
the column or chromatographic system.  Chloromethane is most likely compound to be lost if the 
purge flow is too fast.  Bromoform is one of the compounds most likely to be purged very poorly 
in the purge flow is too slow.  Cold spots and/or active sites in the transfer line may adversely 
affect response.  Response of quantiation ion (m/z 173) is directly affected by the tuning of BFB 
at ions m/z 174/176.  Increasing the m/z 174/176 ratio relative to m/z may improve bromoform 
response.  1,1,2,2 Tetrachloroethane and 1,1 dichloroethane are degraded by contaminated 
transfer lines in purge-and-trap systems and/or active sites in trapping materials. 

16.3. CCC Failure:  If the percent difference for any non-CCC analyte is greater than 40%, the 
laboratory should consider this a warning limit.  If the percent difference for each CCC is less 
than 20%, the initial calibration is assumed to be valid.  If the criterion is not met (>20% 
difference), for any one CCC, corrective action should be taken.  Problems similar to those listed 
under SPCCs could affect this criterion.  If no source of the problem can be determined after 
corrective action has been taken, a new five-point calibration should be generated.  This criterion 
should be met before quantitative sample analysis begins. 

16.4. CCV Failure:  If the first CCV fails, the analyst should try to determine the root cause for the 
failure. Some possible reasons for failures may include but not limited to: bad CCV solution, bad 
spike of CCV standard, standard mix degradation, internal standard fluctuation/change, 
analytical system not conditioned, active sites and/or cold sites in the trap or concentrator, 
contaminated system due to dirty samples, or analytical conditions changed over time.  
Corrective action for a failed CCV will be case by case depending on the root cause.  The 
analyst’s expertise in determining the root cause will help determine the corrective action.  Some 
common corrective actions may include not limited to: making a new CCV solution, running a 
different vial of a CCV solution, using a different standard to make the CCV solution, making 
new standards and new CCVs, baking out the concentrator, or replacing transfer lines on 
concentrator.  For volatiles there is generally no major maintenance performed on a daily basis to 
maintain calibration.  If major maintenance is required the system then needs to be recalibrated. 
If the 2nd ccv fails to meet criteria, a new initial calibration curve must be performed. 
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16.5. Internal Standard Failures:  Internal standard recoveries out low (high bias) – if compounds 
associated with the internal standard(s) that are outside the control limits are non-detect, the 
sample can be reported without re-analysis, however, if the outlier is not indicative of a system 
drift (i.e. If only one sample has internal standard drift, which is dissimilar from other samples 
around the injection time), re-analysis should be performed to rule out matrix effects.  Internal 
standard recoveries out high (low bias) – re-analysis should be performed assuming there is 
sufficient sample volume remaining. Appropriate footnoting practices are also observed. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If not specifically listed in the tables in section 11 & 13, the contingencies are as follows.  If 
there is no additional sample volume to perform re-analyses, all data will be reported as final 
with applicable qualifiers.  If necessary, an official case narrative will be prepared by the Quality 
Manager or Project Manager.   

18. Method Performance 

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review 
maintained in their training files.   

18.2. Method Detection Limit (MDL) Study:  An MDL study must be conducted annually (per the 
method) per S-MN-Q-269, Method Detection Limit Studies for each matrix per instrument.   

18.3. Demonstration of Capability (DOC):  Every analyst who performs this method must first 
document acceptable accuracy and precision by passing a demonstration of capability study 
(DOC) per S-ALL-Q-020, Training Procedures.   

18.4. Periodic proficiency testing (PT) samples are analyzed to demonstrate continuing competence 
per SOP S-MN-Q-258, or equivalent replacement. Results are filed in the Quality office. 

19. Method Modifications 

19.1. 8260B is a performance based method from SW-846.  Some modifications include the use of 
Nitrogen as purge gas, faster GC ramp parameters reduced purge times, increased purge flow 
rates, reduced bake times, reduced desorb times, and some systems use a heated purge at 40ºC 
for water, 

 Below are the typical GC parameters and Concentrator parameters 

Typical GC/Concentator paramaters 

Start Temp (oC):  45 

Initial Time (min):  2.75 

Initial Rate (oC/min):  
30/min to 155, hold for 0.5 

min  

Final Temp (oC): 
32/min to 220 hold for 

0.5min 
Final Time (min): 0.29 

Total GC Run Time(min) ~9.5 min 

Inlet Temp (oC): 250 

Detector Temp (oC): 180 

Purge Temp (oC): ambient-50* 

Purge Time (min):  5.0-11.0 
Purge Flow (mL/min): ~40-60 
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Desorb Time (min): 0.5-2.0 

Desorb Temp (oC): 250-260 
Bake Time (min): 2.0-7.0 

Bake Temp (oC): 270 
Column Type: Restek  RTX-VMS 
Column Dimensions: 20m/0.18mmID/1um df 

Column Flow (mL/min): 0.8 
Split Flow 30:1 to 60:1 
* EVOs that run waters purge temp 30-40C; tekmar 
3000/3100/atomx are ambient; MLS are ambient; LLS are 
50C via soil cup of autosampler. 

These parameters are for the typical GC/MS system. Some systems may differ depending on the 
analyte list/matrix/RL needed for the analysis that runs on each different instrument.   

19.2. The tuning criteria follow the guidelines indicated in Appendix C: CLP/SOW OLC02.1/Low 
Concentration Volatile Organic Analysis Method QC criteria, Equations and Definitions. 

19.3. The primary ion used for 2-Butanone and 4-Methyl-2-Pentanone are based on the Appendix A: 
CLP/SOW OLM03.2/Volatile Organic Analysis. In addition, the ion selected for 2-Butanone is 
due to the fact that 2-Butanone coelutes with 1,1-Dichloropropene.  Ion 43 is being utilized as 
that is not a common ion with the co-eluting compound. 

19.4. The lab compares the internal standard to the daily mid-point standard level (CCV) and the 
CCV is compared to the initial calibration for retention time.  This is a modification of the 
method as written due to client data quality objectives.   

19.5. Pace utilizes a single point calibration for surrogates as noted in section 13. This is a deviation 
of Method 8000B and 8000C based on the guidance in EPA 8260C section 11.3.3. It is 
demonstrated through acceptable initial calibration, ICV, CCV, sample and batch QC 
performance.    

19.6. The CCV is prepared using non-calibration source standard to allow for LCS/CCV 
interchangeability, the ICV is also commonly used as CCV/LCS when sample analysis follows 
calibration.  

20. Instrument/Equipment Maintenance 

12.4 Please refer to the GC/MS 6890 instrument manual for maintenance procedures performed by 
the lab.   

12.5 All maintenance activities are listed daily in maintenance logs that are assigned to each separate 
instrument.   

21. Troubleshooting 

21.1. The purge and trap concentrator must be leak free in order to ensure properly sample purge 
efficiency and desorbation. If analyst notices significant decrease in response and suspects a 
possible leak, one can leak check the concentrator to ensure the p&t concentrator is free for 
leaks. This can be done through the software or manually by capping the vent valve of the 
concentrator and purging a blank. 

22. Safety 

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in 
this method have not been fully defined.  Each chemical compound should be treated as a 
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potential health hazard.  Reduce exposure by the use of gloves, lab coats and safety glasses. 
Material Safety Data Sheets (MSDSs) are on file in the laboratory and available to all personnel.  
Standard solutions should be prepared in a hood whenever possible. 

22.2. Samples: Take precautions when handling samples.  Samples should always be treated as 
potentially hazardous “unknowns”.  The use of personal protective equipment (gloves, lab coats 
and safety glasses) is required when handling samples.  In the event a sample container must be 
opened, it is recommended to perform this in a hood whenever possible. 

 

23. Waste Management 

23.1. Procedures for handling waste generated during this analysis are addressed in S-MN-S-003, 
Waste Handling. 

23.2. In order to minimize the amount of waste generated during this procedure, analyst should 
prepare reagents in an amount which may be used in a reasonable amount of time (e.g., before a 
reagent expires). 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention.   
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25.4. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, 
Final Update III, Method 8260B. 

25.5. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, 
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Update III, Method 8000B. 

25.8. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Online, 
Method 8260C. 

25.9. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Online, 
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25.10. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Online, 
Method 5030C. 

25.11. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Online, 
Method 8000C. 

25.12. Appendix C: CLP/SOW OLC02.1/Low Concentration Volatile Organic Analysis Method QC 
criteria, Equations and Definitions. 
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Attachment I:  Method 8260B Analyte List, PRL, Characteristic Mass(m/z), 
and associated IS for Restek VMS- Rtx Column 

 

Analyte CAS 
Number 

Low 
Level 

Waters 
(µg/L) 

Waters 
(µg/L) 

Low-
Level 
Soils 

(µg/kg)** 

Medium 
Level 
Soils 

(µg/kg)*** 

Primary 
Ion 

Secondary 
Ion(s) 

Internal 
Standard 
used for 

Quantitation 

Propylene 115-07-01 1 1 4 50 41 39,42 1 

Dichlorodifluoromethane 75-71-8 1 1 10 50 85 87 1 

Chloromethane 74-87-3 4 4 10 200 50 52 1 

Vinyl Chloride 75-01-4 0.2 0.4 4 20 62 64 1 

1,3- Butadiene 106-99-0 1 1 4 50 54 39 1 

Bromomethane 74-83-9 4 4 20 500 94 96 1 

Chloroethane 75-00-3 1 1 10 500 64 66 1 

Trichlorofluoromethane 75-69-4 0.5 1 10 200 101 103 1 

Dichlorofluoromethane 75-43-4 1 1 4 500 67 69 1 

Diethyl Ether 60-29-7 4 4 10 200 59 45, 74 1 

Ethanol 64-17-5 80 80 400 NA 45 46 4 

1,1-Dichloroethene 75-35-4 0.5 1 4 50 96 61, 63 1 

Carbon Disulfide* 75-15-0 1 1 4 50 76 78 1 

Trichlorotrifluoroethane 76-13-1 1 1 4 50 101 151, 103 1 

Iodomethane 74-88-4 4 4 10 200 142 127,141 1 

Acrolein 107-2-8 10 10 100 2000 56 55 1 

Allyl Chloride 107-05-1 4 4 10 200 41 76,39 1 

Acetone d6 (IS#2) 666-52-4 IS IS IS IS 46 64  

Isopropanol (2-Propanol) 67-63-0 100 100 NA NA 45 43 4 

Methylene Chloride* 75-09-2 4 4 20 200 84 86 1 

Acetone* 67-64-1 20 20 20 1000 58 43 2 

trans-1,2-Dichloroethene 156-60-5 0.5 1 4 50 96 61,98 1 

Methyl Acetate 79-20-9 5 5 Na Na 74 43  

Hexane (n-Hexane)* 110-54-3 10 10 500 500 86 57,56 2 

Methyl-tert-butyl Ether 1634-04-4 0.5 1 4 50 87 57 1 
Tert Butyl Alcohol (2-

Methyl-2-propanol) 
(TBA) 75-65-0 10 40 100 5000 59 41 4 

Acetonitrile* 75-05-8 100 100 NA NA 41 40,39 1 
Isopropyl Ether 

(Diisopropyl ether) 108-20-3 1 1 4 200 45 87,59 1 

Chloroprene 126-99-8 1 1 NA NA 53 88,90 1 

1,1-Dichloroethane 75-34-3 0.5 1 4 50 63 65, 83 1 

Acrylonitrile 107-13-1 10 10 100 2000 53 52,51 1 

ethyl tert-butyl ether 637-92-3 0.5 1 4 200 59 87 1 

Vinyl Acetate 108-05-4 10 10 10 500 43 86 1 
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cis-1,2-Dichloroethene 156-59-2 0.5 1 4 50 96 61,98 1 

Analyte CAS 
Number 

Low 
Level 

Waters 
(µg/L) 

Waters 
(µg/L) 

Low-
Level 
Soils 

(µg/kg)** 

Medium 
Level 
Soils 

(µg/kg)*** 

Primary 
Ion 

Secondary 
Ion(s) 

Internal 
Standard 
used for 

Quantitation 

2,2-Dichloropropane 594-20-7 1 4 10 200 77 97 1 

Cyclohexane* 110-82-7 5 5 10 250 56 84,41 1 

Bromochloromethane 74-97-5 1 1 4 50 130 49, 128 1 

Chloroform 67-66-3 0.5 1 4 50 83 85 1 

Carbon Tetrachloride 56-23-5 1 1 4 50 117 119 1 

Tetrahydrofuran 109-99-9 10 10 40 2000 72 71,42 2 

Ethyl acetate 141-78-6 5 5 NA NA 43 61,70 1 

1,1,1-Trichloroethane 71-55-6 0.5 1 4 50 97 99,61 1 
Dibromofluoromethane 

(S) 1868-53-7 SS SS SS SS 113  1 

Sec-Butyl alcohol 78-92-2 40 40 NA NA 45 59 4 

1,1-Dichloropropene 563-58-6 0.5 1 4 50 75 110,77 1 

2-Butanone (MEK)* 78-93-3 5 5 20 250 43 72 1 

2,2,4-trimethylpentane * 540-84-1 4 4 - - 57 56 1 

Benzene 71-43-2 0.5 1 4 20 78 77 1 

Propionitrile 107-12-0 40 40 NA NA 54 55,52 1 

Methacrylonitrile 126-98-7 4 5 NA NA 41 67,39 1 
Pentafluorobenzene 

(IS#1) 363-72-4 IS IS IS IS 168   

tert-amyl methyl ether  994-05-8 0.5 1 4 200 73 87,55 1 
1,2 Dichloroethane d4 

(S) 17060-07-0 SS SS SS SS 65 67,51 1 

1,2-Dichloroethane 107-06-2 0.5 1 4 50 62 98 1 

Isobutanol 78-83-1 80 80 400 4000 43 41,42 4 

tert-amyl alcohol 75-85-4 10 10 100 5000 59 73,55 4 

methylcylohexane 108-72-2 1 1 Na Na 98 83,55 1 

Trichloroethene 79-01-6 0.4 0.4 4 50 130 95, 132 3 
1,4 Difluorobenzene (IS 

#3) 540-36-3 IS IS IS IS 114   

Tert-amyl ethyl ether 919-94-8 0.5 1 4 200 59 87, 73 3 

Dibromomethane 74-95-3 0.5 4 4 50 174 95,93 3 

n-Butanol 71-36-3 200 200 NA NA 56 41,43 4 

1,2-Dichloropropane 78-87-5 4 4 4 50 63 112 3 

Bromodichloromethane 75-27-4 0.5 1 4 50 83 85,127 3 

Ethyl Acrylate 140-88-5 4 5 NA NA 55 56 3 

1,4 Dioxane-d8 (IS #4) 17647-74-4 IS IS IS IS 96 64  

1,4-Dioxane 123-91-1 200 200 400 10000 88 58,57 4 

Methyl Methacrylate 80-62-6 4 5 NA NA 69 41,100 3 

3-Pentanone 96-22-0 4 4 NA NA 57 86 3 
2-Chloroethyl Vinyl 

Ether 110-75-8 10 10 25 500 63 106, 65 3 
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cis-1,3-Dichloropropene 10061-01-5 0.5 4 4 50 75 77, 39 3 

Analyte CAS 
Number 

Low 
Level 

Waters 
(µg/L) 

Waters 
(µg/L) 

Low-
Level 
Soils 

(µg/kg)** 

Medium 
Level 
Soils 

(µg/kg)*** 

Primary 
Ion 

Secondary 
Ion(s) 

Internal 
Standard 
used for 

Quantitation 

Toluene d8 (S) 2037-26-5 SS SS SS SS 98 100 5 

Toluene 108-88-3 0.5 1 4 50 92 91 5 

2-Nitropropane 79-46-9 10 10 NA NA 43 41, 39 5 

Tetrachloroethene 127-18-4 0.5 1 4 50 166 168, 129 5 

4-Methyl-2-Pentanone 
(MIBK)* 108-10-1 5 5 20 250 43 58, 85 5 
trans-1,3-

Dichloropropene 10061-02-6 0.5 4 4 50 75 77,39 5 

1,1,2-Trichloroethane 79-00-5 0.5 1 4 50 97 83, 85 5 

4-Methyl-2-pentanol 108-11-2 40 40 NA NA 45 69,87 4 

Ethyl Methacrylate 97-63-2 4 5 NA NA 69 41,99 5 

Dibromochloromethane 124-48-1 0.5 1 4 50 129 127 5 

1,3-Dichloropropane 142-28-9 0.5 1 4 50 76 78 5 

1,2-Dibromoethane 106-93-4 0.5 1 4 50 107 109, 188 5 

2-Hexanone* 591-78-6 5 5 20 250 43 58, 57 5 

Chlorobenzene d5 (IS#5) 3114-55-4 IS IS IS IS 117   

Chlorobenzene 108-90-7 0.5 1 4 50 112 77, 114 5 

Ethylbenzene 100-41-4 0.5 1 4 50 91 106 5 
1,1,1,2-

Tetrachloroethane 630-20-6 0.5 1 4 50 131 133, 119 5 

m&p-Xylene 7816-60-0 1 2 8 100 106 91 5 

o-Xylene 95-47-6 0.5 1 4 50 106 91 5 

Bromoform 75-25-2 4 4 20 200 173 175,254 5 

Styrene 100-42-5 0.5 1 4 50 104 78 5 
Isopropyl benzene 

(Cumene) 98-82-8 0.5 1 4 50 105 120 5 
4-Bromofluorobenzene 

(BFB) (S) 460-00-4 SS SS SS SS 95  6 

Bromobenzene 108-86-1 0.5 1 4 50 156 77,158 6 
Cis-1,4-Dichloro-2-

butene 1476-11-5 4 4 NA NA 53 77, 75 6 

n-Propylbenzene 103-65-1 0.5 1 4 50 91 120 6 
1,1,2,2-

Tetrachloroethane 79-34-5 0.5 1 4 50 83 131, 85 6 

2-Chlorotoluene 95-49-8 0.5 1 4 50 91 126 6 

1,2,3-Trichloropropane 96-18-4 4 4 4 200 110 75, 112 6 

4-Ethyltoluene 622-96-8 1 1 4 50 105 120 6 

1,3,5-Trimethylbenzene 108-67-8 0.5 1 4 50 105 120 6 
Trans-1,4-Dichloro-2-

butene 110-57-6 10 10 50 500 53 88, 75 6 

4-Chlorotoluene 106-43-4 0.5 1 4 50 91 126 6 

tert-Butylbenzene 98-06-6 0.5 1 4 50 119 91,134 6 
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1,2,4-Trimethylbenzene 95-63-6 0.5 1 4 50 105 120 6 

sec-Butylbenzene 135-98-8 0.5 1 4 50 105 134 6 

Analyte CAS 
Number 

Low 
Level 

Waters 
(µg/L) 

Waters 
(µg/L) 

Low-
Level 
Soils 

(µg/kg)** 

Medium 
Level 
Soils 

(µg/kg)*** 

Primary 
Ion 

Secondary 
Ion(s) 

Internal 
Standard 
used for 

Quantitation 

Dicyclopentadiene 77-73-6 4 4 4 200 66 39,132 6 

p-Isopropyltoluene 99-87-6 0.5 1 4 50 119 134, 91 6 

1,3-Dichlorobenzene 541-73-1 0.5 1 4 50 146 111, 148 6 
1,4-Dichlorobenzene-d4 

(IS#6) 3855-82-0 IS IS IS IS 152   

1,4-Dichlorobenzene 106-46-7 0.5 1 4 50 146 111, 148 6 

1,2,3-Trimethylbenzene 526-73-8 1 1 NA NA 105 120 6 

n-Butylbenzene 104-51-8 0.5 1 4 50 91 92, 134 6 

1,2-Dichlorobenzene 95-50-1 0.5 1 4 50 146 111, 148 6 
1,2-Dibromo-3-
chloropropane 96-12-8 4 4 10 500 75 155,157 6 

Hexachloro-1,3-
butadiene 87-68-3 1 1 10 250 225 227,223 6 

1,2,4-Trichlorobenzene 120-82-1 0.5 1 4 50 180 182, 145 6 

Naphthalene 91-20-3 1 4 10 200 128  6 

1,2,3-Trichlorobenzene 87-61-6 0.5 1 4 50 180 182, 145 6 

2-Methylnaphthalene* 91-57-6 5 5 20 250 142 141 6 

Xylene (total) 1330-20-7 1.5 3 12 150 NA NA 5 
1,2-Dichloroethene 

(total) 540-59-0 1 2 8 100 NA NA 1 

BTEX (total) N/A 1 2 NA NA NA NA 1,5 
Total 1,3-

Dichloropropene NA 1 8 NA NA NA NA 3,5 

*Can be lab contaminate and therefore MDL set to ½ PRL and not statistical MDL.**Reporting 
limit for a 5g soil preserved with 5mL DI water     ***Reporting limit for a 25g/10g soil 
preserved with 25mL/10mL methanol 

 1,4 Dioxane-d8 internal standard is used to quantify the water soluble compounds.  Acetone d6 
is used to quantify acetone, THF and hexane. 

Note: Hexane uses 86 as the primary ion due to co-elution with MTBE. 

Important NOTE:  Reporting Limits may vary. For the most current reporting limits, refer 
to HORIZON. 
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Attachment II:  Characteristic Ions for TCLP Target Compounds 
 

Parameter Primary Ion Secondary Ions 
Vinyl chloride  62 64 
1,1-Dichloroethene  96 61, 63 
Chloroform  83 85 
1,2–Dichloroethane  62 98 
2-Butanone  43 72 
Carbon tetrachloride 117 119, 121 
Trichloroethene 130 95, 132 
Benzene  78 77 
Tetrachloroethene 166 168, 129 
Chlorobenzene 112 77, 114 
1,4- Dichlorobenzene 146 111, 148 
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Attachment III:  Analytes, Quantitation Limits and Regulatory Levels for 
TCLP Compounds 

 
Parameter         CAS Number Quantitation Limit             Regulatory Level 

         (μg/L) (μg/L) 
Vinyl chloride 75-01-4 10                                           200 
1,1-Dichloroethene 75-35-4 25                                             700 
Chloroform 67-66-3 25                                             6,000 
1,2-Dichloroethane 107-06-2 25                                             500 
2-Butanone 78-93-3 100                                          200,000 
Carbon tetrachloride 56-23-5 25                                            500 
Trichloroethene 79-01-6 25                                         500 
Benzene 71-43-2 25                                            500 
Tetrachloroethene 127-18-4 25                                            700 
Chlorobenzene 108-90-7 25                                           100,000 
1,4- Dichlorobenzene 106-46-7 25                                            7,500 
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Attachment IV:  Standard 8260B Volatile Target List 
 

ANALYTE NAME ANALYTE NAME 

1,1-Dichloroethane 1,1-Dichloroethene 

1,1-Dichloropropene 1,1,1-Trichloroethane 

1,1,1,2-Tetrachloroethane 1,1,2-Trichloroethane 

1,1,2,2-Tetrachloroethane 1,1,2-Trichlorotrifluoroethane 

1,2-Dichlorobenzene 1,2-Dichloroethane 

1,2-Dichloropropane 1,2,3-Trichlorobenzene 

1,2,3-Trichloropropane 1,2,4-Trichlorobenzene 

1,2,4-Trimethylbenzene 1,3-Dichlorobenzene 

1,3-Dichloropropane 1,3,5-Trimethylbenzene 

1,4-Dichlorobenzene 2,2-Dichloropropane 

2-Chlorotoluene 4-Chlorotoluene 

Acetone Allyl chloride 

Bromochloromethane Benzene 

Bromobenzene Bromoform 

Bromomethane Cis-1,2-Dichloroethene 

Cis-1,3-Dichloropropene Carbon Tetrachloride 

Chlorodibromomethane Chlorobenzene 

Chloroethane Chloroform 

Chloromethane 1,2-Dibromo-3-chloropropane 

Dibromomethane Dichlorodifluoromethane 

Dichlorofluoromethane 1,2-Dibromoethane 

Ethylbenzene Ethyl ether 

Hexachlorobutadiene Isopropylbenzene 

Methylene chloride Methyl ethyl ketone 

Methyl isobutyl ketone Methyl tertiary butyl ether 

n-Butylbenzene Naphthalene 

n-Propylbenzene o-Xylene 

p&m-Xylene p-Isopropyltoluene 

Sec-Butylbenzene Styrene 

Tert-Butylbenzene Trans-1,2-Dichloroethene 

Trans-1,3-Dichloropropene Trichloroethene 

Trichlorofluoromethane Tetrachloroethene 

Tetrahydrofuran Toluene 

Vinyl chloride Bromodichloromethane 
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Attachment V:  Common Dilution Factors for Water Samples 
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Attachment VI:  Common Dilution Factors for TCLP Samples 
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Attachment VII:  Common Dilution Factors for Medium Level Samples 
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ATTACHMENT VIII: 1,4 Dioxane by 8260B SIM   
  

Analyte 
CAS 

Number 

Reporting 
Limit in 

ug/L 
Primary 

Ion 
Seconda
ry Ion  

Internal 
Standard  Surrogate 

1,4 Dioxane 
by SIM 123-91-1 1 88 58 

1,4 dioxane 
d8 Toluene-d8 

 

Standard 
Standard(s) 

Amount Solvent 
Solvent Diluent 

Volume 
Final Total 

Volume Final Concentration 
Intermediate Tune 
Solution 500 µL MeOH 100 mL 50 µg/mL Intermediate Tune 

Solution 
Tune 5 µL Water 5 mL 50 µg/L Tune 
Calibration 
Working Standard  

0.5 mL of  
1000 – 40,000 

mg/L 

MeOH 

9.5 mL of 
MeOH 10.0 mL 

50 - 2000 µg/mL 
(nominal conc. 100 

µg/mL) 
Calibration Std 1 0.5 µL 99.999 H2O 100 mL 0.5 µg/L 
Calibration Std 2 1.0 µL 99.997 H2O 

 
20 mL 

1.0 µg/L 
Calibration Std 3 3.0 µL 99.994 H2O 3.0 µg/L 
Calibration Std 4 6.0 µL 99.99 H2O 6.0 µg/L 
Calibration Std 5 10.0 µL 99.98 H2O 10.0 µg/L 
Calibration Std 6 20.0 µL 99.95 H2O 20.0 µg/L 
Calibration Std 7 50.0 µL 99.90 H2O 50.0 µg/L 
Calibration Std 8 100 µL 99.76 H2O 100 µg/L 
Calibration Std 9 0.250 µL 98.75 H2O 250 µg/L 
Surrogate Working 
Standard for 
Achon 

0.5 mL of 10,000 
mg/L 19.5 mL MeOH 250 µg/mL 

Surrogate Working 
Standard for 
Centurion 

0.5 mL of 10,000 
mg/L 99.5 mL MeOH 100 mL 50 µg/mL 

Internal Standard 
Working Standard 
for Archon 

0.5 mL of 10,000 
mg/L; 0.5 mL of 
10,000 – 100,000 

mg/L 

19.5 mL MeOH 20 mL 
250 µg/mL (1,4-

dioxane-d8 is at 5000 
µg/mL) 

Internal Standard 
Working Standard 
for Centurion 

0.5 mL of 10,000 
mg/L; 0.5 mL of 
10,000 – 100,000 

mg/L 

99.5 mL MeOH 20 mL 
50 µg/mL (1,4-

dioxane-d8 is at 5000 
µg/mL) 

Continuing 
Calibration 
Verification at 
50ppb 

100 µL of working 
standard H2O  199.9 mL H2O 200 mL 50 µg/mL 

Initial/Continuing 
Calibration  
Verification 
Standard at 20 ppb  

50 µL of working 
standard H2O 249.95 mL H2O 250 mL 20 µg/mL 

Sample Preparation:  Water samples are purged in the vial on the auto-sampler for SIM 
Analysis.  The sample is prepared by adding 10mls of the sample using a 10ml syringe into a 
40ml vial.  All standards are treated in the same manner as the samples.   
 
Suggested Purge Parameters:  6 minutes, 90 degrees heated purge at 120ml/mn 
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Attachment IX: Analytes using SIM acquisition for 8260B SIM/SCAN 

simultaneous acquisition 
Analyte name CAS Number RL acquisition 

method 
Primary 

(Quant) Ion 
Secondary 
(Qualifier) 

Ion 

1,2,3-Trichloropropane 96-18-4 0.01 SIM 110 112 

1,2-Dibromo-3-chloropropane 96-12-8 0.5 SIM 157 155 

1,2-Dibromoethane (EDB) 106-96-4 0.05 SIM 107 109 

1,2-Dichloroethane 107-06-2 0.2 SIM 62 98 

1,4-Dioxane (p-Dioxane) 123-91-1 1 SIM 88 58 

Carbon tetrachloride 56-23-5 0.05 SIM 117 119 

cis-1,3-Dichloropropene 10061-01-5 0.4 SIM 75 77 

Dibromochloromethane 124-48-1 0.4 SIM 129 127 

Hexachloro-1,3-butadiene 87-68-3 0.2 SIM 225 227 

trans-1,3-Dichloropropene 10061-02-6 0.4 SIM 75 77 

Trichloroethene 79-01-6 0.05 SIM 130 132 

Vinyl chloride 75-01-4 0.01 SIM 62 64 
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Low Level VF A Analysis 
S-P AE-LL VF A-OO l-rev.01CS) 

1. Purpose/Identification of Method 

File: SPAELLVFAOOlrev01CS) 
Date: Date afFinal Signature 
Page 3 of 13 

The purpose of this Standard Operating Procedure (SOP) is to describe a method of determination of 
low level volatile fatty acids (YFAs) in groundwater by ion chromatography. VFA's are also known 
as metabolic acids, stench acids, or low molecular weight organic acids (LMWOAs). VFAs are not a 
contaminant but a metabolic by-product and measurement of their concentration can aid remedial 
effort. 

2. Summary of Method 

2.1. Samples are pretreated to remove potential interference. The pretreated samples are then spiked 
with a mix of compounds that serve as preservatives and internal retention time markers. Samples are 
then analyzed by ion exchange in an ion chromatograph (IC). In the alkaline solutions of the IC, the 
acids ionize to their conjugate anions. The anions are separated on an ion chromatograph and 
chemically converted to their acid form in an electrolytic regenerated suppressor (ERS). The volatile 
fatty acids pass through an electrical conductivity detector. The instrument responds by producing 
peaks that correspond to the individual VF A concentration. 

3. Scope and Application 

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel 
involved in the analysis of volatile fatty acids by IC. 

3.2. Parameters: See table section 5, Limits of Quantitation. 

4. Applicable Matrices 

4.1. This method is applicable to groundwater and soil. 

5. Limits of Detection and Quantitation 

5.1. Studies are run annually in accordance with the Standard Operating Procedure for the 
Determination of Method Detection Limits (MDLILOD) and Practical Quantitation Limits 
(PQLILOQ), SOP-ADM 18. Results for these studies are retained by the Quality Manager. 
Reporting limits for the VF As are shown below: 

Limits of Quantitation 

VFA CAS Number 

Lactic Acid 50-21-5 

I Acetic acid 64-19-7 

I Propionic acid 79-09-4 

I Formic acid 64-18-6 

Butyric acid 107-92-6 

I Pyruvic acid 127-17-3 

i-Pentanoic 503-74-2 

I Pentanoic acid 109-52-4 

I i-Hexanoic 646-07-1 

I Hexanoic acid 142-62-1 
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6.1. The anion exchange chromatography used in this procedure produces considerable retention time 
shifts. The use of internal retention time markers can help eliminate any uncertainty in peak 
identification that these shifts introduce. Retention time shifts are due to variations in the pH and the 
ionic strength of the treated sample. Any increase in ionic strength will shift retention times and may 
degrade the chromatography. For this reason, surrogates are not used in this method because they 
would increase the ionic strength of the sample. 

Dichloroacetic acid, nitrate and bromide co-elute. Inadvertent introduction of carbonate or carbon 
dioxide can adversely affect the samples. Additionally, nitrile gloves must be worn throughout the 
preparation procedure to minimize the introduction of sulfate and chloride. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Samples are collected in 40 ml amber glass VOA vials and preserved with 0.2mL of 
Benzalkonium chloride (BAR) Field Preservation Solution. Samples may be stored for up to 14 days 
at a temperature just above freezing but below 6° C. 

8. Definitions 

8.1. Internal Retention Time Marker: a spike of non-target compounds that is placed in a sample 
and used to determine the relative retention times. Internal Retention time markers are used to 
compensate for the inevitable retention time shift that occurs in this chromatography. The internal 
retention time marker is not to be used quantitatively, as a surrogate would be used. 

8.2. Analytical Batch: a group of twenty client samples or fewer that are prepared and analyzed 
together within a 24 hour period. 

8.3. Laboratory Control Sample: portion of reagent grade water that has been prepared in the same 
manner as a field sample, but has been spiked with a known amount of the contaminants being 
monitored. A LCS is used to assess the performance of the measurement system. A single laboratory 
control sample shall be analyzed with each analytical batch. 

8.4. Matrix Spike/Matrix Spike Duplicate: prepared by adding a known concentration of target 
analyte to additional aliquots of field sample. Matrix spikes are used to determine the effect of 
sample matrix on a method's recovery efficiency. An MS and MSD shall be prepared with each 
analytical batch. 

8.5. Method Blank: a portion of reagent grade water that is free from the analytes of interest that is 
processed through all the steps of the analysis procedure. A single method blank shall be prepared 
with each analytical batch. 

8.6. Initial Calibration Verification: After initial calibration and prior to any sample analysis, the 
calibration must be verified by use of a standard at or near the mid-range of the calibration. The ICV 
standard is prepared from a source independent of the calibration standards. 

8.7. Continuing Calibration Verification: In order to verifY the calibration on a day-to-day basis, a 
CCV is run at the beginning and end of each analytical batch. This is a standard at or near the mid
range of the calibration. The CCV standard is prepared from a source independent of the calibration 
standards. 



Pace Analytical Energy Services 
Low Level VF A Analysis 
S-P AE-LL VF A-OO l-rev.OI(S) 

File: SPAELLVFAOOlrevOI(S) 
Date: Date of Final Signature 
Page 5 of13 

8.8. Initial and Continuing Calibration Blanks: The ICV or CCV must be immediately followed 
by an initial or continuing calibration blank (ICB or CCB). This standard is made up of a portion of 
reagent grade water. 

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Equipment 

• Sample pre-treatment rack 

9.2. Operating Conditions 

• Proprietary 

9.3. Materials 

• Type II deionized water 

10. Reagents and Standards 

All reagents are prepared from Type II deionized water with a resistivity of at least 18-mega ohm/em 
(Mohm). Reagent grade chemicals are used in preparing all reagents. All standards are labeled and 
documented in accordance with the Standard Operating Procedure for Standards and Reference Materials. 
The following are used: 

• Quinic Acid! Benzalkonium chloride (BAK) RT Marker Solution: Place 250 ml Dr water in a 500 
ml volumetric flask and add 2.0 g ofBAK and let the BAK dissolve. Dissolve O.1g Quinic acid 
into the solution. Dilute to volume with DI water. 

• Benzalkonium chloride (BAK) Field Preservation Solution: BAK is an extremely viscous liquid 
that is completely water soluble (it is soap). Dissolve 12 grams ofBAK into 1 liter ofDI water, or 
purchase pre-preserved vials from an approved vendor. 

• Potassium Hydroxide KOH (Eluent Generator Cartridge) 

• UHP Nitrogen 

• Calibration standard (10ppm) is obtained from Restek or other approved vendor. 

• Working stock standard (100ppm) is obtained from Restek or other approved vendor. 

• Initial and Continuing Calibration Verification (ICV/CCV): 2 ppm standard prepared by 0.2 mL 
of working stock standard solution to 9.8 mL of deionized water 

• Laboratory Control Sample (LCS) and MSIMSD: 2 ppm standard prepared by 0.2 mL of working 
stock standard solution to 9.8 mL of deionized water or field sample 

11. Calibration and Standardization 
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Acid 

Quinic 

Lactic 

Acetic 

Propionic 

Formic 

Butyric 

11.1. Standards are purchased as a custom mix from Restek or another vendor. All standards 
are stored in tightly sealed glass containers and cooled to just above freezing and below 6°C when not 
in use. Initial calibration standards are prepared at eight concentrations: 0.02, 0.05, 0.1, 0.2, 
0.5, 1.0,2.0, and 5.0ppm. 

The standards are readied for analysis according to the following procedure: 

• 
• 

• 
• 
• 

Insure that the instrument setup is correct. 
Prepare calibration standards and a blank by labeling nine vials with the concentrations specified 
in section 4.1. 
Add one drop of the internal retention time marker solution 
Cap the vials. 
Load the calibration standards into an autosampler rack and begin a sequence file that identifies 
each bottle and its contents. Each vial is assigned a tray position in the analytical sequence. 

Note: Compounds are listed in order of elution. Quinic acid and BAK are used as internal retention 
time markers only. 

ICALI 

Calibration Mix Concentrations 

ICAL2 ICAL3 ICAL4 
SOx 

0.2 

0.2 

0.2 

0.2 

0.2 

ICALS 
20x 

0.5 

0.5 

0.5 

ICAL6 
lOx 

1.0 

1.0 

1.0 

1.0 

1.0 

ICAL7 
Sx 

2.0 

2.0 

2.0 

2.0 

2.0 

Pyruvic 

i-Pentanoic 

Pentanoic 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

1.0 2.0 

1.0 2.0 

1.0 

BAK 

i-Hexanoic 

Hexanoic 

0.1 

0.1 

0.2 1.0 

0.2 1.0 

12. Procedure 

12.1. All samples, including quality control samples (MB, LCS, MSIMSD), must be field or lab 
preserved and pre-treated. The purpose of the pre-treatment is to remove sulfate, chloride, and heavy 
metals, and to minimize carbonate interference. Pre-treatment is accomplished through the use of 
pre-treatment cartridges. If the samples contain particulate material that may clog the IC system, an 
additional filter cartridge may be used to remove the particulates. 

12.2. Samples are checked using Hach Quantab chloride titrator strips. All samples with chloride 
concentrations greater than 250ppm chloride are diluted by a factor of at least 10 prior to pre
treatment. In addition, some samples, based on historical information and client approval, are diluted 
at a factor of 10 or higher prior to pre-treatment. 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 
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• Pre-treatment cartridges are hydrated per manufacturer's instructions. The eluent from these 
hydrating flushes should be discarded in accordance with the Standard Operating Procedure for 
Waste Disposal (SOP-ADM 14). 

• 10 ml of sample should then be placed into the syringe, and then forced through the hydrated 
cartridges. The first 6 ml of the eluent should be discarded, and the rest should be collected in 20 
ml VOA vials containing 1 drop of the Internal RT Marker Solution. 

• A portion of each sample is transferred into the autosampler vials. Cap the vials. Each vial is 
assigned a tray position in the analytical sequence file. 

12.3. Acquisition of data for all standards, samples, blanks, and laboratory control samples is done 
using a Windows based personal computer outfitted with Dionex Chromeleon software. The peaks 
are maximized and the noise is minimized if the conversion is perfectly efficient. The conversion 
occurs in the suppressor (ERS, or electrolytic regenerated suppressor). The software collects data, 
plots the peaks, integrates the peaks, calculates the calibration curve associated with the target 
analytes, and calculates the concentrations of the analytes in mg/L. After review from the analyst, a 
standard report containing a chromatogram is printed. 

13. Quality Control 

The following quality criteria are monitored with each analytical sequence or daily batch of 
samples analyzed: 

13.1. Calibration accuracy: The correlation of determination (which has the same meaning for a 
quadratic calibration as for a linear calibration) must be at least 0.99. If this criterion is failed, the 
system should be inspected and the calibration repeated. 

13.2. Initial Calibration Verification (ICV): The acceptance criteria for the ICV standard must not 
vary more than ± 15% of its true value. If the calibration curve cannot be verified within the 
specified limits, the cause must be determined and the instrument recalibrated before samples are 
analyzed. 

13.3. Continuing Calibration Verification (CCV): The acceptance criteria for the CCV standard must 
not vary more than ± 15% of its true value. If the calibration cannot be verified within the specified 
limits repeat the CCV analysis. If the CCV fails for a second time, discontinue sample analysis, 
determine the cause, and recalibrate the instrument. All samples analyzed after the last acceptable 
CCV must be reanalyzed. 

l3.4. InitiaVContinuing Calibration Blank (ICB/CCB): The calibration blank must not contain target 
analytes above the reporting limits. For DoD analyses, the results for the CCB must be < 'is the 
reporting limit. If this criterion is not met, inspect all glassware, etc. and then prepare and analyze 
another blank. Blanks shall be run until this criterion is met. If three blanks are analyzed in 
succession and this criterion is still not met, the Laboratory Manager shall be notified. 

l3.5. Method Blank (MBIPBW): The method blank must not contain target analytes above the 
reporting limits. For DoD analyses, the results for the MBIPBW must be < 'is the reporting limit. If 
this criterion is not met, inspect all glassware, etc. and then prepare and analyze another blank. 
Blanks shall be run until this criterion is met. Ifthree blanks are analyzed in succession and this 
criterion is still not met, the Laboratory Manager shall be notified. 

13.6. Laboratory Control Sample (LCS): The acceptance criteria for the LCS must not vary more than 
± 30% of its true value. If the percent recovery for this sample is not between specified limits, a fresh 
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LCS solution should be made and the LCS should be run again. If it fails again, all samples analyzed 
after the last acceptable LCS must be prepared again and reanalyzed. 

13.7. Matrix Spike and Matrix Spike Duplicate (MSIMSD): The percent recovery must be between 
70% and 130% and the relative percent difference (RPD) must be:S 30%. If this criterion fails, but all 
other instrument run criteria are passed, then it is simply noted in the case narrative for the instrument 
run and the analysis proceeds. 

14. Data Analysis and Calculations 

14.1. Calibration Calculations 

The standards are analyzed as samples and then the Chrome leon software is used to combine the 
calibration and the method file. Because the conductivity of a weak acid is not directly proportional 
to the concentration, the calibration is done with a quadratic equation. Because this introduces two 
extra degrees of freedom, the large number of calibration levels is required. The calibration points 
(concentration vs. instrument response) are fit via a least-squared-error type regression routine in the 
software. For further procedural details, please see the Chrome leon software documentation. 

The formula used for calculating concentrations is as follows: 

-b+".;'b~+4a~'a rtS'a 

Conc= 2a 

Where: a=curve 

b=slope 

Percent recovery: 

P R 
Measured Value 

ercent e coy ery = XIOO 
True Value 

Duplicate Relative percent recovery (RPD): 

[MS result - MSD result[ 
%RPD = XIOO% 

. (MS result + MSD result) 

2 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. Peak Identification/Retention Time Determination 
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Initially, the order of elution was determined from the analysis of single component standards. That 
order has been found to be the same order in which the acids are listed section 11. 

With that information, the retention time and width of the window used to make identifications 
should be based on measurements of actual retention time variations of standards over the course of a 
day. Three times the standard deviation of a retention time can be used to calculate a suggested 
window size for a compound. The exact retention times will vary as a function of sample 
composition, column type, column age, and column history. For the instruments that use this method, 
true retention times and retention time windows are taken from the most recent standard analyzed. 
New retention times need to be re-evaluated each time a new column is installed or other maintenance 
is performed. 

Retention time studies have been conducted for this analysis, however the experience of the analyst 
should weigh heavily in the interpretation of chromatograms. These studies are kept on file in the 
Quality Systems Office. 

15.2. Acceptance Criteria for Quality Control Measures 

Specifics related to acceptance criteria of quality assurance markers can be found in section 13, 
Quality Control. 

15.3. SecondarylPeer Data Review 

The analyst is responsible for insuring that all calibrations, calibration checks, and quality control 
samples are within the specifications outlined in this SOP. All data undergoes validation by the 
analyst and another analyst who is certified in this method. Both signatures are required on the case 
narrative sheets that are turned into the Laboratory Manager. 

The analyst checks all raw data and calculations for reasonableness and accuracy, making sure that 
sample dilutions are taken into account. Quality control results are rechecked for compliance with 
acceptance criteria. If any acceptance criteria cannot be met or if any atypical conditions are 
encountered, a Case Narrative detailing the conditions is written and handed in with the results. 

15.4. Laboratory Manager Data Review 

The Laboratory Manager reviews 10% of all laboratory data and calculations. This review includes 
sample results, quality control acceptance limits, and a review of the level of quality control required 
for the project. 

16. Corrective Actions for Out-of-Control Data 

16.1. All samples associated with out of control quality control samples must be reanalyzed. Specific 
corrective actions are noted for each quality assurance marker in section 13. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If quality control acceptance criteria cannot be met using the corrective action within section 13, 
Quality Control, a detailed check of the de-ionized water and chemical purity is made. Reagents, 
standards, and other quality control samples are re-prepared and analyzed. If problems persist, 
sample analysis will be halted and the Technical Director or Laboratory Manager shall be contacted 
immediately to determine the cause and implement corrective action. 
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17.2. Any data submitted with unacceptable quality control sample results shall be qualified in a case 
narrative. The narrative should indicate the out of control event that occurred, the corrective action 
that was taken, and any other pertinent information to inform the client of exactly what occurred. 

18. Method Performance 

18.1. Analysts who use this method have been certified for the method by running Initial 
Demonstration of Proficiency (IDOP) Samples in accordance with the Standard Operating Procedure 
for Administering and Documenting Training in Laboratory Procedures and Instrumentation. IDOP's 
are run any time there is significant change to an instrument, method, or in the training procedure for 
training a new analyst. 

18.2. Performance evaluation samples are currently not available. When they become available, they 
will be analyzed twice annually using this method. 

19. Method Modifications 

19.1. The method used for this procedure is a modification of SW846-9056 in that this method uses 
an ion chromatograph (IC), a hydroxide eluent, an anion-exchange separation column, a hydronium 
based suppressor column and an electrical conductivity detector. However, due to the data quality 
obj ectives (DQOs) presented by the clients use of the data, and the inherent presence of matrix 
interference even in laboratory prepared samples, the quality control requirements of SW846-9056 
are inappropriate for this method. Rather, the DQOs are met and quality is assured by the use of the 
quality control requirements of SW846-8000. 

While SW846-8000 requires confirmation by either a second column or second detector, none is 
available for ICs that would provide either separation or sensitivity similar to that provided by the 
system here-in described. The current method is not used to monitor environmental contaminants, so 
confirmation is not part of the client DQOs. However, if the client requires confirmation we can 
achieve it by analysis ofVFAs by gas chromatograph as per Pace Analytical Energy Services, LLC 
SOP AM21G. 

20. InstrumentlEquipment Maintenance 

20.1. Instrument maintenance should be followed as suggested in the manufacturer's operation 
manual and as delineated in SOP S-PAE-Q-006, Equipment Maintenance. 

20.2. Column "Clean Out"- Once the retention time of all analytes of interest has passed, the gradient 
program passes a high concentration of hydroxide onto the column. 

The intent of this is to force even highly retained anions off of the column. However, the basic eluent 
used in this procedure strips the hydronium (H30) from the suppressor membranes, and suppressor 
recovery from this clean-out procedure requires quite a lot of time. For 18.5 minutes after the clean
out procedure, the base line eluent is passed through the column, giving the chromatographic system a 
chance to re-equilibrate. 

21. Troubleshooting 

21.1. Not applicable to this SOP. 
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22.1. Safety glasses are required in all laboratory areas. Samples and reagents should always be 
handled with caution. For other safety concerns, consult the company Chemical Hygiene Plan. 
Safety Data Sheets (SDS) for all compounds used in this procedure is available in the laboratory. 

23. Waste Management 

23.1. Unused portions of samples are kept for thirty days following analysis. The samples are then 
removed from the laboratory and stored until disposal according to the Standard Operation Procedure 
for Waste Disposal. 

23.2. Where possible, the laboratory takes steps to minimize the amount of waste generated by 
substitution and good chemical handling procedures. For specific information on waste minimization 
consult the Standard Operation Procedure for Waste Disposal. 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention. 

25. References 

Citing a reference does not imply that all of the recommendations and/or requirements in those cited 
methods are required in this Standard Operating Procedure. This section simply refers to sources that 
were consulted to gather information or knowledge in order to write an informed technical procedure. 

25.1. Pace Quality Assurance Manual- most current version· 

25.2. The NELAC Institute (TNI); Volume 1, Module 2, "Quality Systems"- most current version. 

25.3. U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste. SW-846, 3rd 

ed. Method 8000., Office of Solid Waste and Emergency Response, Washington, DC. 1986. 

25.4. U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste. SW-846, 
3rd ed. Method 9056., Office of Solid Waste and Emergency Response, Washington, DC. 1986. 

25.5. Thermo Scientific, DionexICS-2100 Ion Chromatography System Operator's Manual, 
Document No 065291 Revision 3, October 2012. 

25.6. Dionex ICS-2000 Ion Chromatography System Operator's Manual, Document No 031857, 
Revision 03, April 2006. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Attachment 1: Instructions for priming the IC pump 
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Date 

Revised footer language and removed the uncontrolled document 
3/6/2017 Cover page numbering line. 

Section 4 Add soil to applicable matrices 3/6/2017 

Add wording to 250ppm chloride are "at least" 10 prior to pre-
3/6/2017 Section 12.2 treatment. 
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Attachment I-Priming the Ie Pump 

Priming the Ie Pump: 

• Open the panel of the IC. 
• On the right side, under IC system, click shutdown. 
• Once the pump has stopped and the pressure is at Opsi, go to the left side under IC pump. 
• Click on pump setting. 
• Under Eluent Flow Valve, click open. 
• Go to the IC and insert a syringe into the right pump head. Tum the knob on the pump head 

counter clockwise until water flows into the syringe. Repeat several times. 
• While doing this, go back to the Pump settings and click Prime. (A message will pop up, 

instructing you to open the waste valve and click ok.) 
• Go to the IC and tum the knob on the left pump head counter clockwise about 2 full turns. 
• Go back to the computer and click ok in the message box. 
• Let prime for about 30 minutes. 
• Go to the panel and under Eluent Flow Valve, click close. Under Pump Setting, click off. 
• Close the Eluent Flow Valve. (clockwise tum of right pump head until tight) Then close the waste 

valve (2 clockwise turns of left pump head-until tight) 
• Close Pump Settings. 
• Under IC system, click start up. 

Quick Start Procedure ofERS 500 Electrolytically Regenerated Suppressor 

• Refer to Thermo Scientific Document No. 031951-05, Apri12013. 
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Method AM20GAx is used to determine the concentration of biodegradation indicator gases in vapor 
samples. 

2. Summary of Method 

2.1. The sample gas is analyzed with a gas chromatograph capable of simultaneous analysis of all of 
the target analytes fi·Oln a single gas sample. A single injection of gas fi·om integral, simultaneously 
filled sample loops is used to assure consistent injection volume. The uniform sample size achieved 
using the sample loop assures consistent and accurate results. The pennanent gases are analyzed u~ing 
a thennal conductivity detector (TCD). The light hydrocarbons are analyzed using a flame ionization 
detector (FID). Hydrogen is analyzed using a reduction gas detector (RGD). The data are transferred 
to a microcomputer, convelted to digital format, stored, and processed using a chromatography data 
system. 

3. Scope and Application 

3.1. Personnel: This method is recommended for use by, or under the supervision of, analysts 
experienced in sample preparation, the operation of gas chromatographs and in the 
interpretation of chromatograms. 

3.2. Parameters: 

Light Hydrocarbons CAS Number Pelmanent Gases CAS Number 

Methane 74-82-8 Carbon Dioxide 124-38-9 
Ethane 74-84-0 Oxygen 7782-44-7 
Ethene 74-85-1 Nitrogen 7727-37-9 
Propane 74-98-6 Methane 74-82-8 
Propene 115-07-1 Carbon Monoxide 630-08-0 
n-Butane \06-97-8 Hydrogen 1333-74-0 
iso-Butane 75-28-5 Total Inorganic Carbon' 
Acetylene 74-86-2 

'Total inorganic carbon (TIC) is convelted to carbon dioxide using the steps outlined in SOP S-PAE
RISK-002. The sample is then analyzed for carbon dioxide according to this SOP. Any differences 
in method are specified in the appropriate section. 

4. Applicable Matrices 

4.1. Sample vapor can be provided to the laboratory or generated by the laboratory through three 
matrices; vapor as directly sampled, headspace vapor generated from an aqueous sample using SOP 
S-PAE-RISK-002, or bubble-strip vapor generated from an aqueous source volume using SOP S
PAE-RISK-OOI. 

5. Limits of Detection and Quantitation 

5.1. Reporting Limits 
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The repOlting limits for this analysis are listed in Table 5.0 below. Method detection limit studies are 
run annually in accordance with PAES Standard Operating Procedure for the Determination of 
Method Detection Limits and PQLs (S-PAE-Q-O I 0). MDL studies are also performed when there is 
reason to suspect that method sensitivity has changed. The MDL studies are kept on file in the 
Quality Systems Office. 

Reporting Limits 
Table 5.0 

---- --------- -- ---------" -------.-~---------.-

IAnalyte 
Reporting Reporting Reporting 
Limit Limit Limit 
Vapor (units) Bubble (units) Water (units) 

1 Carbon MoilOxide--1 0.20- % 
.--

IT.O~-----I 0.10 mg/L 1.0 mg/L 

1 Carbon Dioxide 1G.20% 
-- I 2.00 mg/L 15.0 mgIL 

iOxygen -------1 0.20~---nu5 mg/L 1 0.50 mglL 
1 Nit;:oge;--- --- [0:50 °/~------IO:40-mgIL --12.0 mgIL 
1---------

Hydrogen I 0.50 ppmv 10.60 nM [IOnM 

[ Acetylene 1 0.20 ppm;---I 0.500 ug;L r 0.50 ug/L 

1 Methane [ 0.50ppmv 10.050 ug/L 10:50 ug/L 

I Ethane 1 0.10 ppmv 1 0.010 ug/L 1 0.10 ug/L 

1 Ethene [ 0.10 ppmv 
-I 0.010 ug/L 1 0.10 ng/L 

1 Propane I 0.10 ppmv 1 0.025 ugIL 10.IOugIL 

1 Propene 
_. 

1 0.20 ppmv 
-
[ 0.025 ugIL 10.IOugIL 

1 Iso-Butane 1 0.20 ppmv 1 0.025 ugIL 10.20 ugIL-

1 n-Butane 10.20 ppmv 10.025 ugIL 10.20ug/L 

I TIC [ N/A [ N/A [ 10 mg CaCo,fL 
-

6. Interferences 

6.1. The most likely source of "interference" is ambient air. Due to the relatively high concentrations 
of oxygen and nitrogen, a very small amount of air as a contaminant will dramatically affect thc 
results. The analyst must take great care to ensure that the presence of air has been eliminated from 
any integral step in the analysis process, prior to making injections into the gas chromatograph. 

6.2. Contamination by canyover can occur whenever high-level and low-level samples are 
sequentially analyzed. An unrestricted flow (Instrument flush) of pure carrier gas from a 10 psig 
source should be allowed to flow through each sample loop for a minimum of 2 minutes prior to each 
analysis. As required, the analyst should demonstrate the absence of canyover contamination by 
analysis of the contcnts ofthe sample loop when porged with carrier gas. This demonstration should 
be pelfonned when canyover contamination is suspected (after high samples). In the event that 'ghost 
peaks' (peaks similar to previous sample) appear when a pure canier gas sample is analyzed (method 
blank), measures should be taken to eliminate the carryover contamination. 

6.3. Another potential contaminant is very low concentrations of methane, ethane and ethane 
generated in field blanks that are not properly treated in the field. Even "purified" water purchased for 

·field use is likely to have substantial methane, ethane and/or ethane concentrations. If field blanks are 
desired, anangemcnts must be made with P AES customer service representatives when the bottle 
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. order is placed. These vials must be treated as samples at all times. That means they must stay on ice 
in the field. 

6.4. The gas matrix for this analysis minimizes the opportunity for matrix effects. If the gas is 
prepared from a matrix other than that which is injected into the GC (e.g. prepared through headspace 
extraction via P AES SOP S-PAE-RISK-002), the client should request that matrix spike (MS) and 
matrix spike duplicate (MSD) analyses be conducted and should supply sufficient sample volume. 
Since matrix effects are extremely site dependent, the MS and MSD are not part of the regular 
analytical quality assurance program. 

7. Sample Collection, Preservation, Shipment and Storage 

7.1. Samples directly collected as a vapor or prepared with the bubble strip technique are shipped and 
received at a positive pressure, which eliminates a cross-contamination issue during sample shipment. 
It is preferred that these samples be shipped without cooling, however it is not a sample receipt non
conformance if these samples are packed in ice (sample may experience slight loss in pressure.) 
These samples are stored in the laboratOlY at room temperature (23 °C±4 0). The pressure in the vials is 
not checked upon receipt in the laboratOlY because ofthe inhercnt risk oflosing sample, or 
inadveJtently introducing atmospheric gases, when the septum is pierced. The number of times the 
septum is pierced should be as few as possible. See Section 12.2 for a discussion on how the 
laboratory checks and documents vial pressure. Holding time these samples is fourteen days from the 
date of collection. 

7.2. Water samples should be cooled upon collection and stored at a temperature of just above 
freezing but below 6°C. Holding time for water samples is fourteen days from the date of collection. 
• Water samples for light hydrocarbon analyses are collected in 40ml clear glass VOA vials with 

zero headspace and preserved with tri-sodium phosphate (TSP). TSP is added as the 
dodecahydrate at 250 mg/40 ml vial. This results in a sample pH> 10. 

• Water samples collected for either permanent gases or permanent gases and light hydrocarbon 
analyses are collected in 40ml amber VOA vials with zero headspace and preselved with four 
drops of BAK solution. This solution acts as a microbial inhibitor and does not influence the 
buffered state of the sample. 

• Water samples collected for Total Inorganic Carbon are collected in 40ml clear" glass VOA vials 
without additional preseJvation. 

• All vial types used for sample collection shall be capped with butyl septa. 

8. Definitions 

8.1. Analytical Batch: A batch consists of twenty or fewer client samples, submitted to the 
laboratOlY for analysis. 

8.2. Instrument Flush: The front end of the sample loop is flushed witll ultra high purity helium 
injected into the loop dircctly £i'om the cylinder to remove possible interference by ambient air and to 
avoid cross contamination between samples. 

8.3. Method Blank: An injection that consists of ultra-high purity helium. The method blank is £i'ee 
from the analytes of interest. 

8.4. Laboratory Control Sample: A sample of laboratOlY grade deionized water spiked with 
verified known amounts of analytes. A LCS is used to assess the performance of the measurement 
system. 
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8.5. Matrix Spike and Matrix Spike Dnplicate: A sample prepared by adding a known 
concentration of target analyte to a specific amount of sample. Matrix spikes are used to determine 
the effect of sample matrix on a method's recovery efficiency. 

9. Equipment and Supplies (Including Computer Hardware and Software) 

9.1. Materials 

• Syringes: Disposable Plastic (BD Medical; 3,5,10,30 and 60ml or equivalent) 
• Headspace vials (Alltech; 10,20 or 160ml clear glass with butyl septa or equivalent) . 
• Celtified Gas Standards (Scott Specialty Gases, Matheson TriGas, or equivalent) 
• 23 Gange stainless steel needles (Precision Glide Needles or equivalent) 
• Traceable MemOlY Monitoring Thermometer (Fisher Scientific part # 0666411) 

9.2. Operating Conditions 

Room Temperature: 
Oven Temperature: 
Oven Temperature: 
Detector Temperature: 
Injector Temperatnre: 
Quantification Software: 

23°C±4° 
210°C (rest/bake-off) 
100°C (Isothelmal program) 
Not Applicable (non-programmable) 
Not Applicable (non-programmable) 
Thermo-Fisher/Dionex Chromeleon 

The remaining conditions related to column configuration and ultra-high purity (UHP) gas delivery 
are unique to each gas chromatograph currently supporting the perfonnance of this SOP and can be 
made available upon request. 

10. Reagents and Standards 

• Ultra-High Purity Gases (Helium, Nitrogen, Hydrogen and compressed air) 
• Cmtified Commercial Gas Standards 

Commercial Standards used for calibration or other method specific quality assurance criteria shall be 
received and documented in accordance with laboratOlY SOP S-PAE-Q-OI1; Standard Operating 
Procedure for Reference Materials and Reagents. The laboratOlY shan assign dates of expiration 
according to the following schedule: 

• Single Analyte: Neat Gas at +99% purity: 60 months from date received 
• Single Analyte: Fixed concentration with balance gas: 36 montlls fron} date opened 
• Multiple Analytes: Fixed concentrations with balance gas: 24 months fi·om date opened 

The small gases tlus analysis measures are known to be particularly stable. Ifthey breakdown the 
breakdown products will be seen during the use of these standards and any such observation should 
be repOlted to the laboratOlY manager and ·llie standard should not be used unless it is retumed to 
service by the laboratOlY manager. The expiration date assigned by the vendor is based on different 
criteria then the laboratory uses, so expiration dates will be assigned according to llie above schedule. 
While an inaccurate standard content would lead to an en·or in standardization, such an error is more 
likely to occur from the delivelY equipment used to transfer the aliquot from the standard tank to the 
GC. For this reason this analysis requires pmticular emphasis be placed on second source verification 
of all calibrations. This verification process is an excellent way to monitor llie validity of standards 
and serves as a continual check of the laboratOlY assigned expiration dates. 
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Reagents are stored at room temperature (23 °C±4 0) and all standards are prepared fresh for each use 
immediately prior to each analysis. Standards are made up from compressed gas cylinders. 

11. Calibration and Standardization 

ILL Vial Preparation 

Headspace vials used for instrument calibration standards for this method are prepared as follows: 

• Collect enough vials to complete the calibration procedure. Assure that the vials have been 
documented and pass acceptance criteria noted in the SOP for Support Equipment. 

• Crimp and cap each vial, with stopper septa. 
• Evacuate each vial to vacuum. Attach vials to the vacuum manifold for 10 minutes to achieve 

evacuation. 
• Flush each vial to atmospheric pressure with the vial balance gas appropriate for the analyles 

being calibrated. (See Table 11.1) 

Table 11.1 

~etector lVial 
1 JJ 1 Balance Gas 

1 FlO 1 Nitrogen 

TCD Helium I --I 
1 ROD [-I ----ccN7it-ro-g-en--

11.2. Preparing Calibration Standards 

Though it may be prefeITed to prepare all standards or other quality sources with Teflon lined, locking 
gas tight, glass syringes, it has been the laboratories experience that these syringes are not the most 
practical for day-to-day operations. Therefore, the laboratOlY shall use plastic syringes for all day-to
day use measurements' following verification of accuracy and imprecision as outlined within SOP for 
SUppOlt Equipment, as noted previously. 

The instrument is initially calibrated (rCAL) using dilutions of custom celtified gas mixes. The 
calibration standards are made up in the following concentTations as specified in Tables 11.2 A, B, C, 
and D. Due to the nature of preparing custom gas standards, the component concentration can 
fluctuate between purchased lots. This is accounted for during method/calibration development. The 
values below are very close approximations. 

Calibration standards are prepared by using the procedures below: 

• Prepare the correct nwnber of vials for the detector being calibrated. 
• Remove the specified amount of standard by extracting it from the standard mix gas cylinder 

using a syringe and injecting it into a prepared vial. 
• Add the specified amount of vial balance gas to the same vial. 
• The dilution factor of one is achieved by directly injecting the standard gas mix from the cylinder 

into the OC. 
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(Methane, Ethane, Ethene, Butane, Propane, Propene aud Acetyleue) 

Stock-l000ppmv Hydrocarbon Mix in Nitrogen from Matheson Tri-Gas, or equivalent. 
Stock-l OOOppmv Acetylene in Nitrogen, Matheson Tri-Gas, or equivalent. 

I Std Level r (pc;~ I Std Make-up Gas 

1 Level 9 '-lo.04()'''12cc -(W/S#S) 1 24Scc UHP Nitrogen (w/serum b;ttle)-
r LevelS -I' 0.100 r-lcc-cwis#ij-i- '·-----49~-------

rr:;,eJ7r-- 0.200 1 2cc (W/S#S) I' 4Scc -

I Level6 10.500 --I 4cc (W/S#S) '1--' 36cc 
I Le~el5 T2~12cC-(W/S#7) 1--------3-Sc-c---·----

rr::;;Wl4-1 10.0 I IOcc (W/S#7) 1 30cc 
1 Level3 14D.O-r 2cc ~h stock) 1---'---'-46Cc-
1 Level2 1 125 rs;;;, (each stock) I 30cc 

----,~~--

1 Levell I 500 1 21cc (each stock) I Into an evacuated vial 

1 W/S#7 1 40.0 1 Sec (each stock) 1 IS4cc (wll60cc serum bottle) 

I W/S#S [5.00 1 Icc (each stock) I' 19Scc (wll60cc serum bottle) 

Table 11.2 B 
Hydrogen by RGD 

Stock-IOO PPMV Hydrogen in Nitrogen, Matheson Tri-Gas, or equivalent. 

1 Level 

I Working Sol #4 
r--L~vell 

1 Cone. Std -'I Make-up Gas 
1 2.00 ~--lc-c-S-to-c"Ck---1 49cc 

1 50.0 21cc Stock 1 21cc 

~ Level 2 1 20.0 1 IOcc Stock 1 40cc 
r---~eT3"'--IIO.O ---r Sec Stock '-I--45U--

3Scc 1 Level 4 n~l- 2cc Stock -I 
r LevelS I' 2.00 1 Icc Stock ;"'1 --4-9c-c-

30cc 

36cc 

~-Le'vcl6--\D.5~r 1 Occ Working Sol #4 1 

I Level 7 1 0.200 1 4cc Working Sol #4 1 
---~-----~ 
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(Oxygen, Carbon Dioxide, Nitrogen, Methane; Carbon Monoxide) 

Stock-MuJti-component Mix at various conc. in Nitrogen, Matheson Tri-Gas, or equivalent. 

r Level 1·------ Std 1l\1ak~ Gas-

1 Working Sol #5 1 Icc Stock ------r 49cc 

1 1 I--As rec~ived from cylinder 1----0----
1 2 1------llicStock -1---2lcZ-----
1 3 I 5.0cc Stock 1 45cc 
1------4-----1--- -·-I.Occ&OZi(---1 49cc 

I 5 1 0.5cc Stock 1 49.5cc 

1-- 6 110~c Working Sol #5 I- 40cc 

Table 11.2 D 
Permanent Gases by TCD 

(Carbon Dioxide, Methane, Ethane, Ethene) 

Stock-Single component sources, 100% Stock by Matheson Tri-Gas, or equivalent. 

Std Level Cone. Std 
(pPMV) 

I Working Sol #6 120,000 15cc each comp 

I Levell 1200,000 CO, I 10cc CO, 
I I 100,000 MEE Sec MEE 

IL~---I 50,000 I 2.5cceachcomp 

I Level3 [10,000 1 25cc Working Sol #6 

1 LeveI4--I- 2,00-0 -T5:0cc Working Sol #6 

i-fewiS----r 400 1 l.Occ Working Sol #6 

12. Proeednre 

12.1. Sample Preparation 

-r Make-up Gas 

I 230cc (w/serumbottle) 

1 25cc 

I 
I 
r 

1 

40cc 

25cc 

45cc 
--------

49cc 

• Samples that are collected as direct vapors, for example from a soil gas surveyor from the 
headspace of a microcosm sample, do not require additional preparation. 

• Samples that are collected using the Bubble Strip Sampling Technique, P AES Sampling Method 
SM9 (SOP S-P AE-RISK-OOI), do not require additional preparation prior to analysis. 

• Samples that are collected as waters and are to be analyzed for dissolved gases must be prepared 
using PAES Standard Operating Procedure PMOIC (SOP S-PAE-RlSK-002). 

12.2. Analysis 

• If the sample is prepared via SOP S-PAE-RlSK-002, it can be injected from the syringe in which 
it is prepared by inserting the needle of the syringe through the septum on the "sample in" pOlio If 
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the sample is a calibration standard, a bubble strip sample (SM9), or a direct vapor, the septum 
inlet to the "sample in" port of the GC must be removed and a luer-lock needle receptacle is 
plumbed to the "sample in" POlt. A needle is attached to the luer-lock receptacle and inseded 
through the septa of the calibration standard, bubble stripped sample, or direct vapor sample. 

• In order to initiate analysis and introduce the sample into the GC sample loop, a needle is 
attached to the enuy pod on the GC and inselted through the sample septum. The flow through 
the sample loop is monitored by a flow meter connected to the sample-loop vent~pOlt on the gas 
chromatograph. When a vial is sufficiently filled, the ball in the flow meter will shoot to the top 
of the column. This indicates that there is sufficient pressure in the vial to fill the sample loop. If 
the loop is not properly pressurized, this is reflected on the flow meter immediately. The ball in 
the flow meter will go up the column part way and drop back to the bottom. This indicates there 
is not sufficient pressnre in the sample vial. If this happens, the analyst will remove the vial from 
the inlet pod and vent any remaining positive pressure from the vial. The analyst will then add a 
measnred volume ofUHP Helium, resnlting in dilntion. This is then injected into the instrument. 
The lack of sufficient pressure in the vial and the means of sample injection are then documented 
on the case narrative. 

• Once the flow out of the sample loop ceases (3 seconds if SOP S-PAE-RlSK-002 is used) the 
sample loop valves are activated. Once the sample loop valves have been activated, the POlts to 
and fi'om the sample loop are flushed with ultra-high purity helium injected into the loop directly 
from the cylinder to remove any interference fi'om ambient air and to avoid cross contamination 
between samples. 

• Once all designated samples and associated quality assurance injections have been made to the 
GC, the instrument is placed into the "bake-out" configuration. With carrier gas continuous 
flushing through the GC, the temperature on the oven is manually turned up to 210 degrees or as 
high as the insu'ument colunm oven can maintain. This assures column integrity for consistent 
day-to-dayoperations. 

13. Quality Control 

13.1. Calibration 

Initial calibration is accomplished by analyzing mitltiple standards of appropriate concentration 
ranges, as outlined in Section 11.2, for each detector being readied for sample analysis. 

Acceptance Criteria: A linear fit to an area response versus concentration plot is fonned with the 
origin forced to zero and the calibration is accepted for use if,.', the coefficient of determination is ;0, 

0.995. If this criterion cannot be met using a linear fit, a quadratic fit can be used. For the quadratic 
fit, the acceptance criteria is also 1";0, 0.995. 

Corrective Action: If the acceptance criteria specified above is not met, the instrument is examined 
for a cause and a new set of calibration standards are analyzed. 

13 .2. Initial Calibration Verification 

The ICV is prepared fi'om an alternate source, than that used for the ICAL standards. The 
concentration of the ICV is in the middle of the calibration range and is close to that of tl,e rCAL 
midpoint, but because. of the nature of gas standard it is not at exactly that concentration. The ICV 
standard immediately follows the initial calibration. 

Acceptance Criteria: Acceptance criterion for the ICV is an insuument response within ± 15% drift. 
Since the instrumentation used routinely monitors the percent recoveries and in this instance percent 
drift is equal to percent recovelY less 100%, the control limits are 85%-115% recovety. 
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Corrective Action: If the instrument response for the ICV standard is outside the acceptance 
window of 85-115%, the analyst wiIl not analyze samples until either the reason is detetmined and 
the problem is corrected, or a new multi-point calibration is analyzed and an acceptable ICV is run 
using that calibration. 

13.3. Initial Calibration Blank 

An initial calibration blank follows the ICV. The blank is made up of the instrument flush. Target 
compounds must not be detected above the reporting limits. For DoD projects the results of the rCB 
must be < II, RL. 

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected 
until the results are within the acceptance criterion. 

13.4. Continuing Calibration Verification 

The CCV is prepared from an alternate source, than that used for the ICAL standards. The 
concentration of the CCV is in the middle of the calibration range and is close to that of the ICAL 
midpoint, but because of the nature of gas standard it is not at exactly that concentration. The CCV is 
analyzed at the beginning and end of each analytical shift and after evety 15 field samples. 

Acceptance Criteria: Acceptance criterion for the CCV is an instrument response within ± 15% 
drift. Since the instrumentation used routinely monitors the percent recoveries and in this instance 
.percent drift is equal to percent recovelY less 100%, the control limits are 85%-115% recovelY. 

Corrective Action: If the CCV fails, a new CCV is prepared and analyzed. If the new CCV falls 
within the acceptance criterion, analysis continues. If the new CCV fails, the instrument shall be 
recalibrated, and all samples since the last acceptable calibration verification shall be reanalyzed. 

13.5. Continuing Calibration Blank 

A CCB follows each CCV. The blanks are made up of the instrument flush. The acceptance criterion 
for the blank is the result must be less than the reporting limits for all target compounds. For DoD 
projects the results for the CCB must be < liz RL. 

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected 
until the results are within the acceptance criterion. 

13.6. Laboratory Control Sample (LCS) and LCS Duplicate (LCSD) 

13.6.1. Direct VaporlBubblestrip/Water Samples: 

The LCS and LCSD are prepared at a mid-range concentration. The type ofLCS/LCSD depends 
upon the original matrix of the sample. For samples that an'ive as vapors, the LCS/LCSD is 
injected as a gas. For samples that arrive as waters, DI water is spiked with a gas mixture of target 
analytes and prepared the same as the samples. Both an LCS and an LCSD are to be run with 
each aualytical batch. 

Note: Deionized source water for LCS/LCSD should be "degassed" prior to the addition of the 
source headspace. 
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Mix approximately 0.20g NaRC03 into 200mllaboratory grade 01 water, prepare according to 
the TIC procedures outlined in PMOI and analyze in duplicate as a sample. The tme value of the 
spike is calculated as follows: 

mg/L CaCO = Mass(g)NaHC03 X 100.09 X(1 000 000) 
3 H20(ml) 84.01" 

Acceptance Criteria: Percent recovery is to be between 80-120% and RPD (Relative Percent 
Difference) is to be less than or equal to 20%. 

Corrective Action: If the LCS fails, a new LCS is prepared and analyzed. If the new LCS falls 
within the acceptance criterion, analysis continues. If the new LCS fails, analysis is stopped and 
the overall procedural system is checked for error. Once the cause is detelmined, analysis 
continues and if necessary, discussion placed to the case narrative. 

13.7. Method Blank: 

A method blank is analyzed with each analytical batch. Water that is free of the principle atmospheric 
components of nitrogen and oxygen is velY difficult to make and similarly difficult to store. Toward 
that end, the blanks are made np of instrument flush for all of the gases except for blanks for TIC. 
TIC blanks are made np of deionized water. The acceptance criterion for the blank is the result must 
be less than the reporting limits for all target compounds. For DoD projects the results for the method 
blank must be < Y, RL. 

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected 
until the results are within the acceptance criterion. 

13.8. Matrix Spike (MS) and Matrix Spike Duplicate (MSD) 

13.8.1. Water Samples: 

For water samples, MS and MSDs are prepared, analyzed, and reported when clients' request and 
send sufficient numbers of aliquots to prepare them (e.g. one 40 ml vial each for the MS and 
another for the MSD). The source used for MSIMSD will be based upon the methane 
concentration of the original field sample being spiked; depending upon the detector used for the 
methane determination. 
Source water is spiked with a gas mixture of target analytes and prepared the same as the field 
samples. 

13.8.2. Total hlOrganic Carbon MS and MSD 

Mix approximately 0.04g NaHC03 directly into client samples (when provided and requested), 
prepare according to the TIC procedures outlined in PMOI and analyze in duplicate as a sample. 
The true value of the spike is calculated as noted, section 13.6.2. 

Acceptance Criteria: Percent recovelY is to be between 70-130% and RPD (Relative Percent 
Difference) is to be less than or equal to 20%. 



Pace Analytical Energy Services 
AM20GAx 
S-P AE-RlSK-004-rev.O 1 

File: SPAERlSK004revOl 
Date: Date of Final Signature 
Page 13 of 16 

Corrective Action: If the matrix spike and spike duplicate fail but all the other quality control 
samples are within the acceptance criteria, matrix intcrference is noted in the Case Narrative. 

14. Data Analysis and Calculations 

14.1. The output of the chromatograph is directed to a microcomputer where the signal is converted 
to digital format, stored, and processed using a chromatography data system. 

14.2. Assignment of Retention Time and Windows 

Following completion of the calibration injections, each instrument or column in use for the 
procedure must establish specific retention times and retention time windows for all target analytes 
being monitored. These shall be set to the calibration according to the following procedures: 

Note: The steps outlined are applicable to the Thermo Fisher/Dionex Chromeleon data acquisition 
software. 

14.2.1. Retention Times 

Each calibration is performed over a range of concentrations. The analyst shall choose a single 
calibration concentration between the mid-point and high-point concentrations, for setting the 
absolute retention time for each analyte. Do not use the high-point concentration. Transfer the 
times (minutes) from the chosen concentration into the calibration table. Entered values are to be 
three significant figures. 

Note: The exact retention times may VaJY day-to-day as a function of column type, column age 
and column history. The analyst must monitor daily continuing calibration verifications to assure 
accurate assignment of peak identifications. The analyst may also use the data system settings of 
the calibration table to assist in this application. 

14.2.2. Retention Time Windows 

The aJlalyst shall set absolute retention time windows based upon data interpretation of the 
second highest calibration concentration. The procedure is as follows: 

Dctermine the peak width, at base line level, for each aJlalyte; this is a monitored peak variable 
available with the data system. For each aJlalyte, enter a value of Y, the peak width into the 
calibration table, rounded to two significant figures. Set the data system to interpret these entered 
values as ± the absolute retention time. If tile value entered creates a window that overlaps with 
other peaks in close proximity, divide the window value by 2 until the overlap is resolved. 

Retention time windows must be calculated for cach instl1l1nent and col= used. New retention 
time windows must be established when a new column is installed. This procedure is used 
because the standard procedure discussed in method SW846-8000B, Section 7.6 is not 
appropriate for the packed colUll1n chromatography of low molecular weight gases. 

14.3. Total fuorganic Carbon Result Calculation 

The final result is calculated as follows: 

TIC as mg/L CaC03= (%C02)((Volume headspace)(2.08)+43.3) 

14.4. Use the calculation below for the percent recovClY of the LCS/LCSD and ICV/CCV: 
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14.6. Use the calculation below for the relative percent difference (RPD) of the LCSD and MSD: 

RPD = 1_~(e_l_-_e_2-'-)_lx100 
«el + e2)xO.S) 

Where: CI=concentration of the original injection for each target component 
C2=concentration of the duplicate injection for each target component 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. Because the results from this method frequently require the analyst to use manual integration, 
manual integration is included as part of the training. Because of the nature of the instlUment, the 
range of interrogated concentrations and the low specificity of the detectors, it is often necessary to 
perform manual integration even on the laboratOlY control samples. As part oftl,e training, the 
analysts must: 

• Retain an electronic copy of the original chromatogram that was integrated by the automated 
settings of the instrument software. (This is done automatically by the Chrome leon software.) 

• Document on the hard copy Case Narrative a justification for the manual integration and circle 
"YES" in the box in the lower right corner ofthe nanative sheet. 

• The analyst shall present in hal"dcopy printout, all data for review in accordance to requirements 
outlined in SOP-S-P AE-Q-003, Manual Integration. 

• The reviewer shall thoroughly examine the data and when satisfied, check the appropriate box on 
the case nanative form and place their initials where designated. 

• If there are questions about the manual integration, the data reviewer shall review the original 
chromatogram from the data system. 

• If agreement is obtained from the data reviewer that the manual integration was indeed 
necessary, the reviewer shall document on the same hard copy Case Narrative (lower left comer) 
that the manual integration was reviewed and the justification stands. 

• If the reviewer disagrees with either the necessity of the integration or the specific manipulations 
done in the integration, the specific objections should be discnssed with the'analyst and the 
manual integration techniques should be further discussed and emphasized. 

15.2. The analytes of this method are indicators. Every attempt to achieve and deliver precise results 
is made. However, it is realized that for indicator parameters measuring tl,e range of the analyte 
concentration (i.e. is the concentration of methane gas> 1 mg/l or < O.lmg/l) is the primary goal of 
employing these analyses. The calibration range is chosen to extend over most of the bio-indicator 
concentration range. If the concentration of an analyte exceeds that of the highest calibration 
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standard, but does not saturate the instrument response, the concentTation is calculated by assuming 
detector response linearity and using an extrapolation of the calibration plot. If the instrument 
response is saturated the sample is diluted to bring the analyte concenh'ation into the calibration 
range. 

16. Corrective Actions for Ont-of-Control Data 

16.1. Not applicable to this SOP. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 

17.1. If the requirements set forth in section 13 are not met, the analytical program will be terminated 
until the cause is determined and a solution is affected. All samples associated with out of control 
quality control samples (with the exception of matrix inteIference) must be reanalyzed provided 
sufficient sample coutainers have been provided by the client. If quality control acceptance criteria 
cannot be met using the corrective action above, a detailed check of the analytical system is made. 
Reagents, standards, and other quality control samples are re-prepared and analyzed. Ifproblems 
persist, sample analysis will be halted and the LaboratOlY Manager shall be contacted immediately to 
detennine the cause and implement corrective action. 

Any data submitted with unacceptable quality control sample results shall be qualified in a case 
narrative. The narrative should indicate the out of control event that occurred, the corrective action 
that was taken, and any other peltinent information to inform the client of exactly what occurred. 

18. Method Performance 

18.1. Analysts who use this method have been certified for the method by running Initial 
Demonstration of Proficiency (IDOP) Samples in accordance with P AES Standard Operating 
Procedure for Administering and Documenting Training in LaboratOlY Procedures and 
Insh'umentation (SOP S-PAE-Q-OIS). IDOPs are run any time there is significant change to an 
instrument, method, or in the training procedure for training a new analyst. 

19. Method Modifications 

19.1. Not applicable to this SOP. 

20. Instrument/Equipment Maintenance 

20.1. Not applicable to this SOP. 

21. Troubleshooting 

21.1. Not applicable to this SOP. 

22. Safety 

22.1. Safety glasses are required in alllaboratOlY areas. Safety Data Sheets (SDS) for all compounds 
used in this procedure are available in the laboratOly. The major hazard in this laboratory is stick from 
needles. All needles must be capped when not in use and when moving about the laboratOlY. The 
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proper way of capping a needle is to place the cap on the laboratory bench and direct the needle into 
the cap. A needle is never to be directed into a cap while the cap is being held. For fuliher 
information regarding safety issues, please refer to the company Chemical Hygiene Plan. 

23. Waste Management 

23.1. Unused pOliions of samples are kept for 30 days following final repOli generation. The samples 
are then removed from the laboratory and disposed of according to the SOP for Waste Disposal. 

24. Pollution Prevention 

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution 
prevention. 

25. References 

Citing a reference does not imply that all ofthe recommendations and/or requirements in those cited 
methods is required in this Standard Operating Procedure. This section simply refers to sources that Were 
consulted to gather information or knowledge in order to write an informed technical procedure. 

U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste. SW-846, 3'd ed., 
Office of Solid Waste and Emergency Response, Washington, DC. 1986. 

Newel, B.S., RSK-SOP-17S, Sample Preparation and Calculations for Dissolved Gas Analysis in Water 
Samples using GC Headspace Equilibration Technique. Revision No. 0, August 1994. 

American Society for Testing and Materials, Standard Practice for Analysis of Ref on ned Gas by Gas 
Chromatography. Annual Book of ASTM Standards. Vol. 14.02, 1994. 

Kampbell, D.H. and Vandegrift, S.A., Analysis of Dissolved Methane, Ethane, and Ethylene in Ground 
Water by a Standard Gas Chromatographic Technique. Joumal of Chromatographic Science. Vol. 36 
May 1998. 

26. Tables, Diagrams, Flowcharts, and Validation Data 

26.1. Not applicable to this SOP. 

27. Revisions 

Document Number Reason for Change 

Section 14 Redefine sections to include actual calculations 

Date 

1111612016 
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 Well ID: LD02, Page 1 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well LD02 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 

 



   

 Well ID: LD02, Page 2 

Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in                 Pump Depth: N/A         

Land Use 

Changes to Historical Information  

Septic System: N/A             
                

Land Use: Agricultural, livestock, farm and equipment storage (adjacent properties).   
Reported Petroleum Storage / Usage Onsite:  N/A        
                

Reported Chemical Usage: N/A           
                

Livestock: N/A              

Irrigation: Irrigation ditch located approximately 90-ft south of well head      

Oil and Gas Production Infrastructure:   N/A         
               
                

                
                                
               
               

Site/Well ID: LD02         Wellhead Location: 43.251542, -108.591198 
Well Depth: 610-ft (collapsed to 398-ft)   Use: Not Used              Status: Not Used   

Dedicated Pump: No        Reported GW Depths: 166.1-ft, measured 2014    
Sampling Point: well has no pump or spigot; wellhead accessible through slip cap; grab sample .

Pump: No            Pump Type (if applicable): N/A        

Treatment System: No           Treatment Type (if applicable): N/A         

Sampled Before Pressure Tank: N/A         Sampled Before Treatment:  N/A              

Access Port (GW Measurement): Yes (measured depth collected via acoustic depth sounder)    

Surface Casing Depth: >398-ft       Screened Interval: >398-ft  Casing Material: PVC   

Top of Casing Elevation (Above Ground Surface): 2.0-ft    

Reported Ground Surface Elevation (Approximate): 5324.4-ft    
Reported Well Yield: N/A   



   

 Well ID: LD02, Page 3 

Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: LD02, Page 4 

Sample Collection Field Data / Observations — NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 



   

 Well ID: LD02, Page 6 

Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW05 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 7-in (6-in on permit)      Pump Depth: 189-ft        

Land Use 

Changes to Historical Information  

Septic System: ~75-ft southwest of the well.  Leach lines extend southwest from septic system.  Domestic 
use; no chemicals are used in the system.           

Land Use: Agricultural and livestock          
Reported Petroleum Storage / Usage Onsite: Four ASTs approximately 100-ft south of the well along drive-
way. Two tanks contain diesel and gasoline.  Two tanks are empty.      

Reported Chemical Usage: Vehicle / equipment maintenance performed in shop 52-ft north of well.  Spray-
ing for weeds on lawn.  Field sprayed 2009 or 2010 to exterminate alfalfa.     

Livestock: “… have been kept approximately 150-ft north…”        

Irrigation: Sprinklers near well head, flood irrigation in surrounding fields. Ditch ~350-ft south.   

Oil and Gas Production Infrastructure:   Pipeline trending east from a gas well approximately 900-ft to the 
northwest of the well.            
                

                
                                
               
               

Site/Well ID: PGDW05     Wellhead Location: 43.258851,  -108.61263 
Well Depth: 210-ft      Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 110-feet (approximate)    
Sampling Point: 3/4-in spigot on north wall of house (on west end).  Low yield reported.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No (TD reported by SEO, but accessed for video survey: check) 

Surface Casing Depth: 161.5-ft       Screened Interval: 161.5-ft to TD          Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): -1.5-ft (subgrade)  

Reported Ground Surface Elevation (Approximate): 5353.2-ft    
Reported Well Yield: 2.3-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 



   

 Well ID: PGDW05, Page 4 

Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW14 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Unknown            

Land Use 

Changes to Historical Information  

Septic System: ~175-ft south / southwest of the well.          
                

Land Use: Agricultural             
Reported Petroleum Storage / Usage Onsite: AST containing gasoline approximately 250-ft to south /
southeast.  AST containing diesel approximately 500-ft to southeast.     

Reported Chemical Usage:  Fields to north of well have been sprayed using tractor.  Aerial spraying of 
same fields for alfalfa weevil.           

Livestock: Horses have been corralled to the southwest of the well previously.    

Irrigation: Hose used to water landscaping, flood irrigation in surrounding fields.      

Oil and Gas Production Infrastructure:   Cuttings from gas well Government Tribal 33X-10 were allegedly 
disposed of in a gully approximately 800-ft west / northwest of the well.     
               

                
                                
               
               

Site/Well ID: PGDW14     Wellhead Location: 43.251533,  -108.627365 
Well Depth: 190-ft (reported by EPA)   Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 25.8-ft        
Sampling Point: 3/4-in spigot on pipe 10 (units unknown, assume feet) north of well.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: Unknown       Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.5-ft     

Reported Ground Surface Elevation (Approximate): 5395.2-ft    
Reported Well Yield: 6-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW14, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 



   

 Well ID: PGDW14, Page 6 

Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW20 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 5-in                 Pump Depth: 245.8-ft  

Land Use 

Changes to Historical Information  

Septic System: N/A             
                

Land Use: Agricultural, livestock, farm and equipment storage (adjacent properties).   
Reported Petroleum Storage / Usage Onsite:  N/A        
                

Reported Chemical Usage: N/A           
                

Livestock: Hydrant used as sampling point is located in horse corral.     

Irrigation: Concrete irrigation ditch ~55-ft north of the hydrant sampling point.     

Oil and Gas Production Infrastructure:   N/A         
               
                

                
                                
               
               

Site/Well ID: PGDW20        Wellhead Location: 43.251660, -108.591265 
Well Depth: 410-ft (collapsed to 380-ft)   Use: Domestic              Status: Not Used   

Dedicated Pump: Yes        Reported GW Depths: 166-ft (estimated from proximity to LD02) 
Sampling Point: hydrant with 3/4-in hose thread in corral ~250-ft north of the well. Check press. tank. 

Pump: Yes            Pump Type (if applicable): Submersible       

Treatment System: Yes           Treatment Type (if applicable): Reverse Osmosis    

Sampled Before Pressure Tank: No          Sampled Before Treatment: No      

Access Port (GW Measurement): No            

Surface Casing Depth: >245.8-ft       Screened Interval: >245.8-ft  Casing Material: Steel   

Top of Casing Elevation (Above Ground Surface): 1.5-ft    

Reported Ground Surface Elevation (Approximate): 5324.6-ft    
Reported Well Yield: 3.2-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations — NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW23 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in                 Pump Depth: 358.5-ft       

Land Use 

Changes to Historical Information  

Septic System: ~90 north of well head; graywater and blackwater systems; no reported chemical disposal 
in either system.              

Land Use: Agricultural            
Reported Petroleum Storage / Usage Onsite: Gasoline AST ~ 1200-ft to west; Diesel AST ~ 1000-ft to 
west; vehicle maintenance performed in shop bldg. ~ 1000-ft to west      

Reported Chemical Usage: Spot use of herbicide; no fertilizer usage in vicinity of well head for ~10-yrs.
                

Livestock: Corralled ~ 1000-ft to west during the winter months       

Irrigation: Hay fields are flood irrigated.  Drip irrigation used near residence for landscaping.   

Oil and Gas Production Infrastructure:   Pipeline trending N/S ~ 800-ft west of  PGDW23 with a valve near 
shop building; pipeline to well pad ~ 330-ft northeast of PGDW23. Owner reported seeing gas bubbles near 
abandoned well 33X-10 when standing water was present.        

                
                                
               
               

Site/Well ID: PGDW23     Wellhead Location: 43.248660,  -108.622587 
Well Depth: 475-ft      Use: Domestic               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 120-ft (est.) to 195.8-ft    
Sampling Point: 3/4-in hydrant near well head.  Well head is SW of  residence .              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: Yes           Treatment Type (if applicable): Reverse Osmosis          

Sampled Before Pressure Tank: Yes           Sampled Before Treatment: Yes              

Access Port (GW Measurement): Yes (measured depth collected via video measurement)    

Surface Casing Depth: 445-ft       Screened Interval: 445-ft to 465-ft        Casing Material: PVC   

Top of Casing Elevation (Above Ground Surface): 1.7-ft    

Reported Ground Surface Elevation (Approximate): 5415.2-ft    

Casing Diameter: 6-in                 Pump Depth: 358.5-ft       

Reported Well Yield: 6-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc.): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW30 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 176.6-ft                        

Land Use 

Changes to Historical Information  

Septic System: ~100-ft northwest of the well.           
                

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: N/A        
                

Reported Chemical Usage:  N/A           
                

Livestock: Goats in the vicinity of the shed that houses the well head.     

Irrigation: Flood irrigation in surrounding fields.           

Oil and Gas Production Infrastructure:   Pipeline to the south of the well (no distance given) that trends 
south /southwest to north / northeast.          
               

                
                                
               
               

Site/Well ID: PGDW30     Wellhead Location: 43.257541,  -108.622522 
Well Depth: 260-ft      Use: Livestock / Irr.               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 100-ft (assumed)     
Sampling Point: 3/4-in spigot on west wall of shed to northeast of residence.    

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: 260-ft        Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.5-ft     

Reported Ground Surface Elevation (Approximate): 5364.8-ft    
Reported Well Yield: 5-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW32 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 384-ft                         

Land Use 

Changes to Historical Information  

Septic System:  1) ~250 to 300-ft northwest of the well for the house and 2) ~250 to 300-ft east of the well, 
which is used for the shop.             

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: Diesel AST (no location given).    
               

Reported Chemical Usage:  Pesticides/herbicides.  Nothing specific reported.    
               

Livestock: Cows corralled in the winter approximately 300-ft or greater from the well.     

Irrigation: Irrigation from ditch 2700-ft south of well.         

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW32     Wellhead Location: 43.240751,  -108.594132 
Well Depth: 675-ft (owner reported 900-ft)  Use: Domestic / Stock            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 250.3-ft      
Sampling Point: 3/4-in spigot approximately 100-ft northeast of the well.       

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: Yes           Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes            

Surface Casing Depth: 30-ft        Screened Interval: 550-675-ft   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): 1.5-ft     

Reported Ground Surface Elevation (Approximate): 5334.6-ft    
Reported Well Yield: 7.5-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW32, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW33 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Surface (Jet Type)      

Land Use 

Changes to Historical Information  

Septic System:  ~450-ft from the well for the barn apartment.       
               

Land Use: Agricultural and livestock (adjacent properties)       
Reported Petroleum Storage / Usage Onsite: Diesel AST (no location given, same description as 
PGDW32).              

Reported Chemical Usage:  Pesticides/herbicides.  Nothing specific reported.    
               

Livestock: Livestock pastured on the adjacent field >100-ft from well during winter months.  

Irrigation: Irrigation from ditch 2200-ft south of well.         

Oil and Gas Production Infrastructure:   None reported       
               
                

                
                                
               
               

Site/Well ID: PGDW33     Wellhead Location: 43.238541,  -108.596406 
Well Depth: 33-ft       Use: Domestic              Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 20-ft (assumed)     
Sampling Point: 3/4-in hydrant approximately 50-ft southwest of the house.      

Pump: Yes             Pump Type (if applicable): Jet         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No           Sampled Before Treatment: N/A     

Access Port (GW Measurement): No            

Surface Casing Depth: 30-ft        Screened Interval: Unknown   Casing Material: Unknown 

Top of Casing Elevation (Above Ground Surface): -4-ft  (subgrade)   

Reported Ground Surface Elevation (Approximate): 5341.1-ft    
Reported Well Yield: 0.8-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 



   

 Well ID: PGDW33, Page 6 

Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW41A Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 352.1-ft                         

Land Use 

Changes to Historical Information  

Septic System: 130-ft southeast of the well.  Leach lines extend to southeast of the septic tank.  
               

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: One diesel and one gasoline AST are located approximately 
200-ft northeast of the well.            

Reported Chemical Usage:  Weed spray applied by tractor / machine.  No specifics given.  
               

Livestock: Livestock corralled 100-ft west of the well.           

Irrigation: Flood irrigation of nearby fields.           

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW41A     Wellhead Location: 43.262126,  -108.63786 
Well Depth: 376-ft       Use: Stock / Irrigation            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 50-ft (assumed)     
Sampling Point: 3/4-in hydrant by the north wall of the vault containing pressure tanks and breakers.   

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (downhole video)       

Surface Casing Depth: >352.1-ft        Screened Interval: >352.1-ft   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 1.3-ft     

Reported Ground Surface Elevation (Approximate): 5395.7-ft    
Reported Well Yield: 3-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW41B Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 8-in    Pump Depth: 60-ft                         

Land Use 

Changes to Historical Information  

Septic System: 130-ft southeast of the well.  Leach lines extend to southeast of the septic tank.  
               

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: One diesel and one gasoline AST are located approximately 
200-ft northeast of the well.            

Reported Chemical Usage:  Weed spray applied by tractor / machine.  No specifics given.  
               

Livestock: Livestock corralled 100-ft west of the well.           

Irrigation: Flood irrigation of nearby fields.           

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW41B     Wellhead Location: 43.262139,  -108.637845 
Well Depth: 70-ft       Use: Stock / Irrigation            Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 30-ft (assumed)     
Sampling Point: 3/4-in hydrant by the north wall of the vault containing pressure tanks and breakers.   

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: No          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (downhole video)       

Surface Casing Depth: 53-ft        Screened Interval: 53-68-ft   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 0.8-ft     

Reported Ground Surface Elevation (Approximate): 5395.6-ft    
Reported Well Yield: 6-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW44 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 9-in    Pump Depth: 176.6-ft                        

Land Use 

Changes to Historical Information  

Septic System: ~500-ft northwest of the well.           
               

Land Use: Agricultural             
Reported Petroleum Storage / Usage Onsite: AST containing gasoline approximately 250-ft to northwest.  
AST containing diesel approximately 250-ft to northeast.        

Reported Chemical Usage:  Fields to north of well have been sprayed using tractor.  Aerial spraying of 
same fields for alfalfa weevil.           

Livestock: Horses have been corralled to the north of the well previously.     

Irrigation: Hose used to water landscaping, flood irrigation in surrounding fields.      

Oil and Gas Production Infrastructure:   Cuttings from gas well Government Tribal 33X-10 were allegedly 
disposed of in a gully approximately 800-ft west / northwest of well PGDW14.    
               

                
                                
               
               

Site/Well ID: PGDW44     Wellhead Location: 43.250277,  -108.626442 
Well Depth: >176.6-ft     Use: Livestock               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 278-ft reported in 2014 (see pump depth) 
Sampling Point: 3/4-in hydrant 10-ft north of well head near fence.                 

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: Yes          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes            

Surface Casing Depth: >176.6-ft       Screened Interval: Unknown   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): -0.4-ft (subgrade)  

Reported Ground Surface Elevation (Approximate): 5401.9-ft    
Reported Well Yield: 1.3-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW45 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: Unknown            

Land Use 

Changes to Historical Information  

Septic System: ~50-ft south of the well.  Leach lines extend southwest from septic system.  Domestic use; 
no chemicals are used in the system.            

Land Use: Agricultural and livestock          
Reported Petroleum Storage / Usage Onsite: Four ASTs approximately 175-ft southeast of the well along 
driveway. Two tanks contain diesel and gasoline.  Two tanks are empty.     

Reported Chemical Usage: Vehicle / equipment maintenance performed in shop 52-ft north of well.  Spray-
ing for weeds on lawn.  Field sprayed 2009 or 2010 to exterminate alfalfa.     

Livestock: “… have been kept approximately 150-ft northeast…”      

Irrigation: Sprinklers near well head, flood irrigation in surrounding fields. Ditch ~350-ft south.   

Oil and Gas Production Infrastructure:   Pipeline trending east from a gas well approximately 900-ft to the 
northwest of the well.            
                

                
                                
               
               

Site/Well ID: PGDW45     Wellhead Location: 43.258888,  -108.612953 
Well Depth: 48-ft      Use: Stock/Irrigation              Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 25.8-ft        
Sampling Point: 3/4-in spigot on pipe 10 (units unknown, assume feet) north of well.              

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (5/8-in access port)       

Surface Casing Depth: Unknown       Screened Interval: Unknown   Casing Material: PVC 

Top of Casing Elevation (Above Ground Surface): 1.5-ft     

Reported Ground Surface Elevation (Approximate): 5353.7-ft    
Reported Well Yield: 10-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                                                                   
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                                    
Have any spills occurred in the vicinity of the well head since 2014?       
               
                          
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                



   

 Well ID: PGDW45, Page 5 

Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Supply Well PGDW49 Site Specific Data Verification & Field Notes/Observations  

Time Onsite:  Temp:  Weather:                                           
Field Team:                       
Point of Contact:                      
Phone:               

Site Entry Information 

Equipment Calibration / “Bump Test” / Accuracy Verification  
All equipment should be calibrated to manufacturer specifications prior to field work.  Equipment accuracy 
should be verified prior to use each day.  Recalibrate if necessary.  All issues with field equipment must be     
documented along with actions taken to rectify the issues.   

Field accuracy testing completed by:       Date / Time (span):    
                

Portable Water Quality Meter                                                                                                                               
Handheld Meter / Sonde Type and Serial Numbers:         
             Calibration Date:      

Optical Dissolved Oxygen Calibration (must be completed daily): Date / Time:                    
Barometric Pressure     Reading before:      Reading after:            
ODO gain in GLP record after calibration :     (acceptable range is 0.75 to 1.50)          
Calibrated by:       

Accuracy Verification: Date / Time       pH        
Conductivity      ORP              Turbidity           
Buffer solution lot numbers and expiration dates are listed on the calibration form.   

Colorimeter                                                                                                                                                     
Meter Type and Serial Number:                           
The meter was calibrated by the manufacturer and will not be calibrated by field staff.  The meter must be 
zeroed with a method specific blank prior to each measurement.   

Multi Gas Detector                      
MultiRAE Lite Serial Number:     Calibration Date:            
Span Sensor Bump: Oxygen    LEL    Carbon Monoxide        
Hydrogen Sulfide     Completed by:             
The meter was calibrated prior to commencing field operations.  It internally determines when calibration is 
required.  Calibrate if field measurement data is suspected to be inaccurate. 

Portable Turbidity Meter                     
MicroTPI Turbidemeter Serial Number:                    
Field Accuracy Test (record cal. standard used and result):                 
The meter is required by the manufacturer to be calibrated once every three months.  Calibrate if the meter 
fails the field accuracy test or if data is suspected to be inaccurate. 
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Phase III Supplemental Groundwater Sampling — Pavillion, WY 
Site Specific Data Verification & Field Notes  

Reported Well Information (use boxes to confirm verified information) 

Casing Diameter: 6-in    Pump Depth: 31-ft                         

Land Use 

Changes to Historical Information  

Septic System: N/A             
           

Land Use: Agricultural and livestock           
Reported Petroleum Storage / Usage Onsite: N/A        
                

Reported Chemical Usage:  Weed spray applied.  No specifics given.     
               

Livestock: Livestock pen around wellhead noted in previous field effor.       

Irrigation: Flood irrigation of nearby fields.  Irrigation ditch ~170-ft south of well.    

Oil and Gas Production Infrastructure:   None reported.       
               
                

                
                                
               
               

Site/Well ID: PGDW49     Wellhead Location: 43.25508,  -108.618107 
Well Depth: 50.7-ft       Use: Stock               Status: In Use       

Dedicated Pump: Yes         Reported GW Depths: 30-ft (assumed)     
Sampling Point: 3/4-in spigot immediately above the wellhead.        

Pump: Yes             Pump Type (if applicable): Submersible         

Treatment System: None Reported        Treatment Type (if applicable): N/A        

Sampled Before Pressure Tank: N/A          Sampled Before Treatment: N/A     

Access Port (GW Measurement): Yes (3/4-in)         

Surface Casing Depth: 53-ft        Screened Interval: 23 to ?-ft   Casing Material: Steel 

Top of Casing Elevation (Above Ground Surface): 1.0-ft     

Reported Ground Surface Elevation (Approximate): 5369.3-ft    
Reported Well Yield: 8-gpm  
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Notes (continued) 

Has the water quality / palatability changed since the previous sampling event?:    
               
                              
Has there been any change to the physical condition of the well since the previous sampling event? 
               
                              
Have any spills occurred in the vicinity of the well head since 2014?       
               
                           
Summarize the interaction between field staff and the property owner / resident / point of contact below;   
include any activities taking place near the well (P&A, Drilling, Construction, Well Stimulation, etc): 
               
               
               
               
               
               
               
               
               

Field Sketch (not to scale); include north arrow, topography, buildings, well, etc. 
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Sample Collection Field Data / Observations —NO PURGE 
Time Temp. 

(°C) 
Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen 
(mg/L) 

Turbidity 
(NTU) 

Ferrous Iron 
(mg/L) 

Sulfide 
(mg/L) 

        

pH 

 
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):       

No Purge Sample Notes  
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
               
               
               
               
               
               
                

Sample Collection Field Data / Observations — PURGE 
Depth to Water (ft bgs prior to sample):             
Clarity:      Color:     Odor:         
Effervescent:  Yes         No               
Purge Water Disposition:              
                 
Note observable changes in water quality, purge volume, etc. below:     
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Time pH Temp. 
(°C) 

Oxidation  
Reduction  

Potential (mV) 

Specific  
Conductance  

(µS/cm²) 

Dissolved 
Oxygen  
(mg/L) 

Turbidity 
(NTU) 

Purge Volume  
(gal/min) 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

Sample Collection Field Data / Observations — Purge; Microbial Community, 
Organosulfides, Cations, Anions, TDS (continued) 
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Sample Collection Field Data / Observations — Purge;  
Sample ID:  .              Sample Start Time:         Sample End Time:    

Collected By:  .    QA Sample ID (if applicable):      

Depth to Water (ft bgs after sample):   Total Volume Purged:      
Sample Collected After:   Stabilization Parameter Criteria:             
    Sufficient Volume Purged:   

Water column volume equation (ft³):  V = (Total Well Depth - Depth to Groundwater)(π)(r²) 
      1 ft³ = 7.48 gal 
Addditional Notes (include reading for the Sulfide and Ferrous Iron measurements below; document any 
onsite issues encountered):            
               
               
               
               
               
               
               
               
               

Photo Log 
Number Time Subject Was whiteboard 

used? 
Description 
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Chain of Custody & Shipping 

Tiered Review Protocol (initial next to each item) 

COC Number:               

Lab (specify lab location):             
                

Shipping Carrier:               

Shipment Confirmation / Tracking Number:           

Attach the shipping receipt in the space provided below: 

Samples were preserved according to method requirements:        

Notes were reviewed for accuracy and corrected in the field prior to departing site:    

Sample bottle labels were reviewed in the field prior to packaging for shipment:     

Sample IDs, times, etc. on sample bottles and COCs were reviewed for consistency:     

Samples were stored on ice immediately after sampling was completed:       

Samples were packaged with a sufficient volume of ice to ensure that temp. criteria are met:    

Samples were packaged using sufficient insulation to minimize breakage (within reason):    

Custody seals were signed, dated, and appropriately attached to the ice chest:       

The ice chest used for shipping was tightly secured using packing tape:       

Signatures 

Field Technical Staff:        Date:      

Field Team Lead:        Date:      

 
Time Offsite:              



 Section No.: C 
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Designation: D 4448 – 01

Standard Guide for
Sampling Ground-Water Monitoring Wells1

This standard is issued under the fixed designation D 4448; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers sampling equipment and procedures
and “in the field” preservation, and it does not include well
location, depth, well development, design and construction,
screening, or analytical procedures that also have a significant
bearing on sampling results.This guide is intended to assist a
knowledgeable professional in the selection of equipment for
obtaining representative samples from ground-water monitor-
ing wells that are compatible with the formations being
sampled, the site hydrogeology, and the end use of the data.

1.2 This guide is only intended to provide a review of many
of the most commonly used methods for collecting ground-
water quality samples from monitoring wells and is not
intended to serve as a ground-water monitoring plan for any
specific application. Because of the large and ever increasing
number of options available, no single guide can be viewed as
comprehensive. The practitioner must make every effort to
ensure that the methods used, whether or not they are ad-
dressed in this guide, are adequate to satisfy the monitoring
objectives at each site.

1.3 The values stated in SI units are to be regarded as
standard. The values given in parentheses are provided for
information only.

1.4 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitoring Well (Observation
Well)

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Sites

D 5792 Practice for Generation of Environmental Data
Related to Waste Management Activities: Development of
Data Quality Objectives

D 5903 Guide for Planning and Preparing a Ground-Water
Sampling Event

D 6089 Guide for Documenting a Ground-Water Sampling
Event

D 6452 Guide for Purging Methods for Wells Used for
Ground-Water Quality Investigations

D 6517 Guide for Field Preservation of Ground-Water
Samples

2.2 EPA Standards:
EPA Method 9020A
EPA Method 9022

3. Terminology

3.1 Definitions:
3.1.1 low-flow sampling—a ground water sampling tech-

nique where the purge and sampling rates do not result in
significant changes in formation seepage velocity.

3.1.2 minimal purge sampling—the collection of ground
water that is representative of the formation by purging only
the volume of water contained by the sampling equipment (that
is, tubing, pump bladder).

3.1.2.1 Discussion—This sampling method should be con-
sidered in situations where very low yield is a consideration
and results from this sampling method should be scrutinized to
confirm that they meet data quality objectives (DQOs) and the
work plan objectives.

3.1.3 passive sampling—the collection of ground-water
quality data so as to induce no hydraulic stress on the aquifer.

3.1.4 water quality indicator parameters—refer to field
monitoring parameters that include but are not limited to pH,
specific conductance, dissolved oxygen, oxidation-reduction
potential, temperature, and turbidity that are used to monitor
the completeness of purging.

4. Summary of Guide

4.1 The equipment and procedures used for sampling a
monitoring well depend on many factors. These include, but
are not limited to: the design and construction of the well, rate
of ground-water flow, and the chemical species of interest.

1 This guide is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.01 on Sampling
and Monitoring.

Current edition approved Aug. 10, 2001. Published November 2001. Originally
published as D 4448–85. Last previous edition D 4448–85a (1992).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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Sampling procedures may be different if analyses for trace
organics, volatiles, oxidizable species, or trace metals are
needed. This guide considers all of these factors by discussing
equipment and procedure options at each stage of the sampling
sequence. For ease of organization, the sampling process can
be divided into three steps: well purging, sample withdrawal,
and field preparation of samples. Certain sampling protocols
eliminate the first step.

4.2 The sampling must be well planned and all sample
containers must be prepared prior to going to the field. These
procedures should be incorporated in the approved work plan
that should accompany the sampling crew so that they may
refer to it for guidance on sampling procedures and analytes to
be sampled (see Guide D 5903).

4.3 Monitoring wells must be either purged to remove
stagnant water in the well casing or steps must be taken to
ensure that only water meeting the DQOs and the work plan
objectives is withdrawn during sampling (see Practice D 5792).
When well purging is performed, it is accomplished by either
removing a predetermined number of well volumes or by the
removal of ground water until stable water quality parameters
have been obtained. Ideally this purging is performed with
minimal well drawdown and minimal mixing of the formation
water with the stagnant water above the screened interval in the
casing. Passive sampling and the minimal purge methods do
not attempt to purge the water present in the monitoring well
prior to sampling (1).3 The minimal purge method attempts to
purge only the sampling equipment. Each of these methods is
discussed in greater detail in Section 6.

4.4 The types of chemical species that are to be sampled as
well as the reporting limits are prime factors for selecting
sampling devices (2, 3). The sampling device and all materials
and devices the water contacts must be constructed of materials
that will not introduce contaminants or alter the analytes of
concern in any way. Material compatibility is further discussed
in Section 8.

4.5 The method of sample collection can vary with the
parameters of interest. The ideal sampling scheme employs a
completely inert material, does not subject the sample to
pressure change, does not expose the sample to the atmosphere,
or any other gaseous atmosphere before conveying it to the
sample container or flow cell for on-site analysis. Since these
ideals are not always obtainable, compromises must be made
by the knowledgeable individual designing the sampling pro-
gram. These concerns should be documented in the data quality
objectives (DQOs) of the sampling plan (see Practice D 5792)
(4).

4.6 The degree and type of effort and care that goes into a
sampling program is always dependent on the chemicals of
concern and their reporting levels as documented in the
project’s DQOs. As the reporting level of the chemical species
of analytical interest decreases, the precautions necessary for
sampling generally increase. Therefore, the sampling objective
must clearly be defined ahead of time in the DQOs. The
specific precautions to be taken in preparing to sample for trace

organics are different from those to be taken in sampling for
trace metals. A draft U.S. EPA guidance document (5) concern-
ing monitoring well sampling, including considerations for
trace organics, is available to provide additional guidance.

4.7 Care must be taken not to contaminate samples or
monitoring wells. All samples, sampling devices, and contain-
ers must be protected from possible sources of contamination
when not in use. Water level measurements should be made
according to Test Method D 4750 before placing, purging, or
sampling equipment in the well. Redox potential, turbidity, pH,
specific conductance, DO (dissolved oxygen), and temperature
measurements should all be performed on the sample in the
field, if possible, since these parameters change too rapidly to
be conducted by a fixed laboratory under most circumstances.
Field meter(s) or sondes equipped with flow-through cells are
available that are capable of continuously monitoring these
parameters during purging if they are being used as water
quality indicator parameters. These devices prevent the mixing
of oxygen with the sample and provide a means of determining
when the parameters have stabilized. Certain measurements
that are used as indicators of biological activity, such as ferrous
iron, nitrite, and sulfite, may also be conducted in the field
since they rapidly oxidize. All temperature measurements must
be done prior to any significant atmospheric exposure.

5. Significance and Use

5.1 The quality of ground water has become an issue of
national concern. Ground-water monitoring wells are one of
the more important tools for evaluating the quality of ground
water, delineating contamination plumes, and establishing the
integrity of hazardous material management facilities.

5.2 The goal in sampling ground-water monitoring wells is
to obtain samples that meet the DQOs. This guide discusses the
advantages and disadvantages of various well sampling meth-
ods, equipment, and sample preservation techniques. It reviews
the variables that need to be considered in developing a valid
sampling plan.

6. Well Purging

6.1 Water that stands within a monitoring well for a long
period of time may become unrepresentative of formation
water because chemical or biochemical change may alter water
quality or because the formation water quality may change
over time (see Guide D 6452). Even if it is unchanged from the
time it entered the well, the stagnant water may not be
representative of formation water at the time of sampling.
There are two approaches to purging that reflect two differing
viewpoints: to purge a large volume of ground water and to
purge a minimum of, or no ground water before collecting a
sample. The approach most often applied is to purge a
sufficient volume of standing water from the casing, along with
sufficient formation water to ensure that the water being
withdrawn at the time of sampling is representative of the
formation water. Typically, three to five well volumes are used.
An alternative method that is gaining acceptance is to minimize
purging and to conduct purging at a low flow rate or to
eliminate purging entirely.

6.2 In any purging approach, a withdrawal rate that mini-
mizes drawdown while satisfying time constraints should be

3 The boldface numbers in parentheses refer to a list of references at the end of
this guide.
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used. Excessive drawdown distorts the natural flow patterns
around the well. Two potential negative effects are the intro-
duction of ground water that is not representative of water
quality immediately around the monitoring well and artificially
high velocities entering the well resulting in elevated turbidity
and analytical data that reflects the absorption of contaminants
to physical particles rather than soluble concentrations in
ground water. It may also result in cascading water from the
top of the screen that can result in changes in dissolved gasses,
redox state, and ultimately affect the concentration of the
analytes of interest through the oxidation of dissolved metals
and possible loss of volatile organic compounds (VOCs). There
may also be a lingering effect on the dissolved gas levels and
redox state from air being introduced and trapped in the
sandpack. In no instance shall a well be purged dry. If
available, the field notes or purge logs generated during
previous sampling or development of the well as well as
construction logs should be reviewed to assist in the selection
of the most appropriate sampling method.

6.3 The most often applied purging method has an objective
to remove a predetermined volume of stagnant water from the
casing prior to sampling. The volume of stagnant water can
either be defined as the volume of water contained within the
casing and screen, or to include the well screen and any gravel
pack if natural flow through these is deemed insufficient to
keep them flushed out. Research with a tracer in a full scale
model 2-in. polyvinyl chloride (PVC) well (6) indicates that
pumping 5 to 10 times the volume of the well via an inlet near
the free water surface is sufficient to remove all the stagnant
water in the casing. This approach (with three to five casing
volumes purged) was suggested by the U.S. EPA (7).

6.4 In deep or large diameter wells having a volume of
water so large as to make removal of all the water impractical,
it may be feasible to lower a pump or pump inlet to some point
well below the water surface, purge only the volume below that
point then withdraw the sample from a deeper level. Research
indicates this approach should avoid most contamination
associated with stagnant water (6, 8). Sealing the casing above
the purge point with a packer may make this approach more
dependable by preventing migration of stagnant water from
above. But the packer must be above the top of the screened
zone, or stagnant water from above the packer may flow into
the purged zone through the well’s gravel/sand pack.

6.5 An alternate method is based on research by Barcelona,
Wehrmann, and Varlien (1) and Puls and Powell (2). Their
research suggests that purging at rates less than 1 L/min
(approximately 0.25 gal/min) provides more reproducible
VOCs and metals analytical results than purging at high rates.
This method is based on the premise that at very low pumping
rates, there is little mixing of the water column and laminar
ground-water flow through the screen provides a more consis-
tent sample. This sampling method also produces less turbid
samples that may eliminate the need for filtration when
collecting metals. This method is commonly referred to as
low-flow sampling.

6.6 The low-flow sampling approach is most applicable to
wells capable of sustaining a yield approximately equal to the
pumping rate. A monitoring well with a very low yield may not

be applicable to this technique since it may be difficult to
reduce the pumping rate sufficiently to prevent mixing of the
water column in the well casing in such a well. The water level
in the well being sampled should be continuously monitored
using an electronic water-level indicator during low-flow
sampling. Such a water-level indicator could be set below the
water surface after sufficient water has been withdrawn to fill
the pump, tubing, and flow cell. The water-level indicator
would then produce a continuous signal indicating submersion.
When the well is purged, if the water level falls below the
water-level indicator probe, the signal indicates that the water
level has fallen below the maximum allowable drawdown and
the pumping rate should be decreased. Pumping is started at
approximately 100 mL/min discharge rate and gradually ad-
justed to match the well’s recharge rate. The selection of the
type of pump is dependent on site-specific conditions and
DQOs. The bladder pump design is most commonly used in
this sampling method, however, the depth limitation of this
pump may necessitate the use of a gas-driven piston pump in
some instances.

6.7 A variation on the above purging approaches is to
monitor one or more indicator parameters until stabilization of
the selected parameter(s) has been achieved. Stabilization is
considered achieved when measurements are within a pre-
defined range. This range has been suggested to be approxi-
mately 10 % over two successive measurements made 3 min
apart by the U.S. EPA (4). More recent documents (9) have
suggested ranges 60.2°C for temperature, 60.1 standard units
for pH, 63 % for specific conductance, 610 % for DO, and
610 mV for redox potential. A disadvantage of the stabiliza-
tion approach is that there is no assurance in all situations that
the stabilized parameters represent formation water. These
criteria should therefore be set on a site by site basis since if set
too stringent, large volumes of contaminated purge water may
be generated without ensuring that the samples are any more
representative. In a low yielding formation, this could result in
the well being emptied before the parameters stabilize. Also, if
significant drawdown has occurred, water from some distance
away may be pulled into the screen causing a steady parameter
reading but not a representative reading. If these criteria are
properly selected, the volume of investigative derived waste
water may be reduced.

6.8 The indicator parameters that may be monitored include
pH, temperature, specific conductance, turbidity, redox poten-
tial, and DO. A combination of a pump and field meter(s) or
sondes equipped with a flow-through cell is ideal for this
purpose since it allows the monitoring of one or more of these
parameters on a continuous basis without exposure to the
atmosphere. A typical flow-through cell application is shown in
Fig. 1. The pump used in this technique may be any pump
capable of producing a steady flow such as a peristaltic or
bladder pump. If a submersible pump is used, the hydraulic
pressure developed in the flow-through cell may be sufficient to
force the probes out of their position. This problem may be
eliminated by installing a tee connector in the discharge line to
allow only a portion of the flow to enter the flow-through cell.
Another concern with the low-flow sampling method is sorp-
tion onto the tubing. Studies have indicated that at flow rates of
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0.1 L/min (0.026 gal/min), low-density polyethylene (LDPE)
and plasticized polypropylene tubings are prone to sorption and
TFE-fluorocarbon should be used. This is especially a concern
if tubing lengths of 15 m (50 ft) or longer are used (10).

6.9 Gibb and Schuller (11) have described a time-drawdown
approach using knowledge of the well hydraulics to predict the
percentage of stagnant water entering a pump inlet near the top
of the screen at any time after flushing begins. Samples are
collected when the percentage is acceptably low. As before, the
advantage is that well volume has no direct effect on the
duration of pumping. A current knowledge of the well’s
hydraulic characteristics is necessary to employ this approach.
Downward migration of stagnant water due to effects other
than drawdown (for example, density differences) is not
accounted for in this approach.

6.10 An alternative to purging a well before sampling is to
collect a water sample within the screened zone without
purging. These techniques are based on studies that under
certain conditions, natural ground-water flow is laminar and
horizontal with little or no mixing within the well screen (12,
13). To properly use these sampling techniques, a water sample
must be collected within the screened interval with little or no
mixing of the water column within the casing. Examples of
these techniques include minimal purge sampling which uses a
dedicated sampling pump capable of pumping rates of less than
0.1 L/min, discrete depth sampling using a bailer that allows
ground water entry at a controlled depth, (for example,
differential pressure bailer (14)), or diffusion sampling. These
sampling techniques are discussed in 8.1.10.

7. Materials and Manufacture

7.1 The choice of materials used in the construction of
sampling devices should be based upon knowledge of what
compounds may be present in the sampling environment and
how the sample materials may interact via leaching, adsorp-
tion, or catalysis. A second concern is that corrosion or
degradation may compromise the structural integrity of the
sampling device. In some situations, PVC or other plastic may
be sufficient. In others, an all TFE-fluorocarbon apparatus may
be necessary. The potential presence of nonaqueous phase

liquid (NAPL) should also be a consideration since its presence
would expose the sampling equipment to high concentrations
of potential solvents. No one material is ideal in that each
material will, to some degree absorb or leach chemicals or may
degrade on exposure to a chemical.

7.2 The advantages and disadvantages of these materials for
sampling equipment are summarized in Table 1.

7.3 PVC:
7.3.1 If adhesives are avoided, PVC is acceptable in many

cases although their use may still lead to some problems if
trace organics are of concern or NAPL is present (15). At
present, interactions occurring between PVC and ground water
are not well understood. Tin, in the form of an organotin
stabilizer added to PVC, may enter samples taken from PVC
(16).

7.3.2 The structural integrity concerns with PVC increase
with the concentration of PVC solvents in ground water. As
such, NAPLs that are PVC solvents are a primary concern.
Potential NAPLs that are of a concern for PVC and other
commonly used plastics are listed in Table 2. Degradation of
these materials is primarily by solvation, which is the penetra-
tion of the material by the solvent that ultimately causes
softening and swelling that can lead to failure. Even in lower
concentrations, however, PVC solvents may deteriorate PVC.
Methylene chloride, which is a very effective PVC solvent, will

FIG. 1 Flow-Through Cell

FIG. 2 Single Check Valve Bailer
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soften PVC at one tenth its solubility limit while trichloroeth-
ylene, which is a less effective solvent, will begin to soften
PVC at six tenths its solubility limit (17).

7.4 TFE-Fluorocarbon Resins:
7.4.1 TFE-fluorocarbon resins are highly inert and have

sufficient mechanical strength to permit fabrication of sampling
devices. Molded parts are exposed to high temperature during
fabrication that destroys any organic contaminants. The evo-
lution of fluorinated compounds can occur during fabrication,
will cease rapidly, and does not occur afterwards unless the
resin is heated to its melting point. Relative to PVC and
stainless steel, TFE-fluorocarbon is less sorptive of cations
(18).

7.4.2 Extruded TFE-fluorocarbon tubing may contain sur-
face traces of an organic solvent extrusion aid. This can be
removed easily by the fabricator and, once removed by
flushing, should not affect the sample. TFE-fluorocarbon flu-
orinated ethylene propylene (FEP) and TFE-fluorocarbon per-
fluoroalkoxy (PFA) resins do not require this extrusion aid and
may be suitable for sample tubing as well. Unsintered thread-
sealant tape of TFE-fluorocarbon is available in an “oxygen
service” grade and contains no extrusion aid and lubricant.

7.5 Glass and Stainless Steel:
7.5.1 Glass and stainless steel are two other materials

generally considered inert in aqueous environments. Glass is
generally not used, however, because of difficulties in handling
and fabrication. Stainless steel is strong and easily machined to

fabricate equipment. It is, however, not totally immune to
corrosion that could release metallic contaminants (see Table
1). Stainless steel contains various alloying metals, some of
these (that is, Nickel) may catalyze reactions. The alloyed
constituents of some stainless steels can be solubilized by the
pitting action of nonoxidizing anions such as chloride, fluoride,
and in some instances sulfate, over a range of pH conditions.
Aluminum, titanium, polyethylene, and other corrosion resis-
tant materials have been proposed by some as acceptable
materials, depending on ground-water quality and the constitu-
ents of interest.

7.5.2 Where temporarily installed sampling equipment is
used, the sampling device that is chosen should be able to be
cleaned of trace organics, and must be cleaned between each
monitoring well use to avoid cross-contamination of wells and
samples. Decontamination of equipment PVC and stainless
steel constructed sampling equipment exposed to organic
chemicals, pesticides or nitroaromatic compounds generally
can be successfully accomplished using a hot detergent solu-
tion followed by a hot water rinse. Equipment constructed of
LDPE and TFE-fluorocarbon should also be hot air dried or
oven dried at approximately 105°C to remove residual pesti-
cides and organic contaminants, respectively (19, 20). A
common method to verify that the device is “clean” and
acceptable is to analyze a sample (equipment blank) that has
been soaked in or passed through the sampling device, or both,
to check for the background levels that may result from the
sampling materials or from field conditions. Thus, all sam-
plings for trace materials should be accompanied by samples
that represent the sampling equipment blank, in addition to
other blanks (field blank and trip blank). Decontamination
procedures are further discussed in Practice D 5088.

7.6 Additional samples are often collected in the field and
spiked (spiked-field samples) in order to verify that the sample
handling procedures are valid. The American Chemical Soci-
ety’s committee on environmental improvement has published
guidelines for data acquisition and data evaluation, which
should be useful in such environmental evaluations (21).

8. Sampling Equipment

8.1 The choice of sampling technique must be based on an
understanding of the hydrogeology of the site under investiga-
tion and the end use of the data. Since each technique has its
advantages and disadvantages, no one technique can be chosen
as the best overall technique. Since different techniques will
likely yield different results, it is best to be consistent through-
out an investigation to facilitate the comparison of data values
over time. There is a fairly large choice of equipment presently
available for ground-water sampling. The sampling devices
can be categorized into the following nine basic types as
described in the following sections:

8.1.1 Down-Hole Collection Devices:
8.1.1.1 Bailers, messenger bailers, or thief (22, 23) are

examples of down-hole collection devices. They are not
practical for removal of large volumes of water but are
relatively inexpensive permitting their dedicated use and are
widely used. These devices can be constructed in various
shapes and sizes from a variety of materials. They do not
subject the sample to pressure extremes.

FIG. 3 Double Check Valve Bailer
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8.1.1.2 A schematic of a single check valve unit is illus-
trated in Fig. 2. The bailer may be threaded in the middle so
that additional lengths of blank casing may be added to
increase the sampling volume. TFE-fluorocarbon, stainless
steel, and PVC are the most common materials used for
construction (24).

8.1.1.3 In operation, the single check valve bailer is gently
lowered into the well to a depth just below the water surface,
water enters the chamber through the bottom, and the weight of
the water column closes the check valve upon bailer retrieval.
The specific gravity of the ball should be about 1.4 to 2.0 so
that the ball almost sits on the check valve seat during chamber
filling. Upon bailer withdrawal, the ball will immediately seat
without sample loss through the check valve.

8.1.1.4 A double check valve bailer allows point source
sampling at a specific depth (25, 26). The double check valve
bailer is also effective at collecting dense, non-aqueous phase

liquid (DNAPL) from the bottom of a monitoring well. An
example is shown in Fig. 3. In this double check valve design,
water flows through the sample chamber as the unit is lowered.
A venturi tapered inlet and outlet ensures that water passes
through the unit with limited restriction. When a depth where
the sample is to be collected is reached, the unit is retrieved.
Because the difference between each ball and check valve seat
is maintained by a pin that blocks vertical movement of the
check ball, both check valves close simultaneously upon
retrieval. A drainage pin is placed into the bottom of the bailer
to drain the sample directly into a collection vessel to reduce
the possibility of air oxidation.

8.1.1.5 A top-filling bailer is a closed bottom tubular device,
opened on top and provided with a loop or other fixture to
attach to the drop line. The top-filling bailer is gently lowered
below the water surface in the well and water pours into the
bailer from the top. Although this variation on the bailer design

TABLE 1 Material Considerations In Selection Of Sampling Equipment (76)

Material Considerations

Polytetrafluoroethylene • Virgin PTFE readily sorbs some organic solutes (17)
• Ideal material in corrosive environments where inorganic compounds are of interest
• Useful where pure product (organic compound) or high concentrations of PVC solvents exist
• Potential structural problems because of its low tensile and compressive strengths, low wear resistance, and the
extreme flexibility of the casing string as compared to other engineering plastics (40, 70, 71)
• Potential problems with obtaining a seal between the casing and the annular sealant because of PTFEs low
coefficient of friction and antistick properties as compared to other plastics (71)
• Maximum string length of 2-in. (~5-cm) diameter schedule PTFE casing should not exceed about 375 ft (~115 m)
(72)
• Expensive

Polyvinylchloride • Leaching of compounds of tin or antimony, which are contained in original heat stabilizers during polymer
formulation, could occur after long exposure
• When used in conjunction with glued joints, leaching of volatile organic compounds from PVC primer and glues,
such as THF (tetrahydrofuran), MEK (methylethylketone), MIBK (methylisobutylketone) and cyclohexanone could
leach into ground water. Therefore, threaded joints below the water table, sealed with O-rings or Teflon tape, are
preferred
• Cannot be used where pure product or high concentrations of a PVC solvent exist
• There is conflicting data regarding the resistance of PVC to deterioration in the presence of gasoline (73)
• Maximum string length of 2-in. (~5-cm) diameter threaded PVC casing should not exceed 2000 ft (~610 m) (72)
• PVC can warp and melt if neat cement (cement and water) is used as an annular or surface seal because of
heat of hydration (74, 40)
• PVC can volatilize CFCs into the atmosphere within the unsaturated zone, which can be a potential problem for
studies of gas and moisture transport through the unsaturated zone
• Easy to cut, assemble, and place in the borehole
• Inexpensive

Stainless steel • Generally has high corrosion resistance, which differs with type
• Corrosion can occur under acidic and oxidizing conditions
• Corrosion products are mostly iron compounds, with some trace elements
• Primarily two common types:

(1) Type 304 Stainless Steel: Iron alloyed with the following elements (percentages): Chromium (18-20 %),
Nickel (8-11 %), Manganese (2 %), Silicon (0.75 %), Carbon (0.08 %), Phosphorus (0.04 %), Sulfur (0.03 %)

(2) SS 316: Iron alloyed with the following elements (in percentages): Chromium (16-18 %), Nickel (11-14 %),
Manganese (2 %), Molybdenum (2-3 %), Silicon (0.75 %), Carbon (0.08 %), Phosphorus (0.04 %), Sulfur (0.03 %)
• Corrosion resistance is good for Type 304 stainless steel under aerobic conditions. Type 316 stainless steel has
improved corrosion resistance over Type 304 under reducing conditions (75)
• Expensive

Galvanized steel • Less corrosion resistance than stainless steel and more resistance to corrosion than carbon steel (see Carbon
steel entry)
• Oxide coating could dissolve under chemically reduced conditions and release zinc and cadmium, and raise pH
• Weathered or corroded surfaces present active adsorption sites for organic and inorganic constituents
• Inexpensive

Carbon steel • Corrosion products can occur (for example, iron and manganese oxides, metal sulfides, and dissolved metal
species)
• Sorption of organic compounds onto metal corrosion products is possible
• Weathered surfaces present active adsorption sites for organic and inorganic constituents
• Inexpensive
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results in greater agitation of the sample, it may be used to
collect a sample of light, non-aqueous phase liquid (LNAPL)
by lowering it just below the surface of the LNAPL and
allowing the bailer to skim the LNAPL from the surface of the
water column.

8.1.1.6 The differential pressure bailer is a sealed canister
body with two small diameter tubes of different heights built
into its removable top (14). The bailer is usually constructed of
stainless steel to provide sufficient weight to allow it to sink
relatively quickly to the desired sampling depth. Once the
bailer’s downward progress is stopped, differences in hydro-
static pressure between the two tubes allows the bailer to fill
through the lower tube as air is displaced through the upper
tube. This type of bailer minimizes the exposure of the sample
to air especially if fitted with internal 40 mL vials for direct
sample bottle filling.

8.1.1.7 Special care must be taken to minimize exposing the
sample to the atmosphere during the transfer of the sample
from the bailer to the sample bottle. There are several ap-
proaches to overcome this issue. Bottom-emptying bailers used
for sampling of VOCs, for example, should have an insertable
sample cock or draft valve cock (often referred to as a bottom
or bailer emptying device) in or near the bottom of the sampler
allowing withdrawal of a sample from the bailer with minimal
atmosphere exposure.

8.1.1.8 Suspension lines for bailers and other samplers
should be kept off the ground and free of other contaminating
materials that could be carried into the well. A plastic sheet
may be spread out on the ground around the monitoring well
for this purpose. Disposable TFE-fluorocarbon, PVC, polyeth-
ylene, and polypropylene bailers are available which offer time

savings and all but eliminates the potential for cross contami-
nation during sampling.

8.1.1.9 Sample oxidation is a concern with single check
valve and top filling bailers. Sample oxidation might occur
during the extended time it takes to bail a sample if water levels
are a great depth below the ground surface or if there is a delay
in the transfer of the sample from the bailer to the sample
bottles. Using point source bailers, however, minimizes the
oxidation problem.

8.1.1.10 Another approach for obtaining point source
samples employs a weighted messenger or pneumatic change
to “trip” plugs at either end of an open tube (for example, tube
water sampler or thief sampler) to close the chamber (27).
Foerst, Kemmerer, and Bacon samplers are of this variety (23,
24, 26). A number of thief or messenger devices are available
in various materials and shapes. Differential pressure bailers
(14) also provide a point source sample but do not require
manual tripping.

8.1.2 Bladder Pumps:
8.1.2.1 Bladder pumps consist of a flexible membrane

enclosed by a rigid housing. Water enters the pump cavity
through an inlet, usually located on the bottom of the pump.
Compressed gas either from a compressor or air cylinder is
injected into a bladder within the pump cavity forcing the
check valve on the inlet to close and the sample up through a
second check valve at the top of the pump and into a discharge
line (Fig. 4). Water is prevented from re-entering the bladder
by the top check valve. The bladder is then depressurized,
allowing the pump to refill. The process is repeated to cycle the
water to the surface. Samples taken from depths of 122 m (400
ft) have been reported.

TABLE 2 Chemical Compatibility Table For Selected NAPL (78)

Chemical PTFE (Teflon) PP (Polypropylene) PVC (Type I) PVC (Type II) 304 Stainless 316 Stainless Carbon Steel

Benzene R X U U G G G
Carbon Tetrachloride R U X U E E G
Dichlorobenzene R R U U . . . G . . .
Dichloroethane (DCA) R X U U G G G
Dichloroethylene (DCE) R R U U G G . . .
Diesel Fuel R R R . . . E E G
Ethyl Benzene R U U U S G U
Gasoline R X R . . . G G G
Hydraulic Oil (petro.) R X R . . . R R . . .
Hydraulic Oil (synthetic) R X R . . . R R . . .
Jet Fuels R X R R G G G
Kerosene R R R R G G G
Motor Oil R X R R G G G
Napthalene R R U U E E G
Tetrachloroethylene (PCE) R U U U E E G
Toluene R R U U E E E
Trichloroethylene (TEC) R R U U G G G
Xylenes R R U U G G G

For Metals
E < 2 mills Penetration/Year
G < 20 mills Penetration/Year
S < 50 mills Penetration/Year
U > 50 mills Penetration/Year

(1 mill = 0.001 in.)
R = Resistant (No corrosion rate reported)

For All Non-Metals
R = Resistant
U = Unsatisfactory
X = Conflicting Data, at least one reference reported unsatisfactory
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FIG. 4 Squeeze Type Bladder Pump
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8.1.2.2 A variety of design modifications and materials are
available (29, 30) however, TFE-fluorocarbon bladders, either
PVC, TFE-fluorocarbon resin or stainless steel bodies and
fittings are most common. An automated controller system is
used to control the time between pressurization cycles and
regulate pressure.

8.1.2.3 Bladder pumps have a distinct advantage over gas
displacement pumps in that there is no contact with the driving
gas. Disadvantages include the large gas volumes required, and
difficulty in decontaminating the pump. This pump design is
most applicable to dedicated well installations and where low
pump rate or flow rate (less than 0.5 L/min) are required. The
flow rate from a bladder pump is dependent on the dimensions
of the bladder pump, controller settings, gas pressure, and total
dynamic head.

8.1.3 Suction Lift Pumps:
8.1.3.1 Three types of suction lift pumps are the direct line,

centrifugal, and peristaltic. A major disadvantage of any
suction pump is that it is limited in its ability to raise water by
the head available from atmospheric pressure. The theoretical
suction limit is about 10.4 m (34 ft), but most suction pumps
are capable of maintaining a water lift of only 7.6 m (25 ft)
(31).

8.1.3.2 Many suction pumps draw water through a volute in
which impellers, pistons, or other devices operate to induce a
vacuum. Such pumps are probably unacceptable for most
sampling purposes because they are usually constructed of
non-inert materials such as brass or mild steel and may expose
samples to lubricants. They often induce very low pressures
around rotating vanes or other such parts such that degassing or
potentially cavitation may occur. They can mix air with the
sample via small leaks in the casing, and they are difficult to
adequately clean between uses. Such pumps may be acceptable
for purging of wells, but should not generally be used for
sampling.

8.1.3.3 An exception to the above statements is a peristaltic
pump (also known as a rotary peristaltic pump). A peristaltic
pump is a self-priming, low-volume suction pump that consists
of a rotor with rollers (32). Flexible tubing is inserted around
the pump rotor and squeezed by rollers as they rotate. One end
of the tubing is placed into the well (a weighted end may be
used) while the other is connected directly to a receiving
vessel. As the rotor moves, reduced pressure is created in the
well tubing and an increased pressure on the tube leaving the
rotor head. Pumping rates may be controlled by varying the
speed of the rotor or by changing the size of the pump head,
which contains the pump rotor.

8.1.3.4 The peristaltic pump moves the liquid totally within
the sample tube. No part of the pump contacts the liquid. The
sample may be degassed (cavitation is unlikely), but the
problems due to contact with the pump mechanism are
eliminated. Peristaltic pumps do require a fairly flexible section
of tubing within the pump head itself. A section of silicone
tubing is commonly used within the peristaltic pump head, but
other types of tubing can be used particularly for the sections
extending into the well or from the pump to the receiving
container. The National Council of the Paper Industry for Air
and Stream Improvement (33) recommends using medical

grade silicone tubing for VOC sampling purposes as the
standard grade uses an organic vulcanizing agent which has
been shown to leach into samples. Various manufacturers offer
tubing lined with TFE-fluorocarbon or Viton4 for use with their
pumps. Plasticized polypropylene tubings and LDPE should be
avoided if flow rates less than 0.1 L/min (0.025 g/min) are used
(10). The extraction rate with this method can range from 0.04
to 30 L/min (0.01 to 8 gal/min) (34).

8.1.3.5 There is disagreement on the applicability of peri-
staltic pumps for the collection of groundwater samples.
Research by Tai, et al (35) has shown that peristaltic pumps
provide adequate recovery of VOCs. The U.S. EPA (4) does
not recommend its use because of studies that suggest that
VOCs may be lost during sampling (36).

8.1.3.6 A direct method of collecting a sample by suction
consists of lowering one end of a length of plastic tubing into
the well or piezometer. The opposite end of the tubing is
connected to a two-way stopper bottle and a hand held or
mechanical vacuum pump is attached to a second tubing
leaving the bottle. A check valve is attached between the two
lines to maintain a constant vacuum control. A sample can then
be drawn directly into the collection vessel without contacting
the pump mechanism (37, 38).

8.1.3.7 A centrifugal pump can be attached to a length of
plastic tubing that is lowered into the well. A foot valve is
usually attached to the end of the well tubing to assist in
priming the tube. The maximum lift is about 4.6 m (15 ft) for
such an arrangement (37, 38, 39).

8.1.3.8 Suction pump approaches offer a simple sample
retrieval method for shallow monitoring wells. The direct line
method is portable though considerable oxidation and mixing
may occur during collection. A centrifugal pump will agitate
the sample to an even greater degree although pumping rates of
19 to 151 L/min (5 to 40 gal/min) can be attained. A peristaltic
pump provides a lower sampling rate with less agitation than
the other two pumps, as discussed in 8.1.3.4.

8.1.3.9 All three systems can be specially designed so that
the water sample contacts only the TFE-fluorocarbon or
silicone tubing prior to sample bottle entry. Dedicated tubing is
recommended for each well or piezometer sampled. Each of
these methods that relay on suction can change solution
chemistry by causing degassing which may result in loss of
volatile compounds and dissolved gasses and this should be a
consideration in their application (34).

8.1.4 Electric Submersible Pumps:
8.1.4.1 A submersible pump consists of a sealed electric

motor that powers a piston, impeller, or helical single thread
worm. Water is brought to the surface through a discharge tube.
Similar pumps are commonly used in the water well industry
and many designs exist (40).

8.1.4.2 Submersible pumps provide relatively high dis-
charge rates for water withdrawal at depths beyond suction lift
capabilities. A battery operated unit 3.6 cm (1.4 in.) in diameter
and with a 4.5 L/min (1.2 gal/min) flow rate at 33.5 m (110 ft)
has been developed (41). Another submersible pump has an

4 Viton is a trademark of E. I. du Pont de Nemours & Co., Wilmington, DE 19898
and has been found suitable for this purpose.
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outer diameter of 11.4 cm (4.5 in.) and can pump water from
91 m (300 ft). Pumping rates vary up to 53.0 L/min (14
gal/min) depending upon the depth of the total dynamic head
(42).

8.1.4.3 A submersible pump provides higher extraction rates
than many other methods. Considerable sample agitation
results, however, in the well and in the discharge tube during
sampling. The possibility of introducing trace metals into the
sample from pump materials also exists; however, submersible
pumps designed specifically for environmental work do exist.
These pumps are constructed of relatively inert materials such
as stainless steel, TFE-fluorocarbons and Viton. Decontamina-
tion procedures are discussed in Practice D 5088. Recent
research, however, has suggested that steam cleaning followed
by rinsing with unchlorinated, deionized water should be used
between samplings when analysis for VOCs is required (43).
Complete decontamination of submersible pumps is difficult
and should be confirmed by the collection of equipment blanks.

8.1.4.4 Submersible pumps have several disadvantages that
should be considered. The silt and fine sand commonly present
in monitoring wells may cause excessive wear to internal
impellers and staters. These pumps also commonly require a
high-amperage 120/220-V power source and a reel and winch
system that limit their mobility. Submersible pumps may also
not be suitable for collecting liquids containing VOCs or
dissolved gasses because of their potential to degas the sample.

8.1.5 Gas-Lift Pumps:
8.1.5.1 Gas-lift pumps use compressed air to bring a water

sample to the surface. Water is forced up an eductor pipe that
may be the outer casing or a smaller diameter pipe inserted into
the well annulus below the water (44, 45).

8.1.5.2 A similar principle is used for a unit that consists of
a small diameter plastic tube perforated in the lower end. This
tube is placed within another tube of slightly larger diameter.
Compressed air is injected into the inner tube; the air bubbles
through the perforations, thereby lifting the water sample via
the annulus between the outer and inner tubing (45). In
practice, the eductor line should be submerged to a depth equal
to 60 % of the total submerged eductor length during pumping
(40). A 60 % ratio is considered optimal although a 30 %
submergence ratio is adequate.

8.1.5.3 The source of compressed gas may be a hand pump
for depths generally less than 7.6 m (25 ft). For greater depths,
air compressors, and pressurized air cylinders have been used.
When air compressors are used, an air-oil filter must be
installed to minimize the introduction of oil to the well.

8.1.5.4 As already mentioned, gas-lift methods result in
considerable sample agitation and mixing within the well, and
cannot be used for samples which will be tested for VOCs or
dissolved gasses (for example, DO, methane). The eductor pipe
or weighted plastic tubing is a potential source of sample
contamination. In addition, Gibb (11) expressed concerns in
sampling for inorganics. These concerns were attributed to
changes in redox, pH, and species transformation due to
solubility constant changes resulting from stripping, oxidation,
and pressure changes.

8.1.6 Gas Displacement Pumps:

8.1.6.1 Gas displacement or gas drive pumps are distin-
guished from gas-lift pumps by the method of sample trans-
port. Gas displacement pumps force a discrete column of water
to the surface via mechanical lift without extensive mixing of
the pressurized gas and water as occurs with air-lift equipment.
The principle is shown schematically in Fig. 5. Water fills the
chamber. A positive pressure is applied to the gas line closing
the sampler check valve and forcing water up the sample line.
The cycle is repeated by removing the pressure. Vacuum can
also be used in conjunction with the gas (46). The device can
be permanently installed in the well (47, 48, 49) or lowered
into the well (50, 51).

8.1.6.2 A more complicated two stage design constructed of
glass with check valves made of TFE-fluorocarbon has been
constructed (52, 53). The unit was designed specifically for
sample testing for trace level organics. Continuous flow rates
of up to 38 L/min (10 gal/min) are possible.

8.1.6.3 Gas displacement pumps offer reasonable potential
for preserving sample integrity because little driving gas comes
in contact with the sample as the sample is conveyed to the
surface by a positive pressure. There is, however, a potential
loss of dissolved gasses and contamination from the driving
gas and the housing materials.

8.1.7 Gas Driven Piston Pumps:
8.1.7.1 A double piston pump powered by compressed air is

illustrated in Fig. 6. Pressurized gas enters the chamber
between the pistons; the alternating chamber pressurization
activates the piston that allows water entry during the suction
stroke of the piston and forces the sample to the surface during

FIG. 5 The Principle of Gas Dispalcement Pumping
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the pressure stroke (54). Pumping rates between 0.16 and 0.51
L/min (0.04 and 0.13 gal/min) have been reported from 30.5 m
(100 ft). Depths in excess of 457 m (1500 ft) are possible.

8.1.7.2 The gas piston pump provides continuous sample
withdrawal at depths greater than is possible with most other
approaches. Nevertheless, contribution of trace elements from
the stainless steel and brass is a potential problem and the
quantity of gas used is significant.

8.1.8 Packer Pump Arrangement:
8.1.8.1 A packer pump arrangement provides a means by

which two expandable “packers” isolate a sampling unit
between packers within a well. Since the hydraulic or pneu-

matic activated packers are pressed against the casing wall, the
sampling unit will obtain water samples only from the isolated
well portion. The packers are deflated for vertical movement
within the well and inflated when the desired depth is attained.
Submersible, gas lift, and suction pumps can be used for
sampling. The packers are usually constructed of a rubber
compound (54-57). A packer pump unit consisting of a vacuum
sampler positioned between packers is illustrated in Fig. 7 (58).

8.1.8.2 A packer assembly allows the isolation of discrete
sampling points within a well. A number of different samplers
can be situated between the packers depending upon the
analytical specifications for sample testing. Because access to

FIG. 6 Gas-Driven Piston Pump
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the interval between packers is blocked once the packers are
inflated, the selection of sampling devices is limited to sam-
pling pumps. Vertical movement of water outside the well
casing during sampling is possible with packer pumps but
depends upon the pumping rate and subsequent disturbance.
Deterioration of the expandable materials will occur with time
with the increased possibility of undesirable organic contami-
nants contributing to the water sample.

8.1.9 Inertial-Lift Pumps:
8.1.9.1 The inertial-lift pump consists of a foot valve at the

end of a flexible tube. The tube and foot valve is inserted into
the well with one end of the tube remaining at the surface. The
tube is then rapidly moved in a continuous up-and-down
motion. Each upward stroke lifts the water column in the
tubing a distance equal to the stroke length. At the end of the
upstroke, the water continues to move slightly upward by
inertia. On the down stroke, the foot valve opens allowing fresh
water to enter the tube. This process continues resulting in a
flow to the surface.

8.1.9.2 The inertial-lift pump is capable of operating effi-
ciently at depths to 30 m (100 ft). It is effective in small
diameter wells or direct-push technology probes which are
typically 12.5 mm (1⁄2-in.) diameter. The pumping rate ranges
from 0 to 7.6 L/min (0 to 2 gal/min) (34), depending on the rate
of the up and down pumping stroke and the tube diameter. The
equipment used in this pump is inexpensive enough to be
dedicated to a well with the exception of the pump handle or
motor drive that do not contact the sample.

8.1.9.3 The inertial-lift pump, however, has several disad-
vantages. It is difficult to operate in deep, large diameter wells.
Although a motor drive can overcome this limitation, the
incorporation of a motor drive limits the portability of the
equipment. The foot valve must be selected to match the casing
material since it will tend to ride against the casing and
potentially will either damage the casing or wear out. The
discharge tubing must be stiff for the pump to operate properly.
This makes the tubing awkward to install and remove from a
monitoring well.

8.1.10 Minimal Purge, Discrete Depth, and Passive
Sampling—Sampling techniques that do not rely on, or require
only minimal purging may be used if a particular zone within
a screened interval is to be sampled or if a well is not capable
of yielding sufficient ground water for purging. These tech-
niques include minimal purge, discrete depth sampling, and
passive sampling.

8.1.10.1 A dedicated pump is used for minimal purge
sampling so that only enough water is purged through the
pump so that the volume of water contained by the pump and
discharge tube is removed before sampling. No attempt is
made to purge the casing, screen, or formation. This volume
should be minimized by the selection of small diameter tubing
and the smallest possible pump chamber. This initial volume of
discharged water is discarded since it had prolonged contact
with the sampling device.

8.1.10.2 The discrete depth sampler is often non-dedicated.
It is lowered very slowly to the depth of the screen where a

Taken from Ref (79)
FIG. 7 Packer Pump Arrangement
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water sample is drawn into the sampling chamber. This is
accomplished either manually by using a triggering mechanism
such as a cable or automatically such as with a differential
pressure bailer (14). Discrete depth samplers, however, must be
used with great caution because of the potential of mixing of
the water column in the well casing while lowering the sampler
to its sampling depth.

8.1.10.3 Passive sampling, using diffusion samplers (a
water-filled membrane), is based on the principle of molecular
diffusion of VOCs from the ground water into the sampler.
(Research is currently being conducted by the U. S. Geological
Survey to evaluate diffusion samplers for the collection of
non-VOC parameters, however, study results have not been
published.) The samplers must remain in the borehole for an
adequate time for the water initially within the sampler to
equilibrate with that in the borehole. The diffusion sampler
typically consists of water-filled, low-density polyethylene
tubing, which acts as a semi-permeable membrane. The sam-
pler is attached to a weighted line, and lowered to a predeter-
mined depth within the screened interval. Since the sample is
depth specific, multiple samplers may be strung together to
provide samples from different depths within the well. After
adequate residence time has elapsed, the sampler(s) are re-
moved from the well, punctured and the sample transferred
into sample bottles. The samples are preserved and submitted
to the laboratory for analysis. In a study of this technique, a
minimum of 11 days was required to achieve equilibration (59,
60). Concerns about the applicability of this sampling method
to specific VOCs have been raised, however, no detailed
evaluation of this issue has been published. In a comparison of
sampling techniques, samples collected by the diffusion
method were found to be biased lower than samples collected
using a low-flow method (61), however, this difference was
attributed to issues with the laboratory or to the depth-specific
nature of diffusion samplers.

9. Sample Containers and Preservation

9.1 The order of sample container filling, method of filling,
selection of sample container type, and preservation method
should be provided in the sampling and analysis plan. Gener-
ally, the order of sample container filling should proceed from
most volatile to least volatile compound.

9.2 Complete and unequivocal preservation of samples,
whether domestic wastewater, industrial wastes, or natural
waters, is practically impossible. At best, preservation tech-
niques only retard the chemical and biological changes that
inevitably continue after the sample is removed from the
source. Therefore, insuring the timely analysis of a sample
should be one of the foremost considerations in the sampling
plan schedule. Methods of preservation are somewhat limited
and are intended to retard biological action, retard chemical
reactions and complexes, and reduce the volatilization of
constituents. Preservation methods are generally limited to pH
control, chemical addition, refrigeration, and freezing. For
water samples, immediate refrigeration just above freezing
(4°C in wet ice) is often the best preservation technique
available, but it is not the only measure nor is it applicable in
all cases. There may be special cases where it might be prudent
to include the temperature to which the samples were exposed.

Inexpensive devices for this purpose, such as a recording
thermometer, are available for this purpose. A water-filled
bottle may be included in the sample-shipping container for
temperature measurement by the laboratory receiving the
samples.

9.3 All bottles and containers must be specially pre-cleaned,
and organized in ice chests (isolating samples and sampling
equipment from the environment) before one goes into the
field. The time in the field is very valuable and should be spent
on taking field notes, measurements, and in documenting
samples, not on labeling and organizing samples. Therefore,
the sampling plan should include clear instructions to the
sampling personnel concerning the information required in the
field data record logbook (notebook), the information needed
on container labels for identification, the chain-of-custody
protocols, and the methods for preparing field blanks and
spiked samples. Examples of detailed plans and documentation
procedures have been published (23, 62, see Guide D 6089).

9.4 The exact requirements for the volumes of sample
needed and the number of containers to use may vary from
laboratory to laboratory. This will depend on the specific
analyses to be performed, the concentration levels of interest,
the individual laboratory protocols, and the required QC
samples. Since a well may not be capable of yielding adequate
sample volume, a minimum required sample volume should be
provided to the sample crew. The manager of the sampling
program should make no assumptions about the laboratory
analyses. He should discuss the analytical requirements of the
sampling program in detail with the laboratory coordinator
beforehand. This is especially the case since some analyses and
preservation measures must be performed at the laboratory as
soon as possible after the samples arrive. Thus, appropriate
arrangements must be made.

9.5 There are a number of excellent references available
which list the containers and preservation techniques appropri-
ate for water and soils (22, 23, 29, 58, 63-65). Some of this
information is summarized in Table X1.1 and Guide D 6517,
however, different regulatory programs have specific require-
ments that must be met.

9.6 Sample containers for VOC samples require special
cleaning and handling considerations (66). The sample con-
tainer for purgeable organics consist of a screw-cap vial (25 to
125 mL) fitted with a TFE-fluorocarbon faced silicone septum.
The vial is sealed in the laboratory immediately after cleaning
and is only opened in the field just prior to pouring a sample
into it. The water sample then must be sealed into the vial
headspace free (no air bubbles) and immediately cooled (4°C)
for shipment. Multiple samples are taken because leakage of
containers may cause losses, may allow air to enter the
containers, and may cause erroneous analysis of some constitu-
ents. Also, some analyses are best conducted on independently
preserved samples. The sampling program for VOCs should
include at a minimum trip blanks. Trip blanks and field spikes
should also be considered for low level analysis.

9.7 The laboratory must analyze the purgeable samples
within 14 days after collection. For samples for solvent
extractions (extractable organics-base neutrals, acids, pesti-
cides, herbicides), the sample bottles are narrow mouth, screw
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cap quart bottles or half-gallon bottles that have been pre-
cleaned, rinsed with the extracting organic solvent and oven
dried at 105°C for at least 1 h. These bottles must be sealed
with TFE-fluorocarbon lined caps (Note 1). Samples for
organic extraction must be extracted within 7 days and ana-
lyzed within 40 days after extraction.

NOTE 1—When collecting samples, the bottles should not be overfilled
or prerinsed with sample before filling because oil and other materials may
remain in the bottle. This can cause erroneously high results.

9.8 For a number of ground-water parameters, the most
meaningful measurements are those made in the field at the
time of sample collection or at least at an on-site laboratory.
These include the water level in the well (see Test Method
D 4750) and parameters that can change rapidly with storage.
A discussion of the various techniques for measuring the water
level in the well is contained in a NCASI publication (67) and
detailed procedures are outlined in a U.S. Geological Survey
publication (68, 69). Although a discussion of water level
measuring techniques is beyond the scope of this guide, it is
important to point out that accurate measurements must be
made either before a well is purged or after it has had sufficient
time to recover. Parameters that can change rapidly with
storage include pH, turbidity, redox potential, DO, and tem-
perature. Specific conductance, although most accurately de-
termined in a laboratory setting, often is measured in the field
where it is used as an indicator parameter to determine the
completeness of purging. For some of the other parameters, the
emphasis in ground-water monitoring is on the concentration
of each specific dissolved component, not the total concentra-
tion of each. Samples for these types of measurements should
be filtered through 0.45 µm membrane filters ideally in the field
or possibly at an on-site laboratory as soon as possible.
Analyses often requiring filtered samples include metals,
radioactivity parameters, dissolved organic carbon, dissolved
orthophosphate, and total dissolved phosphorous (22, 23). If
metals are to be analyzed, filter the sample prior to acid
preservation. If concerns related to the loss of mobile colloidal
material by filtering is a consideration, sampling protocol

should be modified to limit sample turbidity during collection
so that filtering is not necessary. This is often done by using
very low purge and sample flow rates. For total organic carbon
(TOC), the filter material should be tested to assure that it does
not contribute to the TOC. The type or size of the filter to be
used is not well determined. However, if results of metal, TOC
or other parameters that could be affected by solids are to be
compared, the same filtering procedure must be used in each
case. Repeated analytical results should state whether the
samples were filtered and how they were filtered.

9.9 Shipment and receipt of samples must be coordinated
with the laboratory to minimize time in transit or weekend
delivery receipt. All samples for organic analysis (and many
other parameters), should be maintained at 4°C (62°C) (65)
during storage and shipping and should arrive at the laboratory
within one day after shipment. Sample receipt should be
verified to provide an opportunity to trace a lost shipment or to
resample if breakage occurs during shipment.

9.10 A commonly used shipping container is an insulated
ice chest (cooler) equipped with bottle dividers. An overnight
courier service is recommended, if personal delivery service is
not practical. Care must be taken in packaging the ice so that
no leakage occurs. Such leakage may damage sample labels or,
if it escapes the sample cooler, may be misconstrued to be
hazardous liquid by the courier. Sample paperwork, including
the chain-of-custody, should be enclosed in a sealed plastic bag
and taped to the inside lid of the shipping container to protect
it from water. Sample containers may be sealed in plastic bags
to protect sample labels from water damage from melting ice or
sample leakage from other bottles.

9.11 Many courier services have strict shipping require-
ments for samples that are “hazardous.” The courier service
should be contacted prior to field activities if there is a concern
about how to ship a sample.

10. Keywords
10.1 diffusion sampling; ground water; low flow; low stress;

minimal purge; monitoring; purge; sampling; stabilization;
well

APPENDIX

(Nonmandatory Information)

X1. SAMPLE HANDLING PROCEDURES FOR GROUND WATER MONITORING PARAMETERS

X1.1 See Table X1.1 for procedures for handling samples.
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Designation: D 4840 – 99 (Reapproved 2004) An American National Standard

Standard Guide for
Sample Chain-of-Custody Procedures 1

This standard is issued under the fixed designation D 4840; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide contains a comprehensive discussion of
potential requirements for a sample chain-of-custody program
and describes the procedures involved in sample chain-of-
custody. The purpose of these procedures is to provide account-
ability for and documentation of sample integrity from the time
samples are collected until sample disposal.

1.2 These procedures are intended to document sample
possession during each stage of a sample’s life cycle, that is,
during collection, shipment, storage, and the process of analy-
sis.

1.3 Sample chain-of-custody is just one aspect of the larger
issue of data defensibility (see 3.2.2 and Appendix X1).

1.4 A sufficient chain-of-custody process, that is, one that
provides sufficient evidence of sample integrity in a legal or
regulatory setting, is situationally dependent. The procedures
presented in this guide are generally considered sufficient to
assure legal defensibility of sample integrity. In a given
situation, less stringent measures may be adequate. It is the
responsibility of the users of this guide to determine their exact
needs. Legal counsel may be needed to make this determina-
tion.

1.5 Because there is no definitive program that guarantees
legal defensibility of data integrity in any given situation, this
guide provides a description and discussion of a comprehen-
sive list of possible elements of a chain-of-custody program, all
of which have been employed in actual programs but are given
as options for the development of a specific chain-of-custody
program. In addition, within particular chain-of-custody ele-
ments, this guide proscribes certain activities to assure that if
these options are chosen, they will be implemented properly.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D 1129 Terminology Relating to Water
D 3325 Practice for Preservation of Waterborne Oil

Samples
D 3370 Practices for Sampling Water from Closed Con-

duits
D 3694 Practices for Preparation of Sample Containers and

for Preservation of Organic Constituents
D 3856 Guide for Good Laboratory Practices in Laborato-

ries Engaged in Sampling and Analysis of Water
D 4210 Practice for Intralaboratory Quality Control Proce-

dures and a Discussion on Reporting Low Level Data3

D 4841 Practice for Estimation of Holding Time for Water
Samples Containing Organic and Inorganic Constituents

2.2 U.S. EPA Standard:
U.S. EPA Good Automated Laboratory Practices4

3. Terminology

3.1 Definitions:For definitions of terms used in this guide,
refer to Terminology D 1129.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 custody—physical possession or control. A sample is

under custody if it is in possession or under control so as to
prevent tampering or alteration of its characteristics.

3.2.2 data defensibility—a process that provides sufficient
assurance, both legal and technical, that assertions made about
a sample and its measurable characteristics can be supported to
an acceptable level of certainty. See Appendix X1 for a
discussion of the elements of a data defensibility process.

3.2.3 sample—a portion of an environmental or source
matrix that is collected and used to determine the characteris-
tics of that matrix.

1 This practice is under the jurisdiction of ASTM Committee D19 on Water and
is the direct responsibility of Subcommittee D19.02 on General Specifications,
Technical Resources, and Statistical Methods.

Current edition approved Dec. 10, 1999. Published January 2000. Originally
approved in 1988. Last previous edition approved in 1995 as D 4840 – 95.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.
4 Available from Superintendent of Documents, Government Printing Office,

Washington, DC.
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3.2.4 sample chain-of-custody—a process whereby a
sample is maintained under physical possession or control
during its entire life cycle, that is, from collection to disposal.

3.2.5 sample chain-of-custody record— documentation pro-
viding evidence that physical possession or control was main-
tained during sample chain-of-custody.

4. Summary of Guide

4.1 This guide addresses chain-of-custody procedures as
they relate to field practices, shipping methods, and laboratory
handling of samples.

5. Significance and Use

5.1 Chain-of-custody procedures are a necessary element in
a program to assure one’s ability to support data and conclu-
sions adequately in a legal or regulatory situation, but custody
documentation alone is not sufficient. A complete data defen-
sibility scheme should be followed.

5.2 In applying the sample chain-of-custody procedures in
this guide, it is assumed that all of the other elements of data
defensibility have been applied, if applicable.

6. Procedure

6.1 Facility Chain-of-Custody Standard Operating
Procedure—Each organization should have a chain-of-custody
procedure document. This document should spell out in detail
the specific procedures utilized at this facility to achieve
sample chain-of-custody. It should contain copies of all the
forms used in the chain-of-custody process and detailed
instructions for their use. It should be kept current and
revisions tracked. This guide may serve as a template for the
chain-of-custody procedure document.

6.2 Sample Collection Phase:
6.2.1 Custody Assignment—A single field sampling person

should be assigned responsibility for custody of samples. An
alternate custodian should also be assigned to cover the prime
custodian’s absence. As few people as possible should handle
samples. The assigned field sampler should be personally
responsible for the care and custody of the samples collected
until they are properly transferred. While samples are in their
custody, field personnel should be able to testify that no one
was able to tamper with the samples without their knowledge.

6.2.2 Documentation/Field Custody Forms:
6.2.2.1 Standard forms should be designed and available for

recording custody information related to field sample handling.
The forms may be designed to handle one sample or multiple
samples. A single sample form may allow room for laboratory
chain-of-custody.

6.2.2.2 In any sampling effort, there is field information
related to sample collection and field measurements that are
recorded. This information is not specifically part of chain-of-
custody, but part of the larger aspect of data defensibility. This
information may be recorded on chain-of-custody forms or
other forms specific for the purpose. Record keeping may be
simplified if separate forms are used.

6.2.2.3 It may be useful to print field forms on polyethylene
or other plastic coated paper to keep them from being affected
by water or chemicals. An indelible ink, paint, or crayon should
be used to enter information on the forms.

6.2.2.4 Spaces for the following information should be on
the form:

(a) Sample identifying name.
(b) Sampling location ID, sampling point ID, date, and

sampling time interval.
(c) Signatures of sampling personnel and signatures of all

personnel handling and receiving the samples.
(d) Project identification code (if applicable).
(e) Preservation (to alert lab personnel): amount and type.
(f) Number of containers (where field sub-sampling oc-

curs). Indicate number of replicates if there are multiple
containers of the same sample.

(g) Field notes.
(h) Analyses desired (may be required in some situations).
(i) Sample type: grab, composite, etc.

Example forms are shown in Appendix X2.
6.2.2.5 Freight bills, post office receipts, and bills of lading

should be retained as part of the permanent custody documen-
tation.

6.2.3 Sample Labeling:
6.2.3.1 Sample labels may be in the form of adhesive labels

or tags, or both. Tags have the advantage of being removable to
become part of the record keeping process, although their
inadvertent loss or inappropriate removal may leave the sample
without documentation. Labels should be made of waterproof
paper and indelible ink should be used to make entries.
Alternatively, sample information may be written directly on
the sample container, as long as the writing can be done
indelibly. Containers should be free from other labels and other
writing to prevent any confusion. If both tags and labels are
used, care should be taken to ensure that the information on
both is identical.

6.2.3.2 Labels or tags should be filled out just before or
immediately after sample collection. Labels should contain
spaces for the following information:

(a) Project identification code (if applicable).
(b) Sample identifying name (exactly as it appears on the

chain-of-custody record).
(c) Sampling location ID, sampling point ID, and sampling

time interval.
(d) Safety considerations (if applicable).
(e) Analysis schedule or schedule code (if applicable).
(f) Company or agency name.

An example label is shown in Appendix X2.
6.2.4 Sample Sealing:
6.2.4.1 Sample custody seals of waterproof adhesive paper

may be used to detect unauthorized tampering with samples
prior to receipt by the lab. When seals are used, they shall be
applied so that it is necessary to break them in order to open the
sample container.

6.2.4.2 Electrical (vinyl) tape may be used to prevent bottle
closures from loosening in transit. Tape should be applied
before any custody seals are applied.

NOTE 1—Electrical tape should not be used to seal vials used for
volatile organic analyses due to the potential for sample contamination.

6.2.5 Field Transfer of Custody and Shipment:
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6.2.5.1 Package samples properly for shipment and trans-
port them to the laboratory for analysis. Special care should be
taken when packaging in glass. It is important that all laws and
regulations related to the transport of materials have been
adequately addressed before shipping samples.

6.2.5.2 When employing a common carrier, the use of
padlocks or custody seals on shipping containers should be
considered. If padlocks are employed, the keys shall be shipped
separately from the samples. Alternatively, padlocks may be
sent unfastened to the field and the keys can be retained by the
laboratory sample custodian (see 6.3.2.1). A separate custody
record should accompany each shipment. Enter the method of
shipment, courier name(s), and other pertinent information in
the “remarks” section on the custody record.

6.2.5.3 If sent by mail, register the package with return
receipt requested.

6.2.5.4 When transferring the possession of samples, the
individuals relinquishing and the individuals receiving the
samples should sign, date, and note the time on the custody
record. Document any opening and closing of the sample
containers on the custody record. Provisions should be made
for receipt of samples at nonstandard hours, such as nights and
weekends by nonlaboratory personnel. Shipping documents,
with noted time of receipt and receipt by whom, should be
made part of the custody record.

6.3 Laboratory Handling and Analysis Phase:
6.3.1 Documentation—Laboratory Custody Forms:
6.3.1.1 The sample chain-of-custody record in the labora-

tory is traditionally maintained on paper forms. Based on the
data defensibility needs of the organization, it may be possible
to maintain the laboratory record in an electronic format.
Various computer systems, such as a laboratory information
management systems (LIMS) or other electronic data manage-
ment systems, may meet the data integrity needs. It is the
responsibility of each organization to assure that an electronic
record system meets these needs. Users of such systems are
encouraged to assure compliance of their electronic data
system with the U.S. EPA Good Automated Laboratory Prac-
tices. All references to laboratory custody record forms in this
guide should be understood to refer to either paper or electronic
documents.

6.3.1.2 Design a form for the recording of chain-of-custody
information related to sample possession in the laboratory. If
samples are to be split and distributed to multiple analysts,
multiple forms will be needed to accompany the sample splits.
Transfer sample identification information to the forms accom-
panying the splits exactly as it appears on the primary receipt
laboratory chain-of-custody form. If an LIMS label is used for
the sample splits, a duplicate should be placed on the chain-
of-custody form that accompanies them. Example forms are
shown in Appendix X2.

6.3.2 Laboratory Sample Receipt and Handling:
6.3.2.1 In the laboratory, assign a sample custodian(s) to

receive the samples. It is preferable to assign one person the
primary responsibility to receive samples as the sample custo-
dian for the laboratory. A second person should serve only as
an alternate.

6.3.2.2 Upon receipt of a sample, the custodian should
inspect the condition of the sample and the custody sample
seal, if used. If sample seals are used, record condition on
chain-of-custody record. Reconcile the information on the
sample label against that on the chain-of-custody record. The
temperature of the samples should be recorded on the chain-
of-custody record. If samples are not delivered in a cooler,
indicate on record. If pH adjustment to preserve the sample
was done in the field, the pH of the samples should be checked
and recorded on the chain-of-custody record.

6.3.2.3 If a sample container is leaking, note it on the
custody record. The custodian, along with the supervisor
responsible for the analytical work, should decide whether the
leaky sample is valid. If seals are used, the custodian should
examine whether the sample seal is intact or broken, since a
broken seal may mean sample tampering and may make
analytical results inadmissible as evidence in court. Any
discrepancies between the information on the sample label and
seal and the information on the chain-of-custody record should
be resolved before the sample is assigned for analysis. This
effort might require communication with the sample collector.
Record the results of any such investigation.

6.3.2.4 After processing the sample, (splitting, logging,
preserving) record all sample splits on the laboratory chain-of-
custody form. When the sample is logged, the sample identi-
fying information should be transcribed exactly as it appears on
the field chain-of-custody form. If custody transfer to analyti-
cal staff will not occur immediately or if sample processing is
delayed, the samples should be transferred to the custody
lockup (see 6.3.3). Record all transfers to and from a lockup on
the chain-of-custody form. The custody form should remain
with the sample.

6.3.3 Laboratory Security:
6.3.3.1 In some situations, legally defensible custody in the

laboratory has been achieved without regulating possession
within the laboratory but rather by assuring controlled and
restricted access to the laboratory facility through keying,
guarding access points, and other measures. Sufficiency of
security measures for legal defensibility can only be assessed
on a case by case basis and should involve legal counsel.

6.3.3.2 Within the laboratory, a secure, locked location (a
refrigerator or freezer), if appropriate, should be available.
Multiple locations may be necessary to provide access to
analysts after they receive their portions of the sample.

6.3.3.3 Limit the number of keys to locked locations and
maintain control over them. Limiting keys to laboratory
supervisors or providing multiple lockups assigned to specific
analysts are appropriate options. Limiting access to samples
provides greater security against accidental mishandling of
samples.

6.3.3.4 As an alternative to secure lockups, tamperproof
seals may also be used in the laboratory. Note any application
of seals and their removal on the chain-of-custody forms.

6.3.4 Analyst Sample Receipt and Handling:
6.3.4.1 When analytical staff take possession of their

samples or sample aliquots, they should acknowledge receipt
on the primary laboratory chain-of-custody form.
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6.3.4.2 When an analyst takes possession of a sample split,
he or she should also receive the accompanying chain-of-
custody form. At that time, the analyst should inspect the
condition of the sample and the sample seal, if used, and
reconcile the information on the sample label against that on
the chain-of-custody form.

6.3.4.3 While a sample is in their custody, analysts should
be able to testify that no one tampered with the sample without
their knowledge. If the sample, a portion of the sample, or
processed sample such as a digestate will be held for an
extended period of time, the analyst should store it in a security
lockup and record all such transfers on the chain-of-custody
form.

6.3.4.4 At such time as there is no further need for the
sample, it should be disposed of properly and the disposal
recorded. If the sample or processed sample is to be retained,
it may be transferred to appropriate personnel. This transfer
should be recorded on both the analyst custody form and the
primary laboratory custody form. The primary custody form
then accompanies the sample until its disposal.

6.3.5 Interlaboratory Transfer:
6.3.5.1 On some occasions, another laboratory will be

performing analytical work that is not directly a part of the
project plan, that is, data from this laboratory is not planned to
be part of the data defensibility scheme. An example might be

when a facility discharge is being monitored and the facility
laboratory wishes a split of the sample. Under these circum-
stances, the chain-of-custody record remains with the owner.
Prepare a receipt (an example receipt is shown in Appendix
X2) for these samples and mark to indicate with whom the
samples are being split. The person relinquishing the samples
to the other laboratory should request the signature of a
representative of the appropriate party acknowledging receipt
of the samples. If a representative is unavailable or refuses to
sign, note this in the“ received by” section. Complete this form
and give a copy to the owner, operator, or agent in charge. The
original is retained by the project supervisor. When appropri-
ate, as in the case where the representative is unavailable, the
custody record should contain a statement that the sample splits
were delivered to the designated location at a designated time.

6.3.5.2 On some occasions, the sample may have to be split
with another laboratory in order to obtain all of the necessary
analytical information required in the study plan. In this case,
identical chain-of-custody procedures should be employed at
the alternate laboratory. Transfer of custody of the split should
be handled in like fashion to that used to an intralaboratory
transfer (see 6.3.4).

7. Keywords

7.1 chain of custody; custody; data defensibility; validation

APPENDIXES

(Nonmandatory Information)

X1. DISCUSSION OF THE ELEMENTS OF DATA DEFENSIBILITY

X1.1 Data defensibility can be thought of as “proof” that a
sample represents the material from which it was taken; that
the sample integrity was maintained; that the measurements
made on the sample produced valid results; and, that the
documentation of the “proof” (custody records, data sheets,
etc.) is a factual record. Data defensibility involves the
following:

X1.1.1 The use of proper procedures (for sample collection,
preservation, analysis, etc.),

X1.1.2 Protection of samples from inappropriate alteration
(from tampering, loss, mishandling, etc.), that is, chain-of-
custody,

X1.1.3 The use of proper record collection, record handling,
and record security procedures, and

X1.1.4 Accurate documentation of all sample related infor-
mation.

X1.2 There are six principal elements of data defensibility
besides chain-of-custody. For a discussion of many of these
elements, see Data Validation in Guide D 3856.

X1.2.1 Project Setup and Preparation—The production of
data on environmental and source samples for the purpose of
drawing valid conclusions requires good experimental design.
Aspects of the project from sample collection to data interpre-
tation shall be designed from a valid model.

X1.2.2 Measurement Methods—Measurements, both field
determinations and lab analyses, shall be made using validated
techniques with known levels of uncertainty. Use of methods
such as those produced by ASTM Committee D-19 can provide
assurance that the procedures used will produce useful infor-
mation.

X1.2.3 Sample Collection Methods—Sample results can
only be as good as the sample analyzed. It is vital that the
sample analyzed be representative of the designated variables
in the environmental matrix of concern. It should not be
inferred that the experimental design is appropriate or repre-
sentative for any other environmental variables than those
designated in the experimental design. Containers shall be
made of appropriate materials and properly cleaned. See
Practices D 3370, specific test methods, and other practices
related to sampling procedures for more information.

X1.2.4 Sample Processing and Handling Methods—During
the course of a sample’s life cycle, a variety of sample
processing techniques shall be employed, such as sample
splitting and preservation. Valid procedures shall be employed
to maintain sample integrity. See Practices D 4841, D 3694,
D 3325, and specific test methods for more information.

X1.2.5 Data Recording, Archiving, and Retrieval
Methods—Information collected and observations made shall
be correctly, legibly, and safely recorded. After a project is
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completed and information recorded, it is important that this
record be safe from tampering and can be reliably retrieved.

X1.2.6 Quality Control and Quality Assurance
Procedures—During stages of information generation, pro-
cesses shall be maintained in a state of statistical control so that

data uncertainties can be quantified. In addition, there shall be
an“ external” audit procedure to assure that the quality control
procedures are effective. See Guide D 3856, Practice D 4210,
and specific test methods for more information.

X2. EXAMPLE FORMS

X2.1 See sample forms in Figs. X2.1-X2.5.
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FIG. X2.1 Example of Sample Identification Tag
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FIG. X2.2 Example of Field Sample Chain of Custody Record

FIG. X2.3 Example of Receipt for Samples
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FIG. X2.4 Example Field, Laboratory Receipt, and Laboratory Sample Chain-of-Custody Record (Two-Sided)
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FIG. X2.5 Side Two of Custody Record
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Designation: D 5088 – 02

Standard Practices for
Decontamination of Field Equipment Used at Waste Sites 1

This standard is issued under the fixed designation D 5088; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This practice covers the decontamination of field equip-
ment used in the sampling of soils, soil gas, sludges, surface
water, and ground water at waste sites which are to undergo
both physical and chemical analyses.

1.2 These practices are applicable only at sites where
chemical (organic and inorganic) wastes are a concern. It is not
intended for use at radiological, mixed (chemical and radio-
logical), or biohazard sites.

1.3 Procedures are included for the decontamination of
equipment which comes into contact with the sample matrix
(sample contacting equipment) and for ancillary equipment
that has not contacted the portion of sample to be analyzed
(non-sample contacting equipment).

1.4 These practices are based on commonly recognized
methods by which equipment may be decontaminated. The
procedures described for sample contacting equipment are
commonly prescribed, however there is a minimum of scien-
tific data that supports these methods (Mickam et al. 19892,
Parker34, 1995). Therefore the user is reminded of the impor-
tance of QA/QC samples that document decontamination
effectiveness and that these samples can be used to modify or
enhance decontamination techniques. Decontamination at ra-
diologically contaminated sites should refer to Practice
D 5608.

1.5 This practice is applicable to most conventional sam-
pling equipment constructed of metallic and synthetic materi-
als. The manufacturer of a specific sampling apparatus should
be contacted if there is concern regarding the reactivity of a
decontamination rinsing agent with the equipment.

1.6 This practice offers an organized collection of informa-
tion or a series of options and does not recommend a specific

course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgement. Not all aspects of this practice may be applicable in
all circumstances. This ASTM standard is not intended to
represent or replace the standard of care by which the
adequacy of a given professional service must be judged, nor
should this document be applied without consideration of a
project’s many unique aspects. The word “Standard” in the
title of this document means only that the documents has been
approved through the ASTM consensus process..

1.7 This standard does not purport to address the safety
problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock, and Contained

Fluids5

D 5608 Practice for Decontamination of Field Equipment
Used at Low Level Radioactive Waste Sites5

3. Terminology

3.1 Definitions:
3.1.1 contaminant—an undesirable substance not normally

present or an unusually high concentration of a naturally
occurring substance in water or soil.

3.1.2 control rinse water—water used for equipment wash-
ing and rinsing having a known chemistry.

3.1.3 decontamination—the process of removing or reduc-
ing to a known level undesirable physical or chemical constitu-
ents, or both, from a sampling apparatus to maximize the
representativeness of physical or chemical analyses proposed
for a given sample.

3.1.4 non-sample contacting equipment—related equipment
associated with the sampling effort, but that does not directly
contact the sample (for example, augers, drilling rods, excava-
tions machinery).

3.1.5 quality assurance/quality control (QA/QC)—the ef-
forts completed to evaluate the accuracy and precision of a
sampling or testing procedure, or both.

1 This practice is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.14 on Geotechnics of
Waste Management.

Current edition approved Jan. 10, 2002. Published April 2002.. Originally
published as D 5088–90. Last previous edition D 5088–90.

2 Mickam, J.T., R. Bellandi, and E.C. Tifft, Jr., 1989,Equipment Decontamina-
tion Procedures for Ground Water and Vadose Zone Monitoring Programs: Status
and Prospects, Ground Water Monitoring Review 9, No 2:100–121.

3 Parker, L.V., 1996A Literature Review on Decontaminating Groundwater
Sampling Devices: Organic Contaminates.CRREL Report 95–14, U.S. Army Cold
Regions Research and Engineering Laboratory, Hanover, NH.

4 Parker, L.V., and T.A. Ranney, 1997a.Decontamination Materials Used in
Groundwater Sampling Devices.CRREL Special Report 97–24, U.S. Army Cold
Regions Research and Engineering Laboratory, Hanover, NH. 5 Annual Book of ASTM Standards, Vol 04.08.

1

*A Summary of Changes section appears at the end of this standard.
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3.1.6 sample contacting equipment—equpiment that comes
in direct contact with the sample or portion of sample that will
undergo chemical analyses or physical testing (for example,
ground water well bailer, split-spoon sampler, soil gas sam-
pling probe).

3.1.7 For definitions of other terms used in this practice, see
Terminology D 653.

4. Summary of Practice

4.1 Two different procedures are presented for the decon-
tamination of sample-contacting and non-sample contacting
equipment. The procedures have been developed based on a
review of current state and federal guidelines, as well as a
summary of commonly employed procedures. In general,
sample contacting equipment should be washed with a deter-
gent solution followed by a series of control water, desorbing
agents and deionized water rinses. Nonsample contacting
equipment should be washed with a detergent solution and
rinsed with control water. Although such techniques may be
difficult to perform in the field, they may be necessary to most
accurately evaluate low concentrations of the chemical con-
stituent(s) of interest.

4.2 Prior to initiating a field program that will involve
equipment decontamination, a site specific equipment decon-
tamination protocol should be prepared for distribution to the
individuals involved with the particular sampling program.
Information to be presented in the protocol should include:

4.2.1 Site location and description,
4.2.2 Statement of the sampling program objective and

desired precision and accuracy, that is, is sampling effort for
gross qualitative evaluation or for trace concentration, param-
eter specific evaluations,

4.2.3 Summary of available information regarding soil
types, hydrogeology and anticipated chemistry of the materials
to be sampled,

4.2.4 Listing of equipment to be used for sampling and
materials needed for decontamination,

4.2.5 Detailed step by step procedure for equipment decon-
tamination for each piece or type of equipment to be utilized
and procedures for rinse fluids containment and disposal as
appropriate,

4.2.6 Summary of QA/QC procedures and QA/QC samples
to be collected to document decontamination completeness
including specific type of chemical analyses and their associ-
ated detection limit, and

4.2.7 Outline of equipment decontamination verification
report.

5. Significance and Use

5.1 An appropriately developed, executed and documented
equipment decontamination procedure is an integral and essen-
tial part of waste site investigations. The benefits of its use
include:

5.1.1 Minimizing the spread of contaminants within a study
area and from site to site,

5.1.2 Reducing the potential for worker exposure by means
of contact with contaminated sampling equipment, and

5.1.3 Improved data quality and reliability.
5.2 This practice is not a substitute for a well-documented

Quality Assurance/Quality Control (QA/QC) program. Be-
cause the ultimate test of a decontamination procedure is its
ability to minimize erroneous data, a reasonable QA/QC
program must be implemented.

5.3 This practice may not be applicable to all waste sites.
When a sampling effort is completed to determine only the
general range of chemical concentrations of interest less
rigorous decontamination procedures can be adequate. Inves-
tigators should have the flexibility to modify the decontamina-
tion procedures with due consideration for the sampling
objective or if QA/QC documentation supports alternative
decontamination methods.

5.4 At sites where the reactivity of sampling equipment to
decontamination washes creates concern for the generation of
undesirable chemical by-products, the use of dedicated sam-
pling equipment should be considered.

5.5 This practice, where applicable, should be used before,
between, and after the completion of sampling events.

5.6 These practices are appropriate for use at sites where
chemical (organic and inorganic) contamination is known or
expected. The application of these practices to other types of
sites radiological, mixed (radiological and chemical), or bio-
hazard contaminated sites may not be applicable. The applica-
tion of these practices to these types of sites should be
undertaken with care and consideration, along with QA/QC
documentation that supports the effectiveness of these decon-
tamination techniques.

6. Reagents

6.1 Detergent, non-phosphate detergent solution.6

6.2 Acid rinse (inorganic desorbing agent), 10 % nitric or
hydrochloric acid solution-made from reagent grade nitric or
hydrochloric acid and deionized water (1 % is to be applied to
low-carbon steel equipment).

6.3 Solvent rinse (organic desorbing agent), isopropanol,
acetone, or methanol; pesticide grade.

6.4 Control rinse water, preferably from a water system of
known chemical composition.

6.5 Deionized water, organic-free reagent grade.

7. Procedure for Sample Contacting Equipment

7.1 At a minimum, sample contacting equipment should be
washed with a detergent solution and rinsed with control water.

7.2 For programs requiring more rigorous decontamination
to meet the sampling or QA/QC objectives, the following
procedures are indicated+. Table 1 provides applications of
various solutions for decontamination of field equipment and
materials. Table 2 provides commonly recommended decon-
tamination procedures for various equipment and materials,

7.2.1 Wash with detergent solution, using a brush made of
inert material to remove any particles or surface film.

7.2.1.1 For equipment that, because of internal mechanism
or tubing cannot be adequately cleaned with a brush, the
decontamination solutions should be circulated through the
equipment.

6 Liquinox or Detergent 8 or similar solution has been found suitable for this
purpose. Detergent 8 is recommended for spray cleaning.
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7.2.2 Rinse thoroughly with control water.
7.2.3 Rinse with an inorganic desorbing agent (may be

deleted if samples will not undergo inorganic chemical analy-
sis). This rinse is effective only on non-metal surfaces.

7.2.4 Rinse with control water.
7.2.5 Rinse with organic desorbing agent (may be deleted if

samples will not undergo organic chemical analyses).
7.2.6 Rinse with deionized water.
7.2.7 Allow equipment to air dry prior to next use.
7.2.8 Wrap equipment for transport with inert material

(aluminum foil or plastic wrap) to direct contact with poten-
tially contaminated material.

7.3 Nonsample Contact Equipment:
7.3.1 Clean the equipment with portable power washer or

steam cleaning machine. Alternatively, hand wash with brush
using detergent solution.

7.3.2 Rinse with control water.
7.3.3 The more rigorous decontamination procedures may

be employed if necessary to meet sampling or QA/QC objec-
tives.

7.4 Depending on site conditions, it may be appropriate to
contain spent decontamination rinse fluids. If this is the case

the appropriate vessel7 for fluid containment should be used
depending on the ultimate disposition of the material.

7.5 Depending on site conditions, it may be desirable to
perform all equipment decontamination at a centralized loca-
tion as opposed to the location where the equipment was used.
If this is the case, care must be taken to transport the equipment
to the decontamination area such that the spread of contami-
nants is minimized.

8. Quality Assurance/Quality Control

8.1 It is important to document the effectiveness of the
decontamination procedure. To that end the projects QA/QC
program should include provisions for the collection of
samples to evaluate the completeness of a specific decontami-
nation procedure. This could include:

8.1.1 Collection of rinse or wipe samples before the initial
equipment decontamination prior to its use for sampling to
establish a base line level of contaminants residing on or in the
equipment,

7 A drum approved by the Department of Transportation or similar container has
been found suitable for this purpose.

TABLE 1 Applications of Various Solutions for Decontamination
of Field Equipment and Materials ABC

Solution Concentrations Remarks
Portable Water Tap water

(demonstrated to be
analyte free)

Used under high pressure or steam to remove heavy mud and dirt, or
to rinse off other solutions

Laboratory-grade
water

Distilled
Deionized
Reagengrade distilled
and deionized water

Low sudsing
non-phosphate
detergents
(Liquinox,
Detergent 8)

Typical concentrations
are 0.5 to 2% solution
by volume

General all-purpose cleaner.
Detergent 8 is recommended for spray cleaning.

Sodium
carbonate
(baking soda)

5 to 15% aqueous
solution

Used to neutralize either acidic or strongly basic contaminants

Sodium
carbonate
(washing soda)

10 to 20% aqueous
solution

Effective for neutralizing inorganic acids, organic acids, heavy
metals, metal processing wastes.

Trisodium
phosphate (TSP
Oakite)

10% aqueous solution Similar to sodium carbonate. Good rinsing solution for organic
compounds (such as toluene, chloroform, TCE, PBBs, and PCBs).

Calcium
hypochlorite
(HTH)

10% aqueous solution Disinfectant, bleaching, and oxidizing agent for pesticides, fungicides,
chlorinated phenols, dioxins, cyanides, ammonia and other non-acidic
inorganic wastes.

Hydrochloric
acid, nitric acid

10% nitric
10% to 20%
hydrochloric

Used for inorganic bases, alkali and caustic wastes

Citric, tartaric,
oxalic acids or
their respective
salts

5% solution Used to clean heavy-metal contaminants

Organic solvents Concentrated Used to remove organic compounds that have poor solubility in
water, such as oil and grease. do not use a solvent that is one of the
analytes of interest or interferes with analyses. Porous materials such
as polymers can absorb these solvents.

AExamples of commonly recommended cleaning solvents include pesticide-
grade” isopropanol, acetone, methanol, hexane, heptane, and ethanol.

BAdapted for Mickam et al. (1989), Moberly (1985), and Richter and Collentine
(1983).

CMany of the solvents listed are themselves hazardous materials. Care should
be taken in both use and disposal of these materials.
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8.1.2 Collection of final rinse or wipe samples after equip-
ment decontamination following its use, and

8.1.3 The frequency of sampling to demonstrate the com-
pleteness of equipment decontamination is dependent upon
objectives of the project as they relate to QA/QC. At a
minimum it is recommended after every ten decontamination
washings.

9. Report

9.1 The activities completed for each equipment decontami-
nation should be documented in writing. Included in this report
should be the following information:

9.1.1 Site location, date, time, and weather,
9.1.2 Sample location where equipment was employed,

9.1.3 Location where decontamination was performed,
9.1.4 Individuals performing the decontamination,
9.1.5 Decontamination procedures,
9.1.6 Source of materials (solutions) used for decontamina-

tion,
9.1.7 Handling of rinse fluids and accumulates solids, if any,

and
9.1.8 QA/QC sampling performed and analytical results of

QA/QC samples whether completed in the field or laboratory
subsequent to sampling event.

10. Keywords

10.1 contaminant; decontamination; sampling; waste

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the 90 edition that may impact the use of this standard.

(1) Revised title to reflect that radiological contamination
exists at some level at all sites.
(2) Revised Section 1.2 to reflect that this practice may not be
appropriate for radiological, mixed or biologically contami-
nated sites.
(3) Editorial changes to comply with current ASTM form and
styleand D18 procedures.
(4) Added information on the importance of QA/QC process
and samples.
(5) Added new section 5.6 to Significance and Use regarding
applicability to radiological, mixed, and biologically contami-
nated sites.

(6)Added professional care caveat to Section 1.

(7) Removed Alquinox from footnote to section 6 as it is not a
non-phosphate detergent. Added Detergent 8 as a replacement
and information on its application.

(8) Section 7.2 added additional information on decontamina-
tion procedures and materials and Tables 1 and 2.

(9) Section 7.2.3 added that this rinse is only effective on
non-metal components.

(10) Added Summary of Changes section.

(11)Added footnotes in 1.4.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: D 6089 – 97 (Reapproved 2003)

Standard Guide for
Documenting a Ground-Water Sampling Event 1

This standard is issued under the fixed designation D 6089; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers what and how information should be
recorded in the field when sampling a ground-water monitoring
well. Following these recommendations will provide adequate
documentation in most monitoring programs. In some situa-
tions, it may be necessary to record additional or different
information, or both, to thoroughly document the sampling
event. In other cases, it may not be necessary to record all of
the information recommended in this guide. The level of
documentation will be based on site-specific conditions and
regulatory requirements.

1.2 This guide is limited to written documentation of a
ground-water sampling event. Other methods of documenta-
tion (that is, electronic and audiovisual) can be used but are not
addressed in this guide. The specific activities addressed in this
guide include documentation of static water level measure-
ment, monitoring well purging, monitoring well sampling, field
measurements, ground-water sample preparation, and ground-
water sample shipment.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards:

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitoring Well (Observation
Well)2

D 5088 Practice for Decontamination of Field Equipment
Used at Non-Radioactive Waste Sites2

D 5608 Practice for Deontamination of Field Equipment
Used at Low-Level Radioactive Waste Sites2

D 5903 Guide for Planning and Preparing for a Ground-
Water Sampling Event3

2.2 Government Document:
40 CFR 261.4 (d) (ii)4

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this guide, refer to

Terminology D 653.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 chain of custody—the process of maintaining account-

ability of the samples for the purpose of identifying potential
breaches in sample integrity.

3.2.2 chain of custody record—a record of all individuals
who possess the samples from the time of collection until
analysis.

4. Significance and Use

4.1 When sampling ground-water monitoring wells, it is
very important to thoroughly document all field activities.
Sufficient field data should be retained to allow one to
reconstruct the procedures and conditions that may have
affected the integrity of a sample. The field data generated are
vital to the interpretation of the chemical data obtained from
laboratory analyses of samples. Field data and observations
may also be useful to analytical laboratory personnel.

5. Documentation Methods

5.1 Field records should be generated by a member of the
sampling team. It is important to record procedures used and
measurements immediately after they have been accomplished
and are fresh in the memory. In general, notes should not be
taken after returning from the field.

1 This guide is under the jurisdiction of ASTM Committee D 18 on Soil and Rock
and is the direct responsibility of Subcommittee D 18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved May 10, 1997. Published January 1998.

2 Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 04.09.
4 Available from the Superintendent of Documents, U.S. Government Printing

Office, Washington, DC 20402.

1
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5.2 The format of the documentation is discretionary, but
should be consistent from well to well and in accordance with
regulatory requirements. Forms are often used for consistency
and to reduce the chance of failing to record needed informa-
tion. It may be desirable for records to be entered with indelible
ink in a hard cover, stitch-bound book for credibility in
litigation.

6. Documentation Content

6.1 General:
6.1.1 Record the facility or site name, or both, and the well

identification.
6.1.2 Record the weather conditions.
6.1.3 Record the names of all sampling team members.
6.1.4 Record any instrument calibration details to include

instrument identification and date and time of last calibration.
6.1.5 Note any changes in the physical condition of the well.
6.1.6 Note changes in land use or physical conditions of the

site.
6.1.7 Record wellhead observations and measurements (for

example, odor, organic vapor measurements).
6.1.8 Record any quality control samples collected or pre-

pared in the field.
6.1.9 Describe decontamination procedures for non-

dedicated equipment (See Practice D 5088 and D 5608).
6.1.10 Record any deviations from the sampling and analy-

sis plan.
6.2 Static Water Level Measurement:
6.2.1 Record the depth to water in the well from a reference

point of known elevation. Optimally, there will be a mark or
notch on the well casing to indicate the exact reference point
(See Test Method D 4750).

6.2.2 Record the reference point from which the measure-
ment was taken (that is, ground surface, top of well casing, top
of protective casing).

6.2.3 Document the presence and estimated thickness of an
immiscible layer.

6.2.4 Record the total depth of the well from either histori-
cal records or actual measurement.

6.2.5 Record the units of the measurement (that is, feet or
metres).

6.2.6 Record the method or equipment (include serial num-
ber) used for measuring the depth to water in the well.

6.2.7 Record the date and time that the water level is
measured.

6.2.8 Record any other relevant information (for example,
were any nearby wells being pumped).

6.3 Monitoring Well Purging:
6.3.1 Briefly describe the purging method used.
6.3.2 Record the calculated purge volume (if applicable).
6.3.3 Record the volume of water removed from the well.

Indicate if the well was purged to dryness.
6.3.4 Record all measurements taken during purging (that

is, water levels, indicator parameter levels, organic vapor
monitoring data).

6.3.5 Record the pumping rate, if known.
6.3.6 Record the type of equipment used to purge the well.

Include the materials of construction of the equipment used.
6.3.7 Record the length of time spent purging the well.

6.3.8 Record the appearance of the water before and after
purging.

6.3.9 Record the date and time that well purging is com-
pleted.

6.3.10 Briefly describe management of purged water.
6.4 Monitoring Well Sampling:
6.4.1 Record the analytes for which samples are being

collected.
6.4.2 Record the order, by analyte, that sample containers

are filled.
6.4.3 Record the volume, material of construction, and

number of sample containers.
6.4.4 Record the equipment used to collect the samples.

This should include a description of any component materials
used that contact the ground water (for example, tubing, pump
parts, bailer material, etc.).

6.4.5 Record the pumping rate, if applicable.
6.4.6 Record the date and approximate time that the sam-

pling is accomplished.
6.4.7 Record the general appearance of the sample (that is

color, clarity).
6.4.8 Note any problems or unusual events during the

sampling.
6.4.9 Record the name of the person collecting the sample.
6.5 Field Measurements:
6.5.1 Record all field measurement data.
6.5.2 Record the units of measurement for each measure-

ment taken.
6.5.3 Record all of the equipment/instrumentation used for

field measurements and any calibration activities to include
calibration standard information and date and time of calibra-
tion.

6.5.4 Record the date and time that field measurements are
taken.

6.6 Ground-Water Sample Preparation:
6.6.1 Record the method of ground-water sample filtration,

filter type and medium, and for which analytes filtration is
performed.

6.6.2 Record any chemical preservatives used.
6.6.3 Record the manner of storage and shipment of samples

(that is, refrigeration and packaging methods)
6.6.4 Record the name of the person who performs the

sample preparation.
6.7 Sample Container Labeling—Ground-water samples

should be labeled such that they will be intact and legible even
if wet. The labels should contain, at a minimum, the following
information: sample identification number, name of collector,
date and time of collection, site identification, parameter(s)
requested, and preservation methods.

6.8 Ground-Water Sample Shipment:
6.8.1 Record the method of shipment.
6.8.2 Record the type and number of shipping containers.
6.8.3 Note if a temperature check sample is included in the

shipping container.
6.8.4 Provide a chain of custody record in each shipping

container identifying the exact contents of that container. At a
minimum, the chain of custody records should list the site
identification, the sample identifiers and analyses required,
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container sizes and types, chemical preservatives used, sam-
pling dates, shipping date, and the samples preparer’s name.

6.8.5 Other information that must accompany each shipping
container as required in 40 CFR 261.4(d)(ii) follows: “the
sample collector’s name, mailing address, and telephone num-
ber; the laboratory’s name, mailing address, and telephone
number; the quantity of the sample; the date of shipment; and
a description of the sample”.

6.9 Analytical Request Forms—The analytical laboratory
will need a written request for analytical support. The request
is usually generated before the sampling event; however, a
copy of the request or other forms for laboratory use may need
to be included in the sample shipment. The laboratory will
instruct the project manager on the forms to be submitted for

their use. Analytical request forms may include project man-
ager’s name, organization and phone number; project number
or identifier; project location; brief description of the project
objectives; any known contaminants associated with the
project site, when sample containers and preservatives are
needed; date samples will arrive; number and types of samples
for each analyte; date results needed; desired detection limits
and analytical methods; and, remarks or other special require-
ments.

7. Keywords

7.1 documentation; ground-water sampling; monitoring
well

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: D 6911 – 03

Standard Guide for
Packaging and Shipping Environmental Samples for
Laboratory Analysis 1

This standard is issued under the fixed designation D 6911; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard provides guidance on the selection of
procedures for proper packaging and shipment of environmen-
tal samples to the laboratory for analysis to ensure compliance
with appropriate regulatory programs and protection of sample
integrity during shipment.

1.2 This standard does not address transport of hazardous
wastes for disposal purposes.

1.3 This standard does not address the selection of
parameter-specific sample bottles or containers.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific course
of action. This guide cannot replace education or experience
and should be used in conjunction with professional judgment.
Not all aspects of this guide may be applicable in all circum-
stances. This guide is not intended to represent or replace the
standard of care by which the adequacy of a given professional
service must be judged, nor should this guide be applied
without consideration of the many unique aspects of a project.
The word “standard” in the title of this guide means only that
the guide has been approved through the ASTM consensus
process.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock and Contained

Fluids2

D 4220 Practice for Preserving and Transporting Soil
Samples2

D 4840 Guide for Sample Chain of Custody Procedure2

D 5079 Practices for Preserving and Transporting Rock
Core Samples2

D 5903 Guide for Planning and Preparing for a Ground-
Water Sampling Event3

D 6089 Guide for Documenting a Ground-Water Sampling
Event3

D 6517 Practice for Field Preservation of Ground-Water
Samples2

2.2 Shipping Regulations:
International Air Transport Association (IATA) Dangerous

Goods Regulations, 43rd Edition, January 2002
International Atomic Energy Agency (IAEA) Regulations

for the Safe Transport of Radioactive Material, Section 10,
Publication IAEA TS-R-1

International Civil Aviation Organization (ICAO) Technical
Instructions for the Safe Transport of Dangerous Goods by
Air, Document #9284-AN/905

U.S. Government Printing Office, Title 40 Code of Federal
Regulations Resource Conservation and Recovery Act
(RCRA), Part 261

U.S. Government Printing Office, Title 49 Code of Federal
Regulations Transportation (DOT), Parts 170-174

U.S. Postal Service, Hazardous, Restricted and Perishable
Mail USPS Publication 52

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 carrier—a commercial company that is responsible

for the actual shipment of environmental samples from the
point of sample receipt from the shipper to the sample’s final
destination.

3.1.2 dangerous goods—those goods that meet the criteria
of one or more of nine United Nations (UN) hazard classes
and, where applicable, one of three UN packaging groups
according to the provisions of shipping regulations.

3.1.3 environmental sample—containerized liquids, solids
or gases that are collected for the purpose of laboratory
analysis.1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock

and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.
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3.1.4 inner packaging—packaging for which an outer pack-
age is required for transport (for example, a sample bottle or
container).

3.1.5 outer packaging—the outer protection of a composite
or combination packaging together with any absorbent mate-
rials, cushioning and any other components necessary to
contain and protect sample bottles or inner packaging.

3.1.6 shipper—the person who actually packages and pre-
sents environmental samples to a commercial carrier for
shipment or who personally transports samples. The shipper is
commonly the person who collected the environmental
samples.

3.1.7 shipping—the commercial or private transport of en-
vironmental samples via highway, rail, vessel or aircraft.

4. Significance and Use

4.1 This standard provides guidance in determining the
most appropriate procedures for packaging and shipping envi-
ronmental samples. Use of this guide by personnel involved in
packaging and shipping environmental samples will facilitate
safe, effective and compliant procedures.

5. Regulatory Requirements

5.1 The shipment of many environmental samples falls
under the jurisdiction of national and standardized international
regulations whenever samples exhibit one or more properties
that classify the samples as being dangerous or hazardous. Not
all environmental samples, however, satisfy the criteria for
being classified as dangerous or hazardous substances. These
samples can be packaged and shipped as non-regulated or
non-hazardous environmental samples.

5.2 It is the shipper’s responsibility to determine which
regulations apply to the environmental samples requiring
shipment. This determination must be made prior to sample
collection to ensure compliance with shipping regulations at
the conclusion of sample collection. The primary sources of
shipping regulations that can apply to environmental samples
include the U.S. Department of Transportation (DOT), the
International Air Transport Association (IATA), and the U.S.
Postal Service (USPS). DOT regulations govern transport of
samples by water, rail, roadway and air; IATA regulations
govern air transport of samples; USPS regulates both ground
and air delivery of samples through the U.S. Postal System.
Other agencies such as the U.S. Department of Agriculture
(USDA) (restrictions on interstate shipment of soil samples to
prevent the spread of biological contaminants), The Interna-
tional Atomic Energy Agency (IAEA) (transport of radioactive
materials by air), the International Civil Aviation Organization
(ICAO) (shipment of the dangerous goods by air). The Inter-
national Maritime Dangerous Goods Code (shipment by ves-
sel) may also need to be considered. Sample shippers must also
be aware of the potential for restrictions on shipping samples at
both the state and local levels. Shippers should contact state
and local agencies to determine any shipping restrictions.

5.3 Should dangerous or hazardous samples be shipped
using methods not in full compliance with applicable regula-
tory requirements, the following penalties can be assessed to
the shipper:

5.3.1 Refusal to deliver the environmental samples to their
intended destination, which can result in sample integrity being
compromised, chain-of-custody being broken, or sample hold-
ing times being exceeded;

5.3.2 Assessment of financial penalties which can be severe;
and/or

5.3.3 Imprisonment for blatant illegal shipment of danger-
ous or hazardous substances.

6. Procedures for Packaging and Shipping
Environmental Samples

6.1 Planning—As indicated in Guide D 5903, the Sampling
and Analysis Plan (SAP) for a project will specify the number
of samples to be collected for each medium being sampled (for
example, soil, ground-water, surface water, soil gas, sediment
and corresponding quality control samples). This SAP will also
include a discussion on the need to plan for the appropriate
number, size(s), and type(s) of outer packaging based on the
number and sizes of sample containers to be filled and to plan
for adequate space in outer packaging to accommodate inner
packing materials and temperature controls. The SAP will
specify the analyses to be performed on each sample and
should also indicate the type of sample bottle or container and
volume required for each analyte. The SAP should also provide
guidance on selection of the methods for sample packaging and
shipment of samples to the laboratory for analysis when
dangerous or hazardous samples are anticipated.

6.2 Regulatory Responsibilities of the Shipper—The sample
shipper is responsible for ensuring that all environmental
samples are packaged, labeled, and marked in a manner that is
consistent with applicable shipping regulations. Failure to do
so puts the shipper at risk of the penalties discussed in 5.3.

6.3 Determination of Dangerous or Hazardous Properties
of Environmental Samples:

6.3.1 Prior to collection of environmental samples, it is
necessary to determine the hazard class of a sample. If this is
unknown, the shipper must use best professional judgment to
determine the potential for samples to exhibit one or more
hazardous characteristics (for example, through background
research review, interviews and review of purchasing and
disposal records) and to determine the appropriate degree of
danger associated with those hazardous properties as defined
by applicable shipping regulations (see Note 1). Table 1
summarizes the nine United Nations (UN) hazard classes that

TABLE 1 Summary of United Nations Hazard Classes

Class 1 Explosives
Class 2 Gases
Class 3 Flammable Liquids
Class 4 Flammable Solids; Substances Liable to Spontaneous

Combustion; Substances Which, in Contact with Water, Emit
Flammable Gases (for example, soil sample contaminated
with high concentrations of gasoline released from an
underground storage tank)

Class 5 Oxidizing Substances and Organic Peroxide
Class 6 Toxic and Infectious Substances (for example, samples of

refuse collected from a solid waste landfill)
Class 7 Radioactive Material
Class 8 Corrosives (for example, nitric acid used for preservation of

some ground-water samples) (see Note 2)
Class 9 Miscellaneous Dangerous Goods
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are defined within shipping regulations and provides three
examples of environmental samples that might meet the criteria
of a given hazard class. Table 2 summarizes the degree of
hazard associated with dangerous goods being shipped as
defined by applicable shipping regulations.

NOTE 1—Dangerous or hazardous properties of environmental samples
are as defined specifically by shipping regulations. Definitions developed
for use under other regulatory programs may be substantially different and
are not applicable. For example, a corrosive liquid under IATA definition
is “a substance which, in the event of leakage, can cause severe damage
by chemical action when in contact with living tissue or can materially
damage other freight or the means of transportation.” This is determined
through a series of intact skin tissue exposure tests and/or corrosive tests
on steel or aluminum for defined exposure periods. Under the Resource
Conservation and Recovery Act (RCRA), a corrosive liquid is defined as
a liquid with a pH less than or equal to 2 or greater than or equal to 12.5,
as determined by a pH meter using Method 9090.

NOTE 2—In a letter dated April 11, 1979, the Associate Director for
Hazardous Materials Regulation of the Research and Special Programs
Administration granted exception to the DOT hazardous materials regu-
lations for water samples containing the corrosives: hydrochloric acid,
mercuric chloride, nitric acid, sulfuric acid, sodium hydroxide and
phosphoric acid. The listed corrosives include the preservatives com-
monly used in water samples. This exception was revalidated in a letter
issued on December 13, 1993 and again in a letter dated February 14,
1997. This exception may not apply in other shipping regulations.

6.3.1.1 When the actual hazard class of a sample is un-
known, the most conservative packaging group possible for the
chosen shipping name must be used. Refer to 6.4.1 for
guidance on choosing the appropriate shipping name.

6.3.2 It is possible that environmental samples may not
exhibit a dangerous or hazardous property and, as such, may be
packaged and shipped as a non-regulated sample using meth-
ods described in 6.5 and 6.6. Other packaging and shipping
guidance is provided in Practices D 4220, D 5079, and D 6517.

6.3.3 The shipper must make the determination of sample
hazard prior to collection to ensure that an appropriate carrier
has been selected to transport samples to the laboratory and to
ensure that appropriate packaging materials are available in the
field at the time of sample preparation for shipping.

6.4 Determination of Proper Shipping Name and UN Num-
ber for Dangerous or Hazardous Samples:

6.4.1 Once the shipper has determined that an environmen-
tal sample does or will likely exhibit one or more hazardous
characteristics, the shipper must select the “proper shipping
name” for the sample as defined by the regulations under which
the sample is to be shipped (see Table 3). These shipping
names are standard names used in the shipping industry to
identify the dangerous article or substance on the outside of the
package and on the “Shipper’s Declaration for Dangerous
Goods” and are not names created at random by the shipper. To
determine the proper shipping name for each environmental
sample, the shipper must refer to the shipping regulations that
will be followed directly. It is possible for there to be more than
one shipping name. The selected shipping name must accu-

rately reflect the chemical, physical or biological characteris-
tics of the sample being shipped and must not include a Trade
name.

6.4.2 When selecting the proper shipping name, the shipper
must consider:

6.4.2.1 The dangerous or hazardous property of the sample,
6.4.2.2 If the sample is classified as a solid (for example,

soil or sediment), liquid (for example, ground-water or surface
water) or gas (for example, soil gas or atmospheric air),

6.4.2.3 The anticipated or known contaminant(s) contained
in the sample,

6.4.2.4 Whether the contaminant is present in a pure form or
a mixture, and

6.4.2.5 The preferred method of sample shipment (for
example, ground transportation versus overnight air transpor-
tation).

6.4.3 Once selected, the proper shipping name is used by the
shipper to obtain the following information from the appropri-
ate shipping regulations:

6.4.3.1 The corresponding UN number,
6.4.3.2 Correct sample packaging (inner and outer packag-

ing),
6.4.3.3 Required package labels and markings,
6.4.3.4 Restrictions on sample volumes per package,
6.4.3.5 Applicable exceptions for small quantity shipments

(see Note 3), and
6.4.3.6 Available shipping options (for example, passenger

versus cargo aircraft).

NOTE 3—In some cases, very small quantities of dangerous goods may
be transported in such a manner that they may be excepted from the
marking, labeling and documentation requirements of dangerous or
hazardous materials. Actual definitions of excepted small quantities vary
by hazard class, carrier and, in some circumstances, by state. Typically,
shipments under these exceptions do require the use of DOT or IATA
accepted packaging, and the package must be appropriately marked and
labeled as specified by the regulations being followed. For example, small
quantity exceptions exist for corrosive liquids (Class 8, Packing Groups II
and III) which can be applied when shipping vials, ampoules or pre-
preserved bottles containing nitric acid preservatives to the field.

6.5 Selection of Shipping Method:
6.5.1 Once the hazardous or dangerous nature of an envi-

ronmental sample has been determined by the shipper, and the
shipping name has been selected, the method of shipment must
be determined. For both non-regulated and hazardous or
dangerous environmental samples, the following sample op-
tions must be evaluated by the shipper for applicability and
compliance with shipping regulations:

TABLE 2 Summary of Packing Groups By Hazard Level

Packing Group I—High Danger
Packing Group II—Medium Danger
Packing Group III—Low Danger

TABLE 3 Examples of Proper Shipping Names and Associated
UN Numbers

Proper Shipping Name/
Description

UN
Number

Example of Environmental Sample

Flammable solid, organic,
n.o.s.

1325 Soil sample saturated with gasoline

Nitric acid 2031 Sample preservative that is other
than red fuming, with 70 % or
less, but more than 20 % nitric
acid

Refrigerant gas, n.o.s.
(Tetrafluoromethane,
Trifluoromethane)

1078 Surface water sample containing
mixture of Freon 14Y and Freon
23Y
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6.5.1.1 Direct sample delivery by the sampling team to the
laboratory,

6.5.1.2 Sample pickup and subsequent delivery by a
laboratory-provided courier,

6.5.1.3 Commercial overnight carriers,
6.5.1.4 Public transportation systems (for example, public

buses, ferries, passenger aircraft),
6.5.1.5 Commercial ground transportation carriers, and
6.5.1.6 U.S. Postal Service delivery options (for example,

overnight, three-day etc.).
6.5.2 Each method presented in 6.5.1 must be evaluated

with regard to the:
6.5.2.1 Potential for sample breakage and loss due to carrier

handling practices,
6.5.2.2 Potential for sample tampering during shipment,
6.5.2.3 Sample delivery time versus sample holding time,
6.5.2.4 Ability to maintain sample chain-of-custody proce-

dures,
6.5.2.5 Compliance with regulatory requirements for dan-

gerous or hazardous samples,
6.5.2.6 Existence of any regulatory restrictions, limitations

or exceptions
6.5.2.7 Carrier-specific variances on shipping regulations

(see Note 4), and
6.5.2.8 Locations of drop-off stations accepting dangerous

or hazardous samples for shipment.
6.6 Selection of Proper Sample Packaging and Packing

Procedures:
6.6.1 Packaging Non-Regulated or Non-Hazardous

Samples for Shipment—The shipper is responsible for all
aspects of the packaging of samples for shipment to the
laboratory. In cases where samples have been determined to be
non-hazardous or unregulated, samples should be packaged in
a manner that will protect both the physical and chemical
integrity of the samples during transport to the laboratory as
described in Practices D 4220, D 5079, D 6517, and Guide
D 5903. Sample packaging should be selected with the follow-
ing considerations in mind:

6.6.1.1 Total Weight of the Final Package Once Filled With
Samples—The weight of the empty package should be such
that, once filled with samples, the final package weight will not
be so great that it will be too difficult to move and may exceed
standard per-package weight limits for shipping.

NOTE 4—The shipper must be aware that commercial sample carriers
must comply with all shipping regulations, but that carriers are permitted
to develop and enforce company-wide variations from the DOT or IATA
regulations that are more restrictive than DOT or IATA regulations. The
shipper must know what these carrier-specific variances are because they
can affect whether a sample can be accepted for shipping, and if, accepted,
in what quantity.

6.6.1.2 Package Volume—The package should be suffi-
ciently large to hold a reasonable number of sample containers
or bottles without exceeding weight limitations.

6.6.1.3 Ability to Securely Seal the Package—For some
projects, it is necessary to implement a program of sample
tamper-proofing which involves the use of security seals and
tags on both the sample container or bottle as well as the outer
packaging materials.

6.6.1.4 Leak-proof Package—When shipping liquid
samples or samples packed on wet ice, it is necessary to
prevent the release of any liquids in the event of sample
container breakage or melting of wet ice. Leakage can be
prevented by lining the inside of the outer package with plastic,
placing individual sample containers or bottles inside sealed
plastic bags, ensuring that outer drain plugs are sealed shut, and
placing wet ice inside two bags, at least one of which can be
tied closed.

6.6.1.5 Insulation—For parameters that require shipment
below a specific temperature, it is essential that the outer
package be sufficiently insulated to minimize changes in
sample temperature during shipment. This is especially true
when the shipping period is longer than overnight.

6.6.1.6 Ease of Handling—Outer packages may become
heavy and awkward once filled, making them difficult to
maneuver. It may be preferable to use containers with handles
on larger packages, although some carriers assess additional
fees if packages have handles.

6.6.1.7 Materials of Construction—Package materials
should be durable, easy to clean, should not introduce either
positive or negative sample bias to the samples, and should be
able to hold the weight of the samples being shipped. Materials
of construction should be non-absorbent.

6.6.1.8 Durability and Reusability—When shipping non-
regulated or non-hazardous samples, it is acceptable to reuse
shipping packages, such as coolers. Selected packages must be
strong enough to retain all structural integrity.

6.6.1.9 Ease of Cleaning—The shipping package should be
designed so it is easy to access the interior for cleaning.

6.6.2 Packing Non-Regulated or Non-Hazardous Samples
for Shipment—Once collected, labeled and ready to ship to the
laboratory, the shipper must pack the sample containers in a
manner to ensure that the physical and chemical integrity of the
samples are protected. The shipper must take the following into
account when packing these samples for shipment:

6.6.2.1 Sample Container Breakage—There are many dif-
ferent materials that can be used to pack sample containers to
prevent breakage during shipment. Examples include: bubble
wrap, protective sleeves or foam blocks over individual con-
tainers, and expanded polystyrene peanuts. Containers should
be packed with enough packing material to ensure that con-
tainers do not bang against each other or move freely during
shipment.

6.6.2.2 Protection of Sample Labels—When shipping
samples that are liquid or that are being shipped on wet ice, it
is important to prevent sample labels from getting wet. Wetting
the labels can cause the ink to run or fade, disintegration of the
label, or the label to come off the container. It is a common
practice to use waterproof labels and indelible ink. Various
measures can be taken to prevent or reduce water contact with
the labels such as placing a single layer of clear packing tape
over the labels.

6.6.2.3 Preventing Leakage from Outer Packaging—No
liquids should leak from the outer packaging as the result of
sample container breakage, condensation on containers or
release of melted wet ice. It is recommended that absorbent
materials be placed on the bottom of the outer packaging,
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between sample containers, and on the top of all containers
within the outer packaging once filled. This will help secure
sample containers within the outer packaging and will absorb
any free liquids. It is also recommended that any outside drain
plugs be secured shut. It may also be appropriate to place
individual sample containers in a zipper-seal bag within the
outer packaging to act as secondary containment for the sample
in the event of container breakage. Some containers are coated
with a plastic film to prevent leakage of sample in the event the
container is broken.

6.6.2.4 Temperature Control—For some samples, it is nec-
essary to ship samples below 4.0°C. As discussed in Practice
D 6517, it is recommended that wet ice be used for this
purpose. Sufficient ice should be used to cool and maintain
samples at the desired temperature until receipt by the labora-
tory. It is recommended that all wet ice be double-bagged to
contain melt water and that at least one bag should be sealed
with a knot which will not fail under pressure changes when
being shipped by aircraft.

6.6.2.5 Labeling the Outer Packaging—Regulations do not
specify any particular requirements for the outer packaging of
non-regulated samples. It is necessary to include the complete
ship to and return addresses including telephone numbers.
Optional, but recommended labeling includes: “Fragile,” “This
Side Up,” and “Packed in Wet Ice,” especially when a
commercial carrier is shipping samples. It is also recom-
mended by some carriers that a Shipper’s Declaration be
placed on the outside of the outer packaging that indicates why
samples are being shipped as a non-regulated substances. This
can prevent unnecessary opening of the outer packaging by

shipping officials that could compromise any security tags or
seals in use. This Shipper’s Declaration must be signed and
dated by the shipper. (see Note 5).

6.6.3 Packaging Dangerous or Hazardous Samples for
Shipment—Environmental samples that are dangerous or haz-
ardous in nature must be packaged according to the specifica-
tions of the selected shipping regulations (Federal, Interna-
tional, state or local) and in compliance with carrier variance
requirements. Packaging of environmental samples includes
not only the sample bottle or container that is specified by the
laboratory’s analytical method, but also includes inner and
outer packaging materials. It is the shipper’s responsibility to
ensure that the packaging complies with Packing Group
requirements, as specified by the shipping regulations, for the
hazard associated with the samples being shipped. Only those
packaging materials permitted by regulation are to be used and
inner and outer packaging materials cannot be reused. Shippers
need to be aware that there are restrictions on the number and
weight of samples permitted per package and that these limits
cannot be exceeded under any circumstance. The shipper must
ensure that all packaging materials are assembled correctly and
that all required labels and markings are presented on the outer
packaging. When shipping materials under the small quantities
exception rule, a Dangerous Goods in Small Quantities Label
must be used as illustrated in Fig. 1.

NOTE 5—A Shipper’s Declaration is a statement made in writing by the
shipper that explains what the contents of the package being shipped are
and why the shipment is considered unregulated or non-hazardous. The
statement is dated and signed by the shipper and includes a telephone
number for the shipper.

FIG. 1 Example of Small Quantities Exception Label
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7. Timing of Sample Packaging and Shipment

7.1 Timing of Sample Packaging—All environmental
samples should be packaged in the field after sample collection
and labeling. It may be necessary to cool some water samples
to 4.0°C prior to final packaging as discussed in Practice
D 6517.

7.2 Timing of Sample Shipment—Environmental samples
should be shipped in time to assure the arrival of the samples
at the laboratory prior to the expiration of the holding time for
the analytical parameters of interest The holding time is
specified by the analytical method being used in the laboratory
and can vary from hours to months depending upon the
parameter. Scheduling of sample shipments should be coordi-
nated with the laboratory as discussed in Guide D 5903.

8. Documentation

8.1 Chain-of-Custody—In many circumstances, a Chain-of-
Custody form should accompany environmental samples being
submitted to a laboratory regardless of the hazard classification
of the samples. Chain-of-Custody forms should be completed
as described in Guide D 6089. The original Chain-of-Custody
form should be included in the outer packaging of samples and
contained within a water-proof package to prevent it from
becoming wet during sample shipment. A copy of the Chain-
of-Custody should be retained by the shipper. Guide D 4840
provides a standardized Chain-of-Custody form.

8.2 Laboratory-Specific Forms—In some programs, indi-
vidual laboratories may have special forms that must accom-
pany samples. These can include project contact information
forms and analytical request forms.

8.3 Shipping Manifests:

8.3.1 If samples are being shipped as non-regulated or
non-hazardous samples, standard shipping labels, forms and air
bills can be used on outer packages. Although not required, it
is recommended that outer packages be marked with “This
Side Up” arrows to help minimize sample breakage due to
mishandling of the package and that a Shipper’s Declaration be
placed on the exterior of the outer packaging to indicate why
samples are being shipped as non-regulated substances. The
shipper should retain the shipper’s copy of any manifest and
should have a copy of any tracking, delivery confirmation or
air bill numbers.

8.3.2 When shipping dangerous or hazardous samples, the
shipper must complete the appropriate dangerous goods/
hazardous materials manifests. The shipper should retain the
shipper’s copy of any manifest and should have a copy of any
tracking, delivery confirmation or air bill numbers.

8.4 Verification of Sample Delivery—The laboratory should
be contacted the day samples are expected to be delivered to
verify that samples were received and that samples were in
good condition. If samples have not been received, the shipper
should use air bill or tracking numbers to determine the
location of the samples and anticipated delivery times. In the
event that improper packaging of hazardous or dangerous
materials causes refusal of sample delivery by the carrier, the
shipper will need to contact the carrier to determine what must
be done to facilitate sample shipment to the laboratory.

9. Keywords

9.1 carrier; dangerous goods; environmental samples; haz-
ard classifications; packaging; shipper; shipping; transport
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Designation: D8006 − 16

Standard Guide for
Sampling and Analysis of Residential and Commercial
Water Supply Wells in Areas of Exploration and Production
(E&P) Operations1

This standard is issued under the fixed designation D8006; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide presents a methodology for obtaining repre-
sentative groundwater samples from domestic or commercial
water wells that are in proximity to oil and gas exploration and
production (E&P) operations. E&P operations include, but are
not necessarily limited to, site preparation, drilling,
completion, and well stimulation (including hydraulic
fracturing), and production activities. The goal is to obtain
representative groundwater samples from domestic or commer-
cial water wells that can be used to identify the baseline
groundwater quality and any subsequent changes that may be
identified. While this guide focuses on baseline sampling in
conjunction with oil and gas E&P activities, the principles and
practices recommended are based on well-established methods
that have been in use for many years in other industrial
situations. This guide recommends sampling and analytical
testing procedures that can identify various chemical species
present including metals, dissolved gases (such as methane),
hydrocarbons (and other organic compounds), as well as
overall water quality.

1.2 This guide provides information on typical residential
and commercial water supply well systems and guidance on
developing and implementing a sampling program, including
determining sampling locations, suggested purging techniques,
selection of potential analyses and laboratory certifications,
data management, and integrity. It also includes guidance on
personal safety. The information included pertains to baseline
sampling before beginning any activities that could present
potential risks to local aquifers, periodic sampling during and
after such work, and ongoing monitoring relating to known or
potential groundwater constituents in the area. This guide does
not address policy issues related to frequency or timing of

sampling or sampling distances from the wellhead. In addition,
it does not address reporting limits, sample preservation,
holding times, laboratory quality control, regulatory action
levels, or interpretation of analytical results.

1.3 These guidelines are not intended to replace or super-
sede regulatory requirements and technical methodology or
guidance nor are these guidelines intended for inclusion by
reference in regulations. Instances where this guide is in
conflict with statutory or regulatory requirements, practitioners
shall defer to the latter. These guidelines are intended to assist
in developing sampling programs to meet project goals and
objectives. However, site-specific conditions, regulatory
requirements, site-specific health and safety issues, technical
manuals and directives, and program data quality objectives
should be evaluated and consulted along with the information
contained in this guide for each individual site and sampling
program.

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific course
of action. This document cannot replace education or experi-
ence and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

1.5 Users are responsible for investigating and identifying
all the legal and regulatory requirements that are applicable for
the location where the sampling is being performed.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1 This test method is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.26 on Hydraulic
Fracturing.
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Water by Aqueous-Injection Gas Chromatography

D2972 Test Methods for Arsenic in Water
D3082 Test Method for Boron in Water
D3223 Test Method for Total Mercury in Water
D3557 Test Methods for Cadmium in Water
D3559 Test Methods for Lead in Water
D3648 Practices for the Measurement of Radioactivity
D3859 Test Methods for Selenium in Water
D3920 Test Method for Strontium in Water
D4191 Test Method for Sodium in Water by Atomic Absorp-

tion Spectrophotometry
D4192 Test Method for Potassium in Water by Atomic

Absorption Spectrophotometry
D4327 Test Method for Anions in Water by Suppressed Ion

Chromatography
D4382 Test Method for Barium in Water, Atomic Absorption

Spectrophotometry, Graphite Furnace
D4658 Test Method for Sulfide Ion in Water
D5673 Test Method for Elements in Water by Inductively

Coupled Plasma—Mass Spectrometry
D5907 Test Methods for Filterable Matter (Total Dissolved

Solids) and Nonfilterable Matter (Total Suspended Solids)
in Water

D5980 Guide for Selection and Documentation of Existing
Wells for Use in Environmental Site Characterization and
Monitoring

D7315 Test Method for Determination of Turbidity Above 1
Turbidity Unit (TU) in Static Mode

D7678 Test Method for Total Petroleum Hydrocarbons
(TPH) in Water and Wastewater with Solvent Extraction
using Mid-IR Laser Spectroscopy

2.2 EPA Standards:4

EPA 160.1 Total Dissolved Solids (TDS)
EPA 300.0 Determination of Inorganic Anions by Ion Chro-

matography
EPA 300.1 Determination of Inorganic Anions in Drinking

Water by Ion Chromatography
EPA 310.1 Ortho-Phosphorus, Dissolved Automated, Ascor-

bic Acid
EPA 310.2 Alkalinity (Colorimetric, Automated, Methyl Or-

ange)
EPA 325.1 Chloride (Colorimetric, Automated Ferricyanide

AAI)
EPA 425.1 Methylene Blue Active Substances (MBAS)
EPA 900.0 Gross Alpha and Beta Activity in Water, Official

Name: Gross Alpha and Gross Beta Radioactivity in
Drinking Water

EPA 903.1 Radium-226 in Drinking Water, Official Name:
Radium-226 in Drinking Water (Radon Emanation Tech-
nique)

EPA 906.0 Tritium in Drinking Water EPA 908.0 Uranium in
Drinking Water-Radiochemical Method

EPA 9030B Acid-Soluble and Acid-Insoluble Sulfides: Dis-
tillation

EPA 9034 Titrimetric Procedure for Acid-Soluble and Acid-
Insoluble Sulfides

EPA 9056A Determination of Inorganic Anions by Ion
Chromatography

RSKSOP-175 Sample Preparation and Calculations for Dis-
solved Gas Analysis in Water Samples Using a GC
Headspace Equilibration Technique (Advisory)

SW846 8015D Nonhalogenated Organics Using GC/FID
SW846 8260C Volatile Organic Compounds by Gas

Chromatography/Mass Spectrometry (GC/MS)
SW846 8270D Semivolatile Organic Compounds by Gas

Chromatography/Mass Spectrometry (GC/MS)
SW846 6010D Inductively Coupled Plasma-Atomic Emis-

sion Spectrometry
SW846 6020B Inductively Coupled Plasma-Mass Spectrom-

etry
SW846 7470A Mercury in Liquid Waste (Manual Cold-

Vapor Technique)
2.3 Federal Standard:5

40 CFR Part 136 Guidelines Establishing Test Procedures
for the Analysis of Pollutants

2.4 Other:
ISO/IEC 17025 General Requirements for the Competence

of Testing and Calibration Laboratories6

PA DEP 3686 REV 1 Light Hydrocarbons in Aqueous
Samples via Headspace and Gas Chromatography with
Flame Ionization Detection (GC/FID)

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

4 Available from United States Environmental Protection Agency (EPA), William
Jefferson Clinton Bldg., 1200 Pennsylvania Ave., NW, Washington, DC 20460,
http://www.epa.gov.

5 Available from U.S. Government Printing Office, Superintendent of
Documents, 732 N. Capitol St., NW, Washington, DC 20401-0001, http://
www.access.gpo.gov.

6 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.
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3. Terminology

3.1 Definitions—For definitions of terms used in this guide,
refer to Terminology D653.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 cistern, n—receptacle for the collection or storage of

groundwater or rainwater.

3.2.2 groundwater spring, n—place where groundwater
flows naturally from underground onto the land surface or into
a body of surface water.

3.2.2.1 Discussion—The occurrence of a groundwater
spring depends on the nature of geologic formations, especially
permeable and impermeable strata, on the position of the water
table, and on topography.

3.2.3 pitless adaptor, n—device located below the ground
surface used to connect the submersible pump in a water
supply well to a pressure tank or other form of water storage.

3.2.3.1 Discussion—This device serves to protect the well-
head from freezing conditions and may center the submersible
pump in the well.

3.2.4 point-of-entry treatment (POET) system, n—or whole
house or building treatment systems, treats all water entering
the building.

3.2.4.1 Discussion—These systems are typically situated in
the basement of a home or building or in a vault within
proximity to the home or building.

3.2.5 point-of-use (POU) system, n—treats water at the
point where it is used.

3.2.5.1 Discussion—These systems are typically situated
under kitchen or bathroom sinks or both or in closets/cabinets
in proximity to kitchens or bathrooms.

3.2.6 pressure tank, n—closed vessel used to store water
from a supply well or spring under pressure for use within a
home or building.

3.2.6.1 Discussion—Typically “bladder” pressure tanks are
used in association with supply wells and springs; these tanks
contain a rubber bladder filled with air that is used in
association with a pressure switch to regulate the pressure of
the water in the tank.

3.2.7 water softener, n—water treatment system that substi-
tutes sodium ions for ions that cause water to be “hard,” in
most cases, calcium and magnesium ions and having a cation
resin in the sodium form that removes cations such as calcium
and magnesium from water and releases another ion such as
sodium.

3.2.7.1 Discussion—Water softeners are also used to re-
move iron, manganese, some radiological materials, nitrate,
arsenic, chromium, selenium, and sulfate.

4. Significance and Use

4.1 A supply well provides groundwater for household,
domestic, commercial, agricultural, or industrial uses.

4.2 Using a standardized protocol based on an existing
industry standard or approved regulatory methods and proce-
dures to collect water samples from a supply well is essential
to obtain representative water quality data. These data can be
critical to efforts to protect water uses, and human health, and

identify changes when they occur. Use of this guide will help
the project team to design and execute an effective water
supply sampling program.

4.3 It is important to understand the objectives of the
sampling program before designing it. Water supplies may be
sampled for various reasons including any or all of the
following:

(1) baseline sampling before an operation of concern,
(2) periodic sampling during such an operation,
(3) investigative responses to perceived changes in water

quality, or
(4) ongoing monitoring related to known or potential

groundwater constituents of concern in the area.
Sampling programs should be based on these objectives and

be developed in coordination with the prospective laborato-
ry(ies) to ensure its procedures, capabilities, and limitations
meet the needs of the program, protect human health and fulfill
regulatory requirements.

5. Well Purging and Sampling Requirements

5.1 Sampling Equipment:
5.1.1 Gas or multiple meters to provide, at a minimum,

information on lower explosive limits for combustible gases
and oxygen levels to be used for atmospheric screening;

5.1.2 Sample containers, made of compatible materials,
preservatives appropriate for the sampling to be performed,
labels, and chain-of-custody forms (COCs).

5.1.3 Field notebook, preferably with waterproof, numbered
pages or electronic equivalent such as a tablet.

5.1.4 Schedule and contact information for the properties
(locations) to be sampled and contact information for labora-
tory and carrier/shipping company (if used).

5.1.5 Area maps, including GPS coordinates of well(s).
5.1.6 Large cooler and bagged ice for storing all samples

and a mini cooler that can be brought inside the home/building
to put samples directly on ice after collection and gallon and
quart size zip-lock bags in which to put sample containers, ice,
and COC, and trash bags for site-derived waste.

5.1.7 Intrinsically safe flashlight or headlamp (sample ports
are commonly located in low light areas).

5.1.8 Pan or other secondary containment system to catch
any water that may have dripped during sampling. Make sure
cleanup is performed after sampling is complete.

5.1.9 Safety equipment including: gloves (work and latex or
nitrile), safety glasses, shoes with slip resistant soles, clean
rags or towels, pails and buckets, basic tool kit, first aid kit, and
fire extinguisher.

5.1.10 Specific health and safety plan.
5.1.11 Watch or wristwatch with second hand, or a digital

timer, and graduated container to calculate flow rate and
volume.

5.1.12 Supplies need to include apparatus used to measure
field parameters such as pH, turbidity, specific conductance,
and dissolved oxygen.

5.1.13 Digital Camera.

5.2 Field Visit and Sample Collection—After arrangements
with the property owner or responsible party have been made,
the following steps should be taken:
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5.2.1 Confirm location and note time of arrival, weather
conditions, including barometric pressure, and all onsite per-
sonnel.

5.2.2 Provide the property owner/occupant an explanation
of the work to be undertaken, how long it is expected to take,
and what the owner/occupant can expect. Provide identification
(for example, personal identification badge (with photograph)
and a card or letter that can be provided to the property
owner/occupant with the appropriate contact information).

5.2.3 Document information from property owner including
comments on water quality and water usage the day of the
sampling.

5.2.4 Record the well permit number if one has been issued
(check with local authorities), and refer to D5980 for further
information on pulling monitoring well permits that show the
depth of the well and the location of the screened interval.

5.2.5 Sketch the area including the location of the supply
well(s) and photo-document with a digital camera, and sketch
location in logbook. Be aware that a property may have more
than one supply well or other water sources. It is important to
understand and document the uses of these supply sources (for
example, drinking and agricultural) and understand and docu-
ment if they are connected to the system being sampled (into
one pressure tank or separate pressure tanks); this will allow
the sampling team to choose the correct sample location(s) and
the source of the sample.

5.2.6 As appropriate, photograph features on the property
(buildings, septic systems, wells, surface water, chemical
storage areas, fuel tanks, vehicle and equipment storage/
parking areas, visual surface staining, signs of stressed
vegetation, and cracks in foundation) and the water delivery
system (pressure tank, water treatment equipment, wellhead
and pump, sampling port, and floor drain if present). All
photographs should have a date/time stamp and be annotated to
where the photograph was taken.

5.2.7 Locate the water shutoff valve. It is critical this step is
undertaken before starting any purging or sampling to reduce
any potential damage if a leak or break does occur.

5.3 Determining Sample Locations—Samples should be col-
lected as close to the water well as possible; however, the
actual water supply well should only be accessed by a licensed
plumber or similarly qualified individual as contaminants can
be introduced if this work is undertaken by untrained person-
nel. The sampling team should not remove well caps, plugs, or
ports from water supply wells, unless permissible by applicable
statue or regulations.

5.3.1 The sampling team should review the water system
configuration to determine the closest water tap to the water
source; this is commonly, but not always, a drain port on the
front near the base of the bladder/pressure tank. Care should be
taken to ensure the valve is operational. Do not force valves
open. Treatment systems and exact sample locations should be
documented. Samples should be collected before the water
reaches any treatment systems. Collecting treated water should
be avoided since it will not be representative of actual inflow
conditions. Usually, water treatment systems are designed to
allow temporary bypass flow without alteration to the system

itself. If the sample is collected after treatment, it should be
noted in the field notebook.

5.3.2 Water lines should be traced to determine exactly what
is being sampled (for example, water from pressure tank, water
treated through a treatment system). The sampling team should
not alter the piping or water delivery system in any way,
including turning treatment systems off or removing tubing or
both; however, if the sampling team needs to take a sample
through existing tubing, this should be noted.

5.4 Purging and Sampling of Supply Wells—Stagnant, non-
representative water should be purged from the water supply
system before samples are collected to ensure that the sample
is representative of actual well conditions. The convention of
purging monitoring wells of three well volumes before sam-
pling is not necessarily applicable to nor practical for supply
wells. Supply wells may contain hundreds of gallons of water,
the purging of which would be time-consuming, potentially
detrimental to the well pump, may result in short-term deple-
tion of the property owner’s water supply, could overfill septic
systems if discharged to a sink, and increase electric utility cost
to the property owner. Additionally, while monitoring wells
tend to remain stagnant for long durations, supply wells are
commonly pumped more frequently. Thus, it is important to
purge the plumbing system but not necessarily the supply well.
An unused or infrequently used supply well may require a
greater purge volume. The water supply system should be
purged until two times the holding tank volume is removed or
field parameter measurements stabilize. This ensures water is
coming from the well and not just residual water in the
plumbing system.

5.4.1 Holding tank volumes are commonly listed on the side
of the pressure tank, or can be determined based on the
dimensions of the tank or both. A good rule of thumb is to
listen for the bladder/pressure tank switch to click, which
indicates that the bladder/pressure tank is filling with water
from the well.

5.4.2 Field parameters, including temperature, pH, specific
conductance, dissolved oxygen, color/appearance, and flow
rate should be recorded at established sample time intervals
(every 3 to 5 min) during purging with instruments calibrated
in accordance with manufacturer specifications. This is most
accurately and efficiently accomplished with flow-through cells
equipped with probes for temperature, pH, and specific con-
ductance. When the field parameters vary less than 610 % in
replicate measurements for dissolved oxygen and specific
conductance, 60.2 pH units, and 610 NTUs for turbidity, the
well is adequately stabilized. Purging may be terminated 30
minutes following removal of two holding tank volumes
should parameter stabilization not be achieved. In this case at
least one casing volume should be removed. This sample may
not reflect groundwater conditions, because it may consist only
of water from the well casing, which has been in the well
casing for an unknown period of time. Barometric pressure and
field temperature should also be recorded.

5.4.3 The sampling team should establish whether the well
has deliverability problems and if a drawdown would be
objectionable to the well user. In such a case, it may be
acceptable to obtain a sample before purging, prior to removal
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of two holding tank volumes, or prior to parameter stabilization
and note the exceptionable circumstances.

5.4.4 In the event a treatment system must be bypassed, the
sampling team should also take into account the presence of
unwanted residual treated water that will be present in the line
that is to be purged. The treatment system shall be returned to
its original working status immediately after the sample is
collected. Treatment systems designed for bacteriological de-
contamination (such as UV lights or chlorinators) should not be
switched off or bypassed.

5.4.5 Typically, purging occurs at a sink connected to the
water delivery system and water runs down the drain; however,
the property owner/occupant should be consulted about this in
case they would like this water collected for another use. Flow
rate shall be estimated and recorded during purging.

5.4.6 Once purging is complete, the flow rate should be
reduced to a steady, non-turbulent stream before collecting the
samples (if possible) to minimize suspended solids and the
potential for loss of dissolved gas or other volatile constituents,
if present.

5.4.7 The sample should be collected directly from the
water delivery system as close to the well as possible into
laboratory supplied sample containers; intermediate collection
containers should not be used. There may be times when
samples will need to be collected from taps located in other
areas. Taps in residential homes are often equipped with
screens that may aerate samples before collection. In those
sampling scenarios, and where feasible, screens should be
removed before sampling. If samples cannot be collected
without removing screens, it should be documented in the field
sampling logbook and included in the notes for the analytical
laboratory. The sampling team should include sampling
location, collection date and time, and method and purge
details (for example, field parameters) in the field notebook.
Sampling methodology should be documented in such detail
that a third party could duplicate it in the future. Preservatives
and mitigation of interferences may be necessary depending on
the laboratory analysis to be performed.

5.4.8 The sampling team should also record a physical
description of the water including color, odor, and sediment.
Note that samples that require analysis for dissolved
constituents, or that are excessively turbid, may need to be field
filtered to obtain representative analytical results for dissolved
constituents. Resulting solids should be retained for separate
analyses. If analysis for total and dissolved constituents is
desired, a filtered sample for dissolved analysis and a separate
unfiltered sample for total analysis may be needed for
digestion, prior to analysis.

5.4.9 Following sampling, the sampling team must ensure
the sample point is completely closed and not leaking and the
area is clean. If the leak cannot be stopped, the sampling team
must notify the owner or the property who should call a
plumber to fix the leak at the expense of the responsible party.
The sampling team must document the time of completion and
inform the owner/occupant of task completion. It is recom-
mended that the sampling team complete a pre- and post-
sampling checklist to document the condition for the water
delivery system before and after sampling.

6. Sampling Team Qualifications

6.1 It is strongly recommended that the sampling be per-
formed by a third-party sampling company or agency indepen-
dent of the firm requesting the services. The sampling team
should consist of experienced individuals who have received
training in the areas shown below and work under the
direction/supervision of an appropriately credentialed profes-
sional (for example, registered or licensed professional) or an
independent laboratory approved in the jurisdiction where the
water supply well is located. In addition, a qualified sampling
team shall have the following knowledge and experience:

6.1.1 Collection, interference mitigation, preservation,
storage, and handling procedures of representative water
samples for chemical analysis.

6.1.2 Appropriate quality control and quality assurance
procedures to meet data quality objectives.

6.1.3 Practices regarding cross-contamination prevention.
6.1.4 Use pre-cleaned sampling containers of proper mate-

rial and size, mitigate interferences and use preservatives as
specified by each analytical procedure.

6.1.5 Appropriate sample collection procedures and proto-
cols.

6.1.6 Configuration and operation of residential water sup-
ply systems.

6.1.7 Interface with property owners/occupants.
6.1.8 Proficient with the use and operation of field param-

eter meters including calibration, functioning, and evaluation.
6.1.9 General knowledge of laboratory methods.
6.1.10 Knowledge of gaseous sampling methods and proce-

dures.
6.1.11 In addition, the sampling team should be familiar

with sampling containers and labeling, chain of custody,
sample preservation and shipping procedures, equipment
decontamination, insertion of blind field standards, sample
splits, duplicates, blanks and documentation, sample prepara-
tion and handling, holding times, storage, and transport.

7. Evaluation of Well Condition/Construction

7.1 Conduct an owner/occupant interview to get informa-
tion on the well and water system operation history, boring logs
and construction details, service experience and concerns and
any previous analyses. If possible, obtain copies of prior testing
reports. Before the collection of supply well samples, the
condition and construction of the supply well should be
evaluated and documented in accordance with this section, and
the total depth of the well and depth to water determined where
possible from existing documentation. This evaluation will
help with the interpretation of analytical data and should
include the following considerations:

7.1.1 Condition of sanitary cap/seal of well head.
7.1.2 Evidence of the presence of biota, refuse, compost,

chemicals, animal husbandry, septic systems, and/or waste that
may represent a potential contaminant source in immediate
surrounding areas.

7.1.3 Topography and proximity to potential contaminant
sources/utilities (for example, septic system, treatment system
discharge streams, sewage lines, natural gas lines, heating and
fuel oil tanks, vehicles, equipment, or chemical storage).
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7.1.4 Construction information including whether the well
head is aboveground or underground (stickup or vault); well
construction details based on landowner records or anecdotal
data or both if available; well design and depth; casing
materials (if cased); and submersible pump type, age, and
depth. Research local, county, or state well permit records, if
necessary.

7.1.5 Evaluation of treatment system maintenance records,
system operation history, and pump/well servicing records.

7.2 Information gathered during this evaluation should be
thoroughly documented in field logbooks or tablets and pho-
tographs with date and time stamp should be taken.

7.3 A map indicating the location of the water well, or
source and other pertinent features (for example, oil and gas
wells, pipelines, tanks, pits, and so forth) in the vicinity of the
well should be documented. In addition, global positioning
system (GPS) coordinates and elevations of the well and other
pertinent features should also be collected.

7.4 There is the potential for other water supply sources to
exist on a property. These sources should be documented and,
depending on the sampling program or regulatory
requirements, in some cases, sampled. The sampling team
should determine if these water supply sources are from
groundwater, surface water, municipal sources, or rainwater.
Samples should not be collected from rainwater or municipal
water sources unless specifically required by the program or
the applicable regulatory authority.

8. Assessment of Water Supply System

8.1 Water supply systems may also include water treatment
systems. It is important to be aware of the various types of
treatment systems as they can be indicative of preexisting
groundwater quality issues and concerns.

8.2 Treatment systems can generally be separated into two
types:

8.2.1 Point-of-entry treatment, or whole house or building
treatment system, which treats all water entering the building.
These systems are typically situated in the basement of a home
or building, or in a vault within proximity to the home or
building.

8.2.2 Point-of-use systems treat water at the point where it
is used. These systems are typically situated under kitchen or
bathroom sinks or both or in closets/cabinets in proximity to
the end use.

8.3 Where possible, photographs should be taken of the
water delivery and treatment systems. When collecting a
sample, the sampling team should attempt to collect a sample
upstream to the treatment system; however, the treatment
system should not be altered. The sampling location should be
noted in the field book and photographed.

9. Supply Well and System Damage Prevention

9.1 This section addresses considerations for typical water
supply wells but it should be adapted as appropriate to prevent
damage to the site-specific water supply well and delivery
systems. Note that taps or valves associated with supply well
delivery systems are typically not used and may become

rusted, brittle, or corroded. The condition of taps and valves
should be assessed before use and only used if deemed in
operable condition. Taps or valves in questionable condition
should be replaced before sampling upon receipt of written
consent from the occupant, property, or well owner. Note that,
in some areas, this work may be required to be done by a
licensed plumber.

9.2 Water systems should not be altered in any way by the
sampling team unless the owner provides written approval and
the sampling team secures the services of a licensed plumber,
well driller, or pump contractor, as necessary.

9.3 Purge water discharge options should be fully evaluated
before purging. If discharging to the ground, the location of the
discharge should be at a location so as to not impact the well.

9.3.1 If discharging down a drain, ensure the floor or sinks
drain properly before using it as a purging outlet.

9.3.2 If using an outdoor spigot, ensure purge water will be
directed away from the building and any other nearby features.

9.4 Before starting work, it is critical that the sampling team
locates the water shutoff valve. This step is undertaken before
starting any purging or sampling or both to reduce any
potential damage if a leak or break does occur.

9.5 Secondary containment (for example, a pan) should be
used to catch any dripping. If not possible, use absorbent
materials (towels).

9.6 Sampling methodology should be documented in such
detail that a third party would be able to duplicate it in the
future.

9.6.1 Water samples collected from a cistern or other water
collection system should be sampled with a new, clean,
disposable bailer and monofilament line lowered to mid depth
to minimize stagnant water issues; where possible, samples
should be collected from the center of the water collection
system.

10. Personal Safety

10.1 In the initial phases of planning, personal safety should
be evaluated since it may influence the field plan, including the
number of personnel needed, the work hours, and/or contact
methods. The sampling team will be coming into direct contact
with the public and likely entering the houses of unknown
persons. Before sampling, the owner/occupant should be con-
tacted to set up an appointment for the work and obtain an
access agreement. The access agreement should contain the
property’s legal address, owner of record, reason for sampling,
jurisdiction requiring the sampling (if any), names of the
individual’s doing the sampling, who will be responsible for
mitigation of damage resulting from the sampling (if any), and
their company’s contact information. A copy of the signed
access agreement should be carried by the sampling team.
While the vast majority of homeowners or owners of commer-
cial buildings are friendly and cooperative with people per-
forming sampling, the following safety considerations should
be considered:

10.1.1 All sampling should be performed by teams of at
least two people when feasible and permitted by the property
owners. This substantially reduces the risk of one individual
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sustaining a debilitating injury under conditions in which there
is no timely help available. The sampling team members need
to be able to be in contact with each other at all times
electronically (cell phone, walkie talkie) or remain in voice or
visual contact with each other.

10.1.2 Determine if it is safe for a sampling team to be
working after dark in an emergency situation. Work should
only be performed during daylight hours whenever possible.

10.1.3 The sampling team should consider whether cell
phones may work in basements or remote areas. If remote
communications are not possible then alternate means should
be considered. The sampling team should be equipped with
portable lighting to assure a visually safe work environment.
The portable lighting should be intrinsically safe.

10.1.4 Have a communication plan for the site (such as
frequency of check-ins). Have a plan of action to be taken if a
check-in is missed.

10.1.5 In addition to the potential for produced gases (such
as methane and hydrogen sulfide), confined spaces such as
underground vaults can develop low oxygen content. Confined
spaces should only be accessed by qualified personnel who
follow applicable safety and work permitting procedures (that
is, OSHA Confined Space Training. Oxygen sensors should be
used to warn against this risk.

10.2 The sampling team should continue to evaluate their
personal safety and make changes to the plan as needed. Any
changes to the plan should be communicated immediately to
other team members on location.

10.3 The sampling team shall use proper personal protective
equipment when handling any chemical reagents such as
sample preservatives.

10.4 A site-specific health and safety plan (HASP) shall be
developed by the sampling company, reviewed and signed by
the sampling team, and be in their possession during sampling
activities.

11. Parameters/Analytical Categories

11.1 The analytical suite selected will depend on the objec-
tives of the sampling program, protection of human health and
applicable federal, state, and local government regulations and
site-specific monitoring agreements. The recommended mini-
mum sampling and analyses program for wells potentially
affected by oil and gas operations is shown in Table 1.
Site-specific parameters (for example, potential contaminants
known to be associated with the geological formation, key
chemicals used in drilling muds and large volume or mobile
chemicals or both found in the planned fracturing fluid system)
may also be required based on knowledge of potential con-
taminants not listed in Table 1. If it is well documented that
analyses of a specific parameter is not necessary, it can be
deleted after demonstration that it is not applicable. The
accompanying notes to Table 1 are an essential component of
the program. Recommended analytical methods are provided
in Table 2. Select the methods that provide the sensitivity that
meets the data quality objectives of the sampling program.
Additional acceptable methods can be found in 40 CFR Part
136 and State and local regulations.

11.2 The laboratory should be contacted before preparing
the sampling and analysis plan to ensure that the sampling plan
is prepared in accordance with the laboratory approved sample
collection, mitigation of interferences preservation, quality
control and assurance, handling procedure, chain of custody,

TABLE 1 Potential Analysis for Residential and Commercial Water Supply Well Sampling and Analysis Program Related to E&P
Operations

NOTE 1—All analyses shall be conducted using methods approved by the local regulations authority that has certified the laboratory. Table 2 lists ASTM
and US EPA published methods that may be used. The user of this guide is strongly encouraged to search and obtain the latest edition of the standards
and guidance’s that are used for this work.

NOTE 2—It is recognized that there will be naturally occurring variability in constituent concentrations between the baseline analyses and subsequent
analyses. Extreme caution shall be exercised in drawing conclusions on the significance of the results. The same (or equivalent) analytical methods used
in the baseline analyses shall be used in all subsequent analyses.

NOTE 3—Reporting limits for post baseline sampling shall be the same as baseline reporting limits, which shall meet the data quality objectives of the
sampling analysis program. The reporting limits for the baseline samples shall be the standard reporting limit for the certified laboratory performing the
analyses. The laboratory shall be certified for the analyses they are reporting. For instance, a laboratory with certification for metals cannot perform
organic analyses unless they also have certification for organics. Results less than the reporting limit shall be reported with a “J” flag to show the result
is an estimated value. If a regulatory authority allows another form of certification than NELAP, this laboratory may be used, but the other requirements
still apply.

NOTE 4—Sample preservatives, containers, mitigation of interferences and holding times shall meet requirements of the referenced standard analytical
methods used in the standard operating procedures (SOP).

Classification Notes

Organics (for example, VOCs, PAHs) Minimum analyses include benzene, ethylbenzene, toluene, and xylenes (BETX),
TPH.

Dissolved Gases Minimum analyses include methane and ethane.
Water Quality Minimum analyses include pH, specific conductance, total alkalinity, total dis-

solved solids, chloride, sulfate, temperature, and turbidity. Acidity, bromide and
sulfide (and others) may be required on a site-specific basis.

Metals Minimum analyses include arsenic, barium, iron, magnesium, sodium, calcium,
manganese, and lead. Boron, potassium, chromium, selenium, cadmium,
mercury, and strontium may be required on a sitespecific basis.

Radioactivity Optional analyses based on professional judgment and regulatory requirements.
MBAS/Surfactants Optional analyses based on professional judgment and regulatory requirements.
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and applicable data quality objectives so that the data quality
objectives can be met.

12. Laboratory Certifications

12.1 The selected laboratory shall be accredited by the
National Environmental Laboratory Accreditation Program
(NELAP),7 the International Laboratory Accreditation

Cooperation, International Standardization Organization/
International Electrotechnical Commission (ISO/IEC) 17025
accrediting body, or another similar body such as a state-
certified laboratory.

13. Sample Shipment/Chain of Custody Documentation

13.1 Each sample collected should be assigned a unique
sample tracking number and labeled with the street address of
the building (if a building exists), sample location, sample date,
collection time, and parameter/test name. Samples should be

7 National Environmental Laboratory Accreditation Program (NELAP), http://
www.nelac-institute.org/newnelap.php.

TABLE 2 Recommended Analytical Methods

ASTM Methods EPA Methods

Organics
Benzene, ethylbenzene, toluene, xylenes (BTEX) D2908 SW846 8260C or 8021CA

TPH D7678 SW846 8015DB

Dissolved Gases
Methane SeeC SeeC

Ethane SeeC SeeC

Water Quality
pH FIELD D1293 FIELD
Specific conductance FIELD D1125 FIELD
Temperature FIELD FIELD
Turbidity FIELD D7315 FIELD
Dissolved oxygen FIELD D888 FIELD
Total alkalinity D1067 EPA 310.1 and 310.2
Total dissolved solids D5907 EPA 160.1
Chloride D512; D4327 EPA 300.0, 300.1, 325.1; 9056A
Sulfate D516; D4327 EPA 300.0; 300.1; 9056A
Bromide D1246; D4327 EPA 300.0; 300.1; 9056A
Sulfide D4658 EPA 9030 and 9034

Metals and Trace Elements
Arsenic D5673; D1976; D2972 SW846 6020B or 6010D
Barium D5673; D4382 SW846 6020B or 6010D
Iron D1976; D1068 SW846 6020B or 6010D
Magnesium D1976; D511 SW846 6020B or 6010D
Sodium D4191 SW846 6020B or 6010D
Calcium D511 SW846 6020B or 6010D
Manganese D5673; D1976; D858 SW846 6020B or 6010D
Lead D5673; D1976; D3559 SW846 6020B or 6010D
Boron D1976; D3082 SW846 6020B or 6010D
Potassium D4192 SW846 6020B or 6010D
Chromium D1976; D1687; D5673 SW846 6020B or 6010D
Selenium D1976; D3859; D5673 SW846 6020B or 6010D
Cadmium D1976; D3557; D5673 SW846 6020B or 6010D
Mercury D3223 SW846 7470A
Strontium D3920 SW846 6020B or 6010D

Radioactivity D3648 Gross Alpha/Beta EPA 900.0
Tritium EPA 906.0

Uranium EPA 908.0
Radium EPA 903.1

MBAS/Surfactants D2330 EPA 425.1
ASTM—ASTM International
EPA—U.S. Environmental Protection Agency
SM—Standard methods for the examination of water and wastewater
PA-DEP—Pennsylvania Department of Environmental Protection
AMethod 8260C is performed using GC/MS that has greater specificity for compounds such as chlorinated solvents.
BDRO and GRO measured separately.
CRSK 175 is not an official method, but is currently recommended. ASTM is developing a revised procedure (WK43267). WK43267 is based largely on PA-DEP 3686 Rev
1.
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contained, interferences mitigated if necessary, preserved, and
stored as required by the specific analytical procedure imme-
diately following sampling, and procedures used and docu-
mented in the field. Where possible, the sample location should
be photographed and GPS coordinates of the well documented.

13.2 The number of each of the quality assurance and
quality control (QA/QC) samples including duplicates, trip
blanks, temperature blanks, field blanks and blind field stan-
dards inserted, should be prepared as part of the sampling
program and collected and identified as appropriate.

13.3 Before the laboratory begins analyzing the samples,
the project manager or designated person responsible for this
task should check the COCs against the sampling plan.
Following receipt of analytical results, the project manager or
designated person responsible for this task should review the
results compared to the field notes, past results, and regulatory
criteria.

13.4 Anomalous results should be evaluated based on field
notes, historical data, and data from the surrounding area.

13.5 The entire data collection process from sample collec-
tion through to delivery of the results to the regulatory agency,
owner/occupant, and/or additional party as appropriate should
be documented and tracked.

14. Report

14.1 A report providing the results of the sampling should
be provided to the customer and the property owner. Reporting
should include the following:

14.1.1 Methodology for sample collection and analysis, in
sufficient detail to permit replication by a third party.

14.1.2 Sample results and relevant federal, state, and local
standards/criteria.

14.1.3 Map, street address, and GPS coordinates (if avail-
able) for supply well locations.

14.1.4 Photographs of supply well location and associated
water delivery equipment (if available), clearly annotated to
indicate where the photograph was taken.

14.1.5 QA/QC results.
14.1.6 Individuals involved in the work.

14.2 All correspondence relating to the sampling program
should also be tracked.

15. Keywords

15.1 baseline sampling; hydraulic fracturing; natural gas
wells; oil and gas operations; production; water quality
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Specifications
Specifications are subject to change without notice.

Specification Details

Measurement mode Transmittance (%), Absorbance (Abs) and
Concentration (Conc)

Dimensions (W x D x H) 23.6 x 8.7 x 4.7 cm (9.3 x 3.4 x 1.9 in.)

Enclosure rating IP67 

Weight 0.6 kg (1.3 Ib)

Power requirements (internal) AA Alkaline batteries (4x)

Battery life 6 months (typical) at 5 readings a day/5 day
week without the backlight

Interface USB mini

Operating temperature 0 to 50 °C (32 to 122 °F), maximum 90% relative
humidity non-condensing

Storage temperature –30 to 60 °C (–22 to 140 °F), maximum 90%
relative humidity non-condensing

Lamp source Light emitting diode (LED)

Detector Silicon photodiode

Specification Details

Wavelength range 420, 520, 560, 610 nm

Photometric measuring range 0–2 Abs

Wavelength accuracy ±1 nm

Photometric accuracy ±0.005 Abs at 1.0 Abs nominal

Photometric linearity ±0.002 Abs (0–1 Abs)

Wavelength selection Automatic, based on the method selection

Photometric repeatability ±0.002 Abs (0–1 Abs)

Data readout Graphical display, 240 x 160 pixel (backlit)

Sample cells 16 mm, 1 cm/10 mL, 1-inch (25 mm) round

Protection class Class III

Certifications CE certified

Warranty 1 year

General information
In no event will the manufacturer be liable for direct, indirect, special,
incidental or consequential damages resulting from any defect or
omission in this manual. The manufacturer reserves the right to make
changes in this manual and the products it describes at any time, without
notice or obligation. Revised editions are found on the manufacturer’s
website.

Safety information
N O T I C E 

The manufacturer is not responsible for any damages due to misapplication or
misuse of this product including, without limitation, direct, incidental and
consequential damages, and disclaims such damages to the full extent permitted
under applicable law. The user is solely responsible to identify critical application
risks and install appropriate mechanisms to protect processes during a possible
equipment malfunction.
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Please read this entire manual before unpacking, setting up or operating
this equipment. Pay attention to all danger and caution statements.
Failure to do so could result in serious injury to the operator or damage
to the equipment.
Make sure that the protection provided by this equipment is not impaired.
Do not use or install this equipment in any manner other than that
specified in this manual.

Use of hazard information

D A N G E R 
Indicates a potentially or imminently hazardous situation which, if not avoided, will
result in death or serious injury.

W A R N I N G 
Indicates a potentially or imminently hazardous situation which, if not avoided,
could result in death or serious injury.

C A U T I O N 
Indicates a potentially hazardous situation that may result in minor or moderate
injury.

N O T I C E 
Indicates a situation which, if not avoided, may cause damage to the instrument.
Information that requires special emphasis.

Precautionary labels
Read all labels and tags attached to the instrument. Personal injury or
damage to the instrument could occur if not observed. A symbol on the
instrument is referenced in the manual with a precautionary statement.

This symbol, if noted on the instrument, references the instruction
manual for operation and/or safety information.

This symbol indicates that a risk of explosion is present.

This symbol indicates that a risk of fire is present.

This symbol identifies a risk of chemical harm and indicates that only
individuals qualified and trained to work with chemicals should handle
chemicals or perform maintenance on chemical delivery systems
associated with the equipment.

This symbol indicates the need for protective eye wear.

Electrical equipment marked with this symbol may not be disposed of
in European public disposal systems after 12 August of 2005. In
conformity with European local and national regulations (EU Directive
2002/96/EC), European electrical equipment users must now return
old or end-of-life equipment to the Producer for disposal at no charge
to the user.
Note: For return for recycling, please contact the equipment producer or supplier
for instructions on how to return end-of-life equipment, producer-supplied
electrical accessories, and all auxiliary items for proper disposal.

Certification
Canadian Radio Interference-Causing Equipment Regulation,
IECS-003, Class A:
Supporting test records reside with the manufacturer.
This Class A digital apparatus meets all requirements of the Canadian
Interference-Causing Equipment Regulations.
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC Part 15, Class "A" Limits
Supporting test records reside with the manufacturer. The device
complies with Part 15 of the FCC Rules. Operation is subject to the
following conditions:
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1. The equipment may not cause harmful interference.
2. The equipment must accept any interference received, including

interference that may cause undesired operation.

Changes or modifications to this equipment not expressly approved by
the party responsible for compliance could void the user's authority to
operate the equipment. This equipment has been tested and found to
comply with the limits for a Class A digital device, pursuant to Part 15 of
the FCC rules. These limits are designed to provide reasonable
protection against harmful interference when the equipment is operated
in a commercial environment. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful interference
to radio communications. Operation of this equipment in a residential
area is likely to cause harmful interference, in which case the user will be
required to correct the interference at their expense. The following
techniques can be used to reduce interference problems:

1. Disconnect the equipment from its power source to verify that it is or
is not the source of the interference.

2. If the equipment is connected to the same outlet as the device
experiencing interference, connect the equipment to a different
outlet.

3. Move the equipment away from the device receiving the interference.
4. Reposition the receiving antenna for the device receiving the

interference.
5. Try combinations of the above.

Product overview
The DR 900 is a portable, LED-sourced colorimeter that measures at
wavelengths of 420, 520, 560 and 610 nm. The instrument is used to
measure various parameters in drinking water, wastewater and industrial
applications. The instrument comes with a complete set of stored
programs (pre-installed methods) and the availability of user program
storage and favorite program selection. Refer to Figure 1.

Figure 1  Instrument overview

1   USB port 4   Vent

2   Instrument cap 5   Battery compartment

3   Cell compartment 6   Power key

Product components
Make sure that all components have been received. Refer to Figure 2. If
any items are missing or damaged, contact the instrument supplier or a
sales representative immediately.
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Figure 2  Product components

1   DR 900 4   Glass sample cell, 1-inch (25 mm)
round, 10, 20, 25-mL marks (2x)

2   USB cable with mini-USB connector 5   Sample cell, 1 cm/10 mL (2x)

3   AA alkaline batteries (4x) 6   Sample cell adapter

Installation
W A R N I N G 

Multiple hazards. Only qualified personnel must conduct the tasks
described in this section of the document.

N O T I C E 
Make sure not to cause a blockage of the instrument battery vent during use or
storage.

Install the batteries

W A R N I N G 
Explosion hazard. Incorrect battery installation can cause the release
of explosive gases. Be sure that the batteries are of the same
approved chemical type and are inserted in the correct orientation. Do
not mix new and used batteries.

W A R N I N G 
Fire hazard. Battery substitution is not permitted. Use only alkaline
batteries.

N O T I C E 
Make sure to tighten the screws to 1–1.4 N·m (9–12 in.·lb) for a correct seal fit
and to maintain the enclosure environmental rating.

The instrument is powered with four AA alkaline batteries. Make sure
that the batteries are installed in the correct orientation. Refer to Figure 3
for the battery installation.

Figure 3  Battery installation
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Install the sample cell and cell adapter
The instrument has one cell compartment which can use one adapter for
different sample cell types. Make sure to install the sample cell in the
correct orientation and in a consistent orientation so that the results are
more repeatable and precise. Refer to Figure 4. Close the instrument
cap before the instrument zero is set or a measurement is made to
prevent light interferences. Refer to Figure 5.

Figure 4  Sample cell orientation

1   1-cm/10-mL plastic sample cell 4   Orientation mark

2   1-inch (25 mm) glass sample cell 5   Orientation position (clockwise)

3   16-mm glass test vial 6   Sample cell adapter
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Figure 5  Sample cell and instrument cap installation

User interface and navigation

Keypad description
Refer to Figure 6 for the keypad description and navigation information.

Figure 6  Keypad description

1   BACKLIGHT: set the display
illumination to on or off

4   RIGHT selection key (contextual):
read sample, selects or confirms
options, opens sub-menus

2   SETTINGS: setup options1 5   Navigation keys UP, DOWN,
RIGHT, LEFT: scroll through
menus, enter numbers and letters2

3   LEFT selection key (contextual):
access for options, cancels or exits
the current menu screen to the
previous one

6   HOME/Options: go to the main
reading screen1, select program,
data management

1 While in an edit mode, the key does not operate.
2 When an UP or DOWN key is held, it scrolls fast. When a LEFT or RIGHT key

is pushed, it scrolls by page.

Display description
The reading screen shows the selected mode, unit, date and time,
operator ID and sample ID. Refer to Figure 7.
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Figure 7  Single screen display

1   Program name and number 7   Time and date

2   Reading value, unit, chemical form,
under "---" or over measuring range
"+++"

8   Read (contextual: done, select,
start, ok)

3   Standard adjust icon 9   Zero (contextual: navigation key UP
arrow)

4   Battery status 10   Options (contextual: back, cancel)

5   Reagent blank icon 11   Operator identification

6   Timer 12   Sample identification

Navigation
The instrument contains menus to change various options. Use the
navigation keys (UP, DOWN, RIGHT and LEFT arrows) to highlight
different options. Push the RIGHT selection key to select an option.
Enter an option value with the navigation keys. Push the navigation keys
(UP, DOWN, RIGHT and LEFT arrows) to enter or change a value. Push
the RIGHT arrow to advance to the next space. Push the RIGHT

selection key under Done to accept the value. Push the LEFT selection
key to exit the current menu screen to the previous one.

Startup

Set the instrument to on or off
Push the POWER key to set the instrument to on or off. If the instrument
does not power on, make sure that the batteries are correctly installed.

Set the language
There are two options to set the language:

• Set the display language when the instrument is set to on for the first
time.

• Set the language from the SETTINGS menu.

1. Push SETTINGS>Setup>Language.
2. Select a language from the list.

Set the date and time
There are two options to set the date and time:

• Set the date and time when the instrument is set to on for the first
time.

• Set the date and time from the Date & Time menu.

1. Push SETTINGS>Setup>Date & Time.
2. Push Date Format and select a format for the date and time.
3. Push Date & Time.
4. Use the navigation keys to enter the current date and time, then push

Done.
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Standard operation

Program list
The instrument is delivered with a complete series of application
programs. Refer to Table 1 for the program descriptions.

Table 1  Program options

Program option Description

Stored programs Stored programs are factory-installed, pre-programmed
methods. Refer to Select a stored program on page 10.

User programs Methods can be developed and can be saved as a user
program.1 Refer to User programs on page 12.

Favorites Methods which are often used can be saved in the favorite
list.1

1 A maximum of ten methods (user programs and/or favorites) can be saved.

Select a stored program

1. Push HOME>Options>All Programs.
2. Select the applicable method and push Start.
3. Select Options>Add to Favorites to add the selected method to

favorites for faster access.

Select basic program options
When a program is selected, additional parameter options are available.

1. Push Options to access the option menu.

2. Select the applicable options.

Option Description

Start Timer Select a pre-set timer or set a manual timer to make
sure that the steps of an analysis are correctly timed
(e.g., reaction times or wait times can be exactly
specified). When the timer is on, the timer icon is shown
on the display. The instrument makes an audible sound
when the time is over. Pre-set timer—Select the
applicable pre-set timer for one or more stored
procedure steps and push Start. Timer Manual—Enter
the applicable time with the navigation keys and push
Done. Default = 00:00

Favorites/User
Programs

Select from the stored favorites or user programs list.
Refer to Select a favorite or a user program
on page 12 for more information.

All Programs Select a pre-programmed method from the list.

Data Log Show all saved readings. Refer to Data log
on page 12 for more information.

Add to Favorites Save stored programs and user programs methods
which are often used in the favorites list. Refer to Add a
program to favorites on page 12.

%T/Abs/Conc Switch to % transmittance, absorbance or concentration
readings. Transmittance reading (%)—Reads the
percent of the original light that passes through the
sample and reaches the detector. Absorbance
readings—The light absorbed by the sample is read in
absorbance units. Concentration readings—The
measured absorbance values are converted into
concentration values with the program-specific stored
equation.

Advanced
Options

Use the advanced options to specify more parameters.
Refer to Select advanced program options
on page 11.

Save Save the last reading manually when the auto save
option is set to Off.
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Select advanced program options
Every program has various additional advanced options from which to
select.

1. Push Options to access Options>Advanced Options.
2. Use the advanced options to specify more parameters.

Option Description

Auto Save Toggle between On and Off. Every reading is automatically
saved when the option is set to On. The reading can be
saved manually when the option is set to Off.

Chemical
Form

Select the alternate chemical form and the associated
measuring range on some factory-installed methods.

Reagent
Blank

The Reagent Blank correction can be used with some of the
factory-installed methods. Enter the result of a completed
test using deionized water as the sample. The blank value is
subtracted from every result to correct for any background
color due to reagents. Enter the blank correction before the
Standard Adjust option is used. Complete this correction for
each new lot of test reagents.

Standard
Adjust

Change stored calibration. Complete a test on a known
standard at a concentration near the top of the test range.
Use this function to adjust the result to align the standard
concentration.

Sort Program Select an alphabetical or numerical program order for the
stored program list.

Use an operator ID
The operator ID tag associates readings with an individual operator. All
stored data will include this ID.

1. Push SETTINGS>Operator ID in the reading screen.
2. Select, create or delete an operator ID:

Option Description

Current ID Select an ID from a list. The current ID will be associated
with the sample data until a different ID is selected.

Option Description

Create New ID Enter a name for a new operator ID. A maximum of
10 names can be entered.

Delete ID Erase an existing operator ID.

Use a sample ID
The sample ID tag is used to associate readings with a particular sample
or with a location. If assigned, stored data will include this ID.

1. Push SETTINGS>Sample ID in the reading screen.
2. Select, create or delete an operator ID:

Option Description

Current ID Select an ID from a list. The current ID will be associated
with the sample data until a different ID is selected.

Create New ID Enter a name for a new sample ID. A maximum of
10 names can be entered. The samples are numbered in
sequence for each measurement until a different ID is
selected (e.g., Pond 1, Pond 2).

Delete ID Erase an existing sample ID.

How to do a measurement
Basic measurement steps are necessary to complete a measurement.
Every method has a step-by-step procedure. Refer to the applicable
method to run a specific test. The example that follows is a basic
procedure to complete a measurement.

1. Select the applicable program from the programs menu (e.g., Stored
Programs, User Programs, Favorites).

2. Install the cell adapter, if necessary.
3. Push Start to start the program.
4. Prepare the blank according to the method document. Close the

sample cell and clean the optical faces of the sample cell with a lint-
free cloth.
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5. Insert the blank sample cell into the cell compartment. Make sure to
install the blank sample cell in the correct and in a consistent
orientation so that the results are more repeatable and precise. Refer
to Figure 4 on page 7.

6. Close the instrument cap to prevent light interferences. Refer to 
Figure 5 on page 8.

7. Push Zero. The display shows a concentration of zero (e.g., mg/L,
ABS, µg/L).

8. Prepare the sample. Add reagents as specified by the method
document.

9. Select Options>Start Timer to use the stored timers within the
program.

10. Close the sample cell and clean the optical surfaces of the cell with a
lint-free cloth

11. Insert the sample into the cell compartment. Make sure to install the
sample cell in the correct and in a consistent orientation so that the
results are more repeatable and precise. Refer to Figure 4
on page 7.

12. Close the instrument cap to prevent light interferences. Refer to 
Figure 5 on page 8.

13. Push Read. The display shows the results in the selected units.
Note: The display shows "+++" or "---" if the measured absorbance is less or
more than the calibration range of the test.

Data log
The data log shows all saved readings. Push HOME>Options>Data
Log to see the readings. Refer to Export the data log on page 15 for
information about the data log export.

Advanced operation

Select a favorite or a user program
The favorite and user programs database is empty when the instrument
is started for the first time. A method can be saved in the favorites for
faster access. A user program can be programmed for specific needs.

1. Push HOME>Options>Favorites/User Programs>Select.
2. Push New Program to make a new user program. Refer to User

programs on page 12.

Add a program to favorites
Stored programs and user programs methods which are often used can
be saved in the favorites list.

1. Select HOME>Options>All Programs.
2. Select the applicable method and push Start.
3. Select Options>Add to Favorites to add the selected method to

favorites.

User programs
The user programs database is empty when the instrument is started for
the first time. Use New Program to make new programs for specific
needs. To make a new user program, do the steps that follow.

1. Push HOME>Options>Favorites/User Programs>Select>New
Program.

2. Select an available program number from 1001 to 1010.
Note: A maximum of ten programs (user programs and/or favorites) can be
saved.

3. Enter a method name (up to 12 characters).
4. Select the wavelength: 420, 520, 560 or 610 nm.
5. Select the unit: None, µg/L, mg/L or g/L.
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6. Select the resolution: 0000, 000.0, 00.00 or 0.000.
7. Add the calibration points: a minimum of 2 and a maximum of

12 calibration points.* Select Edit Std 1 and enter the first standard
concentration value. Push Done.
Note: A beep means that the concentration is a duplicate of a previously
entered standard or the concentration is too high for the selected resolution.
Enter a different value and continue.

8. Enter the absorbance value:

Option Description

Edit ABS Manual Use the navigation keys to enter the absorbance value
manually.

Edit ABS Auto 1. Put the blank into the cell holder and push Zero.
2. Put the prepared sample into the cell holder and

push Read.
3. Push Done.

Note: A beep means that the absorbance is a duplicate of a previously entered
standard or that it falls between two previous standards. Enter a different value
and continue.

9. Push Done.
10. Select Add Cal Point.
11. Enter additional calibration points as described in steps 7–9.
12. Select Save User Program.

Edit a user program
To edit a stored user program:

1. Select HOME>Favorites/User Programs.
2. Select the applicable program and push Options.
3. Push Edit.
4. Obey the screen prompts to edit the procedure.

Delete a user or a favorite program
Delete a stored user or favorite program if the program is not used
anymore.

1. Select HOME>Options>Favorites/User Programs.
2. Highlight the applicable program and push Options>Delete and

obey the screen prompts.

Instrument information
The instrument information menu shows specific information such as the
instrument name, serial number, software version, database version,
memory used and program availability. Push
SETTINGS>Setup>Instrument Information.

Set the password
The password settings options are used to prevent access to restricted
menus.
Note: If the specified password is forgotten and Security Options is set to on, the
operator is locked out of the restricted menus. Contact technical support if the
password is forgotten.

1. Push SETTINGS>Setup>Password Settings.
2. Select an option.

Option Description

Password
Settings

Select On or Off to set the password protection to on or
off.

Protected Items Shows the list of protected items: edit operator ID, edit
sample ID, edit user programs, date & time, upgrade
firmware, upgrade methods, language and edit favorites
list.

* If the curve is known to be linear, only two concentration data points (e.g., a standard with zero absorbance and another known standard) are
necessary. Use additional data points to confirm linearity or define a nonlinear curve.
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Set the display and sound
Use the display options to change the display contrast, the battery auto-
shutoff options or the backlight option. Use the sound options for an
audible sound when a key is pushed or a reading is complete.

1. Push SETTINGS>Setup>Display & Sound>Display Options.
2. Select an option.

Option Description

Contrast Adjust the display contrast. The lightest setting is 0 and the
darkest setting is 9. Default: 5

Auto-Shutoff To maximize battery life, set a time period after which the
instrument will automatically set the power to off if no key is
pushed (5, 10, 15, 20, 30 minutes, 1 hour, 2 hours or
Disable). Default: 10 minutes

Backlight The display backlight is set to on when BACKLIGHT is
pushed. Set a time period after which the backlight will
automatically power off if no key is pushed (10, 20,
30 seconds, 1, 2, 5, 10 minutes or Disable). Default: 1 minute

3. Push SETTINGS>Setup>Display & Sound>Sounds.
4. Select an option.

Option Description

Keystroke The instrument will make an audible sound whenever a
key is pushed. Default: off

Reading
Complete

The instrument will make an audible sound whenever a
reading is complete. Default: on

USB main menu
When the instrument is connected with a USB cable to a computer, the
USB Main Menu opens. Update the software, export or import programs
or export the data log and event log from the USB Main Menu.

Update the firmware
Find the firmware upgrade file on the product website or contact the
instrument supplier. Save the file from the website to the computer.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Update DR900.
The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy the file DR900.bin to the open folder.
4. Push Ok.
5. When the update is done, push Ok.
6. Select Disconnect USB, push Ok and disconnect the USB cable.
7. Push Ok.
8. Restart the instrument.

Manage programs
With the Manage Programs function, user programs can be exported
and/or imported and new factory programs can be imported.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Manage Programs and select an option:

Option Description

Export User
Programs

Export all user programs to the computer for storage
or to move the user programs to another DR 900.

Import User
Programs

Replace all user programs with the user programs
from another DR 900 via computer.

Import Factory
Programs

Import new factory programs from the manufacturer
website.

The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy the export file from drive to the computer or copy the import file
from the computer to the drive.

4. Push Ok.
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5. When the transfer is done, select Disconnect USB and disconnect
the USB cable.

6. Push Ok.

Export the data log
The event log and the data log can be exported to the computer. The
event log contains the date, time, event number, parameter and the
description of a configuration related action. Sample measurements are
stored manually or automatically in the data log. Refer to Select
advanced program options on page 11.

1. Set the instrument to on and connect the USB cable to the
instrument and to the computer.
The USB Main Menu prompts.

2. Select Export Datalog.
The instrument shows as a USB drive on the computer. Open the
folder.

3. Copy and save the export files (DR900_DataLog.csv and
DR900_EventLog.csv) to the computer.

4. Push Ok.
5. When the files are copied to the computer, select Disconnect USB

and disconnect the USB cable.
6. Push Ok.

Maintenance
W A R N I N G 

Multiple hazards. Only qualified personnel must conduct the tasks
described in this section of the document.

Clean the instrument
Clean the exterior of the instrument with a moist cloth and a mild soap
solution and then wipe the instrument dry.

Clean the sample cells

C A U T I O N 

Chemical exposure hazard. Obey laboratory safety procedures and
wear all of the personal protective equipment appropriate to the
chemicals that are handled. Refer to the current safety data sheets
(MSDS/SDS) for safety protocols.

C A U T I O N 
Chemical exposure hazard. Dispose of chemicals and wastes in
accordance with local, regional and national regulations.

Most laboratory detergents are used at recommended concentrations.
Neutral detergents, such as Liquinox, are safer to use when regular
cleaning is necessary. To decrease the cleaning times, increase the
temperature or use an ultrasonic bath. To complete the cleaning, rinse a
few times with deionized water and then let the sample cell air dry.
Sample cells may also be cleaned with acid, followed by a thorough
rinse with deionized water.
Note: Always use acid to clean sample cells that were used for low-level metal
tests.

Special cleaning methods are necessary for individual procedures.
When a brush is used to clean sample cells, take extra care to avoid
scratches on the interior surfaces of the sample cells.

Replace the batteries

W A R N I N G 
Explosion hazard. Expired batteries can cause hydrogen gas buildup
inside the instrument. Replace the batteries before they expire and do
not store the instrument for long periods with the batteries installed.
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W A R N I N G 
Fire hazard. Battery substitution is not permitted. Use only alkaline
batteries.

N O T I C E 
Make sure to tighten the screws to 1–1.4 N·m (9–12 in.·lb) for a correct seal fit
and to maintain the enclosure environmental rating.

Refer to Install the batteries on page 6 for battery replacement.

Troubleshooting
Error
code

Possible cause Solution

1 Instrument is not configured. Contact technical support.

2 Could not read program data

3 Could not write program
data

4 Battery error Replace the batteries.

5 A/D error during a
measurement

Contact technical support.

6 Offset error during a
measurement

Make sure that the instrument cap is
correctly installed.

Error
code

Possible cause Solution

7 Low light error during a
measurement • Make sure that there is no light

path blockage.
• Zero is out of instrument range
• Contact technical support.

8 Over range error during a
measurement, a potential
light blockage or the
concentration is too high

• Make sure that there is no light
path blockage and that the
concentration is not too high for
the program.

• Make sure that the instrument cap
is correctly installed.

• Contact technical support.

Replacement parts and accessories
W A R N I N G 

Personal injury hazard. Use of non-approved parts may cause
personal injury, damage to the instrument or equipment malfunction.
The replacement parts in this section are approved by the
manufacturer.

Note: Product and Article numbers may vary for some selling regions. Contact the
appropriate distributor or refer to the company website for contact information.

Replacement parts

Description Item no.

Adapter assembly, COD 4846400

Battery set, AA alkaline batteries (4x) 1938004 

Sample cell with cap, 25 x 95 mm, 10-20-25 mL (6x) 2401906

Sample cell with cap, 1 cm/10 mL (2x) 4864302

USB cable LZV818 
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Accessories

Description Item no.

Cap, sample cell, for 25 x 95 mL cell 2401812 

Carrying case, hard-sided 4942500 

Carrying case, soft-sided with shoulder strap 2722000 

Carrying case, portable laboratory 4943000 

DR/Check™ absorbance standards 2763900

Instrument cap, DR 900 9390500
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Caractéristiques
Les caractéristiques techniques peuvent être modifiées sans préavis.

Caractéristique Détails

Mode de mesure Transmittance (%), Absorbance (Abs) et
Concentration (Conc)

Dimensions (l x P x H) 23,6 x 8,7 x 4,7 cm (9,3 x 3,4 x 1,9 pouces)

Indice de protection IP67 

Poids 0,6 kg (1,3 livre)

Alimentation (interne) Piles alcalines AA (4x)

Autonomie sur piles 6 mois (couramment) avec 5 lectures par
jour/5 jours par semaine sans rétroéclairage

Interface Mini-USB

Température de fonctionnement 0° à 50°C (32 à 122°F), maximum 90%
d'humidité relative sans condensation

Température de stockage –30° à 60°C (–22 à 140°F), maximum 90%
d'humidité relative sans condensation

Lampe source Diode électroluminescente (DEL)

Détecteur Photodiode au silicium

Caractéristique Détails

Gamme de longueurs d'onde 420, 520, 560, 610 nm

Plage de mesure photométrique 0–2 Abs

Exactitude de la longueur d'onde ±1 nm

Exactitude photométrique ±0,005 Abs à 1,0 Abs nominal

Linéarité photométrique ±0,002 Abs (0–1 Abs)

Sélection de la longueur d’onde Automatique, en fonction du choix de
méthode

Répétabilité photométrique ±0,002 Abs (0–1 Abs)

Lecture de données Écran graphique, 240 x 160 pixels
(rétroéclairé)

Cuves d'échantillon 16 mm, 1 cm/10 mL, 1 pouce (25 mm) ronde

Classe de protection Classe III

Certifications Certifié CE

Garantie 1 an

Généralités
En aucun cas le constructeur ne saurait être responsable des
dommages directs, indirects, spéciaux, accessoires ou consécutifs
résultant d'un défaut ou d'une omission dans ce manuel. Le constructeur
se réserve le droit d'apporter des modifications à ce manuel et aux
produits décrits à tout moment, sans avertissement ni obligation. Les
éditions révisées se trouvent sur le site Internet du fabricant.
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Consignes de sécurité
A V I S 

Le fabricant décline toute responsabilité quant aux dégâts liés à une application
ou un usage inappropriés de ce produit, y compris, sans toutefois s'y limiter, des
dommages directs ou indirects, ainsi que des dommages consécutifs, et rejette
toute responsabilité quant à ces dommages dans la mesure où la loi applicable le
permet. L'utilisateur est seul responsable de la vérification des risques
d'application critiques et de la mise en place de mécanismes de protection des
processus en cas de défaillance de l'équipement.

Veuillez lire l'ensemble du manuel avant le déballage, la configuration ou
la mise en fonctionnement de cet appareil. Respectez toutes les
déclarations de prudence et d'attention. Le non-respect de cette
procédure peut conduire à des blessures graves de l'opérateur ou à des
dégâts sur le matériel.
Assurez-vous que la protection fournie avec cet appareil n'est pas
défaillante. N'utilisez ni n'installez cet appareil d'une façon différente de
celle décrite dans ce manuel.

Interprétation des indications de risques

D A N G E R 
Indique une situation de danger potentiel ou imminent qui, si elle n'est pas évitée,
entraîne des blessures graves, voire mortelles.

A V E R T I S S E M E N T 
Indique une situation de danger potentiel ou imminent qui, si elle n'est pas évitée,
peut entraîner des blessures graves, voire mortelles.

A T T E N T I O N 
Indique une situation de danger potentiel qui peut entraîner des blessures
mineures ou légères.

A V I S 
Indique une situation qui, si elle n'est pas évitée, peut occasionner
l'endommagement du matériel. Informations nécessitant une attention
particulière.

Étiquettes de mise en garde
Lisez toutes les étiquettes et tous les repères apposés sur l'instrument.
Des personnes peuvent se blesser et le matériel peut être endommagé
si ces instructions ne sont pas respectées. Un symbole sur l'appareil est
désigné dans le manuel avec une instruction de mise en garde.

Si l'appareil comporte ce symbole, reportez-vous au manuel
d'utilisation pour consulter les informations de fonctionnement et de
sécurité.

Ce symbole signale un risque d'explosion.

Ce symbole indique un risque d'incendie.

Ce symbole identifie un risque chimique et indique que seules les
personnes qualifiées et formées pour travailler avec des produits
chimiques sont autorisées à les manipuler ou à réaliser des
opérations de maintenance sur les systèmes associés à l'équipement
et utilisant des produits chimiques.

Ce symbole indique la nécessité de porter des lunettes de protection.

En Europe, depuis le 12 août 2005, les appareils électriques
comportant ce symbole ne doivent pas être jetés avec les autres
déchets. Conformément à la réglementation nationale et européenne
(Directive 2002/96/CE), les appareils électriques doivent désormais
être, à la fin de leur service, renvoyés par les utilisateurs au fabricant,
qui se chargera de les éliminer à ses frais.
Remarque : Pour le retour à des fins de recyclage, veuillez contacter le fabricant
ou le fournisseur d'équipement pour obtenir les instructions sur la façon de
renvoyer l'équipement usagé, les accessoires électriques fournis par le fabricant,
et tous les articles auxiliaires pour une mise au rebut appropriée.
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Certification
Règlement canadien sur les équipements causant des
interférences radio, IECS-003, Classe A:
Les données d'essai correspondantes sont conservées chez le
constructeur.
Cet appareil numérique de classe A respecte toutes les exigences du
Règlement sur le matériel brouilleur du Canada.
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC part 15, limites de classe A :
Les données d'essai correspondantes sont conservées chez le
constructeur. L'appareil est conforme à la partie 15 de la règlementation
FCC. Le fonctionnement est soumis aux conditions suivantes :

1. Cet équipement ne peut pas causer d'interférence nuisible.
2. Cet équipement doit accepter toutes les interférences reçues, y

compris celles qui pourraient entraîner un fonctionnement inattendu.

Les modifications de cet équipement qui n’ont pas été expressément
approuvées par le responsable de la conformité aux limites pourraient
annuler l’autorité dont l’utilisateur dispose pour utiliser cet équipement.
Cet équipement a été testé et déclaré conforme aux limites définies pour
les appareils numériques de classe A, conformément à la section 15 de
la réglementation FCC. Ces limites ont pour but de fournir une protection
raisonnable contre les interférences néfastes lorsque l’équipement
fonctionne dans un environnement commercial. Cet équipement génère,
utilise et peut irradier l'énergie des fréquences radio et, s'il n'est pas
installé ou utilisé conformément au mode d'emploi, il peut entraîner des
interférences dangereuses pour les communications radio. Le
fonctionnement de cet équipement dans une zone résidentielle risque de
causer des interférences nuisibles, dans ce cas l'utilisateur doit corriger
les interférences à ses frais Les techniques ci-dessous peuvent
permettre de réduire les problèmes d'interférences :

1. Débrancher l'équipement de la prise de courant pour vérifier s'il est
ou non la source des perturbations

2. Si l'équipement est branché sur le même circuit de prises que
l'appareil qui subit des interférences, branchez l'équipement sur un
circuit différent.

3. Éloigner l'équipement du dispositif qui reçoit l'interférence.
4. Repositionner l’antenne de réception du périphérique qui reçoit les

interférences.
5. Essayer plusieurs des techniques ci-dessus à la fois.

Présentation du produit
Le DR 900 est un colorimètre portable à source de lumière LED capable
de mesurer des longueurs d'onde de 420, 520, 560 et 610 nm.
L'instrument permet de mesurer divers paramètres dans les applications
d'eau potables, d'eaux usées et industrielles. L'instrument est livré avec
un ensemble complet de programmes enregistrés (méthodes
préinstallées) et la possibilité de stockage de programmes utilisateur et
de sélection de programme favori. Voir Figure 1.
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Figure 1  Instrument

1   Port USB 4   Mise à l'air libre

2   Capuchon de l'instrument 5   Compartiment à piles

3   Compartiment de la cuve 6   Touche d'alimentation

Composants du produit
Assurez-vous d'avoir bien reçu tous les composants. Voir Figure 2. Si
des articles sont manquants ou endommagés, contactez immédiatement
le fournisseur de l'instrument ou un commercial.

Figure 2  Composants du produit

1   DR 900 4   Cuve d'échantillon en verre,
1 pouce (25 mm) ronde,
graduations 10, 20, 25 mL (2x)

2   Câble USB avec connecteur mini-
USB

5   Cuve à échantillon, 1 cm/10 mL
(2x)

3   Piles alcalines AA (4x) 6   Adaptateur de cuve à échantillon

Installation
A V E R T I S S E M E N T 

Dangers multiples. Seul le personnel qualifié doit effectuer les tâches
détaillées dans cette section du document.

A V I S 
Veillez à ne pas gêner la connexion des piles de l'instrument lors de son
utilisation ou du stockage
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Installation des piles

A V E R T I S S E M E N T 
Risque d’explosion Une installation incorrecte des piles peut libérer
des gaz explosifs. Veillez à ce que les piles soient du même type
chimique homologué et qu'elles soient insérées dans le bon sens. Ne
mélangez pas des piles neuves et des piles usagées.

A V E R T I S S E M E N T 
Risque d’incendie. La substitution du type de pile n'est pas autorisée.
Utilisez uniquement des piles alcalines.

A V I S 
Assurez-vous de bien serrer les vis de 1 à 1,4 Nm (de 9 à 12 po lb) afin de
garantir un bon maintien et de préserver l'indice de protection.

L'instrument est alimenté par quatre piles alcalines AA. Vérifier que les
piles sont installées dans le bon sens. Consultez Figure 3 pour la mise
en place des piles.

Figure 3  Installation des piles

Installation de la cuve à échantillon et de l'adaptateur
de cuve
L'instrument comporte un compartiment de cuve pouvant recevoir un
adaptateur pour différents types de cuve à échantillon. Assurez-vous
d'installer la cuve à échantillon correctement et dans une orientation fixe
pour des résultats plus répétables et précis. Voir Figure 4. Fermez le
capuchon de l'instrument avant de régler le zéro ou d'effectuer une
mesure pour éviter les interférences lumineuses. Voir Figure 5.
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Figure 4  Orientation de la cuve à échantillon

1   Cuve à échantillon en plastique
1 cm/10 mL

4   Repère d'orientation

2   Cuve à échantillon en verre
1 pouce (25 mm)

5   Position d'orientation (horaire)

3   Flacon d'essai en verre 16 mm 6   Adaptateur de cuve à échantillon

Figure 5  Installation de la cuve à échantillon et du capuchon
d'instrument

Interface utilisateur et navigation

Description du clavier
Consultez Figure 6 pour une description du clavier et des informations
de parcours des menus.
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Figure 6  Description du clavier

1   RÉTROÉCLAIRAGE : allume ou
éteint l'éclairage de l'écran

4   Touche de sélection DROITE
(contextuelle) : Lire d'échantillon,
sélections ou confirmations
d'options, ouverture de sous-menus

2   PARAMÈTRES : options de
configuration1

5   Touches de navigation HAUT, BAS,
DROITE, GAUCHE : parcours des
menus, saisie de chiffres et de
lettres2

3   Touche de sélection GAUCHE
(contextuelle) : accès aux options,
annulations ou sorties de l'écran de
menu pour revenir au précédent

6   ACCUEIL/Options : pour revenir à
l'écran principal de lecture1,
sélectionner un programme, gérer
les données

1 En mode de modification, la touche n'est plus active.
2 Le maintien de la touche HAUT ou BAS actionne un défilement rapide.

L'appui sur la touche GAUCHE ou DROITE fait défiler par page.

Description de l'affichage
L'écran de lecture affiche le mode sélectionné, l'unité, la date et l'heure,
l'identifiant de l'opérateur et l'identifiant de l'échantillon. Voir Figure 7.

Figure 7  Affichage sur écran unique

1   Nom et numéro du programme 7   Heure et date

2   Valeur, unité et formule chimique
affichées inférieures « --- » ou
supérieures à la plage de mesure
« +++ »

8   Lire (contextuel : Terminer, Sélect.,
Départ, OK)

3   Icône de réglage standard 9   Zéro (contextuel : touche de
navigation flèche haut)

4   Etat des piles 10   Options (contextuel : Préc.,
Annuler)

5   Icône de blanc de réactif 11   Identification d'opérateur

6   Minuterie 12   Identification d'échantillon

Navigation
L'instrument contient des menus permettant de modifier diverses
options. Utilisez les touches de navigation (HAUT, BAS, DROITE et
GAUCHE) pour mettre en évidence les différentes options. Appuyer sur
la touche de sélection DROITE pour sélectionner une option. Saisissez
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une valeur d'option avec les touches de navigation. Appuyez sur les
touches de navigation (HAUT, BAS, DROITE et GAUCHE) pour saisir
ou modifier une valeur. Appuyer sur la touche DROITE pour passer à
l'espace suivant. Appuyer sur la touche de sélection DROITE sous
Terminer pour accepter la valeur. Appuyez sur la touche de sélection
GAUCHE pour quitter l'écran de menu en cours et revenir au précédent.

Mise en marche

Allumage et extinction de l'instrument
Appuyez sur la touche ALIMENTATION pour allumer ou éteindre
l'instrument. Si l'instrument ne s'allume pas, vérifiez que les piles sont
installées correctement.

Choix de la langue
Il existe deux possibilités de choix de la langue :

• Régler la langue d'affichage au premier allumage de l'instrument.
• Régler la langue depuis le menu PARAMÈTRES.

1. Appuyez sur PARAMÈTRES>Setup>Langue.
2. Sélectionnez une langue dans la liste.

Réglage de la date et de l'heure
Il existe deux possibilités de réglage de la date et de l'heure :

• Régler la date et l'heure au premier allumage de l'instrument.
• Régler la date et l'heure à partir du menu Date et heure.

1. Appuyez sur PARAMÈTRES>Setup>Date et heure.
2. Appuyez sur Format de date et sélectionnez un format de date et

d'heure.
3. Appuyez sur Date et heure.
4. Utilisez les touches de navigation pour saisir la date et l'heure en

cours, puis appuyez sur Terminer.

Fonctionnement standard

Liste des programmes
L'instrument est livré avec une série complète de programmes
d'application. Consultez Tableau 1 pour la description des programmes.

Tableau 1  Options du programme

Option de programme Description

Programmes enregistrés Les programmes enregistrés sont des méthodes
préprogrammées installées en usine. Voir Sélection
d'un programme enregistré à la page 25.

Programmes utilisateur Il est possible de concevoir des méthodes pour les
enregistrer en tant que programme utilisateur.1 Voir 
Programmes utilisateur à la page 28.

Favoris Les méthodes utilisées le plus souvent peuvent être
enregistrées dans la liste de favoris.1

1 Dix méthodes au maximum (programme utilisateur ou favoris) peuvent être
enregistrées.

Sélection d'un programme enregistré

1. Appuyez sur ACCUEIL>Options>All Programs.
2. Sélectionnez la méthode correspondante et appuyez sur Départ.
3. Sélectionnez Options>Ajouter aux favoris pour ajouter la méthode

sélectionnée aux favoris pour y accéder plus rapidement.

Sélection des options de programme de base
Quand un programme est sélectionné, des options supplémentaires des
paramètres deviennent disponibles.
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1. Appuyez sur Options pour accéder au menu d'option.
2. Sélectionnez les options applicables.

Option Description

Démarrer le
chrono

Sélectionnez une temporisation prédéfinie ou définissez
une temporisation manuelle pour vous assurer que les
étapes d'une analyse sont programmées correctement
(par exemple il est possible de spécifier exactement les
temps de réaction ou les temps d'attente). Quand le
temporisateur est actif, l'icône de temporisateur
apparaît à l'écran. L'instrument émet un signal sonore
quand le temps est écoulé. Tempo prédéf.—
Sélectionnez la temporisation prédéfinie pour une ou
plusieurs étapes de procédure enregistrées et appuyez
sur Départ. Tempo manuelle—Entrez le temps
applicable avec les touches de navigation et appuyez
sur Terminer. Par défaut = 00:00

Favorites/User
Programs

Sélectionnez parmi les listes de favoris ou de
programmes utilisateur enregistrés. Pour en savoir plus,
reportez-vous à la section Sélection d'un favori ou d'un
programme utilisateur à la page 28.

All Programs Sélectionnez une méthode préprogrammée dans la
liste.

Journal des
données

Affiche toutes les valeurs lues enregistrées. Pour en
savoir plus, reportez-vous à la section Journal de
données à la page 28.

Ajout aux favoris Enregistrez les programmes et méthodes de
programme utilisateur utilisés le plus souvent dans la
liste de favoris. Voir Ajout d'un programme aux favoris
à la page 28.

%T/Abs/Conc Commutation des lectures en % transmittance,
absorbance ou concentration. Lire transmittance (%)
—Lit le pourcentage de lumière incidente qui traverse
l'échantillon et atteint le détecteur. Lecture
absorbance—La lumière absorbée par l'échantillon est
mesurée en termes d'unités d'absorption. Lecture
concentration—Les valeurs d'absorbance mesurées
sont converties en valeurs de concentration par
l'équation enregistrée dans le programme.

Option Description

Options
avancées

Utilisez les options avancées pour préciser des
paramètres supplémentaires. Voir Sélection des options
de programme avancées à la page 26.

Enr. Enregistre manuellement la dernière valeur lue quand
l'option Enreg. auto est sur Désactivé.

Sélection des options de programme avancées
Chaque programme dispose de diverses options avancées au choix.

1. Appuyez sur Options pour accéder à Options>Options avancées.
2. Utilisez les options avancées pour préciser des paramètres

supplémentaires.

Option Description

Enreg auto Bascule entre activé et Désactivé. Chaque lecture est
enregistrée automatiquement quand l'option est sur On.
La lecture peut être enregistrée manuellement quand
l'option est sur Désactivé.

Formule
chimique

Sélectionnez l'autre forme chimique et la plage de
mesure correspondante sur certaines méthodes
installées en usine.

Blanc réactif La correction de blanc de réactif peut s'utiliser avec
certaines méthodes installées en usine. Saisissez le
résultat de l'essai terminé avec de l'eau déionisée
comme échantillon. La valeur du blanc est soustraite de
chaque résultat pour corriger la couleur d'arrière-plan
due aux réactifs. Saisissez la correction de blanc avant
d'utiliser l'option Ajuster l'étalon. Effectuez cette
correction pour chaque nouveau lot de réactifs de test.

Ajuster l'étalon Modifiez l'étalonnage enregistré. Effectuez un essai sur
un standard connu à une concentration proche du haut
de la plage de test. Utilisez cette fonction pour ajuster le
résultat en fonction de la concentration du standard.

Tri des
programmes

Sélectionnez l'ordre alphabétique ou numérique pour la
liste des programmes enregistrés.
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Utiliser un ID d'opérateur
L'étiquette d'ID d'opérateur associe les mesures à un opérateur
particulier. Toutes les données enregistrées incluent cet ID.

1. Appuyez sur PARAMÈTRES>ID opérateur sur l'écran de mesure.
2. Sélection, création ou suppression d'un ID d'opérateur :

Option Description

ID en cours Sélectionne un ID dans une liste. L'identifiant en cours sera
alors associé aux données d'échantillon jusqu'à la sélection
d'un autre identifiant.

Créer un ID Entre un nom pour un nouvel ID d'opérateur. Il est possible
de créer 10 noms au maximum.

Supprimer ID Efface un identifiant d'opérateur existant.

Utiliser un ID d'échantillon
L'étiquette d'ID d'échantillon permet d'associer les mesures à un
échantillon ou à un emplacement d'échantillon spécifique. Les données
enregistrées incluent cette identification si elle est attribuée.

1. Appuyez sur PARAMÈTRES>ID d'échantillon sur l'écran de
mesure.

2. Sélection, création ou suppression d'un ID d'opérateur :

Option Description

ID en cours Sélectionne un ID dans une liste. L'identifiant en cours sera
alors associé aux données d'échantillon jusqu'à la sélection
d'un autre identifiant.

Créer un ID Entre un nom pour un nouvel ID d'échantillon. Il est possible
de créer 10 noms au maximum. Les échantillons sont
numérotés dans l'ordre pour chaque mesure jusqu'à
sélection d'un identifiant différent (par exemple Mare 1, Mare
2).

Supprimer ID Efface un identifiant d'échantillon existant.

Comment effectuer une mesure
Des étapes de mesure de base sont nécessaires pour effectuer une
mesure. Chaque méthode est détaillée par une procédure pas à pas.
Consultez la méthode correspondante pour exécuter un essai particulier.
L'exemple qui suit est une procédure de base pour effectuer une
mesure.

1. Sélectionnez le programme correspondant dans le menu des
programmes (par exemple Stored Programs, User Programs,
Favorites).

2. Installez l'adaptateur de cuve, si nécessaire.
3. Appuyer sur Start pour démarrer le programme.
4. Préparez le blanc selon le document descriptif de la méthode.

Fermez la cuve à échantillon et nettoyez les faces optiques de la
cuve avec un chiffon non pelucheux.

5. Insérez la cuve d'échantillon blanc dans le compartiment de cuves.
Assurez-vous d'installer la cuve d'échantillon blanc correctement et
dans une orientation toujours identique pour obtenir des résultats
plus répétables et précis. Voir Figure 4 à la page 23.

6. Fermez le capuchon de l'échantillon pour éviter les interférences
lumineuses. Voir Figure 5 à la page 23.

7. Appuyez sur Zéro. L'écran affiche une concentration égale à zéro
(par exemple mg/L, ABS, µg/L).

8. Préparation de l'échantillon. Ajoutez les réactifs selon les indications
du document de méthode.

9. Sélectionnez Options>Démarrer le chrono pour utiliser les
temporisations enregistrées dans le programme.

10. Fermez la cuve à échantillon et nettoyez les surfaces optiques de la
cuve avec un chiffon non pelucheux.

11. Insérez l'échantillon dans le compartiment de cuves. Assurez-vous
d'installer la cuve d'échantillon correctement et dans une orientation
toujours identique pour obtenir des résultats plus répétables et
précis. Voir Figure 4 à la page 23.

12. Fermez le capuchon de l'échantillon pour éviter les interférences
lumineuses. Voir Figure 5 à la page 23.
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13. Appuyez sur Mesure. L'affichage indique les résultats dans les
unités sélectionnées.
Remarque : L'écran indique « +++ » ou « --- » si la valeur d'absorbance est
inférieure ou supérieure à la plage d'étalonnage de l'essai.

Journal de données
Le journal des données affiche l'enregistrement de toutes les valeurs.
Appuyez sur ACCUEIL>Options>Journal des données pour afficher
les valeurs lues. Consultez Exportation du journal des données
à la page 31 pour plus de détails sur l'exportation du journal des
données.

Utilisation avancée

Sélection d'un favori ou d'un programme utilisateur
La base de données de favoris et de programmes utilisateur est vide au
premier démarrage de l'instrument. Il est possible d'enregistrer une
méthode dans la liste de favoris pour y accéder plus rapidement. Il est
possible de programmer un programme utilisateur pour des besoins
spécifiques.

1. Appuyez sur ACCUEIL>Options>Favoris/Programmes
utilisateur>Sélectionner.

2. Appuyez sur Nouveau programme pour créer un programme
utilisateur. Voir Programmes utilisateur à la page 28.

Ajout d'un programme aux favoris
Les programmes enregistrés et méthodes de programme utilisateur
couramment utilisés peuvent être enregistrés dans la liste de favoris.

1. Sélectionnez ACCUEIL>Options>Tous les programmes.
2. Sélectionnez la méthode correspondante et appuyez sur Départ.
3. Sélectionnez Options>Ajouter aux favoris pour ajouter la méthode

sélectionnée aux favoris.

Programmes utilisateur
La base de données de programmes utilisateur est vide au premier
démarrage de l'instrument. Utilisez Nouveau programme pour créer
des programmes correspondant à vos besoins spécifiques. Pour créer
un programme utilisateur, procédez comme suit.

1. Appuyez sur ACCUEIL>Options>Favoris/Programmes
utilisateur>Sélectionner>Nouveau programme.

2. Sélectionnez un numéro de programme disponible entre 1001 et
1010.
Remarque : Il est possible d'enregistrer au maximum dix programmes
(programmes utilisateur ou favoris).

3. Entrez un nom de méthode (jusqu'à 12 caractères).
4. Sélectionnez la longueur d'onde : 420, 520, 560 ou 610 nm.
5. Sélectionnez l'unité : None, µg/L, mg/L ou g/L.
6. Sélectionnez la résolution : 0000, 000,0, 00,00 ou 0,000.
7. Ajoutez les points d'étalonnage : au minimum 2 et au maximum

12 points d'étalonnage.* Sélectionnez Modif Std 1 et entrez la valeur
de concentration du premier standard. Appuyez sur Terminer.
Remarque : Un bip signale que la concentration est en double d'un standard
précédemment saisi ou que la concentration est trop élevée pour la résolution
sélectionnée. Entrez une valeur différente et continuez.

* Si la courbe est linéaire, seuls deux points de données de concentration (par exemple un standard d'absorbance zéro et un autre standard connu)
sont nécessaires. Utilisez les points de données supplémentaires pour confirmer la linéarité ou pour définir une courbe non linéaire.
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8. Entrez la valeur d'absorbance :

Option Description

Modif ABS
manuel

Utilisez les touche de navigation pour saisir
manuellement la valeur d'absorbance.

Modif ABS auto 1. Placez le blanc dans le porte-cuve et appuyez sur
Zéro.

2. Placez l'échantillon préparé dans le porte-cuve et
appuyez sur Lire.

3. Appuyez sur Terminer.

Remarque : Un bip signale que l'absorbance est en double d'un standard
précédemment saisi ou se trouve entre deux standards précédents. Entrez une
valeur différente et continuez.

9. Appuyez sur Terminer.
10. Sélectionnez Ajout pt étal..
11. Entrez les points d'étalonnage supplémentaires comme indiqué dans

les étapes 7–9.
12. Sélectionnez Enreg. prog. util..

Modification d'un programme utilisateur
Pour modifier un programme utilisateur enregistré :

1. Sélectionnez ACCUEIL>Favorites/User Programs.
2. Sélectionnez le programme correspondant et appuyez sur Options.
3. Appuyez sur Modif..
4. Suivez les invites à l'écran pour modifier la procédure.

Supprimer un programme utilisateur ou favori
Supprimer un programme utilisateur ou favori enregistré, s'il n'est plus
utilisé.

1. Sélectionnez ACCUEIL>Options>Favorites/User Programs.
2. Mettez en évidence le programme correspondant et appuyez sur

Options>Supprimer, puis suivez les invites à l'écran.

Données d'instrument
Le menu d'informations instrument affiche des données spécifiques
telles que le nom de l'instrument, le numéro de série, la version du
logiciel, la version de la base de données, la mémoire utilisée et la
disponibilité des programmes. Appuyez sur
PARAMÈTRES>Setup>Données d'instrument.

Définition du mot de passe
Les options de définition de mot de passe permettent d'éviter l'accès aux
menus restreints.
Remarque : En cas d'oubli du mot de passe spécifié si Options de sécurité est sur
activé, l'opérateur ne peut plus accéder aux menus restreints. Contactez le support
technique en cas d'oubli du mot de passe.

1. Appuyez sur PARAMÈTRES>Setup>Param. mots de passe.
2. Sélectionnez une option.

Option Description

Param. mots de
passe

Sélectionnez activé ou Désactivé pour respectivement
activer ou désactiver la protection par mot de passe.

Eléments
protégés

Affiche la liste des éléments protégés : modif ID
opérateur, modif ID d'échantillon, modif prog. util., Date
et heure, mise à jour log., mettre à jour méthodes, langue
et modif liste favoris.

Réglage de l'écran et des sons
Utilisez les options d'affichage pour modifier le contraste de l'écran, les
options d'arrêt automatique sur piles ou l'option de rétroéclairage.
Utilisez les options sonores pour obtenir un signal sonore lors de l'appui
sur une touche ou de l'achèvement d'une mesure.
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1. Appuyez sur PARAMÈTRES>Setup>Affichage et son>Options
d'affichage.

2. Sélectionnez une option.

Option Description

Contraste Règle le contraste de l'écran. Le réglage le plus clair est
0 et le plus sombre est 9. Par défaut : 5

Arrêt auto Pour optimiser la durée de vie des piles, réglez une durée
après laquelle l'instrument s'éteindra automatiquement si
aucune touche n'est actionnée (5, 10, 15, 20, 30 minutes,
1 heure, 2 heures ou Désactivé). Par défaut : 10 minutes

Rétroéclairage Le rétroéclairage de l'écran s'allume en appuyant sur la
touche RÉTROÉCLAIRAGE. Réglez une durée après
laquelle le rétroéclairage s'éteint automatiquement quand
aucune touche n'est actionnée (10, 20, 30 secondes, 1, 2,
5, 10 minutes ou Désactivé). Par défaut : 1 minute

3. Appuyez sur PARAMÈTRES>Setup>Affichage et son>Sons.
4. Sélectionnez une option.

Option Description

Touche L'instrument émet un signal sonore à chaque pression
sur une touche. Par défaut : Désactivé

Lecture terminée L'instrument émet un signal sonore à chaque
achèvement d'une lecture. Par défaut : activé

Menu principal USB
Quand l'instrument est connecté à un ordinateur par un câble USB, le
menu principal USB s'ouvre. Le menu principal USB permet de mettre à
jour le logiciel, d'exporter ou d'importer des programmes ou d'exporter le
journal d'événement et le journal des données.

Mise à niveau du micrologiciel
Trouvez le fichier de mise à jour de micrologiciel sur le site web du
produit ou contactez le fournisseur de l'instrument. Enregistrez le fichier
du site web sur l'ordinateur.

1. Allumez l'instrument et connectez le câble USB à l'instrument et à
l'ordinateur.
Les invites du menu principal USB.

2. Sélectionnez Update DR900 (Mettre à jour DR900).
L'instrument apparaît comme lecteur USB sur l'ordinateur. Ouvrez le
dossier.

3. Copiez le fichier DR900.bin dans le dossier ouvert.
4. Appuyez sur OK.
5. Quand la mise à jour est terminée, appuyez sur Ok.
6. Sélectionnez Déconnecter USB, appuyez sur Ok et déconnectez le

câble USB.
7. Appuyez sur OK.
8. Redémarrez l'instrument.

Gérer les programmes
La fonction Gérer les programmes permet d'exporter ou d'importer des
programmes utilisateur ou de nouveaux programmes d'usine.

1. Allumez l'instrument et connectez le câble USB à l'instrument et à
l'ordinateur.
Les invites du menu principal USB.

2. Sélectionnez Gérer les programmes et sélectionnez une option :

Option Description

Exporter prog.
util.

Exporte tous les programmes utilisateur vers
l'ordinateur pour stockage ou pour faire passer les
programmes utilisateur vers un autre appareil DR 900.

Importer prog. util. Remplace tous les programmes utilisateur par ceux
provenant d'un autre appareil DR 900 depuis
l'ordinateur.

Importer prog.
usine

Importe de nouveaux programmes d'usine depuis le
site web du fabricant.

L'instrument apparaît comme lecteur USB sur l'ordinateur. Ouvrez le
dossier.
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3. Copiez le fichier d'exportation depuis le lecteur vers l'ordinateur ou
copiez le fichier d'importation depuis l'ordinateur vers le lecteur.

4. Appuyez sur OK.
5. À l'achèvement du transfert, sélectionnez Déconnecter USB et

déconnectez le câble USB.
6. Appuyez sur OK.

Exportation du journal des données
Le journal d'événements et le journal des données peuvent être
exportés vers l'ordinateur. Le journal d'événements contient la date,
l'heure, le numéro d'événement, le paramètre et la description d'une
action associée à la configuration. Les mesures d'échantillon sont
stockées manuellement ou automatiquement dans le journal des
données. Voir Sélection des options de programme avancées
à la page 26.

1. Allumez l'instrument et connectez le câble USB à l'instrument et à
l'ordinateur.
Les invites du menu principal USB.

2. Sélectionnez Exporter journal.
L'instrument apparaît comme lecteur USB sur l'ordinateur. Ouvrez le
dossier.

3. Copiez et enregistrez les fichiers d'exportation (DR900_DataLog.csv
et DR900_EventLog.csv) sur l'ordinateur.

4. Appuyez sur OK.
5. Après copie des fichiers sur l'ordinateur, sélectionnez Déconnecter

USB et déconnectez le câble USB.
6. Appuyez sur OK.

Maintenance
A V E R T I S S E M E N T 

Dangers multiples. Seul le personnel qualifié doit effectuer les tâches
détaillées dans cette section du document.

Nettoyage des cuves d'échantillon

A T T E N T I O N 

Risque d'exposition chimique. Respectez les procédures de sécurité
du laboratoire et portez tous les équipements de protection
personnelle adaptés aux produits chimiques que vous manipulez.
Consultez les fiches de données de sécurité (MSDS/SDS) à jour pour
connaître les protocoles de sécurité applicables.

A T T E N T I O N 
Risque d'exposition chimique. Mettez au rebut les substances
chimiques et les déchets conformément aux réglementations locales,
régionales et nationales.

La plupart des détergents de la laboratoires s'utilisent aux
concentrations recommandées. Les détergents neutres, par exemple le
Liquinox, sont plus sûrs quand un nettoyage régulier est nécessaire.
Pour réduire le temps de nettoyage, augmentez la température ou
utilisez un bain à ultrasons. Pour terminer le nettoyage, rincez plusieurs
fois à l'eau déionisée, puis laissez sécher la cuve à échantillon à l'air.
Les cuves à échantillon peuvent également être nettoyées à l'acide,
avant d'être rincées soigneusement à l'eau déionisée.
Remarque : Toujours utiliser de l'acide pour nettoyer les cuves à échantillon
destinées aux essais de basse teneur en métaux.

Des méthodes de nettoyage spécifiques sont nécessaires pour certaines
procédures. En cas d'utilisation d'une brosse pour nettoyer les cuves à
échantillon, veillez à ne pas rayer la surface intérieure des cuves.

Remplacement des piles

A V E R T I S S E M E N T 
Risque d’explosion Les piles vides peuvent entraîner l'accumulation
d'hydrogène dans l'appareil. Remplacez les piles avant qu'elles ne
soient vides et ne stockez pas l'appareil de façon prolongée sans
retirer les piles.
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A V E R T I S S E M E N T 
Risque d’incendie. La substitution du type de pile n'est pas autorisée.
Utilisez uniquement des piles alcalines.

A V I S 
Assurez-vous de bien serrer les vis de 1 à 1,4 Nm (de 9 à 12 po lb) afin de
garantir un bon maintien et de préserver l'indice de protection.

Consultez Installation des piles à la page 22 pour le remplacement de la
pile.

Dépannage
Code
d’erreur

Cause possible Solution

1 L'instrument n'est pas
configuré.

Contactez le support technique.

2 Impossible de lire les
données de programme

3 Impossible d'écrire les
données de programme

4 Erreur de piles Remplacement des piles.

5 Erreur A/N pendant une
mesure

Contactez le support technique.

6 Erreur de décalage
pendant une mesure

Assurez-vous que le capuchon de
l'instrument est installé
correctement.

Code
d’erreur

Cause possible Solution

7 Erreur de manque de
lumière pendant une
mesure

• Assurez-vous qu'il n'y a pas
d'obstacle sur le trajet optique.

• Zéro hors de la gamme de
l'instrument

• Contactez le support technique.

8 Erreur de dépassement de
gamme pendant une
mesure, obstacle potentiel
sur le chemin optique ou
concentration trop élevée.

• Vérifiez l'absence d'obstacle sur
le chemin optique et vérifiez que
la concentration n'est pas trop
élevée pour le programme.

• Assurez-vous que le capuchon de
l'instrument est installé
correctement.

• Contactez le support technique.

Pièces de rechange et accessoires
A V E R T I S S E M E N T 

Risque de blessures corporelles. L'utilisation de pièces non
approuvées comporte un risque de blessure, d'endommagement de
l'appareil ou de panne d'équipement. Les pièces de rechange de cette
section sont approuvées par le fabricant.

Remarque : Les numéros de référence de produit et d'article peuvent dépendre
des régions de commercialisation. Prenez contact avec le distributeur approprié ou
consultez le site web de la société pour connaître les personnes à contacter.

Pièces de rechange

Description Article n°

Assemblage d'adaptateur, COD 4846400

Jeu de piles, piles alcalines AA (4x) 1938004 

Cuve à échantillon avec capuchon, 25 x 95 mm,
10-20-25 mL (6x) 2401906
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Pièces de rechange (suite)

Description Article n°

Cuve à échantillon avec capuchon, 1 cm/10 mL (2x) 4864302

Câble USB LZV818 

Accessoires

Description Article n°

Capuchon, cuve à échantillon, pour cuve 25 x 95 mL 2401812 

Sacoche de transport, côtés rigides 4942500 

Sacoche de transport, côtés souples avec sangle d'épaule 2722000 

Sacoche de transport, laboratoire portable 4943000 

Normes d'absorbance DR/Check™ 2763900

Capuchon de l'instrument, DR 900 9390500
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Especificaciones
Las especificaciones están sujetas a cambios sin previo aviso.

Especificación Detalles

Configurar el modo medición Transmitancia (%), absorbancia (Abs) y
concentración (Conc)

Dimensiones (An x Pr x Al) 23,6 x 8,7 x 4,7 cm (9,3 x 3,4 x 1,9 pulg.)

Grado de protección IP67 

Peso 0,6 kg (1,3 lb)

Requisitos de alimentación
(interna)

Pilas alcalinas AA (4)

Duración de la batería 6 meses (normal) a 5 mediciones por día
por 5 días a la semana sin retroiluminación

Interfaz Mini USB

Temperatura de funcionamiento 0° a 50 °C (32° a 122 °F), a 90% de
humedad relativa, sin condensación

Temperatura de almacenamiento -30° a 60 °C (-22° a 140 °F), a 90% de
humedad relativa, sin condensación

Fuente de luz Diodo de emisión de luz (LED)

Especificación Detalles

Detector Fotodiodo de silicona

Rango de longitud de onda 420, 520, 560, 610 nm

Rango de meda fotométrico 0–2 Abs

Precisión de longitud de onda ±1 nm

Precisión fotométrica ±0,005 Abs a 1,0 Abs nominal

Linealidad fotométrica ±0,002 Abs (0–1 Abs)

Selección de longitud de onda Automática, basada en el método de
selección

Repetibilidad fotométrica ±0,002 Abs (0–1 Abs)

Lectura de datos Descripción de la pantalla, 240 x 160 píxel
(retroiluminada)

Cubetas de muestras 16 mm, 1 cm/10 mL, 1 pulgada (25 mm) de
circunferencia

Clase de protección Clase III

Certificaciones Certificación CE

Garantía 1 año

Información general
En ningún caso el fabricante será responsable de ningún daño directo,
indirecto, especial, accidental o resultante de un defecto u omisión en
este manual. El fabricante se reserva el derecho a modificar este
manual y los productos que describen en cualquier momento, sin aviso
ni obligación. Las ediciones revisadas se encuentran en la página web
del fabricante.
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Información de seguridad
A V I S O 

El fabricante no es responsable de ningún daño debo a un mal uso de este
producto incluyendo, sin limitación, daños directos, fortuitos o circunstanciales y
reclamos sobre los daños que no estén recogidos en la legislación vigente. El
usuario es el responsable de la identificación de los riesgos críticos y de tener los
mecanismos adecuados de protección de los procesos en caso de un posible
mal funcionamiento del equipo.

Lea todo el manual antes de desembalar, instalar o trabajar con este
equipo. Ponga atención a todas las advertencias y avisos de peligro. El
no hacerlo puede provocar heridas graves al usuario o daños al equipo.
Asegúrese de que la protección proporcionada por el equipo no está
dañada. No utilice ni instale este equipo de manera distinta a lo
especificado en este manual.

Uso de la información sobre riesgos

P E L I G R O 
Indica una situación potencial o de riesgo inminente que, de no evitarse,
provocará la muerte o lesiones graves.

A D V E R T E N C I A 
Indica una situación potencial o inminentemente peligrosa que, de no evitarse,
podría provocar la muerte o lesiones graves.

P R E C A U C I Ó N 
Indica una situación potencialmente peligrosa que podría provocar una lesión
menor o moderada.

A V I S O 
Indica una situación que, si no se evita, puede provocar daños en el instrumento.
Información que requiere especial énfasis.

Etiquetas de precaución
Lea todas las etiquetas y rótulos adheridos al instrumento. En caso
contrario, podrían producirse heridas personales o daños en el

instrumento. Cada símbolo que aparezca en el instrumento se
comentará en el manual con una indicación de precaución.

Este símbolo (en caso de estar colocado en el equipo) hace
referencia a las instrucciones de uso o a la información de seguridad
del manual.

Este símbolo indica que existe riesgo de explosión.

Este símbolo indica que hay riesgo de incendio.

Este símbolo identifica un peligro químico e indica que el trabajo se
debe ejecutar exclusivamente por personal cualificado y entrenados
en el manejo de productos químicos, el cual debe realizar también
los trabajos de mantenimiento en el sistema de alimentación de
productos químicos asociado con este equipo.

Este símbolo indica la necesidad de usar protectores para ojos.

El equipo eléctrico marcado con este símbolo no se podrá desechar
por medio de los sistemas europeos públicos de eliminación después
del 12 de agosto de 2005. De acuerdo con las regulaciones locales y
nacionales europeas (Directiva UE 2002/96/EC), ahora los usuarios
de equipos eléctricos en Europa deben devolver los equipos viejos o
que hayan alcanzado el término de su vida útil al fabricante para su
eliminación sin cargo para el usuario.
Nota: Para devolver equipos para su reciclaje, póngase en contacto con el
fabricante o distribuidor para así obtener instrucciones acerca de cómo
devolverlos y desecharlos correctamente. Esto es aplicable a equipos que hayan
alcanzado el término de su vida útil, accesorios eléctricos suministrados por el
fabricante o distribuidor y todo elemento auxiliar.

Certificación
Reglamentación canadiense sobre equipos que provocan
interferencia, IECS-003, Clase A
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Registros de pruebas de control del fabricante.
Este aparato digital de clase A cumple con todos los requerimientos de
las reglamentaciones canadienses para equipos que producen
interferencias.
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC Parte 15, Límites Clase "A"
Registros de pruebas de control del fabricante. Este dispositivo cumple
con la Parte 15 de las normas de la FCC estadounidense. Su operación
está sujeta a las siguientes dos condiciones:

1. El equipo no puede causar interferencias perjudiciales.
2. Este equipo debe aceptar cualquier interferencia recibida, incluyendo

las interferencias que pueden causar un funcionamiento no deseado.

Los cambios o modificaciones a este equipo que no hayan sido
aprobados por la parte responsable podrían anular el permiso del
usuario para operar el equipo. Este equipo ha sido probado y
encontrado que cumple con los límites para un dispositivo digital Clase
A, de acuerdo con la Parte 15 de las Reglas FCC. Estos límites están
diseñados para proporcionar una protección razonable contra las
interferencias perjudiciales cuando el equipo está operando en un
entorno comercial. Este equipo genera, utiliza y puede irradiar energía
de radio frecuencia, y si no es instalado y utilizado de acuerdo con el
manual de instrucciones, puede causar una interferencia dañina a las
radio comunicaciones. La operación de este equipo en un área
residencial es probable que produzca interferencia dañina, en cuyo caso
el usuario será requerido para corregir la interferencia bajo su propio
cargo. Pueden utilizarse las siguientes técnicas para reducir los
problemas de interferencia:

1. Desconecte el equipo de su fuente de alimentación para verificar si
éste es o no la fuente de la interferencia.

2. Si el equipo está conectado a la misma toma eléctrica que el
dispositivo que experimenta la interferencia, conecte el equipo a otra
toma eléctrica.

3. Aleje el equipo del dispositivo que está recibiendo la interferencia.

4. Cambie la posición de la antena del dispositivo que recibe la
interferencia.

5. Trate combinaciones de las opciones descritas.

Generalidades del producto
El DR 900 es un colorímetro portátil con fuente LED que me a
longitudes de onda de 420, 520, 560 y 610 nm. El instrumento se usa
para medir varios parámetros del agua potable, el agua residual y las
aplicaciones industriales. El instrumento viene con un conjunto completo
de programas almacenados (métodos pre-instalados) y disponibilidad
del programa de usuario y selección de programa favorito. Consulte la 
Figura 1.

Figura 1  Instrumento

1   Puerto USB 4   Ventilación

2   Tapa del instrumento 5   Compartimento de las baterías

3   Compartimento de cubetas 6   Tecla de encendido
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Componentes del producto
Asegúrese de haber recibo todos los componentes. Consulte la 
Figura 2. Si faltan artículos o están dañados, póngase en contacto con
el proveedor o el representante de ventas inmediatamente.

Figura 2  Componentes del producto

1   DR 900 4   Cubeta de muestra de vidrio con
1 pulgada (25 mm) de
circunferencia y marcas de 10, 20,
25-mL (2)

2   Cable USB con mini conector USB 5   Cubeta de muestra de 1 cm/10 mL
(2)

3   Pilas alcalinas AA (4) 6   Adaptador de cubeta de muestra

Instalación
A D V E R T E N C I A 

Peligros diversos. Sólo el personal cualificado debe realizar las tareas
descritas en esta sección del documento.

A V I S O 
Asegúrese de no provocar un bloqueo de la ventilación de la batería del
instrumento durante el uso o almacenamiento.

Instalar las baterías

A D V E R T E N C I A 
Peligro de explosión. Si las pilas no están colocadas correctamente,
se puede producir la liberación de gases explosivos. Asegúrese de
que las pilas son del mismo tipo y material químico aprobado y están
insertadas en el sentido correcto. No mezcle pilas nuevas y usadas.

A D V E R T E N C I A 
Peligro de incendio. No se permite la sustitución de la batería Utilice
solamente baterías alcalinas.

A V I S O 
Asegúrese de apretar los tornillos a 1–1,4 N·m (9–12 in.·lb) para obtener un
correcto ajuste de sellado y mantener la clasificación ambiental de la carcasa.

El instrumento utiliza cuatro pilas alcalinas AA. Asegúrese de que las
pilas se coloquen con la orientación correcta. Consulte la Figura 3 para
ver la instalación de las pilas.
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Figura 3  Instalación de las pilas

Instalar la cubeta de la muestra y el adaptador de
cubeta
El instrumento tiene un compartimento de cubeta que puede usar un
adaptador para diferentes tipos de cubeta de muestra. Asegúrese de
colocar la cubeta de muestra en la orientación correcta y consistente
para que los resultados sean aceptables y precisos. Consulte la 
Figura 4. Cierre la tapa del instrumento antes de configurar el
instrumento a cero o de realizar una medición para evitar interferencias
de luz. Consulte la Figura 5.

Figura 4  Orientación de la cubeta de muestra

1   Cubeta de muestra de plástico de
1-cm/10-mL

4   Marca de orientación

2   Cubeta de muestra de vidrio de
1 pulgada (25 mm)

5   Posición de orientación (sentido de
las agujas del reloj)

3   Vial de prueba de vidrio de 16-mm 6   Adaptador de cubeta de muestra
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Figura 5  Instalación de la cubeta de muestra y la tapa del
instrumento

Interfaz del usuario y navegación

Descripción del teclado
Consulte la Figura 6 para ver una descripción y del teclado e
información de navegación.

Figura 6  Descripción del teclado

1   RETROILUMINACIÓN: configurar
la iluminación de pantalla para que
se encienda y se apague

4   Tecla de selección DERECHA
(contextual): lee muestras,
selecciona o confirma opciones,
abre sub-menús

2   CONFIGURACIÓN: opciones de
configuración1

5   Teclas de navegación hacia
ARRIBA, ABAJO, IZQUIERDA,
DERECHA: se desplaza en los
menús, ingresa números y letras2

3   Tecla de selección IZQUIERDA
(contextual): accede a opciones,
cancela o sale de la pantalla del
menú actual para ir al anterior

6   INICIO/Opciones: se dirige a la
pantalla de meda principal1,
programa de selección,
administración de datos

1 Mientras está en el modo edición, la tecla no funciona.
2 Cuando se presiona una tecla hacia ARRIBA o ABAJO, se desplaza más

rápido. Cuando se presiona una tecla IZQUIERDA o DERECHA, se desplaza
por página.

Descripción de la pantalla
La pantalla de meda muestra el modo seleccionado, la unidad, la fecha
y la hora, ID de operador y ID de muestra. Consulte la Figura 7.
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Figura 7  Pantalla única

1   Nombre y número del programa 7   Hora y fecha

2   Valor de lectura, unidad, forma
química, rango de medición inferior
"---" o superior "+++"

8   Medición (contextual: hecha,
seleccionar, comenzar, aceptar)

3   Ícono de ajuste estándar 9   Cero (contextual: la tecla de
navegación es la flecha hacia
arriba)

4   Estado de la batería 10   Opciones (contextual: volver,
cancelar)

5   Ícono del blanco reactivo 11   Identificación del usuario

6   Temporizador 12   Identificación de la muestra

Navegación
El instrumento contiene menús para cambiar varias opciones. Use las
teclas de navegación (flechas haciaARRIBA, ABAJO, DERECHA e
IZQUIERDA) para resaltar diferentes opciones. Pulse la tecla de
selecciónDERECHA para seleccionar una opción. Ingrese un valor con

las teclas de navegación. Pulse las teclas de navegación (flechas
haciaARRIBA, ABAJO, DERECHA E IZQUIERDA) para ingresar o
cambiar un valor. Pulse la flecha DERECHA para avanzar al siguiente
espacio. Pulse la tecla de selección DERECHA en Listo para aceptar el
valor. Pulse la tecla de selección IZQUIERDA para salir de la pantalla
del menú actual y volver al anterior.

Puesta en marcha

Configure el instrumento en encendido o apagado
Pulse la tecla de ENCENDIDO para configurar el instrumento en
encendido o apagado. Si el instrumento no se enciende, asegúrese de
que las pilas se han instalado correctamente.

Configurar el lenguaje
Existen tres opciones para establecer el lenguaje:

• Configurar el lenguaje de la pantalla cuando el instrumento se
enciende por primera vez.

• Configurar el lenguaje desde el menú CONFIGURACIÓN.

1. Pulsar CONFIGURACIÓN>Configuración>Lenguaje.
2. Seleccione un lenguaje de la lista.

Ajuste la fecha y la hora
Hay dos opciones para configurar fecha y hora:

• Configurar fecha y hora cuando el instrumento se enciende por
primera vez.

• Configurar fecha y hora desde el menú Fecha y Hora.

1. PulseCONFIGURACIÓN>Configuración>Fecha y Hora.
2. Pulse Formato de fecha y seleccione el formato para fecha y hora.
3. Pulse Fecha y Hora.
4. Use las teclas de navegación para ingresar fecha y hora actual,

luego pulse Listo.
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Funcionamiento estándar

Lista de programas
El instrumento se envía con una serie completa de programas de
aplicación. Consulte Tabla 1 para obtener descripciones de los
programas.

Tabla 1  Opciones de programa

Opción de programa Descripción

Programas guardados Los programas guardados son métodos pre-
programados instalados de fábrica. Consulte la 
Seleccione un programa guardado. en la página 41.

Programas de usuario Los métodos se pueden desarrollar y almacenar como
programa de usuario.1 Consulte la Programas de
usuario en la página 44.

Favoritos Los métodos que se usan con frecuencia se pueden
almacenar en la lista de favoritos.1

1 Se puede guardar un máximo de diez métodos (programas de usuario y/o
favoritos).

Seleccione un programa guardado.

1. Pulse INICIO>Opciones>Todos los programas.
2. Seleccione el método aplicable y pulse Iniciar.
3. Seleccione Opciones>Añadir a favoritos para agregar el método

seleccionado a favoritos para acceder más fácilmente.

Seleccionar opciones básicas de programa
Cuando se selecciona un programa, habrá disponible opciones de
parámetro adicionales.

1. Pulse Opciones para acceder al menú de opción.

2. Seleccione las opciones aplicables.

Opción Descripción

Iniciar
temporizador

Seleccione un temporizador pre-configurado o configure
un temporizador manual para asegurarse de que los
pasos del análisis están correctamente temporizados
(por ejemplo, los tiempos de reacción o de espera se
puede especificar exactamente). Cuando el
temporizador está encendido, el ícono del temporizador
se muestra en la pantalla. El instrumento hace un sonido
cuando el tiempo se acaba. Temporizador pre-
configurado—Seleccione el temporizador pre-
establecido aplicable para ver uno o más pasos de
procedimiento almacenados y pulse Iniciar.
Temporizador manual—Ingrese el tiempo aplicable con
las teclas de navegación y pulse Listo. Predeterminado
= 00:00

Programas
favoritos/de
usuario

Seleccione de la lista de programas favoritos o de
usuario guardados. Consulte Seleccione un programa
favorito o de usuario en la página 43 para obtener más
información.

Todos los
programas

Seleccione un método pre-programado de la lista.

Registro de
datos

Muestra todas las medas guardadas. Consulte Registro
de datos en la página 43 para obtener más
información.

Añadir a
favoritos

Guarde los programas almacenados y de usuario que se
usan con frecuencia en la lista de favoritos. Consulte la 
Agregar un programa a favoritos en la página 44.

%T/Abs/Conc Cambia a medas de % de transmitancia, absorción o
concentración. Medas de transmitancia (%)—Me el
porcentaje de luz original que atraviesa la muestra y
alcanza el detector. Medas de absorbancia— La luz
absorba por la muestra se me en unidades de
absorbancia. Medas de concentración—Los valores de
absorbancia medos se convierten en valores de
concentración con ecuación almacenada específica del
programa.
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Opción Descripción

Opciones
avanzadas

Utilice opciones avanzadas para especificar más
parámetros. Consulte la Seleccione las opciones de
programa. en la página 42.

Guardar Almacena la última medición manual cuando la opción
de almacenamiento automático está configurada en
apagado.

Seleccione las opciones de programa.
Cada programa tiene diversas opciones avanzadas adicionales de las
cuales se puede elegir.

1. PulseOpciones para acceder a Opciones>Opciones avanzadas.
2. Utilice opciones avanzadas para especificar más parámetros.

Opción Descripción

Guardar
automáticamente

Alternar entre encendido y apagado. Cada meda se
guarda automáticamente cuando la opción se
configura en encendido. La meda se puede guardar
manualmente cuando la opción se configura en
apagado.

Forma química Seleccione la forma química alternativa y el rango de
medición asociado en algún método instalado de
fábrica.

Blanco reactivo Blanco reactivo Ingrese el resultado de una prueba
finalizada usando agua desionizada como muestra.
El valor del blanco se sustrae de cada resultado
para corregir cualquier el color de fondo debo a
reactivos. Ingrese la corrección del blanco antes de
usar la opción Ajuste estándar. Finalice esta
corrección en cada lote nuevo de reactivos de
prueba.

Opción Descripción

Ajuste estándar Cambiar la calibración guardada. Finalizar una
prueba con un estándar conocido a una
concentración cerca del rango de prueba superior.
Use esta función para ajustar el resultado y alinear
la concentración estándar.

Clasificar programa Seleccione un orden alfabético o numérico para la
lista de almacenamiento de programas.

Usar una ID de operador
La etiqueta de ID de operador asocia mediciones con un usuario
individual. Todos los datos almacenados incluirán esta ID.

1. Pulse CONFIGURACIÓN>ID de operador en la pantalla de
medición.

2. Seleccione, cree o borre una ID de operador:

Opción Descripción

actual Seleccione una de una lista. La ID actual se asociará con
los datos de la muestra hasta que se seleccione una ID
diferente.

Crear ID nueva Introducir un nombre para una ID de operador nueva. Se
puede usar un máximo de 10 nombres.

Eliminar ID Eliminar ID de operador existente.

Usar una de muestra
La etiqueta de muestra se usa para asociar mediciones con muestras o
ubicaciones en particular. Si se asocian, los datos guardados incluirán
esta .
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1. Pulse CONFIGURACIÓN>ID de muestra en la pantalla de
medición.

2. Seleccione, cree o borre una ID de operador:

Opción Descripción

actual Seleccione una de una lista. La actual se asociará con los
datos de la muestra hasta que se seleccione una diferente.

Crear nueva Introducir un nombre para una de muestra nueva Se puede
usar un máximo de 10 nombres. Las muestras están
enumeradas en secuencia para cada medición hasta que se
selecciona una diferente (como Pond 1, Pond 2).

Eliminar ID Eliminar ID de muestra existente.

Cómo hacer una medición
Los pasos de medición básicos son necesarios para completar una
medición. Cada método tiene un procedimiento paso a paso. Consulte el
método aplicable para llevar a cabo una prueba específica. El ejemplo a
continuación es un procedimiento básico para completar una medición.

1. Seleccione el programa aplicable del menú de programas (como
programas guardados, programas de usuario, programas favoritos).

2. Instale el adaptador de cubeta, si es necesario.
3. Pulse Inicio para iniciar el programa.
4. Prepare el blanco según el documento del método. Cierre la cubeta

de la muestra y limpie las ópticas con un paño libre de de pelusas.
5. Coloque la cubeta del blanco de muestra dentro del compartimento

de cubetas. Asegúrese de colocar la cubeta del blanco de muestra
en la orientación correcta y consistente para que los resultados sean
aceptables y precisos. Consulte la Figura 4 en la página 38.

6. Cierre la tapa del instrumento para evitar interferencias de luz.
Consulte la Figura 5 en la página 39.

7. Pulse Cero. La pantalla muestra una concentración de cero (como
mg/L, ABS, µg/L).

8. Prepare la muestra. Agregue los reactivos como se especifica en el
documento del método.

9. Seleccione Opciones>Iniciar temporizador para usar los
temporizadores almacenados dentro del programa.

10. Cierre la cubeta de la muestra y limpie las superficies de las ópticas
con un paño libre de pelusas.

11. Coloque la muestra dentro del compartimento de cubetas.
Asegúrese de colocar la cubeta de la muestra en la orientación
correcta y consistente para que los resultados sean aceptables y
precisos. Consulte la Figura 4 en la página 38.

12. Cierre la tapa del instrumento para evitar interferencias de luz.
Consulte la Figura 5 en la página 39.

13. Pulse Leer. La pantalla muestra los resultados en las unidades
seleccionadas.
Nota: En la pantalla se muestra "+++" o "---" si la medición de absorbencia es
inferior o superior al rango de calibración de la prueba.

Registro de datos
El registro de datos muestra todas las medas guardadas. Pulse
INICIO>Opciones>Registro de datos para ver las medas. Consulte 
Exportar el registro de datos en la página 46 para obtener información
acerca de la exportación de registro de datos.

Funcionamiento avanzado

Seleccione un programa favorito o de usuario
La base de datos del programa favorito o de usuario está vacía cuando
se inicia por primera vez el instrumento. Se puede almacenar un método
en los favoritos para acceder más fácilmente. Se puede programar un
programa de usuario para necesidades específicas.

1. Pulse INICIO>Opciones>Fav./Prog. de usuario>Seleccionar.
2. Pulse Programa nuevo para hacer un programa nuevo. Consulte la 

Programas de usuario en la página 44.
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Agregar un programa a favoritos
Los métodos de programas almacenados y de programas de usuario,
que se usan con frecuencia, se pueden guardar en la lista de favoritos.

1. Seleccione INICIO>Opciones>Todos los programas.
2. Seleccione el método aplicable y pulse Iniciar.
3. Seleccione Opciones>Añadir a favoritos para agregar el método

seleccionado a favoritos.

Programas de usuario
La base de datos de los programas de usuario está vacía cuando se
inicia por primera vez el instrumento. Use Programa nuevo para hacer
programas nuevos según sus necesidades. Para hacer un programa de
usuario nuevo, siga los siguientes pasos.

1. Pulse INICIO>Opciones>Fav./Prog. de
usuario>Seleccionar>Programa nuevo.

2. Seleccione un número de programa disponible del 1001 al 1010.
Nota: Se puede guardar un máximo de diez programas (programas de usuario
y/o favoritos).

3. Ingrese un nombre de método (hasta 12 caracteres).
4. Seleccione la longitud de onda: 420, 520, 560 o 610 nm.
5. Seleccione la unidad: ninguna, µg/L, mg/L o g/L.
6. Seleccione la resolución: 0000, 000.0, 00.00 ó 0.000.
7. Agregue los puntos de calibración: un mínimo de 2 y un máximo de

12 puntos de calibración.* Seleccione Editar estándar 1 e ingrese el
primer valor de concentración estándar. Pulse Listo.
Nota: Un pip significa que la concentración es una duplicación de una
estándar ingresada previamente o la concentración es muy alta para la
resolución seleccionada. Ingresar un valor diferente y continuar.

8. Ingresar el valor de absorbancia:

Opción Descripción

Editar ABS
manual

Usar las teclas de navegación para ingresar el valor de
absorbancia manualmente.

Editar ABS
automático 1. Coloque el blanco en el compartimiento de

cubetas y pulse Cero.
2. Coloque la muestra preparada en el

compartimiento de cubetas y pulse Leer.
3. Pulse Listo.

Nota: Un pip significa que la absorbancia es un duplicado de una estándar
ingresada anteriormente o que está dentro de dos estándar anteriores.
Ingresar un valor diferente y continuar.

9. Pulse Listo.
10. Seleccione Agregar punto de cal.
11. Ingrese puntos de calibración adicionales como se describe en los

pasos del 7 al 9.
12. Seleccione Guardar programa de usuario.

Editar programa del usuario
Para editar un programa almacenado:

1. Seleccione INICIO>Fav./Prog. de ususario.
2. Seleccione el programa aplicable y pulse Opciones.
3. Pulse Editar.
4. Siga los mensajes en pantalla para editar el procedimiento.

* Si la curva es lineal, se necesitan sólo dos puntos de dato de concentración (por ejemplo, un estándar con absorbancia cero y otra estándar
conocido). Use puntos de dato adicionales para confirmar la linealidad o definir una curva no lineal.
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Eliminar un programa favorito o de usuario
Puede eliminar un programa favorito o de usuario almacenado si ya no
se utiliza.

1. Seleccione INICIO>Opciones>Fav./Prog. de ususario.
2. Marque el programa aplicable y pulse Opciones>Eliminar y siga los

mensajes de la pantalla.

Inf. del instrumento
El menú de inf. del instrumento muestra información específica como
nombre del instrumento, número de serie, versión del software, versión
de la base de datos, memoria usada y disponibilidad del programa.
Pulse CONFIGURACIÓN>Configuración>Inf. del instrumento.

Configurar contraseña
Las opciones de conf. de contraseña se usan para evitar acceso
restringido a los menús.
Nota: Si olvida la contraseña especificada y están activadas las Opciones de
seguridad, el usuario tendrá bloqueados los menús restringidos. Si pierde la
contraseña, póngase en contacto con la asistencia técnica.

1. PulseCONFIGURACIÓN>Configuración>Conf. de contraseña.
2. Seleccione una opción.

Opción Descripción

Conf. de
contraseña

Seleccione encender o apagar para configurar la
protección de contraseñas.

Elementos
protegidos

Muestra la lista de elementos protegidos: editar ID de
operador, editar ID de muestra, editar programas de
usuario, fecha y hora, actualizar firmware, actualizar
métodos, lenguaje y editar lista de favoritos.

Configurar la pantalla y el sonido
Use las op. de presentación para cambiar el contraste, las opciones de
apagado automático de la batería o la opción de retroiluminación. Use
las opciones de sonido para escuchar las teclas al ser pulsadas o
cuando la medición ha finalizado.

1. Pulse CONFIGURACIÓN>Configuración>Pantalla y sonido>Op.
de presentación.

2. Seleccione una opción.

Opción Descripción

Contraste Ajustar el contraste de la pantalla. La configuración
más clara es 0 y la más oscura 9. Predeterminado: 5

Apagado
automático

Para maximizar la duración de la batería, configure el
período de tiempo después del cual el instrumento se
apagará automáticamente si no se está pulsando
ninguna tecla (5, 10, 15, 20, 30 minutos, 1 hora,
2 horas o deshabilitar). Predeterminado: 10 minutos

Retroiluminación La retroiluminación de la pantalla se enciende cuando
se pulsa RETROILUMINACIÓN. Configure un
período de tiempo después del cual la
retroiluminación se apagará automáticamente si no se
está pulsando ninguna tecla (10, 20, 30 segundos, 1,
2, 5, 10 minutos o deshabilitar). Predeterminado:
1 minuto

3. Pulse CONFIGURACIÓN>Configuración>Pantalla y
sonido>Sonidos.

4. Seleccione una opción.

Opción Descripción

Tecleado El instrumento emitirá un sonido cuando se pulse una
tecla. Predeterminado: apagado

Medición
completa

El instrumento emitirá un sonido cuando la medición
haya finalizado. Predeterminado: encendido

Menú principal del USB
Cuando el instrumento está conectado con un cable USB a un
ordenador, el menú principal del USB se abre. Actualizar el software,
exportar o importar programas o exportar el registro de datos y el
registro de casos del menú principal del USB.
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Actualizar el firmware
Encontrará el archivo de actualización del firmware en el sitio Web del
producto o comunicándose con el proveedor del instrumento. Guarde el
archivo del sitio Web en el ordenador.

1. Configure el instrumento para activar y conectar el cable USB al
instrumento y al ordenador.
Aparecerá el menú principal del USB.

2. Seleccione Actualizar DR900.
En el ordenador, el se instrumento se muestra como una unidad
USB. Abra la carpeta.

3. Copie el archivo DR900.bin en la carpeta abierta.
4. Pulse Aceptar.
5. Cuando la actualización esté hecha, pulse Aceptar.
6. Seleccione Desconectar USB, pulse Aceptar y desconecte el cable

USB.
7. Pulse Aceptar.
8. Reinicie el instrumento.

Manejar programas
Con la función de Manejar programas, los programas de usuario pueden
exportarse y/o importarse y se pueden importar programas de fábrica
nuevos.

1. Configure el instrumento para activar y conectar el cable USB al
instrumento y al ordenador.
Aparecerá el menú principal del USB.

2. Seleccione Manejar programas y seleccione una opción:

Opción Descripción

Exportar programas
de usuario

Exportar todos los programas de usuario al
ordenador para almacenar o mover los programas
de usuario a otro DR 900.

Opción Descripción

Importar programas
de usuario

Reemplace todos los programas de usuario con
los programas de usuario de otro DR 900 por
medio del ordenador.

Importar los
programas de fábrica

Importar programas de fábrica nuevos de los sitios
Web del fabricante.

En el ordenador, el instrumento se muestra como una unidad USB.
Abra la carpeta.

3. Copie el archivo exportado de la unidad al ordenador o copie el
archivo importado del ordenador a la unidad.

4. Pulse Aceptar.
5. Cuando la transferencia está hecha, seleccioneDesconectar USB y

desconecte el cable USB.
6. Pulse Aceptar.

Exportar el registro de datos
El registro de casos y el registro de datos pueden exportarse al
ordenador. El registro de casos contiene la fecha, la hora, el número de
caso, el parámetro y la descripción de una acción de configuración
relacionada. Las mediciones de la muestra se almacenan manualmente
o automáticamente en el registro de datos. Consulte la Seleccione las
opciones de programa. en la página 42.

1. Configure el instrumento para activar y conectar el cable USB al
instrumento y al ordenador.
Aparecerá el menú principal del USB.

2. Seleccione Exp. registro de datos.
En el ordenador, el instrumento se muestra como una unidad USB.
Abra la carpeta.

3. Copie y guarde los archivos exportados (DR900_DataLog.csv y
DR900_EventLog.csv) al ordenador.

4. Pulse Aceptar.
5. Cuando copia los archivos al ordenador, seleccione Desconectar

USB y desconecte el cable USB.
6. Pulse Aceptar.
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Mantenimiento
A D V E R T E N C I A 

Peligros diversos. Sólo el personal cualificado debe realizar las tareas
descritas en esta sección del documento.

Limpieza del instrumento
Limpie el exterior del instrumento con un paño húmedo y una solución
jabonosa suave y, a continuación, seque el instrumento.

Limpiar las cubetas de muestra

P R E C A U C I Ó N 

Peligro por exposición a productos químicos. Respete los
procedimientos de seguridad del laboratorio y utilice el equipo de
protección personal adecuado para las sustancias químicas que vaya
a manipular. Consulte los protocolos de seguridad en las hojas de
datos de seguridad actuales (MSDS/SDS).

P R E C A U C I Ó N 
Peligro por exposición a productos químicos. Deshágase de los
productos químicos y los residuos de acuerdo con las normativas
locales, regionales y nacionales.

La mayoría de los detergentes de laboratorio se usan en
concentraciones recomendadas. El uso de los detergentes neutros,
como el Liquinox, es más seguro cuando se necesita limpiar
regularmente. Para disminuir el tiempo de limpieza, aumente la
temperatura o use un baño ultrasónico. Para completar la limpieza,
enjuague varias veces con agua desionizada y deje que la cubeta de
muestra se seque.
Las cubetas de muestras también se pueden limpiar con ácido después
de enjuagar bien con agua desionizada.
Nota: Siempre utilice ácido para limpiar las cubetas de muestras que se hayan
utilizado para pruebas de metal de bajo nivel.

Los métodos de limpieza especial son necesarios para procedimientos
individuales. Al utilizar un cepillo para limpiar las cubetas de muestras,
tenga especial cuidado de no rayar la superficie interior de las mismas.

Cambio de las pilas

A D V E R T E N C I A 
Peligro de explosión. Las pilas caducadas pueden provocar la
acumulación de gas hidrógeno en el interior del instrumento. Sustituya
las pilas antes de que caduquen y no guarde el instrumento durante
un período prolongado de tiempo con las pilas colocadas.

A D V E R T E N C I A 
Peligro de incendio. No se permite la sustitución de la batería Utilice
solamente baterías alcalinas.

A V I S O 
Asegúrese de apretar los tornillos a 1–1,4 N·m (9–12 in.·lb) para obtener un
correcto ajuste de sellado y mantener la clasificación ambiental de la carcasa.

Consulte la Instalar las baterías en la página 37 para ver la sustitución
de las pilas.

Solución de problemas
Código de
error

Posible causa Solución

1 El instrumento no está
configurado.

Póngase en contacto con la asistencia
técnica.

2 No se pueden leer los
datos del programa

3 No se pueden grabar los
datos del programa

4 Error de las pilas Cambio de las pilas.

5 Error de A/D durante una
medición

Póngase en contacto con la asistencia
técnica.
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Código de
error

Posible causa Solución

6 Error de compensación
durante una medición

Asegúrese de que la tapa del
instrumento esté colocada
correctamente.

7 Error de luz baja durante
una medición • Asegúrese de que no haya bloqueo

de la luz.
• Cero está fuera del rango del

instrumento
• Póngase en contacto con la

asistencia técnica.

8 Fuera de rango durante
una medición, potencial
bloqueo de iluminación o
concentración muy alta

• Asegúrese de que no hay un
bloqueo de iluminación y que la
concentración no sea demasiado
alta para el programa.

• Asegúrese de que la tapa del
instrumento esté colocada
correctamente.

• Póngase en contacto con la
asistencia técnica.

Piezas de repuesto y accesorios
A D V E R T E N C I A 

Peligro de lesión personal. El uso de piezas no aprobadas puede
causar lesiones personales, daños al instrumento o un mal
funcionamiento del equipo. Las piezas de repuesto que aparecen en
esta sección están aprobadas por el fabricante.

Nota: Los números de producto y artículo pueden variar para algunas regiones de
venta. Comuníquese con el distribuidor correspondiente o visite el sitio Web de la
compañía para obtener la información de contacto.

Piezas de repuesto

Descripción Referencia

Ensamblaje del adaptador, COD 4846400

Juego de pilas AA alcalinas (4) 1938004 

Cubeta de muestra con tapa, 25 x 95 mm, 10-20-25 mL
(6) 2401906

Cubeta de muestra con tapa, 1 cm/10 mL (2) 4864302

Cable USB LZV 818 

Accesorios

Descripción Referencia

Tapa, cubeta de muestra, para cubeta de 25 x 95 mL 2401812 

Estuche de transporte con laterales rígidos 4942500 

Estuche de transporte con laterales blandos y correa 2722000 

Estuche de transporte, portátil de laboratorio 4943000 

Estándares de absorbencia DR/Check™ 2763900

Tapa del instrumento, DR 900 9390500
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Especificações
As especificações estão sujeitas a alterações sem aviso prévio.

Especificação Detalhes

Modo de medição Transmitância (%), Absorvância (Abs) e
Concentração (Conc)

Dimensões (L x P x A) 23,6 x 8,7 x 4,7 cm (9,3 x 3,4 x 1,9 pol.)

Classificação do compartimento IP67 

Peso 0,6 kg (1,3 Ib)

Requisitos de alimentação (interna) Baterias AA alcalinas (4x)

Vida útil da bateria 6 meses (típico) a 5 leituras por dia/5 dias
por semana sem luz de fundo

Interface USB mini

Temperatura de operação 0 a 50 °C (32 a 122 °F), máximo de 90%
de umidade relativa, sem condensação

Temperatura de armazenamento –30 a 60 °C (–22 a 140 °F), máximo de
90% de umidade relativa, sem
condensação

Fonte de emissão Diodo emissor de luz (LED)

Detector Fotocélula

Especificação Detalhes

Intervalo de comprimento de onda 420, 520, 560, 610 nm

Alcance de medição fotométrico 0–2 Abs

Precisão do comprimento de onda ±1 nm

Precisão de fotometria ±0,005 Abs em 1,0 Abs nominal

Linearidade fotométrica ±0,002 Abs (0–1 Abs)

Seleção de comprimento de onda Automático, baseado na seleção de
método

Repetibilidade fotométrica ±0,002 Abs (0–1 Abs)

Leitura de dados Visor gráfico, 240 x 160 pixels (com luz de
fundo)

Cubetas de amostra 16 mm, 1 cm/10 ml, redonda de
1 polegada (25 mm)

Classe de proteção Classe III

Certificações Certificação CE

Garantia 1 ano

Informações gerais
Em hipótese alguma o fabricante será responsável por danos diretos,
indiretos, especiais, incidentais ou consequenciais resultantes de
qualquer defeito ou omissão neste manual. O fabricante reserva-se o
direito de fazer alterações neste manual e nos produtos aqui descritos a
qualquer momento, sem aviso ou obrigação. As edições revisadas
podem ser encontradas no site do fabricante.
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Informações de segurança
A V I S O 

O fabricante não é responsável por quaisquer danos devido ao uso ou aplicação
incorreta deste produto, incluindo, sem limitação, danos diretos, acidentais ou
consequenciais, e se isenta desses danos à extensão total permitida pela lei
aplicável. O usuário é unicamente responsável por identificar riscos críticos de
aplicação e por instalar os mecanismos apropriados para proteger os processos
durante um possível mau funcionamento do equipamento.

Leia todo o manual antes de tirar da embalagem, montar ou operar esse
equipamento. Preste atenção a todas as declarações de perigo e
cuidado. Caso contrário, o operador poderá sofrer ferimentos graves ou
o equipamento poderá ser danificado.
Certifique-se de que a proteção oferecida por este equipamento não
seja afetada. Não use nem instale este equipamento de nenhuma outra
forma além da especificada neste manual.

Uso de informações de risco

P E R I G O 
Indica uma situação potencial ou iminentemente perigosa que, se não for
evitada, resultará em morte ou lesão grave.

A D V E R T Ê N C I A 
Indica uma situação potencialmente perigosa que, se não for evitada, pode
resultar em morte ou ferimento grave.

C U I D A D O 
Indica uma situação potencialmente perigosa que pode resultar em ferimento
leve a moderado.

A V I S O 
Indica uma situação que, se não evitada, pode causar danos ao instrumento.
Informações que necessitam de uma ênfase especial.

Avisos de precaução
Leia todas as etiquetas e rótulos fixados no instrumento. Caso não
sejam observadas, podem ocorrer lesões pessoais ou danos ao

instrumento. Um símbolo no instrumento tem sua referência no manual
com uma medida preventiva.

Este símbolo, se observado no instrumento, diz respeito ao manual
de instruções para operação e/ou informações de segurança.

Este símbolo indica a presença de risco de explosão.

Este símbolo indica a presença de risco de incêndio.

Este símbolo identifica risco de dano químico e indica que somente
pessoas qualificadas e treinadas para trabalhar com produtos
químicos devem manipular tais produtos ou fazer a manutenção de
sistemas de distribuição química associados ao equipamento.

Este símbolo indica a necessidade de uso de óculos de proteção.

Os equipamentos elétricos marcados com este símbolo não podem
ser descartados em sistemas de descarte (lixo) públicos europeus
após 12 de agosto de 2005. Em conformidade com as
regulamentações nacionais e locais européias (Diretiva UE
2002/96/EC), os usuários de equipamentos elétricos devem devolver
seus equipamentos usados para o fabricante para descarte, sem
ônus para o usuário.
Observação: Para o envio de equipamento para reciclagem, entre em contato
com o fabricante ou fornecedor do equipamento para obter instruções sobre o
envio de sucata de equipamento, acessórios elétricos fornecidos pelo fabricante
e todos os itens auxiliares para um descarte adequado.

Certificação
Canadian Radio Interference-Causing Equipment Regulation
(Regulamentação para equipamentos de rádio causadores de
interferência do Canadá), IECS-003, Classe A:
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Os registros de testes de comprovação encontram-se com o fabricante.
Este aparelho digital Classe A atende a todos os requisitos de
regulamentações canadenses sobre equipamentos que causam
interferências.
Cet appareil numèrique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC parte 15, limites Classe "A"
Os registros de testes de comprovação encontram-se com o fabricante.
O dispositivo está em conformidade com a Parte 15 das Regras da
FCC. A operação está sujeita às seguintes condições:

1. O equipamento não deve causar interferência prejudicial.
2. O equipamento deve aceitar todas as interferências recebidas,

inclusive interferências que podem causar funcionamento
indesejado.

Alterações ou modificações a este equipamento não aprovadas
expressamente pela parte responsável pela conformidade podem anular
a autoridade do usuário de operar o equipamento. Este equipamento foi
testado e está em conformidade com os limites de dispositivo digital
Classe A, de acordo com a Parte 15 das Regras da FCC. Esses limites
foram estabelecidos para proporcionar uma razoável proteção contra
interferências nocivas quando o equipamento for operado em ambientes
comerciais. Este equipamento gera, utiliza e pode irradiar energia de
rádiofrequência e, se não instalado e usado de acordo com o manual de
instruções, pode causar interferências prejudiciais às comunicações de
rádio. É provável que o funcionamento deste equipamento em área
residencial possa causar interferência indesejada, caso em que o
usuário será solicitado a corrigir a interferência por conta própria. As
seguintes técnicas podem ser usadas para reduzir problemas de
interferência:

1. Desconecte o equipamento de sua fonte de alimentação para
verificar se ele é ou não a origem da interferência.

2. Se o equipamento está conectado à mesma tomada do dispositivo
que está sofrendo interferência, conecte o equipamento a uma
tomada diferente.

3. Afaste o equipamento do dispositivo que estiver recebendo a
interferência.

4. Reposicione a antena de recebimento do dispositivo que está
sofrendo interferência.

5. Tente algumas combinações das opções acima.

Visão geral do produto
O DR 900 é um colorímetro portátil, baseado em LEDs que efetua
medições em comprimentos de onda de 420, 520, 560 e 610 nm. O
instrumento é usado para medir diversos parâmetros em água potável,
água residual e aplicações industriais. O instrumento é fornecido com
um conjunto completo de programas armazenados (métodos pré-
-instalados), a disponibilidade de armazenamento de programa de
usuário e a seleção de programa favorito. Consulte Figura 1.
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Figura 1  Instrumento

1   Porta USB 4   Abertura de ventilação

2   Tampa do instrumento 5   Compartimento da bateria

3   Compartimento da célula 6   Tecla liga/desliga

Componentes do produto
Certifique-se de que todos os componentes foram recebidos. Consulte 
Figura 2. Se houver itens ausentes ou danificados, entre em contato
imediatamente com o fornecedor do instrumento ou com um
representante de vendas.

Figura 2  Componentes do produto

1   DR 900 4   Cubeta de amostra em vidro,
redonda de 1 polegada (25 mm),
com marcações de 10, 20, 25 ml
(2x)

2   Cabo USB com conector mini-USB 5   Cubeta de amostra, 1 cm/10 ml (2x)

3   Baterias AA alcalinas (4x) 6   Adaptador de cubeta de amostra

Instalação
A D V E R T Ê N C I A 

Vários perigos. Somente pessoal qualificado deve realizar as tarefas
descritas nesta seção do manual.

A V I S O 
Tome cuidado para não bloquear a ventilação da bateria do instrumento durante
o uso ou o armazenamento.
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Instalar as baterias

A D V E R T Ê N C I A 
Risco de explosão. A instalação incorreta das baterias pode causar
liberação de gases explosivos. As baterias devem ser do mesmo tipo
químico aprovado e ser inseridas com a orientação correta. Não
misture baterias novas com antigas.

A D V E R T Ê N C I A 
Perigo de incêndio. Não é permitida a substituição da pilha. Use
somente baterias alcalinas.

A V I S O 
Aperte os parafusos a um torque de 1–1,4 N·m (9–12 pol.·lb) para uma correta
vedação e para manter a classificação ambiental da vedação.

O instrumento é alimentado por quatro baterias AA alcalinas. Certifique-
-se de que as baterias estão instaladas na posição correta. Consulte 
Figura 3 para informações de instalação da bateria.

Figura 3  Instalação da pilha

Instalar a cubeta de amostra e o adaptador de cubeta
O instrumento tem um compartimento de cubeta que pode usar um
adaptador para diferentes tipos de cubetas de amostra. Certifique-se de
instalar a cubeta de amostra na orientação correta e consistente de
modo que os resultados sejam mais repetíveis e precisos. Consulte 
Figura 4. Feche a tampa do instrumento antes que o zero do
instrumento seja ajustado ou que uma medição seja efetuada para
evitar as interferências de luz. Consulte Figura 5.
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Figura 4  Orientação da cubeta de amostra

1   Cubeta de amostra plástica de
1 cm/10 ml

4   Marca de orientação

2   Cubeta de amostra em vidro de
1 polegada (25 mm)

5   Posição de orientação (sentido
horário)

3   Ampola de teste em vidro de
16 mm

6   Adaptador de cubeta de amostra

Figura 5  Instalação da tampa do instrumento e da cubeta de
amostra

Interface do usuário e navegação

Descrição do teclado numérico
Consulte Figura 6 para obter a descrição do teclado numérico e
informações de navegação.
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Figura 6  Descrição do teclado numérico

1   LUZ DE FUNDO: liga ou desliga a
iluminação do visor

4   Tecla de seleção DIREITA
(contextual): leitura da amostra,
seleciona ou confirma opções, abre
submenus

2   DEFINIÇÕES: opções de
configuração1

5   Teclas de navegação PARA CIMA,
PARA BAIXO, DIREITA,
ESQUERDA: rolagem através dos
menus, inserção de números e
letras2

3   Tecla de seleção ESQUERDA
(contextual): acesso a opções,
cancela ou sai da tela de menu
atual e retorna à anterior

6   HOME/Opções: ida à tela principal
de leitura1, seleção de programa,
gerenciamento de dados

1 Quando em modo de edição, a tecla não funciona.
2 Quando uma tecla PARA CIMA ou PARA BAIXO é mantida pressionada, a

rolagem acelera. Quando uma tecla DIREITA ou ESQUERDA é pressionada,
ocorre a rolagem por página.

Descrição do visor
A tela de leitura mostra o modo selecionado, unidade, data & hora, ID
do operador e ID da amostra. Consulte Figura 7.

Figura 7  Exibição em tela única

1   Nome e número do programa 7   Hora e data

2   Lendo o valor, a unidade, a fórmula
química abaixo "---" ou acima da
faixa de medição "+++"

8   Leitura (contextual: concluído,
selecionar, iniciar, ok)

3   Ícone de ajuste padrão 9   Zero (contextual: tecla de
navegação seta para CIMA)

4   Estado das baterias 10   Opções (contextual: voltar,
cancelar)

5   Ícone de reagente para ensaio em
branco

11   Identificação do operador

6   Cronômetro 12   Identificação da amostra

Navegação
O instrumento contém menus para alterar diversas opções. Use as
teclas de navegação (setas PARA CIMA, PARA BAIXO, DIREITA e
ESQUERDA) para realçar diferentes opções. Pressione a tecla de
seleção DIREITA para selecionar uma opção. Insira um valor de opção
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com as teclas de navegação. Pressione as teclas de navegação (setas
PARA CIMA, PARA BAIXO, DIREITA e ESQUERDA para inserir ou
alterar um valor. Pressione a seta DIREITA para avançar até o espaço
seguinte. Pressione a tecla de seleção DIREITA sob Concluído para
aceitar o valor. Pressione a tecla de seleção ESQUERDA para sair da
tela de menu atual e retornar à anterior.

Inicialização

Ligar ou desligar o instrumento
Pressione a tecla ENERGIA para ligar ou desligar o instrumento. Caso o
instrumento não ligue, certifique-se de que as baterias estão
corretamente instaladas.

Definir o idioma
Há duas opções para definir o idioma:

• Defina o idioma do visor quando o instrumento é ligado pela primeira
vez.

• Defina o idioma no menu DEFINIÇÕES.

1. Pressione DEFINIÇÕES>Configurar>Idioma.
2. Selecione um idioma da lista.

Definir data e hora
Há duas opções para definir a data e a hora:

• Defina a data e a hora quando o instrumento for ligado pela primeira
vez.

• Defina a data e a hora através do menu Data & Hora.

1. Pressione DEFINIÇÕES>Configurar>Data & Hora.
2. Pressione Formato da data e selecione um formato para a data e a

hora.
3. Pressione Data & Hora.

4. Use as teclas de navegação para inserir a data e a hora atuais e, em
seguida, pressione Concluído.

Operação padrão

Lista de programas
O instrumento é entregue com uma série completa de programas
aplicativos. Consulte Tabela 1 para obter a descrição dos programas.

Tabela 1  Opções do programa

Opção do programa Descrição

Programas armazenados Os programas armazenados são métodos pré-
-programados, instalados de fábrica. Consulte 
Selecionar um programa armazenado
na página 56.

Programas de usuário Métodos podem ser desenvolvidos e salvos como
um programa de usuário.1 Consulte Programas de
usuário na página 59.

Favoritos Métodos que são usados frequentemente podem ser
salvos na lista de favoritos.1

1 Um máximo de dez métodos (programas de usuário e/ou favoritos) pode ser
salvo.

Selecionar um programa armazenado

1. Pressione HOME>Opções>Todos os Programas.
2. Selecione o método aplicável e pressione Iniciar.
3. Selecione Opções>Adicionar a Favoritos para adicionar o método

selecionado aos favoritos de forma a possibilitar um acesso mais
rápido.

Selecionar opções de programa básicas
Quando um programa é selecionado, opções de parâmetros adicionais
estão disponíveis.
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1. Pressione Opções para ter acesso ao menu de opções.
2. Selecione as opções aplicáveis.

Opção Descrição

Iniciar
temporizador

Selecione um cronômetro predefinido ou defina um
cronômetro manual para certificar-se de que as etapas
de uma análise são cronometradas corretamente (por
exemplo, tempos de reação ou tempos de espera
podem ser especificados exatamente). Quando o
cronômetro está ligado, o ícone correspondente é
mostrado no visor. O instrumento emite um som
audível quando o tempo se esgota. Cronômetro
predefinido — Selecione o cronômetro predefinido
aplicável para um ou mais etapas de procedimento
armazenado e pressione Iniciar. Cronômetro manual
— Insira o período aplicável com as teclas de
navegação e pressione Concluído. Padrão = 00:00

Favors./Progrs.
usuário

Selecione da lista de favoritos ou de programas de
usuário armazenados. Consulte a seção Selecionar
um favorito ou um programa de usuário na página 59
para obter mais informações.

Todos os
Programas

Selecione um método pré-programado da lista.

Registro de dados Mostre todas as leituras salvas. Consulte a seção 
Registro de dados na página 59 para obter mais
informações.

Adicionar a
Favoritos

Salve programas armazenados e métodos de
programas de usuário que são usados frequentemente
na lista de favoritos. Consulte Adicionar um programa
aos favoritos na página 59.

%T/Abs/Conc Alterne para as leituras de % de transmitância,
absorvância ou concentração. Leitura de
transmitância (%) — Efetua a leitura do percentual da
luz original que passa através da amostra e atinge o
detector. Leituras de absorvância — A luz absorvida
pela amostra é lida em unidades de absorvância.
Leituras de concentração — Os valores da
absorvância medida são convertidos em valores de
concentração com a equação armazenada específica
do programa.

Opção Descrição

Opções
Avançadas

Use as opções avançadas para especificar mais
parâmetros. Consulte Selecionar opções de programa
avançadas na página 57.

Salvar Salve a última leitura manualmente quando a opção
de salvamento automático estiver desativada.

Selecionar opções de programa avançadas
Cada programa tem diversas opções avançadas adicionais que podem
ser selecionadas.

1. Pressione Opções para ter acesso a Opções>Opções Avançadas.
2. Use as opções avançadas para especificar mais parâmetros.

Opção Descrição

Auto-salvar Alterne entre Ativada e Desativada. Cada leitura é
automaticamente salva quando a opção está definida
como Ativado. A leitura pode ser salva manualmente
quando a opção está definida como Desativada.

Fórmula
química

Selecione a fórmula química alternativa e a faixa de
medição associada em alguns métodos instalados de
fábrica.

Amostra de
referência do
reagente

A correção do reagente para ensaio em branco pode ser
usada com alguns dos métodos instalados de fábrica.
Insira o resultado de um teste concluído usando água
deionizada como amostra. O valor do ensaio em branco é
subtraído de cada resultado para corrigir qualquer cor de
fundo devida a reagentes. Insira a correção do ensaio em
branco antes de usar a opção Ajuste Padrão. Execute esta
correção para cada novo lote de reagentes para ensaio.

Ajuste padrão Altere a calibração armazenada. Realize um teste em um
padrão conhecido a um concentração próxima do valor
máximo da faixa do teste. Use esta função para ajustar o
resultado de forma a alinhar a concentração do padrão.

Classificar
programas

Selecione uma ordem de programa alfabática ou numérica
para a lista de programas armazenados.
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Use uma identificação do operador
A etiqueta de identificação do operador é usada para associar leituras a
um único operador. Todos os dados armazenados incluirão esta
identificação.

1. Pressione DEFINIÇÕES>ID do operador na tela de leitura.
2. Selecione, crie ou exclua uma identificação de operador:

Opção Descrição

ID atual Selecione uma identificação de uma lista. A identificação
atual estará associada aos dados da amostra até que uma
identificação diferente seja selecionada.

Criar nova ID Digite um nome para a nova identificação de operador. Um
máximo de 10 nomes pode ser inserido.

Excluir ID Exclua uma identificação de operador existente.

Uso de uma ID de amostra
A etiqueta de identificação da amostra é usada para associar leituras a
uma amostra específica ou a um local. Se especificado, os dados
armazenados incluirão esta identificação.

1. Pressione DEFINIÇÕES>ID da amostra na tela de leitura.
2. Selecione, crie ou exclua uma identificação de operador:

Opção Descrição

ID atual Selecione uma identificação de uma lista. A identificação
atual estará associada aos dados da amostra até que uma
identificação diferente seja selecionada.

Criar nova ID Digite um nome para a nova identificação de amostra. Um
máximo de 10 nomes pode ser inserido. As amostras são
numeradas em sequência para cada medição até que uma
identificação diferente seja selecionada (por exemplo, Pond
1, Pond 2).

Excluir ID Exclua uma identificação de amostra existente.

Como fazer uma medição
São necessárias etapas básicas de medição para concluir uma
medição. Cada método tem um procedimento passo a passo. Consulte
o método aplicável para executar um teste específico. O exemplo a
seguir é um procedimento básico para concluir uma medição.

1. Selecione o programa aplicável no menu de programas (por
exemplo, Programas Armazenados, Programas de Usuário,
Favoritos).

2. Instale o adaptador de cubeta, se necessário.
3. Pressione Iniciar para iniciar o programa.
4. Prepare o ensaio em branco de acordo com o documento do

método. Feche a cubeta de amostra e limpe as faces ópticas da
cubeta de amostra com um pano sem fiapos.

5. Insira a cubeta de amostra em branco dentro do compartimento da
cubeta. Certifique-se de instalar a cubeta de amostra em branco no
local correto e em uma orientação consistente de modo que os
resultados sejam mais repetíveis e precisos. Consulte Figura 4
na página 54.

6. Feche a tampa do instrumento para evitar interferências da luz.
Consulte Figura 5 na página 54.

7. Pressione Zero. O visor mostra uma concentração de zero (por
exemplo, mg/l, ABS, µg/l).

8. Prepare a amostra. Adicione reagentes conforme especificado pelo
documento do método.

9. Selecione Opções>Iniciar temporizador para usar os cronômetros
armazenados dentro do programa.

10. Feche a cubeta de amostra e limpe as superfícies ópticas da cubeta
com um pano sem fiapos.

11. Insira a amostra dentro do compartimento da cubeta. Certifique-se
de instalar a cubeta de amostra no local correto e em uma
orientação consistente de modo que os resultados sejam mais
repetíveis e precisos. Consulte Figura 4 na página 54.

12. Feche a tampa do instrumento para evitar interferências da luz.
Consulte Figura 5 na página 54.
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13. Pressione Ler. O visor mostra os resultados nas unidades
selecionadas.
Observação: O visor mostra "+++" ou "---" se a absorvância medida for menor
ou maior que a faixa de calibração do teste.

Registro de dados
O registro de dados mostra todas as leituras salvas. Pressione
HOME>Opções>Registro de dados para visualizar as leituras.
Consulte Exportar o registro de dados na página 62 para obter
informações sobre a exportação do registro de dados.

Operação avançada

Selecionar um favorito ou um programa de usuário
O banco de dados de favoritos e programas de usuário está vazio
quando o instrumento é iniciado pela primeira vez. Um método pode ser
salvo nos favoritos para possiblitar um acesso mais rápido. Um
programa de usuário pode ser desenvolvido para necessidades
específicas.

1. Pressione HOME>Opções>Favoritos/Programas do
Usuário>Selecionar.

2. Pressione Novo Programa para criar um novo programa de usuário.
Consulte Programas de usuário na página 59.

Adicionar um programa aos favoritos
Métodos de programas de usuário e programas armazenados que são
usados frequentemente podem ser salvos na lista de favoritos.

1. Selecione INÍCIO>Opções>Todos os Programas.
2. Selecione o método aplicável e pressione Iniciar.
3. Selecione Opções>Adicionar a Favoritos para adicionar o método

selecionado aos favoritos.

Programas de usuário
O banco de dados de programas de usuário está vazio quando o
instrumento é iniciado pela primeira vez. Use Novo Programa para criar
novos programas para necessidades específicas. Para criar um novo
programa de usuário, execute as etapas a seguir.

1. Pressione HOME>Opções>Favoritos/Programas do
Usuário>Selecionar>Novo Programa.

2. Selecione um número de programa disponível de 1001 a 1010.
Observação: Um máximo de dez programas (programas de usuário e/ou
favoritos) pode ser salvo.

3. Insira um nome de método (até 12 caracteres).
4. Selecione o comprimento de onda: 420, 520, 560 ou 610 nm.
5. Selecione a unidade: nenhuma, µg/l, mg/l ou g/l.
6. Selecione a resolução: 0000, 000.0, 00.00 ou 0.000.
7. Adicione os pontos de calibração: um mínimo de 2 e um máximo de

12 pontos de calibração.* Selecione Editar Padrão 1 e insira o valor
de concentração do primeiro padrão. Pressione Concluído.
Observação: Um bipe significa que a concentração é uma duplicata de um
padrão inserido anteriormente ou a concentração é muito elevada para a
resolução selecionada. Insira um valor diferente e continue.

* Caso a curva seja conhecida por ser linear, somente 2 pontos de dados de concentração (por exemplo, um padrão com absorvância igual a zero
e um outro padrão conhecido) serão necessários. Use pontos de dados adicionais para confirmar a linearidade ou para definir uma curva não
linear.
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8. Insira o valor de absorvância:

Opção Descrição

Editar ABS
Manual

Use as teclas de navegação para inserir o valor de
absorvância manualmente.

Editar ABS
Auto 1. Coloque a amostra em branco dentro do suporte da

cubeta e pressione Zero.
2. Coloque a amostra preparada dentro do suporte da

cubeta e pressione Ler.
3. Pressione Concluído.

Observação: Um bipe significa que a absorvância é uma duplicata de um
padrão inserido anteriormente ou que oscila entre dois padrões anteriores.
Insira um valor diferente e continue.

9. Pressione Concluído.
10. Selecione Adicionar Ponto de Cal.
11. Insira os pontos adicionais de calibração como descrito nas etapas

7–9.
12. Selecione Salvar Programa de Usuário.

Editar um programa de usuário
Para editar um programa de usuário armazenado:

1. Selecione HOME>Favors./Progrs. usuário.
2. Selecione o programa aplicável e pressione Opções.
3. Pressione Editar.
4. Siga as instruções na tela para editar o procedimento.

Excluir um usuário ou programa favorito
Exclua um usuário armazenado ou programa favorito caso o programa
não seja mais usado.

1. Selecione HOME>Opções>Favors./Progrs. usuário.
2. Realce o programa aplicável e pressione Opções>Excluir e siga as

instruções na tela.

Informações instrumento
O menu de informações instrumento mostra informações específicas
como o nome do instrumento, número de série, versão do software,
versão do banco de dados, memória utilizada e disponibilidade do
programa. Pressione DEFINIÇÕES>Configurar>Informações
instrumento.

Definir a senha
As opções de definição da senha são usadas para impedir o acesso a
menus restritos.
Observação: Caso a senha especificada seja esquecida e as Opções de
segurança estejam ativadas, o operador terá acesso bloqueado aos menus
restritos. Entre em contato com o suporte técnico se a senha for esquecida.

1. Pressione DEFINIÇÕES>Configurar>Definições de senha.
2. Selecione uma opção.

Opção Descrição

Definições de
senha

Selecione Ativada ou Desativada para ativar ou
desativar a proteção por senha.

Itens Protegidos Mostra a lista de itens protegidos: editar ID de
operador, editar ID de amostra, editar programas de
usuário, data & hora, atualizar firmware, atualizar
métodos, idioma e editar lista de favoritos.

Ajustar o visor e o som
Use as opções de exibição para alterar o contraste do visor, as opções
de desligamento automático da bateria ou a opção da luz de fundo. Use
as opções de som para emitir um som audível quando uma tecla for
pressionada ou quando uma leitura estiver concluída.
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1. Pressione DEFINIÇÕES>Configurar>Visor & Som>Opções de
exibição.

2. Selecione uma opção.

Opção Descrição

Contraste Como ajustar o contraste do visor. O ajuste mais suave
é 0 e o mais escuro é 9. Padrão: 5

Desligamento
automático

Para maximizar a vida útil da bateria, defina um período
de tempo após o qual o instrumento desligará
automaticamente caso nenhuma tecla seja pressionada
(5, 10, 15, 20, 30 minutos, 1 hora, 2 horas ou
Desativado). Padrão: 10 minutos

Luz de fundo A luz de fundo do visor é ajustada como ativa quando
LUZ DE FUNDO é pressionada. Defina um período de
tempo após o qual a luz de fundo será desligada
automaticamente caso nenhuma tecla seja pressionada
(10, 20, 30 segundos, 1, 2, 5, 10 minutos ou
Desativado). Padrão: 1 minuto

3. Pressione DEFINIÇÕES>Configurar>Visor & Som>Sons.
4. Selecione uma opção.

Opção Descrição

Pressionamento de tecla O instrumento emitirá um som audível sempre
que uma tecla for pressionada. Padrão:
desligado

Leitura concluída O instrumento emitirá um som audível sempre
que uma leitura for concluída. Padrão: ligado

Menu principal USB
Quando o instrumento é conectado com um cabo USB a um
computador, o Menu principal USB é exibido. Atualize o software,
exporte ou importe programas ou exporte o registro de dados e de
eventos a partir do Menu principal USB.

Atualizar o firmware
Localize o arquivo de atualização do firmware no site na Web do
produto ou entre em contato com o fornecedor do instrumento. Salve o
arquivo do site na Web no computador.

1. Ligue o instrumento e conecte o cabo USB ao instrumento e ao
computador.
O Menu principal USB é exibido.

2. Selecione Atualizar DR900.
O instrumento é exibido como uma unidade USB no computador.
Abra a pasta.

3. Copie o arquivo DR900.bin para a pasta aberta.
4. Pressione Ok.
5. Quando a atualização estiver concluída, pressione Ok.
6. Selecione Desconectar USB, pressione Ok e desconecte o cabo

USB.
7. Pressione Ok.
8. Reinicie o instrumento.

Gerenciar programas
Com a função de Gerenciar Programas, os programas de usuário
podem ser exportados e/ou importados e novos programas do
fabricante pode ser importados.

1. Ligue o instrumento e conecte o cabo USB ao instrumento e ao
computador.
O Menu principal USB é exibido.

2. Selecione Gerenciar Programas e selecione uma opção:

Opção Descrição

Exportar programas
de usuário

Exporte todos os programas de usuário para o
computador para armazenamento ou para movê-los
para um outro DR 900.
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Opção Descrição

Importar programas
de usuário

Substitua todos os programas de usuário com os
programas de um outro DR 900 por meio do
computador.

Importar programas
do fabricante

Importe novos programas diretamente do site do
fabricante na Web.

O instrumento é exibido como uma unidade USB no computador.
Abra a pasta.

3. Copie o arquivo exportado da unidade para o computador ou copie o
arquivo importado do computador para a unidade.

4. Pressione Ok.
5. Quando a transferência estiver concluída, selecione Desconectar

USB e desconecte o cabo USB.
6. Pressione Ok.

Exportar o registro de dados
O registro de eventos e o registro de dados podem ser exportados para
o computador. O registro de eventos contém a data, a hora, o número
do evento, o parâmetro e a descrição de uma ação relacionada à
configuração. As medições de amostras são armazenadas
manualmente ou automaticamente no registro de dados. Consulte 
Selecionar opções de programa avançadas na página 57.

1. Ligue o instrumento e conecte o cabo USB ao instrumento e ao
computador.
O Menu principal USB é exibido.

2. Selecione Exportar registro dados.
O instrumento é exibido como uma unidade USB no computador.
Abra a pasta.

3. Copie e salve os arquivos de exportação (DR900_DataLog.csv e
DR900_EventLog.csv) no computador.

4. Pressione Ok.
5. Quando os arquivos tiverem sido copiados para o computador,

selecione Desconectar USB e desconecte o cabo USB.
6. Pressione Ok.

Manutenção
A D V E R T Ê N C I A 

Vários perigos. Somente pessoal qualificado deve realizar as tarefas
descritas nesta seção do manual.

Limpar as cubetas de amostra

C U I D A D O 

Risco de exposição a produtos químicos. Obedeça aos procedimentos
de segurança laboratoriais e use todos os equipamentos de proteção
individual adequados aos produtos químicos que estão sendo
manipulados. Consulte as planilhas de dados de segurança de
(MSDS/SDS) atuais para verificar os protocolos de segurança.

C U I D A D O 
Risco de exposição a produtos químicos. Descarte produtos químicos
e dejetos de acordo com as regulamentações locais, regionais e
nacionais.

A maioria dos detergentes de laboratório são usados nas concentrações
recomendadas. Detergentes neutros, como o Liquinox, são mais
seguros quando for necessária uma limpeza habitual. Para diminuir o
tempo de limpeza, aumente a temperatura ou utilize um banho
ultrassônico. Para finalizar a limpeza, enxágue algumas vezes com
água deionizada e deixe a cubeta de amostra secar naturalmente.
As cubetas de amostra também podem ser limpas com ácido, seguido
de uma lavagem meticulosa com água deionizada.
Observação: Use sempre ácido para limpar cubetas de amostra que foram
usadas em testes de metal de baixo nível.
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Métodos especiais de limpeza são necessários para procedimentos
individuais. Ao utilizar uma escova para limpar cubetas de amostra,
tenha cuidado redobrado para evitar arranhões nas superfícies internas
das cubetas.

Substituir as baterias

A D V E R T Ê N C I A 
Risco de explosão. Baterias vencidas podem causar acúmulo de gás
hidrogênio dentro do instrumento. Substitua as baterias antes da data
de vencimento e não armazene o instrumento durante períodos
prolongados com as baterias instaladas.

A D V E R T Ê N C I A 
Perigo de incêndio. Não é permitida a substituição da pilha. Use
somente baterias alcalinas.

A V I S O 
Aperte os parafusos a um torque de 1–1,4 N·m (9–12 pol.·lb) para uma correta
vedação e para manter a classificação ambiental da vedação.

Consulte Instalar as baterias na página 53 para saber como substituir a
bateria.

Solução de problemas
Código
do erro

Causa possível Solução

1 Instrumento não está
configurado.

Entre em contato com o suporte
técnico.

2 Não foi possível ler os
dados do programa

3 Não foi possível gravar os
dados do programa

4 Erro da bateria Substituir as baterias.

Código
do erro

Causa possível Solução

5 Erro de A/D durante a
medição

Entre em contato com o suporte
técnico.

6 Erro de compensação
durante a medição

Certifique-se de que a tampa do
instrumento está corretamente
instalada.

7 Erro de luz fraca durante a
medição • Certifique-se de que não há

bloqueio para a passagem da luz.
• Zero está fora da faixa de medição

do instrumento
• Entre em contato com o suporte

técnico.

8 Erro de valor acima da
faixa durante uma
medição, um bloqueio
potencial da passagem da
luz ou a concentração está
muito elevada

• Certifique-se de que não há
bloqueio para a passagem da luz e
que a concentração não está muito
elevada para o programa.

• Certifique-se de que a tampa do
instrumento está corretamente
instalada.

• Entre em contato com o suporte
técnico.

Peças e acessórios de reposição
A D V E R T Ê N C I A 

Risco de lesão corporal. O uso de peças não aprovadas pode causar
lesões pessoais, danos ao instrumento ou mau funcionamento do
equipamento. As peças de substituição nesta seção foram aprovadas
pelo fabricante.

Observação: Os códigos dos produtos podem variar para algumas regiões. Entre
em contato com o distribuidor apropriado ou consulte o website da empresa para
obter informações de contato.
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Peças de reposição

Descrição Nº de item

Montagem do adaptador, COD 4846400

Conjunto de baterias, baterias AA alcalinas (4x) 1938004 

Cubeta de amostra com tampa, 25 x 95 mm, 10-20-25 ml
(6x) 2401906

Cubeta de amostra com tampa, 1 cm/10 ml (2x) 4864302

Cabo USB LZV818 

Acessórios

Descrição Nº de item

Tampa, cubeta de amostra, para cubeta de 25 x 95 ml 2401812 

Estojo para transporte, rígido 4942500 

Estojo para transporte, flexível com alça 2722000 

Estojo para transporte, laboratório portátil 4943000 

Padrões de absorvância DR/Check™ 2763900

Tampa do instrumento, DR 900 9390500
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规格

产品规格如有变化，恕不另行通知。

规格 详细信息

测试模式 透射率 (%)、吸光度 (Abs) 和浓度 (Conc)

尺寸（宽 x 深 x 高） 23.6 x 8.7 x 4.7 cm (9.3 x 3.4 x 1.9 in.)

外壳防护等级 IP67 

重量 0.6 kg (1.3 Ib)

电源要求（内部） AA 碱性电池（4 节）

电池寿命 6 个月（典型），按一天 5 个读数/一周 5 天且不使用背光计
算

接口 mini USB

工作温度 0 至 50 °C（32 至 122 °F）； 高 90% 相对湿度，无冷凝

存储温度 –30 至 60 °C（–22 至 140 °F）； 高 90% 相对湿度，无冷
凝

灯源 发光二极管 (LED)

检测器 硅光电二极管

波长范围 420、520、560、610 nm

光度测量范围 0–2 Abs

规格 详细信息

波长精度 ±1 nm

光度精度 ±0.005 Abs（在 1.0 Abs 标称值时）

光度线性 ±0.002 Abs (0–1 Abs)

波长选择 自动，根据方法设定

光度重复性 ±0.002 Abs (0–1 Abs)

数据读出 图形显示，240 x 160 像素（背光）

样品池 16 mm、1 cm/10 mL、1 英寸 (25 mm) 圆形

保护等级 III 类

认证 通过 CE 认证

保修 1 年

基本信息

对于因本手册中的任何不足或遗漏造成的直接、间接、特别、附带或结果
性损失，制造商概不负责。制造商保留随时更改本手册和手册中描述的产
品的权利，如有更改恕不另行通知或承担有关责任。修订版可在制造商的
网站上找到。

安全信息

注意 
对于误用和滥用造成的产品损坏，制造商概不负责，包括但不限于：直接、附带和
间接的损坏，并且对于适用法律允许的 大程度的损坏也不承担任何责任。用户唯
一的责任是识别重大应用风险和安装适当的系统，以在设备可能出现故障时保护流
程。

请在拆开本设备包装、安装或使用本设备前，完整阅读本手册。特别要注
意所有的危险警告和注意事项。否则，可能会对操作者造成严重的人身伤
害，或者对设备造成损坏。

确保设备提供的保护没有受损。请勿以本手册指定方式之外的其它方式使
用或安装本设备。
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危险信息使用

危险 
表示潜在的或紧急的危险情况，如果不加以避免，将会导致死亡或严重伤害。

警告 
表示潜在或非常危险的情形，如不避免，可能导致严重的人身伤亡。

警告 
表示潜在的危险情形，可能导致一定程度的人身伤害。

注意 
表明如不加以避免则会导致仪器损坏的情况。需要特别强调的信息。

警告标签

请阅读贴在仪器上的所有标签和标记。如未遵照这些安全标签的指示操
作，则可能造成人身伤害或仪器损坏。仪器上的符号在手册中通过警告说
明参考。

本符号如果出现在仪器中，则表示参考说明手册中的操作和/或安全信
息。

此标志指示存在爆炸危险。

此标志指示存在火灾危险。

此标志指示化学伤害危险，并指示只有合格的人员以及在处理化学制品
方面受过培训的人员，才能处理化学制品，或执行与该设备有关的化学
制品传送系统的维护工作。

此标志指示需要戴上防护眼镜。

使用此符号标记的电气设备在 2005 年 8 月 12 日后，不能通过欧洲公
共垃圾系统进行处理。为遵守欧洲地区和国家法规（欧盟指令
2002/96/EC），欧洲电气设备使用者现在必须将废弃或到期的设备送还
制造商进行处理，使用者不必支付任何费用。
注： 如果退回产品是为了进行再循环，请联系设备生产商或供应商，索取如何退回
使用寿命到期的设备、生产商提供的电源附件以及所有辅助部件的说明，以便进行
适当处理。

认证

加拿大无线电干扰产生设备法规（Canadian Radio Interference-
Causing Equipment Regulation），IECS-003，A 类：

制造商支持测试记录留存。

此 A 类数字设备符合加拿大干扰产生设备法规的所有要求。

Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC 第 15 部分，“A”类限制

制造商支持测试记录留存。该设备符合 FCC 规定第 15 部分的要求。设
备操作满足以下两个条件：

1. 本设备不会造成有害干扰。

2. 本设备必须接受任何接收到的干扰，包括可能导致意外操作的干扰。

若未经负责出具符合声明的一方明确同意擅自对本设备进行改动或改装，
可能会导致取消用户操作该设备的权限。本设备已经过测试，符合 FCC 规
定第 15 部分中确定的 A 类数字设备限制。这些限制专门提供当设备在商
业环境下工作时针对有害干扰的合理保护。该设备产生、使用和放射无线
电射频能量，如果不按照说明手册的要求对其进行安装和使用，可能会对
无线电通讯造成有害干扰。本设备在居民区工作时可能会产生有害干扰，
这种情况下用户须自行承担费用消除这种干扰。以下方法可用于减少干扰
问题：
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1. 断开设备的电源，以便确证它是干扰源与否。

2. 如果设备与遭受干扰的仪器连接到相同的插座，将设备连接到其他插
座。

3. 将设备从接受干扰的仪器边上移开。

4. 重新定位受干扰仪器的接收天线。

5. 同时尝试以上多项措施。

产品概述

DR 900 是一款便携式 LED 光源色度计，可测量 420、520、560 和 610 nm
波长。此仪器用于在饮用水、废水和工业应用中测量各种参数。此仪器随
附一套完整的存储程序（预安装方法），以及用户程序存储和喜爱程序选
择的可用性。请参阅 图 1。

图 1  仪器

1   USB 端口 4   通风孔

2   仪器盖 5   电池盒

3   样品室 6   电源键

产品组件

确保已收到所有组件。请参阅 图 2。如有任何物品丢失或损坏，请立即联
系仪器供应商或销售代表。

图 2  产品组件

1   DR 900 4   1 英寸 (25 mm) 圆形，10、20、25-
mL 标记玻璃样品池（2 个）

2   带微型 USB 连接器的 USB 电缆 5   1 cm/10 mL 样品池（2 个）

3   AA 碱性电池（4 节） 6   样品池适配器

安装

警告 

多种危险。只有合规的专业人员才能从事文件中本部分所述的任务。

注意 
使用或存放期间确保不要堵塞仪器的电池排气口。
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安装电池

警告 
爆炸危险。电池安装不正确会导致释放爆炸性气体。确保以正确的朝向
插入与已批准化学类型相同的电池。请勿混用新电池和用过的电池。

警告 

火灾危险。不得使用替代电池。仅限使用碱性电池。

注意 
确保将螺钉拧紧到 1–1.4 N·m (9–12 in·lb)，以便正确地密封安装外壳，并保持外壳
的防护等级。

仪器通过四节 AA 碱性电池供电。确保电池安装的方向正确无误。有关电
池安装，请参阅图 3。

图 3  安装电池

安装样品池和样品池适配器

仪器配备一个样品室，可以将一个适配器用于不同的样品池类型。确保以
正确、一致的方向安装样品池，以便结果重复性更高，且更精确。请参阅 
图 4。请先关闭仪器盖，然后再设置仪器零位或进行测量，以防止光干扰。
请参阅 图 5。
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图 4  样品池定向

1   1-cm/10-mL 塑料样品池 4   定向标记

2   1 英寸 (25 mm) 玻璃样品池 5   定向位置（顺时针）

3   16-mm 玻璃测试瓶 6   样品池适配器

图 5  安装样品池和仪器盖

用户界面及导航

键盘说明

有关键盘说明和导航信息，请参阅图 6。
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图 6  键盘说明

1   背光：将显示屏照明设置为开或关 4   右选择键（上下文）：读取样品、选
项或确认选项、打开子菜单

2   设置：设置选项1 5   向上、向下、向右、向左导航键：滚
动菜单、输入数字和字母2

3   左选择键（上下文）：访问选项、取
消或退出当前菜单屏幕至上一个屏
幕

6   主页/选项：转到主读数屏幕1，选择
程序、数据管理

1 当处于编辑模式时，键无法操作。
2 按住向上或向下键，将快速滚动。按向左或向右键，将逐页滚动。

显示屏说明

读数屏幕将显示所选模式、单位、日期和时间、操作人员编号和样品编号。
请参阅 图 7。

图 7  单屏幕显示

1   程序名称和编号 7   时间和日期

2   读数、单位、化学形态、低于量程时
显示 "---"、高于量程时显示 "+++"

8   读取（上下文：完成、选择、开始、
确定）

3   标准调整图标 9   零（上下文：导航键向上箭头）

4   电池状态 10   选项（上下文：返回、取消）

5   试剂空白图标 11   操作人员编号

6   计时器 12   样品编号

导航

仪器包含用于更改各种选项的菜单。使用导航键（向上、向下、向右和向
左键）以突出显示不同的选项。按右选择键以选择选项。使用导航键输入
选项值。按导航键（向上、向下、向右和向左键）以输入或更改值。按向
右键可移至下一空间。按向右选择键（在完成下）以接受值。按左选择键
以退出当前菜单屏幕至上一个屏幕。
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启动

开启或关闭仪器

按下电源键以开启或关闭仪器。如果仪器未开启，请确保已正确安装电池。

设置语言

有两个选项可设置语言：

• 首次开启仪器时，设置显示语言。

• 从“设置”菜单中设置语言。

1. 按设置>设置>语言。

2. 从列表中选择语言。

设置日期和时间

有两个选项可设置日期和时间：

• 首次开启仪器时，设置日期和时间。

• 从“日期和时间”菜单中设置日期和时间。

1. 按设置>设置>日期和时间。

2. 按日期格式，然后选择日期和时间格式。

3. 按日期和时间。

4. 使用导航键输入当前日期和时间，然后按完成。

标准操作

程序列表

仪器随附一系列完整的应用程序。有关程序说明，请参阅表 1。

表 1  程序选项

程序选项 说明

存储程序 存储程序为工厂安装、预编程的方法。请参阅 选择存储程
序 第 71。

用户程序 可以开发方法并可另存为用户程序。1 请参阅 用户程序
第 73。

Favorites（喜爱程序） 经常使用的方法可以保存在喜爱程序列表中。1

1 多可以保存十种方法（用户程序和/或喜爱程序）。

选择存储程序

1. 按主页>选项>所有程序。

2. 选择适用的方法并按开始。

3. 选择选项>添加至喜爱程序，将所选方法添加到喜爱程序以便更快地访
问。

选择基本程序选项

选择程序后，其他参数选项可供使用。

1. 按选项以访问选项菜单。

2. 选择适用的选项。

选项 说明

启动计时器 选择预置计时器或设置手动计时器，以确保正确定时分析步骤（如
可以准确指定反应时间或等待时间）。如果计时器开启，则计时
器图标会显示在显示屏上。当时间结束时，仪器将发出声音。预
置计时器—选择一个或多个存储过程步骤的适用预置计时器，然
后按开始。手动计时器—使用导航键输入适用的时间，然后按完
成。缺省 = 00:00
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选项 说明

喜爱程序/用
户程序

从存储的喜爱程序或用户程序列表中选择。有关详细信息，请参
考选择喜爱程序或用户程序 第 73。

所有程序 从列表中选择预编程的方法。

数据日志 显示所有保存的读数。有关详细信息，请参考数据日志 第 73。

添加至喜爱
程序

将经常使用的存储程序和用户程序方法保存在喜爱程序列表中。
请参阅 将程序添加至喜爱程序 第 73。

百分比透射
率/吸光
度/浓度

切换到百分比透射率、吸光度或浓度读数。透射率读数 (%)—读
取穿透样品并到达检测器的原始光纤的百分比。吸光度读数—采
用吸光度单位读取样品吸收的光线。浓度读数—测量的吸光度值
通过程序特定存储等式转换为浓度值。

高级选项 使用高级选项以指定更多参数。请参阅 选择高级程序选项
第 72。

保存 如果自动保存选项设置为“关”，则手动保存 后一个读数。

选择高级程序选项

每个程序都有多个附加的高级选项可供选择。

1. 按选项以访问选项>高级选项。

2. 使用高级选项以指定更多参数。

选项 说明

自动保存 在开与关之间进行切换。如果选项设置为“开”，则会自动保存每个
读数。如果选项设置为“关”，则可手动保存读数。

化学形式 选择在一些工厂安装方法中的替换化学形式和相关测量范围。

试剂空白 一些工厂安装方法可以使用试剂空白校正。输入使用去离子水作
为样品时的完整测试结果。从每个结果中减去空白值，以校正因试
剂导致的任何背景颜色。使用“标准调整”选项之前，先输入空白校
正。为每一批试剂完成此校正。

标准调整 更改存储的校准。按接近测试范围高位的浓度对已知标准液完成
测试。使用此功能调整结果以校正标准液浓度。

对程序进
行排序

为存储程序列表选择字母或数字程序顺序。

使用操作人员编号

操作人员编号标记用于将读数与单个操作人员相关联。所有保存的数据将
包括此编号。

1. 在读数屏幕中按设置>操作人员编号。

2. 选择、创建或删除操作人员编号：

选项 说明

当前编号 从列表中选择一个编号。当前编号将与样品数据相关联，直到选
择其他编号为止。

创建新编号 输入新操作人员编号的名称。 多可以输入 10 个名称。

删除编号 清除现有操作人员编号。

使用样品编号

样品编号标记用于将读数与特定样品或位置相关联。如果已分配，存储的
数据将包括此编号。

1. 在读数屏幕中按设置>样品编号。

2. 选择、创建或删除操作人员编号：

选项 说明

当前编号 从列表中选择一个编号。当前编号将与样品数据相关联，直到选
择其他编号为止。

创建新编号 输入新样品编号的名称。 多可以输入 10 个名称。样品将按每
次测量的顺序编号，直到选择其他编号为止（如 1 号池、2 号池）。

删除编号 清除现有样品编号。

如何进行测量

完成测量需要执行基本的测量步骤。每种方法都具有循序渐进的过程。要
运行特定测试，请参阅适用的方法。下列示例是完成测量的基本过程。

1. 从程序菜单中选择适用的程序（如“存储程序”、“用户程序”、“喜爱程
序”）。

2. 根据需要，安装样品池适配器。
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3. 按 Start（开始）启动程序。

4. 根据方法文档准备空白样品池。封闭样品池，然后用无绒布清洁样品池
的光学表面。

5. 将空白的样品池插入到样品室。确保以正确、一致的方向安装空白的样
品池，以便结果重复性更高，且更精确。请参阅 图 4 第 69。

6. 关闭仪器盖以防止光干扰。请参阅 图 5 第 69。
7. 按零。显示屏将显示零的浓度（如毫克/升、ABS、微克/升）。

8. 制备样品。添加方法文档指定的试剂。

9. 选择选项>启动计时器以使用程序内存储的计时器。

10.封闭样品池，然后用无绒布清洁样品池的光学表面

11.将样品插入到样品室。确保以正确、一致的方向安装样品池，以便结果
重复性更高，且更精确。请参阅 图 4 第 69。

12.关闭仪器盖以防止光干扰。请参阅 图 5 第 69。
13.按读取。显示屏将以所选的单位显示结果。

注： 如果所测吸光度低于或超出测试校准范围，屏幕将显示 "+++" 或 "---"。

数据日志

数据日志将显示所有保存的读数。按主页>选项>数据日志以查看读数。有
关数据日志导出的信息，请参阅导出数据日志 第 75。

高级操作

选择喜爱程序或用户程序

首次启动仪器时，喜爱程序和用户程序数据库为空。方法可以保存在喜爱
程序中，以便更快地访问。可以对用户程序进行编程以满足特定需要。

1. 按主页>选项>喜爱程序/用户程序>选择。

2. 按新建程序以新建用户程序。请参阅 用户程序 第 73。

将程序添加至喜爱程序

经常使用的存储程序和用户程序方法可以保存在喜爱程序列表中。

1. 选择主页>选项>所有程序。

2. 选择适用的方法并按开始。

3. 选择选项>添加至喜爱程序将所选方法添加到喜爱程序。

用户程序

首次启动仪器时，用户程序数据库为空。使用新建程序以新建程序来满足
特定需要。要新建用户程序，请执行下列步骤。

1. 按主页>选项>喜爱程序/用户程序>选择>新建程序。

2. 从 1001 至 1010 中选择可用的程序编号。
注： 多可以保存十个程序（用户程序和/或喜爱程序）。

3. 输入方法名称（ 多 12 个字符）。

4. 选择波长：420、520、560 或 610 nm。

5. 选择单位：无、微克/升、毫克/升或微克/升。

6. 选择分辨率：0000、000.0、00.00 或 0.000。
7. 添加校准点： 少 2 个且 多 12 个校准点。* 选择“编辑·1 号标准液”并

输入一号标准液浓度值。按完成。
注： 嘟声表示浓度与先前输入的标准液相同，或浓度对于所选分辨率而言太高。
输入其他值并继续。

* 如果已知曲线为线性，则仅需要两个浓度数据点（如一个为零吸光度的标准液，另一个已知标准液）。使用其他数据点以确认线性度或定义非线性曲
线。
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8. 输入吸光度值：

选项 说明

手动编辑 ABS 使用导航键以手动输入吸光度值。

自动编辑 ABS 1. 将空白的样品池放入样品池架并按零。

2. 将准备的样品放入样品池架并按读取。

3. 按完成。

注： 嘟声表示吸光度与先前输入的标准液相同，或吸光度位于两个之前的标准液
之间。输入其他值并继续。

9. 按完成。

10.选择“添加校准点”。
11.如步骤 7–9 中所述，输入其他校准点。

12.选择保存用户程序。

编辑用户程序

编辑存储的用户程序：

1. 选择主页>喜爱程序/用户程序。

2. 选择适用的程序并按选项。

3. 按编辑。

4. 按照屏幕提示以编辑过程。

删除一个用户或一个喜爱程序

如果所存储的用户或喜爱程序不再使用，可将其删除。

1. 选择主页>选项>喜爱程序/用户程序。

2. 突出显示适用的程序并按选项>删除，然后按照屏幕提示操作。

仪器信息

仪器信息菜单将显示特定信息，如仪器名称、序列号、软件版本、数据库
版本、已用内存和程序可用性。按设置>设置>仪器信息。

设置密码

密码设置选项用于防止访问受限制的菜单。
注： 如果忘记指定的密码且“安全选项”已启用，操作人员将无法访问受限制的菜单。
如果忘记密码，请联系技术支持。

1. 按设置>设置>密码设置。

2. 选择选项。

选项 说明

密码设置 选择“开启”或“关闭”以开启或关闭密码保护。

受保护项目 显示受保护项目列表：编辑操作人员编号、编辑样品编号、编辑
用户程序、日期和时间、升级固件、升级方法、语言及编辑喜爱
程序列表。

设置显示和声音

使用显示选项以更改显示对比度、电池自动关闭选项或背光选项。使用声
音选项，设置按下按键或完成读数时的声音。

1. 按设置>设置>显示和声音>显示选项。

2. 选择选项。

选项 说明

对比度 调整显示对比度。 亮设置为 0，而 暗设置为 9。缺省：5

自动关
闭

要 大限度地延长电池的寿命，请设置一段时间之后，如果未按下任
何键，仪器将自动关闭（5、10、15、20、30 分钟、1 小时、2 小时
或禁用）。缺省：10 分钟

背光 当按下背光时，显示背光将设置为开。设置一段时间之后，如果未按
下任何键，背光将自动关闭（10、20、30 秒、1、2、5、10 分钟或
禁用）。缺省：1 分钟
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3. 按设置>设置>显示和声音>声音。

4. 选择选项。

选项 说明

按键 当按下按键时，仪器将发出声音。缺省：关

完成读数 当完成读数时，仪器将发出声音。缺省：开

USB 主菜单

如果仪器通过 USB 电缆连接到计算机，则会打开 USB 主菜单。从 USB
主菜单更新软件、导出或导入程序或导出数据日志和事件日志。

更新固件

在产品网站上查找固件升级文件或联系仪器供应商。将网站上的文件保存
到计算机。

1. 将仪器设置为开，并将 USB 电缆连接到仪器和计算机。
随即显示 USB 主菜单提示。

2. 选择更新 DR900。
仪器在计算机中显示为 USB 驱动器。打开文件夹。

3. 将文件 DR900.bin 复制到打开的文件夹。

4. 按确定。

5. 更新完成后，按确定。

6. 选择断开 USB，按确定，然后断开 USB 电缆。

7. 按确定。

8. 重新启动仪器。

管理程序

使用“管理程序”功能，可以导出和/或导入用户程序，且可以导入新工厂程
序。

1. 将仪器设置为开，并将 USB 电缆连接到仪器和计算机。
随即显示 USB 主菜单提示。

2. 选择管理程序，然后选择一个选项：

选项 说明

导出用户程序 将所有用户程序导出至计算机以进行存储，或将用户程序移至
另一个 DR 900。

导入用户程序 通过计算机用另一个 DR 900 中的用户程序替换所有用户程
序。

导入工厂程序 从制造商网站导入新工厂程序。

仪器在计算机中显示为 USB 驱动器。打开文件夹。

3. 将导出文件从驱动器复制到计算机，或将导入文件从计算机复制到驱动
器。

4. 按确定。

5. 转移完成后，选择断开 USB，然后断开 USB 电缆。

6. 按确定。

导出数据日志

事件日志和数据日志可以导出至计算机。事件日志包含日期、时间、事件
编号、参数和相关操作的配置说明。样品测量值可手动或自动存储在数据
日志中。请参阅 选择高级程序选项 第 72。

1. 将仪器设置为开，并将 USB 电缆连接到仪器和计算机。
随即显示 USB 主菜单提示。

2. 选择导出数据日志。
仪器在计算机中显示为 USB 驱动器。打开文件夹。

3. 将导出文件（DR900_DataLog.csv 和 DR900_EventLog.csv）复制并
保存到计算机。

4. 按确定。

5. 将文件复制到计算机后，选择断开 USB，然后断开 USB 电缆。

6. 按确定。
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维护

警告 

多种危险。只有合规的专业人员才能从事文件中本部分所述的任务。

清洁仪器

使用湿布和温和的肥皂液清洁仪器的外部，然后擦干。

清洁样品池

警告 

存在化学品暴露风险。遵守实验室安全规程，穿戴适用于所处理化学品
的所有个人防护装备。有关安全协议，请参阅当前安全数据表
(MSDS/SDS)。

警告 

化学品暴露风险。请遵循地方、区域和国家法规处置化学品和废弃物。

按建议的浓度使用大多数实验室清洁剂。如果需要定期清洁，请使用
Liquinox 等中性清洁剂更安全。如要减少清洁次数，请增加温度或使用超
声波清洗器。如要结束清洁，请用去离子水冲洗数次，并让样品池自然风
干。
也可以用酸清洁样品池，然后用去离子水冲洗样品池。

注： 请始终用酸清洁低含量金属测试用样品池。

对于个别程序需要使用特殊清洁方法。用刷子清洁样品池时，请格外小心，
避免对样品池内表面造成划痕。

更换电池

警告 
爆炸危险。过期电池可能导致仪器内部氢气积聚。请在电池过期之前将
其更换，并且切勿将装有电池的仪器长时间存放。

警告 

火灾危险。不得使用替代电池。仅限使用碱性电池。

注意 
确保将螺钉拧紧到 1–1.4 N·m (9–12 in·lb)，以便正确地密封安装外壳，并保持外壳
的防护等级。

有关电源更换，请参阅安装电池 第 68。

故障排除

错误代
码

可能的原因 解决方案

1 仪器未配置。 请联系技术支持。

2 无法读取程序数据

3 无法写入程序数据

4 电池错误 更换电池.

5 测量期间发生 A/D 错误 请联系技术支持。

6 测量期间发生偏移错误 确保已正确安装仪器盖。
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错误代
码

可能的原因 解决方案

7 测量期间发生低亮度错误 • 确保不存在光路堵塞。

• 零位超出仪器范围

• 请联系技术支持。

8 测量期间超出范围错误、可能
存在光阻挡或浓度过高

• 确保不存在光路堵塞，且所测溶液浓度
没有超过程序应用范围。

• 确保已正确安装仪器盖。

• 请联系技术支持。

更换部件与附件

警告 
人身伤害危险。使用未经批准的部件可能造成人身伤害、仪器损坏或设
备故障。本部分中的更换部件均经过制造商的批准。

注： 一些销售地区的产品和物品数量可能有所不同。请与相关分销商联系或参阅公司
网站上的联系信息。

更换部件

说明 物品编号

适配器组件、COD 4846400

电池组，AA 碱性电池（4 节） 1938004 

25 x 95 mm、10-20-25 mL 带盖样品池（6 个） 2401906

1 cm/10 mL 带盖样品池（2 个） 4864302

USB 电缆 LZV818 

配件

说明 物品编号

样品池盖，适用于 25 x 95 mL 样品池 2401812 

硬边装载盒 4942500 

含肩带的软边装载盒 2722000 

便携式实验室硬边装载盒 4943000 

DR/Check™ 吸光度标准 2763900

仪器盖, DR 900 9390500
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仕様

この仕様は予告なく変更されることがあります。

仕様 詳細

測定モード 透過率(%)、吸光度(Abs)および濃度(Conc)

寸法 (W × D × H) 23.6 x 8.7 x 4.7 cm(9.3 x 3.4 x 1.9 インチ)

筐体保護等級 IP67 

重量 0.6 kg (1.3 Ib)

電源 AA アルカリバッテリー(4x)

バッテリー寿命 バックライトない場合週 1 日 5 回の読み取りで 6 カ月（標
準）

インターフェース USB ミニ

動作周囲温度 0～50 °C (32～122 °F)、 大 90%相対湿度、結露なし

保管温度 –30～60 °C (–22～140 °F)、 大 90%相対湿度、結露なし

光源ランプ 発光ダイオード(LED)

検出器 シリコンフォトダイオード

波長範囲 420、520、560、610 nm

光度測定範囲 0–2 吸光度

仕様 詳細

波長精度 ±1 nm

測光精度 吸光度 1.0（公称）で吸光度±0.005 

測光直線性 吸光度±0.002 (吸光度 0～1 )

波長選択 自動、メソッド選択ベース

測光再現性 吸光度±0.002 (吸光度 0～1 )

データ読み出し グラフィカルディスプレイ、240 x 160 ピクセル（逆光）

試料セル 16 mm、1 cm/10 mL, 1-インチ (25 mm) 周囲

保護クラス Class III

認証 CE 認証

保証 1 年

総合情報

いかなる場合も、製造元は、例えそのような損害が生じる可能性につい
て報告を受けていたとしても、本マニュアルに含まれるいかなる瑕疵ま
たは脱落から生じる直接的、間接的、特定、付随的または結果的に生じ
る損害に関して責を負いません。製造元は、通知または義務なしに、随
時本マニュアルおよび製品において、その記載を変更する権利を留保し
ます。改訂版は、製造元の Web サイト上にあります。

安全情報

告知 
メーカーは、本製品の目的外使用または誤用に起因する直接損害、偶発的損害、
結果的損害を含むあらゆる損害に対して、適用法で認められている範囲で一切責
任を負わないものとします。ユーザーは、適用に伴う危険性を特定したり、装置
が誤作動した場合にプロセスを保護するための適切な機構を設けることに関し
て、全責任を負うものとします。

この機器の開梱、設定または操作を行う前に、このマニュアルをすべて
よく読んでください。危険および注意の注意事項に注意を払ってくださ
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い。これを怠ると、オペレータが重傷を負う可能性、あるいは機器が損
傷を受ける可能性があります。

本装置に備わっている保護機能が故障していないことを確認します。本
マニュアルで指定されている以外の方法で本装置を使用または設置しな
いでください。

危険情報の使用

危険 
回避しなければ死亡または重傷につながる、潜在的または切迫した危険な状況を
示します。

警告 
避けない場合、死亡事故や負傷が起こるかも知れない危険な状況を示します。

注意 
軽傷または中傷事故の原因となる可能性のある危険な状況を示しています。

告知 
回避しなければ、装置の損傷を引き起こす可能性のある状況を示します。 特に注
意を要する情報。

使用上の注意ラベル

装置に取り付けてあるラベルとタグをすべてお読みください。これを怠
ると、人身傷害や装置の損傷につながるおそれがあります。測定器に記
載されたシンボルについては、使用上の注意が記載されたマニュアルを
参照してください。

このシンボルが測定器に記載されている場合、操作上の指示マニュア
ル、または安全情報を参照してください。

このシンボルは、爆発の危険性があることを示します。

このシンボルは、火災の危険性があることを示しています。

このシンボルは、化学的危険性を有していることを示します。この場
合、相応の資格をもち、化学物質をともなう業務における訓練を受け
た者のみに化学物質の取り扱いまたは測定器に連結中の化学物質供
給システムのメンテナンス作業実施が許されます。

このシンボルは目の保護具が必要であることを示します。

このシンボルが表示された電気機器は、欧州廃棄システムにより
2005 年 8 月 12 日以降の廃棄処分が禁じられています。欧州地域規
制および国内規制 (EU 指令 2002/96/EC) に従い、欧州の電気機器ユ
ーザーは古くなったまたは使い切った機器をメーカーに無償返却す
る必要があります。
注: リサイクル用にご返却になる場合には、機器メーカーまたは供給者にご連絡
の上、使い切った機器、メーカー供給による電気アクセサリーおよび予備品を適
切に処分するための返却方法をご確認ください。

取得認証

カナダの障害発生機器規則、IECS-003、クラス A:
テスト記録のサポートはメーカーにあります。

このクラス A デジタル装置はカナダの障害発生機器規則の要件をすべて
満たします。

Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC PART 15、クラス 「A」 限度値

テスト記録のサポートはメーカーにあります。この機器は FCC 規則の
パート 15 に準拠します。運転は以下の条件を前提としています:

1. この装置が有害な干渉の原因とならないこと。

2. この装置が望ましくない動作の原因となる可能性のあるいかなる干
渉にも対応しなければなりません。
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これらの規格への準拠に責任を持つ当事者による明示的承認を伴わなず
にこの装置に対する改変または改造を行うと、ユーザーはこの機器を使
用する権限を失う可能性があります。この装置は、FCC 規則のパート
15 に従って、クラス A のデジタル機器の制限に準拠することが試験によ
って確認されています。これらの制限は、この機器が商用の環境で使用
されたときに、有害な干渉から適切に保護することを目的に設定されて
います。この機器は、無線周波数エネルギーを生成および使用するもの
で、取り扱い説明書に従って取り付けおよび使用しない場合にはそれを
放射する場合があり、無線通信に対して有害な干渉を発生させる可能性
があります。住宅地域における本装置の使用は有害な電波妨害を引き起
こすことがあり、その場合ユーザーは自己負担で電波妨害の問題を解決
する必要があります。以下の手法が干渉の問題を軽減するために使用可
能です。

1. 装置から電源を取り外して、電源が干渉源かどうかを確認します。

2. 装置が干渉を受けている装置と同じコンセントに接続されている場
合は、装置を別のコンセントに接続してください。

3. 妨害を受けている装置から本装置を離します。

4. 干渉を受けるデバイスの受信アンテナの位置を変更します。

5. 上記の手法を組み合わせてみます。

製品の概要

DR 900 は 420、520、560 および 610 nm の波長で測定するポータブル
で、LED 光源の比色計です。装置は飲料水、廃水および産業用途での様
々なパラメータを測定するために使用します。装置は保存プログラムの
完全なセット（事前インストール済みメソッド）およびユーザプログラ
ムストレージとお気に入りプログラム選択の可用性と共に提供されま
す。図 1 を参照してください。

図 1  機器の概要

1   USB ポート 4   ベント

2   装置キャップ 5   バッテリー コンパートメント

3   セル コンパートメント 6   電源キー

製品コンポーネント

すべてのコンポーネントが正しく納品されていることを確認します。
図 2 を参照してください。任意の項目が欠落または損傷している場合
は、装置サプライヤーまたはセールス担当者に直ちにご連絡ください。

80   日本語



図 2  製品コンポーネント

1   DR 900 4   ガラス試料セル、1-インチ (25 mm)
周囲、10、20、25-mL マーク (2x)

2   ミニ USB コネクター付き USB ケ
ーブル

5   試料セル、1 cm/10 mL (2x)

3   AA アルカリバッテリー 6   試料セルアダプター

設置

警告 
複合的な危険。本書のこのセクションに記載されている作業は、必ず
資格のある要員が行う必要があります。

告知 
使用中または保管時に、装置のバッテリーベントを塞がないようにしてください。

バッテリーの取り付け

警告 
爆発の危険。バッテリーを正しく入れないと、爆発性ガスが発生する
可能性があります。バッテリーが指定の化学型であり 3 本とも同じ型
であることと、正しい方向に入れられていることを確認してください。
新しいバッテリーと古いバッテリーを混ぜて使用しないでください。

警告 
火災の危険。バッテリーの代用は許可されません。アルカリバッテリ
ーのみ使用してください。

告知 
ネジを 1 ～ 1.4 N·m で締めて正しく密閉し、エンクロージャの環境格付けを維持
してください。

装置は 4 つの AA アルカリバッテリーを装備しています。バッテリーが
正しい方向に取り付けられていることを確認します。バッテリーの取り
付けに関しては図 3 を参照してください。

図 3  バッテリーの取り付け
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試料セルとセルアダプターを取り付けます。

装置には別の試料セルタイプように 1 つのアダプターを使用できる 1 つ
のセルコンパートメントがあります。試料セルの測定結果の再現性がさ
らによくなり正確になるように常に正しい方向に取り付けるようにしま
す。図 4 を参照してください。装置ゼロが設定される前または光干渉を
避けるために測定を行う前に装置キャップを閉じます。図 5 を参照して
ください。

図 4  試料セルの方向

1   1-cm/10-mL プラスチック試料セル 4   方向目印

2   1-インチ(25 mm)ガラス試料セル 5   方向位置（時計回り）

3   16-mm ガラステストバイアル 6   試料セルアダプター
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図 5  試料セルと装置キャップの取り付け

ユーザインターフェースとナビゲーション

キーパッドの説明

キーパッドの説明およびナビゲーション情報に関しては図 6 を参照して
ください。

図 6  キーパッドの説明

1   バックライト：ディスプレの照明を
オンまたはオフに設定する

4   右選択キー（コンテキスト）：試料
を読み取る。オプションを選択ま
たは確定したり、サブメニューを開
く

2   設定：設定オプション1 5   ナビゲーションキー、上、下、右、
左：メニューをスクロールして、数
字と文字を入力する2

3   左選択キー（コンテキスト）：オプ
ションにアクセスする。現在のメ
ニュー画面をキャンセルまたは終
了して前の画面に戻る

6   ホーム/オプション：メイン読み取り
画面1 に移動してプログラム、デー
タ管理を選択する

1 編集モード中、キーは操作しません。
2 上または下キーを保持したままにすると速くスクロールします。左または右

キーを押すとページ単位でスクロールします。

ディスプレイの説明

読み取り画面に選択したモード、単位、日付と時刻、オペレータ ID およ
び試料 ID が表示されます。図 7 を参照してください。

日本語   83



図 7  シングル画面表示

1   プログラム名と番号 7   日付と時刻

2   測定値、単位、化学形態、測定範囲
未満「---」、測定範囲超過「+++」

8   読み取り（コンテキスト：完了、選
択、開始、OK）

3   標準調整アイコン 9   ゼロ（コンテキスト：ナビゲーショ
ン上矢印キー）

4   バッテリステータス 10   オプション（コンテキスト：戻る、
キャンセル）

5   試薬ブランクアイコン 11   オペレータ ID

6   タイマー 12   試料 ID

ナビゲーション

装置には様々なオプションを変更するためのメニューがあります。ナビ
ゲーションキー上、下、右および左矢印を使用して別のオプションをハ
イライトします。右選択キーを押してオプションを選択します。ナビゲ
ーションキーでオプション値を入力します。ナビゲーションキー上、下、
右および左矢印を押して値を入力するかまたは変更します。右矢印を押
して次のスペースに進みます。右選択キー（完了の下にある）を押して

値を承諾します。左選択キーを押して現在のメニュー画面を終了して前
の画面に戻ります。

スタートアップ

装置をオンまたはオフに設定する

電源キーを押して装置を押します。装置の電源がオン出ない場合、バッ
テリーが正しく取り付けられていることを確認します。

言語設定

言語設定には 2 つのオプションがあります。

• 装置を 初にオンに設定する場合ディスプレイの言語を設定します。

• 設定メニューから言語を設定します。

1. 設定>設定>言語を押します。

2. リストから言語を選択します。

日付と時刻の設定

日付と時刻の設定には 2 つのオプションがあります。

• 装置が 初にオンに設定されている場合日付と時刻を設定します。

• 日付と時刻メニューから日付と時刻を設定します。

1. 設定>設定>日付と時刻を押します。

2. 日付の形式を押して日付と時刻の形式を選択します。

3. 日付と時刻を押します。

4. ナビゲーションキーを使用して現在の日付と時刻を入力してから完
了を押します。
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標準操作

プログラムリスト

装置は完全なシリーズのアプリケーションプログラムと共に納品されま
す。プログラムの説明については表 1 を参照してください。

表 1  プログラムの複数オプション

プログラムのオ
プション

説明

保存プログラム 保存プログラムは向上出荷時にインストールされており、事前
プログラミング済みメソッドです。保存プログラムを選択し
ます。 ページの 85 を参照してください。

ユーザプログラ
ム

メソッドは開発でき、ユーザプログラムとして保存できます。1

ユーザプログラム ページの 87 を参照してください。

お気に入り 頻繁に使用するメソッドはお気に入りリストに保存できま
す。1

1 大 10 のメソッド（ユーザプログラムおよびまたはお気に入り）が保存でき
ます。

保存プログラムを選択します。

1. ホーム>オプション>すべてのプログラムを押します。

2. 適用可能なメソッドを選択して開始を押します。

3. オプション>お気に入りに追加を選択してより高速にアクセスできる
ように選択したメソッドをお気に入りに追加します。

基本プログラムオプションの選択

プログラムを選択した場合、追加のパラメーターオプションが使用可能
です。

1. オプションを押してオプションメニューにアクセスします。

2. 適用可能なオプションを選択します。

オプショ
ン

説明

開始タイ
マー

事前設定タイマーを選択するかまたは手動タイマーを設定して
分析のステップが正しく時限（例えば、反応時間または待機時
間は正確に規定できます）されていることを確認します。タイ
マーがオンの場合、タイマーアイコンがディスプレイに表示さ
れます。装置は時間が過ぎた場合可聴音を鳴らします。事前設
定タイマー 1 つ以上の保存手順に対して適用可能な事前設定タ
イマーを選択して開始を押します。タイマー（手動）ナビゲー
ションキーで適用可能なタイマーを入力して完了を押します。
既定値 = 00:00

お気に入
り/ユーザ
ープログ
ラム

保存お気に入りまたはユーザプログラムリストから選択しま
す。詳細は、お気に入りまたはユーザプログラムの選択
ページの 87 を参照してください。

すべての
プログラ
ム

リストから事前プログラム済みメソッドを選択します。

データロ
グ

すべての保存済み読み取り値を表示します。詳細は、データロ
グ ページの 87 を参照してください。

お気に入
りに追加

頻繁に使用する保存プログラムとユーザプログラムをお気に入
りリストに保存します。プログラムをお気に入りに追加
ページの 87 を参照してください。

%透過
率/吸光
度/濃度

%透過率、吸光度または濃度読み取り値に切り替えます。透過率
読み取り値(%)—試料を通過または検出器に到着する元の光の
パーセントを読み取ります。吸光度読み取り値—試料により吸
収される光が吸収単位で読み取られます。濃度読み取り値—測
定吸収値はプログラム特定の保存式で濃度値に変換されます。

詳細オプ
ション

詳細オプションを使用してさらに多くのパラメーターを規定し
ます。詳細なプログラムオプションの選択 ページの 86 を参
照してください。

保存 自動保存がオフに設定されている場合 終読み取り値を手動で
保存します。
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詳細なプログラムオプションの選択

すべてのプログラムには様々な追加の詳細オプションがあり選択できま
す。

1. オプションを押してオプション>詳細オプションにアクセスします。

2. 詳細オプションを使用してパラメーターをさらに規定します。

オプシ
ョン

説明

自動保
存

オンとオフ間を切り替えます。オプションがオフに設定されてい
る場合すべての読み取りは自動的に保存されます。オプションが
オンに設定されている場合すべての読み取りは手動で保存できま
す。

化学形
態

一部の工場出荷時のインストール済みメソッドに関しては別の化
学形態および関連測定範囲を選択します。

試薬ブ
ランク

試薬ブランク修正は一部の工場出荷時のインストール済みメソッ
ドで使用できます。試料として脱イオン水を使用した完了済み試
験結果を入力します。ブランク値は試薬による背景色を修正する
ためにすべての結果から差し引かれます。標準調整オプションを
使用する前にブランク修正値を入力します。試験試薬の各新規ロ
ットに対してこの修正を完了します。

標準調
整

保存キャリブレーションを変更します。試験範囲の上限に近い濃
度で既知の標準で試験を完了します。この機能を使用して標準濃
度を調整するために結果を調整します。

プログ
ラムの
並べ替
え

保存プログラムリストに関してはアルファベットまたは数字プロ
グラム順序を選択します。

オペレータ ID の用法

オペレータ ID タグは個々のオペレータとの測定と関連付けられます。
すべての保存データにはこの ID が含まれます。

1. 読み取り画面で設定>オペレータ ID を押します。

2. オペレータ ID を選択、作成、または削除します：

オプション 説明

現在の ID リストから ID を選択します。別の ID を選択するまで現在
の ID が試料データに関連付けられます。

新規 ID の作成 新規オペレータ ID の名前を入力します。 大 10 の名前を
入力できます。

ID 削除 既存のオペレータ ID をイレースします。

試料 ID の使用

読み取り値を特定の試料または場所と関連付けるために試料 ID タグを
使用します。割り当てられると、保存データにはこの ID が含まれます。

1. 読み取り画面で設定>試料 ID を押します。

2. オペレータ ID を選択、作成、または削除します。

オプション 説明

現在の ID リストから ID を選択します。別の ID を選択するまで現在の
ID が試料データに関連付けられます。

新規 ID の
作成

新規試料 ID に名前を入力します。 大 10 の名前を入力でき
ます。別の ID を選択するまで各測定に対して試料が連番で番
号付けされます（例えば、ポンド 1、ポンド 2）。

ID 削除 既存の試料 ID をイレースします。

測定方法

基本的な測定ステップは測定の完了に必要です。すべてのメソッドには
ステップバイステップの手順があります。特定の試験を実行するには適
用可能なメソッドを参照してください。以下の例は測定を完了するため
の基本手順です。

1. プログラムメニューから適用可能なプログラム（例えば、保存プログ
ラム、ユーザプログラム、お気に入り）を選択します。

2. 必要があれば、セルアダプターを取り付けます。

3. スタート を押して、プログラムを開始します。
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4. メソッド文書に従いブランクを準備します。試料セルを閉じて試料
セルのオプティカル面をリントフリーのクロスで清掃します。

5. ブランク試料セルをセルコンパートメントに挿入します。ブランク
試料セルの測定結果の再現性がさらによくなり正確になるように常
に正しい方向に取り付けるようにします。図 4 ページの 82 を参照
してください。

6. 装置キャップを閉じて光干渉を避けます。図 5 ページの 83 を参照
してください。

7. ゼロを押します。ディスプレイにゼロの濃度（例えば、mg/L、吸光
度、µg/L）が表示されます。

8. 試料を準備します。試薬をメソッド文書の規定通りに追加します。

9. オプション>タイマーの開始を選択してプログラム内の保存タイマー
を使用します。

10.試料セルを閉じてセルのオプティカル面をリントフリーのクロスで
清掃します。

11.試料をセルコンパートメントに挿入します。試料セルの測定結果の
再現性がさらによくなり正確になるように常に正しい方向に取り付
けるようにします。図 4 ページの 82 を参照してください。

12.装置キャップを閉じて光干渉を避けます。図 5 ページの 83 を参照
してください。

13.読取りを押します。ディスプレイに測定結果が選択した単位で表示
されます。
注: 測定された吸光度が検査の校正範囲を下回る、または上回る場合、「+++」
または「---」がディスプレイに表示されます。

データログ

データログはすべての保存読み取り値を表示します。ホーム>オプショ
ン>データログを押して読み取り値を調べます。データログのエクスポ
ートについてはデータログのエクスポート ページの 90 を参照してく
ださい。

高度な操作

お気に入りまたはユーザプログラムの選択

装置が初めて起動する時お気に入りとユーザプログラムデータベースが
空です。より高速にアクセスできるようにメソッドはお気に入りに保存
できます。ユーザプログラムは特定のニーズに対してプログラミングで
きます。

1. ホーム>オプション>お気に入り/ユーザプログラム>選択を押します。

2. 新規プログラムを押して新規ユーザプログラムを作成します。ユー
ザプログラム ページの 87 を参照してください。

プログラムをお気に入りに追加

頻繁に使用する保存プログラムとユーザプログラムはお気に入りリスト
に保存できます。

1. ホーム>オプション>すべてのプログラムを押します。

2. 適用可能なメソッドを選択して開始を押します。

3. オプション>お気に入りに追加を選択して、選択したメソッドをお気
に入りに追加します。

ユーザプログラム

装置を初めて起動する場合ユーザプログラムデータベースは空です。新
規プログラムを使用して特定ニーズに対して新規プログラムを作成しま
す。新規ユーザプログラムを作成するには、以下のステップを行います。

1. ホーム>オプション>お気に入り/ユーザプログラム>選択>新規プログ
ラムを押します。

2. 使用可能なプログラム番号を 1001 から 1010 まで選択します。
注: 大 10 のプログラム（ユーザプログラムおよび/またはお気に入り）を保存
できます。

3. メソッド名（ 大 12 文字）を入力します。

4. 波長：420、520、560 または 610 nm を選択します。

5. 単位：なし、µg/L、mg/L または g/L を選択します。

6. 分解能：0000、000.0、00.00 または 0.000 を選択します。
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7. キャリブレーションポイント： 小 2 および 大 12 のキャリブレー
ションポイントを追加します。* 標準 1 の編集を選択して 初の標準
濃度値を入力します。完了を押します。
注: ビープ音は濃度が前に入力した標準の複製であるかまたは濃度が選択した
分解能に対して高すぎることを表します。別の値を入力して続行します。

8. 吸光度値を入力します：

オプション 説明

吸光度(手動)の
編集

ナビゲーションキーを使用して吸光度値を手動で入力しま
す。

吸光度(自動)の
編集

1. ブランクをセルホルダーにセットしてゼロを押しま
す。

2. 調製済み試料をセルホルダーにセットして読み取りを
押します。

3. 完了を押します。

注: ビープ音は吸光度が前に入力した標準の複製であるかまたは吸光度が 2 つ
の前の標準間にあることを表します。別の値を入力して続行します。

9. 完了を押します。

10. Cal ポイントの追加を選択します。

11.ステップ 7～9 で説明されているように追加のキャリブレーションポ
イントを入力します。

12.ユーザプログラムの保存を選択します。

ユーザプログラムの編集

保存ユーザプログラムの編集：

1. ホーム>オプション>お気に入り/ユーザープログラムを選択します。

2. 適用可能なプログラムを選択してオプション を押します。

3. 編集を押します。

4. 画面のプロンプトに従い手順を編集します。

ユーザプログラムまたはお気に入りのプログラムの削除

プログラムをもう使用しない場合は、保存されているユーザプログラム
またはお気に入りのプログラムを削除します。

1. ホーム>オプション>お気に入り/ユーザプログラムを選択します。

2. 適用可能なプログラムをハイライトしてオプション>削除を押して画
面のプロンプトに従います。

装置情報

装置情報メニューは装置名、シリアル番号、ソフトウェアバージョン、
データベースバージョン、メモリー使用量およびプログラムの可用性な
どの特定情報を表示します。設定>設定>装置情報を押します。

パスワード設定

パスワード設定オプションは制限されたメニューへのアクセスを防ぐた
めに使用されます。
注: 指定のパスワードを忘れたりセキュリティーオプションをオンに設定している
場合、オペレータは制限されたメニューからロックアウトされます。パスワードを
忘れた場合テクニカルサポートに連絡してください。

1. 設定>設定>パスワード設定を押します。

2. オプションを選択します。

オプション 説明

パスワード
設定

オンまたはオフを選択してパスワード保護をオンまたはオフ
に設定します。

保護された
項目

保護された項目リストを表示します：オペレータ ID 編集、試
料 ID 編集、ユーザプログラム編集、日付と時刻、ファームウ
ェアのアップグレード、メソッド、言語のアップグレード、お
気に入りリストのアップグレード。

* 曲線が直線とわかっている場合、2 つの濃度データポイント（例えば、ゼロ吸光度使用の標準および別の既知標準）のみ必要です。別のデータポ
イントを使用して直線性を確認するかまたは非直線の曲線を定義します。
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ディスプレイとサウンドの設定

ディスプレイオプションを使用してディスプレイコントラスト、バッテ
リー自動シャットオフオプションまたはバックライトオプションを選択
します。キーを押したり読み取りが完了した場合可聴音用のサウンドオ
プションを使用します。

1. 設定>設定>ディスプレイとサウンド>ディスプレイオプションを押
します。

2. オプションを選択します。

オプショ
ン

説明

コントラ
スト

ディスプレイコントラストの調整。 も明るい設定は 0 で も
暗い設定は 9 です。既定値：5

自動シャ
ットオフ

バッテリーの寿命を 大化するにはキーを押さない場合装置の
電源を自動的にオフに設定後の時間を設定します(5、10、15、
20、30 分, 1 時間、2 時間または無効)。既定値：10 分

バックラ
イト

バックライトを押す場合ディスプレイバックライトがオンに設
定されます。キーを押さない場合バックライトの電源を自動的
にオフに設定後の時間を設定します(10、20、30 秒,1、2、5、
10 分または無効)。規定値：1 分

3. 設定>設定>ディスプレイとサウンド>サウンドを押します。

4. オプションを選択します。

オプション 説明

キーストローク 装置はキーを押すと常に可聴音を鳴らします。規定値：オ
フ

読み取り完了 装置は読み取りが完了すると常に可聴音を鳴らします。規
定値：オン

USB メインメニュー

装置が USB ケーブルでコンピュータに接続されている場合、USB メイ
ンメニューが開きます。USB メインメニューからソフトウェアを更新、
プログラムのエクスポートまたはインポートあるいはデータログおよび
イベントログをエクスポートします。

ファームウェアの更新

製品ウェブサイトでファームウェアのアップグレードファイルを検索す
るか装置サプライヤーに連絡してください。ウェブサイトからコンピュ
ータにファイルを保存します。

1. 装置をオンに設定して USB ケーブルを装置装置とコンピュータに接
続します。
USB メインメニューがプロンプトします。

2. DR900 の更新を選択します。
装置は USB ドライブをコンピュータに表示します。フォルダを開き
ます。

3. ファイル DR900.bin を開いているフォルダにコピーします。

4. Ok を押します。

5. 更新が完了した場合、Ok を押します。

6. USB 接続解除を選択して Ok を押し USB ケーブルを接続解除しま
す。

7. Ok を押します。

8. 装置を再起動します。

プログラムの管理

プログラムの管理機能で、ユーザプログラムをエクスポートおよび/また
はインポートしたりでき新規出荷時プログラムをインポートできます。

1. 装置をオンに設定して USB ケーブルを装置装置とコンピュータに接
続します。
USB メインメニューがプロンプトします。

2. プログラムの管理を選択してオプションを選択する：

オプション 説明

ユーザプログラムの
エクスポート

すべてのユーザプログラムをストレージ用のコンピ
ュータにエクスポートするかまたはユーザプログラ
ムを別の DR 900 に移動します。

ユーザプログラムの
インポート

すべてのユーザプログラムをコンピュータを介して
別の DR 900 のユーザプログラムと交換します。

出荷時プログラムの
インポート

新規出荷時プログラムを製造元ウェブサイトからイ
ンポートします。
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装置は USB ドライブをコンピュータ上に表示します。フォルダを開
きます。

3. エクスポートファイルをドライブからコンピュータにコピーするか
またはインポートファイルをコンピュータからドライブにコピーし
ます。

4. Ok を押します。

5. トランスファーが完了すると USB 接続解除を選択して USB ケーブ
ルを接続解除します。

6. Ok を押します。

データログのエクスポート

イベントログとデータログをコンピュータにエクスポートできます。イ
ベントログには日付、時間、イベント番号および構成関連のアクション
の説明が含まれます。試料測定はデータログに手動または自動で保存さ
れます。詳細なプログラムオプションの選択 ページの 86 を参照してく
ださい。

1. 装置をオンに設定して USB ケーブルを装置装置とコンピュータに接
続します。
USB メインメニューがプロンプトします。

2. データログのエクスポートを選択します。
装置がコンピュータ上に USB ドライブとして表示します。フォルダ
ーを開きます。

3. エクスポートファイル（DR900_DataLog.csv と
DR900_EventLog.csv）をコンピュータにコピーして保存します。

4. Ok を押します。

5. ファイルをコンピュータにコピーする場合、USB の接続解除を選択
して USB ケーブルを接続解除します。

6. Ok を押します。

メンテナンス

警告 
複合的な危険。本書のこのセクションに記載されている作業は、必ず
資格のある要員が行う必要があります。

装置の清掃

装置の表面を湿らせた布と中性石鹸液で洗浄し、乾燥するよう拭き取り
ます。

試料セルの洗浄

注意 

化学物質による人体被害の危険。検査室の安全手順に従い、取り扱う
薬品に適した個人用保護具をすべて装着してください。安全手順に関
する現在の安全性データシート(MSDS/SDS)を参照してください。

注意 
化学物質による人体被害の危険。化学物質および廃液は、地域、県、
または国の環境規制に従って廃棄してください。

ほとんどの検査室用洗剤が推奨濃度で使用できます。定期的な洗浄が必
要な場合、Liquinox などの自然洗剤の方が安全に使用できます。洗浄回
数を減らすには、温度を上げるか超音波バスを使用します。洗浄を完了
するには、脱イオン水で数回洗い試料セルを空気乾燥します。
試料セルは酸で洗浄後、脱イオン水で十分洗うこともできます。

注: 低レベルの金属試験に使用された試料セルの洗浄には、常に酸を使用します。

個別の手順には特殊洗浄方法が必要です。試料セルの洗浄にブラシを使
用する場合、試料セルの内部表面を傷つけないように特に注意が必要で
す。

バッテリーの交換

警告 
爆発の危険。期限切れのバッテリー取り付けたままにしておくと、装
置内部に水素ガスが蓄積する場合があります。バッテリーは有効期限
が切れる前に交換してください。また、装置にバッテリーを取り付け
たまま長期間保管しないでください。
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警告 
火災の危険。バッテリーの代用は許可されません。アルカリバッテリ
ーのみ使用してください。

告知 
ネジを 1 ～ 1.4 N·m で締めて正しく密閉し、エンクロージャの環境格付けを維持
してください。

バッテリーの交換についてはバッテリーの取り付け ページの 81 を参照
してください。

トラブルシューティング

エラ
ーコ
ード

考えられる原因 対処方法

1 装置は構成されていませ
ん。

テクニカルサポートに連絡してください。

2 プログラムデータを読み
取りできませんでした。

3 プログラムデータを書き
込みできませんでした。

4 バッテリーエラー バッテリーの交換.

5 測定中 A/D エラー テクニカルサポートに連絡してください。

6 測定中エラーのオフセッ
ト

装置キャップが正しく取り付けられているこ
とを確認します。

エラ
ーコ
ード

考えられる原因 対処方法

7 測定中低ライトエラー • ライトパス閉塞がないことを確認します。

• ゼロは装置範囲外です

• テクニカルサポートに連絡してください。

8 測定中オーバーレンジエ
ラー、考えられるライト
閉塞または濃度が高すぎ
ます

• ライトパス閉塞がなく濃度がプログラム
に対して高すぎないことを確認します。

• 装置キャップが正しく取り付けられてい
ることを確認します。

• テクニカルサポートに連絡してください。

交換パーツとアクセサリー

警告 
負傷の危険。未承認の部品を使用すると、負傷、装置の破損、または
装置の誤作動を招く危険性があります。このセクションでの交換部品
は、メーカーによって承認済みです。

注: プロダクト番号とカタログ番号は、一部の販売地域では異なる場合があります。
詳細は、取り扱い販売店にお問い合わせください。お問い合わせ先については、当
社の Web サイトを参照してください。

交換パーツ

説明 アイテム番号

アダプター、アセンブリー、COD 4846400

バッテリーセット、AA アルカリバッテリー(4x) 1938004 

キャップ付き試料セル、25 x 95 mm, 10-20-25 mL (6x) 2401906

キャップ付き試料セル、1 cm/10 mL (2x) 4864302

USB ケーブル LZV818 
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アクセサリー

説明 アイテム番号

キャップ、試料セル、25 x 95 mL セル用 2401812 

キャリーケース、ハードサイデッド 4942500 

キャリーケース、肩ひも付きソフトサイデッド 2722000 

キャリーケース、検査室用ポータブル 4943000 

DR/Check™ 吸光度標準 2763900

装置キャップ, DR 900 9390500
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사양

사양은 사전 예고 없이 변경될 수 있습니다.

사양 세부 사항

측정 모드 투과율(%), 흡광도(Abs) 및 농도(Conc)

치수 (W x D x H) 23.6 x 8.7 x 4.7 cm (9.3 x 3.4 x 1.9 in.)

케이스 등급 IP67 

무게 0.6 kg(1.3파운드)

전원 요구 사항(내부) AA 알카라인 배터리(4개)

배터리 수명 백라이트 없이 주 5일당 하루 5회 판독 시 6개월(일반적)

인터페이스 USB 미니

작동 온도 0 ~ 50 °C(32 ~ 122 °F), 최대 90% 상대 습도, 비응축

보관 온도 –30 ~ 60 °C(–22 ~ 140 °F), 최대 90% 상대 습도, 비응축

광원 발광 다이오드(LED)

검출기 실리콘 광다이오드

파장 범위 420, 520, 560, 610 nm

흡광 측정 범위 0–2 Abs

파장 정확도 ±1 nm

사양 세부 사항

흡광 정확도 1.0 Abs에서 ±0.005 Abs(공칭)

흡광 직선성 ±0.002 Abs(0–1 Abs)

파장 선택 자동(측정법 선택을 기준으로 함)

광도계 재현성 ±0.002 Abs(0–1 Abs)

데이터 표시 그래픽 디스플레이, 240 x 160픽셀(백라이트)

샘플 셀 16 mm, 1 cm/10 mL, 1인치(25 mm) 둥근 모양

보호 등급 Class III

인증 CE 인증

보증 1년

일반 정보
제조업체는 본 설명서에 존재하는 오류나 누락에 의해 발생하는 직접, 간
접, 특수, 우발적 또는 결과적 손해에 대해 어떠한 경우에도 책임을 지지
않습니다. 제조업체는 본 설명서와 여기에 설명된 제품을 언제라도 통지
나 추가적 책임 없이 변경할 수 있습니다. 개정본은 제조업체 웹 사이트에
서 확인할 수 있습니다.

안전 정보
주의사항 

제조사는 본 제품의 잘못된 적용 또는 잘못된 사용으로 인한 직접, 우발적 또는 간
접적 손해에 국한하지 않는 모든 손해에 대한 어떠한 책임도 지지않으며, 관계 법
령이 최대한 허용하는 손해에 관한 면책이 있습니다. 사용자는 사용상 중대한 위험
을 인지하고 장비 오작동이 발생할 경우에 대비하여 적절한 보호 장치를 설치하여
야 합니다.

장치 포장을 풀거나 설치하거나 작동하기 전에 본 설명서를 모두 읽으십
시오. 모든 위험 및 주의사항 설명에 유의하시기 바랍니다. 이를 지키지
않으면 사용자가 중상을 입거나 장치가 손상될 수 있습니다.
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본 장치의 보호 기능이 손상되지 않도록 본 설명서에서 설명하는 방법이
아닌 다른 방법으로 본 장치를 사용하거나 설치하지 마십시오.

위험 정보 표시

위험 
방지하지 않을 경우 사망 또는 심각한 부상이 일어나는 잠재적 또는 즉각적 위험
상황을 의미합니다.

경고 
피하지 않을 경우에 사망이나 심각한 부상을 유발할 수 있는 잠재적 위험이나 긴급
한 위험 상황을 나타냅니다.

주의 
경미하거나 심하지 않은 부상을 초래할 수 있는 잠재적으로 위험한 상황을 경고합
니다.

주의사항 
피하지 않으면 기기에 손상을 일으킬 수 있는 상황을 나타냅니다. 특별히 강조할
필요가 있는 정보.

주의 경고 라벨
본 기기에 부착된 모든 라벨 및 태그를 참조하시기 바랍니다. 지침을 따르
지 않을 경우 부상이나 기기 손상이 발생할 수 있습니다. 기기에 있는 기
호는 주의사항에 대한 설명과 함께 설명서에 언급됩니다.

본 심볼은 작동 및 안전 주의사항에 대한 지침서를 뜻합니다.

본 심볼은 폭발 위험이 있음을 나타냅니다.

본 심볼은 화재 위험이 있음을 나타냅니다.

본 심볼은 유해성 화학 물질의 위험이 있음을 나타내므로 화학 물질에
대한 교육을 받은 전문가가 화학 물질을 다루거나 장비에 연결된 화학
물질 공급 장치에 대한 유지 관리 작업을 실시해야 합니다.

본 심볼은 보안경이 필요함을 나타냅니다.

본 기호가 부착된 전기 장비는 2005년 8월 12일 이후 유럽 공공 처리
시스템에 의해 처분될 수도 있습니다. 유럽 지역 및 국가 규정(EU 지침
2002/96/EC)에 따라 유럽 전기 장비 사용자는 구형 또는 수명이 끝난
장비를 제조업체에 무료 조건으로 반환하도록 합니다.
참고: 재활용을 위해 반환하려면 장비 제조업체나 공급업체에 문의하여 수명이 다
한 장비, 제조업체에서 받은 전기 부품 및 모든 보조 물품을 올바른 방법으로 폐기
하기 위한 반환 방법을 확인하십시오.

인증

캐나다 무선 간섭 유발 장치 규정, IECS-003, 등급 A:
보조 테스트 기록은 제조업체가 제공합니다.
본 등급 A 디지털 장치는 캐나다 간섭 유발 장치 규제의 모든 요구조건을
만족합니다.
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC Part 15, Class "A" 제한
보조 테스트 기록은 제조업체가 제공합니다. 본 장치는 FCC 규칙, Part
15를 준수합니다. 본 장치는 다음 조건에 따라 작동해야 합니다.

1. 유해한 간섭을 일으키지 않아야 합니다.
2. 바람직하지 않은 작동을 유발할 수 있는 간섭을 포함하여 수신되는 모
든 간섭에도 정상적으로 작동해야 합니다.

본 장치의 준수 책임이 있는 측이 명시적으로 허용하지 않은 변경 또는 수
정을 가하는 경우 해당 사용자의 장치 작동 권한이 무효화될 수 있습니다.
본 장치는 FCC 규칙, Part 15에 의거하여 등급 A 디지털 장치 제한 규정
을 준수합니다. 이러한 제한은 상업 지역에서 장치를 작동할 때 유해한 간
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섭으로부터 적절하게 보호하기 위하여 제정되었습니다. 본 장치는 무선
주파수 에너지를 생성 및 사용하며 방출할 수 있고 사용 설명서에 따라 설
치하고 사용하지 않을 경우 무선 통신에 해로운 간섭을 일으킬 수 있습니
다. 주거 지역에서 본 장치를 사용하면 해로운 간섭을 일으킬 수 있으며,
이 경우 사용자는 자비를 들여 간섭 문제를 해결해야 합니다. 다음과 같은
방법으로 간섭 문제를 줄일 수 있습니다.

1. 장치를 전원에서 분리하여 장치가 간섭의 원인인지 여부를 확인합니
다.

2. 장치가 간섭을 받는 장치와 동일한 콘센트에 연결된 경우, 장치를 다
른 콘센트에 연결해보십시오.

3. 장치를 간섭을 받는 장치로부터 멀리 떨어트려 놓으십시오.
4. 간섭을 받는 장치의 안테나 위치를 바꿔보십시오.
5. 위의 방법들을 함께 이용해보십시오.

제품 소개
DR 900은 420, 520, 560 및 610 nm 파장에서 측정을 수행하는 휴대용
LED형 색도계입니다. 본 기기는 식수, 폐수 및 산업 응용 분야의 다양한
매개변수를 측정하는 데 이용됩니다. 본 기기에는 완벽한 구성의 저장 프
로그램(사전 설치된 측정법)과 사용자 프로그램 저장소 및 즐겨찾기 프로
그램 선택 기능이 제공됩니다. 101 페이지의 그림 1을 참조하십시오.

그림 1  기기

1   USB 포트 4   배기구

2   기기 캡 5   건전지 구획

3   셀 구획 6   전원 키

제품 구성 부품
구성 부품을 모두 받았는지 확인하십시오. 101 페이지의 그림 2을 참조하
십시오. 품목이 없거나 손상된 경우, 기기 공급업체나 판매 담당자에게 즉
시 연락하십시오.
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그림 2  제품 구성 부품

1   DR 900 4   유리 샘플 셀, 1인치(25 mm) 둥근
모양, 10, 20, 25-mL 마크(2개)

2   미니 USB 커넥터가 달린 USB 케이
블

5   샘플 셀, 1 cm/10 mL(2개)

3   AA 알카라인 배터리(4개) 6   샘플 셀 어댑터

설치

경고 
여러 가지 위험이 존재합니다. 해당 전문가가 본 문서에 의거하여 작업
을 수행해야 합니다.

주의사항 
사용 또는 보관 중에 기기의 배터리 환기구가 막히지 않도록 유의하십시오.

건전지 설치

경고 
폭발 위험 건전지를 잘못 설치하면 폭발성 가스가 유출될 수 있습니다.
동종의 인증된 화학 건전지인지 확인하고 올바른 방향으로 끼워져 있는
지 확인하십시오. 새 건전지와 사용한 건전지를 같이 사용하지 마십시
오.

경고 
화재 위험. 다른 배터리를 사용하면 안 됩니다. 알카라인 배터리만 사용
하십시오.

주의사항 
밀봉 피팅에 꼭 맞도록 나사를 1–1.4 N·m (9–12 in.·lb)로 단단히 조이고케이스 환
경 등급을 유지합니다.

기기는 AA 알카라인 건전지 4개로 전원을 공급 받습니다. 건전지를 올바
른 방향으로 설치해야 합니다. 배터리 설치에 대해서는 그림 3을 참조하
십시오.

그림 3  건전지 설치
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샘플 셀과 셀 어댑터 설치
기기에는 여러 가지 샘플 셀 유형에 하나의 어댑터를 사용할 수 있는 하나
의 셀 구획이 있습니다. 보다 재현성이 높고 정확한 결과를 얻기 위해서는
올바르고 일관된 방향으로 샘플 셀을 설치해야 합니다. 101 페이지의 
그림 4을 참조하십시오. 기기 제로가 설정되거나 측정이 수행되기 전에
기기 캡을 닫아 빛의 간섭을 방지하십시오. 101 페이지의 그림 5을 참조
하십시오.

그림 4  샘플 셀 방향

1   1-cm/10-mL 플라스틱 샘플 셀 4   방향 마크

2   1-인치(25 mm) 유리 샘플 셀 5   방향 위치(시계 방향)

3   16-mm 유리 테스트 바이얼 6   샘플 셀 어댑터
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그림 5  샘플 셀 및 기기 캡 설치

사용자 인터페이스 및 탐색

키패드 설명
그림 6에서 키패드 설명 및 탐색 정보를 참조하십시오.

그림 6  키패드 설명

1   백라이트: 디스플레이 조명을 켜짐
또는 꺼짐으로 설정

4   오른쪽 선택 키(컨텍스트): 샘플 읽
기, 옵션 선택 또는 확인, 하위 메뉴
열기

2   설정: 설정 옵션1 5   탐색 키 위쪽, 아래쪽, 오른쪽, 왼쪽:
메뉴 스크롤, 숫자 및 문자 입력2

3   왼쪽 선택 키(컨텍스트): 옵션에 액
세스, 현재 메뉴 화면을 취소 또는 종
료하고 이전 화면으로 이동

6   홈/옵션: 메인 판독 화면으로 이동1,
프로그램 선택, 데이터 관리

1 편집 모드에서는 키가 작동하지 않습니다.
2 위쪽 또는 아래쪽 키를 누르고 있으면 빠르게 스크롤됩니다. 왼쪽 또는 오른쪽
키를 누르면 페이지 단위로 스크롤됩니다.

디스플레이 설명
판독값 화면에는 선택 모드, 단위, 날짜와 시간, 작동자 ID 및 샘플 ID가
표시됩니다. 101 페이지의 그림 7을 참조하십시오.
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그림 7  단일 화면 디스플레이

1   프로그램 이름 및 번호 7   시간 및 날짜

2   판독값, 단위, 화학적 형태, 측정 범
위 미만 "---" 또는 측정 범위 이상 "+
++"

8   판독(컨텍스트: 완료, 선택, 시작, 확
인)

3   표준 조정 아이콘 9   제로(컨텍스트: 탐색 키 위쪽 화살
표)

4   건전지 상태 10   옵션(컨텍스트: 뒤로, 취소)

5   시약 블랭크 아이콘 11   작동자 ID

6   타이머 12   샘플 ID

탐색

기기에는 다양한 옵션을 변경하기 위한 메뉴가 포함되어 있습니다. 탐색
키(위쪽, 아래쪽, 오른쪽 및 왼쪽 화살표)를 사용하여 여러 옵션을 강조 표
시합니다. 오른쪽 선택 키를 눌러 옵션을 선택합니다. 탐색 키를 사용하여
옵션 값을 입력합니다. 탐색 키(위쪽, 아래쪽, 오른쪽 및 왼쪽 화살표)를
눌러 값을 입력하거나 변경합니다. 오른쪽 화살표를 눌러 다음 공백으로

이동합니다. 완료 아래에서 오른쪽 선택 키를 눌러 값을 수용합니다. 왼쪽
선택 키를 눌러 현재 메뉴 화면을 종료하고 이전 화면으로 이동합니다.

시작

기기 켜기 또는 끄기 설정
전원 키를 눌러 기기를 켜짐 또는 꺼짐으로 설정합니다. 기기가 켜지지 않
으면 배터리가 올바르게 설치되었는지 확인하십시오.

언어 설정
언어 설정에는 다음 두 가지 옵션이 있습니다.

• 기기를 처음으로 켤 때 디스플레이 언어를 설정합니다.
• 설정 메뉴에서 언어를 설정합니다.

1. 설정>설정>언어를 누릅니다.
2. 목록에서 언어를 선택합니다.

날짜 및 시간 설정
날짜와 시간을 설정하기 위한 두 가지 옵션이 있습니다.

• 기기를 처음으로 켤 때 날짜와 시간을 설정합니다.
• 날짜 및 시간 메뉴에서 날짜와 시간을 설정합니다.

1. 설정>설정>날짜 및 시간을 누릅니다.
2. 날짜 형식을 누르고 날짜 및 시간의 형식을 선택합니다.
3. 날짜 및 시간을 누릅니다.
4. 탐색 키를 사용하여 현재 날짜와 시간을 입력한 다음 완료을 누릅니
다.
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표준 작동

프로그램 목록
본 기기에는 완전한 구성의 응용 프로그램이 함께 제공됩니다. 표 1에서
프로그램 설명을 참조하십시오.

표 1  프로그램 옵션

프로그램 옵션 설명

저장된 프로그
램

저장된 프로그램은 사전 프로그램된 측정법으로서 설치되어 출
고됩니다. 101 페이지의 저장된 프로그램 선택 페이지의 100을
참조하십시오.

사용자 프로그
램

측정법은 사용자 프로그램으로 작성하여 저장할 수 있습니다.1
101 페이지의 사용자 프로그램 페이지의 102을 참조하십시오.

즐겨찾기 자주 사용되는 측정법은 즐겨찾기 목록에 저장할 수 있습니다.1

1 최대 10개의 측정법(사용자 프로그램 및/또는 즐겨찾기)을 저장할 수 있습니
다.

저장된 프로그램 선택

1. 홈>옵션>모든 프로그램를 누릅니다.
2. 해당 측정법을 선택하고 시작를 누릅니다.
3. 옵션>자주 사용하는 프로그램 목록에 추가를 선택하여 선택 측정법을
즐겨찾기에 추가하고 이후 빠르게 액세스합니다.

기본 프로그램 옵션 선택
프로그램을 선택하면 추가 매개변수 옵션이 제공됩니다.

1. 옵션를 눌러 옵션 메뉴에 액세스합니다.

2. 해당 옵션을 선택합니다.

옵션 설명

타이머 시작 분석 단계의 타이밍이 맞도록 사전 설정된 타이머를 선
택하거나 수동 타이머를 설정합니다(예를 들어 반응 시
간 또는 대기 시간을 정확히 지정할 수 있음). 타이머가
켜지면 디스플레이에 타이머 아이콘이 표시됩니다. 시간
이 초과되면 기기가 경고음을 울립니다. 사전 설정 타이
머—하나 이상의 저장된 절차 단계에 해당하는 사전 설
정 타이머를 선택하고 시작를 누릅니다. 수동 타이머—
탐색 키를 이용하여 해당 시간을 입력하고 완료을 누릅
니다. 기본값 = 00:00

자주 사용하는 프로
그램/사용자 프로그
램

저장된 즐겨찾기 또는 사용자 프로그램 목록에서 프로그
램을 선택합니다. 자세한 내용은 즐겨찾기 또는 사용자
프로그램 선택 페이지의 102를 참조하십시오.

모든 프로그램 목록에서 사전 프로그래밍된 측정법을 선택합니다.

데이터 로그 저장된 모든 판독값을 표시합니다. 자세한 내용은 데이
터 로그 페이지의 102를 참조하십시오.

자주 사용하는 프로
그램 목록에 추가

즐겨찾기 목록에 자주 사용되는 저장된 프로그램과 사용
자 프로그램 측정법을 저장합니다. 101 페이지의 즐겨찾
기에 프로그램 추가 페이지의 102을 참조하십시오.

%T/Abs/Conc % 투과율, 흡광도 또는 농도 판독값으로 전환합니다. 투
과율 판독값(%)—샘플을 통과하여 검출기에 도달하는
최초 빛의 퍼센트 비율을 판독합니다. 흡광도 판독값—
샘플에 의해 흡수된 빛을 흡광도 단위로 판독합니다. 농
도 판독값—측정된 흡광도 값이 프로그램별로 저장된 수
식을 이용하여 농도 값으로 변환됩니다.

고급 옵션 고급 옵션을 사용하여 더 많은 매개변수를 지정합니다.
101 페이지의 고급 프로그램 옵션 선택 페이지의 100
을 참조하십시오.

저장 자동 저장 옵션이 꺼짐으로 설정된 경우 마지막 판독값
을 수동으로 저장합니다.

고급 프로그램 옵션 선택
모든 프로그램에는 다양한 추가 고급 옵션이 제공됩니다.
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1. 옵션를 눌러 옵션>고급 옵션에 액세스합니다.
2. 고급 옵션을 사용하여 더 많은 매개변수를 지정합니다.

옵션 설명

자동 저
장

켜짐과 꺼짐 사이를 전환합니다. 이 옵션을 켜짐으로 설정하면 모든
판독값이 자동으로 저장됩니다. 이 옵션을 꺼짐으로 설정하면 판독
값을 수동으로 저장할 수 있습니다.

화학적
형태

일부 공장 설치 측법에서 대체 화학적 형태와 관련된 측정 범위를 선
택합니다.

시약 블
랭크

일부 공장 설치 측정법에서 시약 블랭크 교정을 사용할 수 있습니다.
탈이온수를 샘플로 사용하여 완료된 테스트 결과를 입력합니다. 모
든 결과에서 블랭크 값을 빼서 시약으로 인한 백그라운드 컬러를 교
정합니다. 표준 조정 옵션을 사용하기 전에 블랭크 교정을 입력하십
시오. 새로운 각 테스트 시약 로트에 대해 이 교정을 수행합니다.

표준 조
정

저장된 보정을 변경합니다. 테스트 범위의 상한 부근에 있는 특정 농
도로 알려진 표준에 대해 테스트를 실시합니다. 이 기능을 사용하여
표준 농도에 맞게 결과를 조정합니다.

프로그
램 정렬

저장된 프로그램 목록에 대해 알파벳 또는 숫자 프로그램 순서를 선
택합니다.

작동자 ID 사용
작동자 ID 태그는 판독값을 개별 작동자와 연결시킵니다. 모든 저장 데이
터에 이 ID가 포함됩니다.

1. 판독 화면에서 설정>운전자 ID를 누릅니다.
2. 작동자 ID 선택, 만들기 또는 삭제:

옵션 설명

현재 ID 목록에서 ID를 선택합니다. 다른 ID를 선택할 때까지 현재 ID
가 샘플 데이터에 연결됩니다.

새 ID 만들기 새 작동자 ID의 이름을 입력합니다. 최대 10개의 이름을 입력
할 수 있습니다.

ID 삭제 기존 작동자 ID를 삭제합니다.

샘플 ID 사용
샘플 ID 태그를 사용하여 판독값을 특정 샘플 혹은 특정 위치와 연결시킵
니다. 할당된 경우, 저장 데이터에 이 ID가 포함됩니다.

1. 판독 화면에서 설정>샘플 ID를 누릅니다.
2. 작동자 ID 선택, 만들기 또는 삭제:

옵션 설명

현재 ID 목록에서 ID를 선택합니다. 다른 ID를 선택할 때까지 현재 ID가
샘플 데이터에 연결됩니다.

새 ID 만들
기

새 샘플 ID에 대한 이름을 입력합니다. 최대 10개의 이름을 입력
할 수 있습니다. 다른 ID가 선택될 때까지 샘플에는 각 측정에 대
해 순차 번호가 부여됩니다(Pond 1, Pond 2 등).

ID 삭제 기존 샘플 ID를 삭제합니다.

측정을 수행하는 방법
측정을 수행하려면 기본적 측정 단계를 거쳐야 합니다. 모든 측정법에는
단계별 절차가 있습니다. 해당 측정법에 따라 특정 테스트를 실행합니다.
다음 예는 측정을 수행하는 기본적 절차입니다.

1. 프로그램 메뉴에서 해당 프로그램을 선택합니다(예: 저장된 프로그램,
사용자 프로그램, 즐겨찾기).

2. 필요한 경우 셀 어댑터를 설치합니다.
3. 시작를 눌러 프로그램을 시작합니다.
4. 측정법 문서에 따라 블랭크를 준비합니다. 샘플 셀을 닫고 보풀이 없
는 헝겊으로 샘플 셀의 광학 면을 청소합니다.

5. 블랭크 샘플 셀을 셀 구획에 삽입합니다. 보다 재현성이 높고 정확한
결과를 얻기 위해서는 올바르고 일관된 방향으로 블랭크 샘플 셀을 설
치해야 합니다. 101 페이지의 그림 4 페이지의 97을 참조하십시오.

6. 기기 캡을 닫아 빛의 간섭을 방지합니다. 101 페이지의 그림 5
페이지의 98을 참조하십시오.

7. 제로를 누릅니다. 디스플레이에 제로 농도가 표시됩니다(예: mg/L,
ABS, µg/L).

8. 샘플을 준비합니다. 측정법 문서에 지정된 대로 시약을 추가합니다.
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9. 옵션>타이머 시작를 선택하여 프로그램 내에서 저장된 타이머를 사용
합니다.

10.샘플 셀을 닫고 보풀이 없는 헝겊으로 셀의 광학 표면을 청소합니다.
11.샘플을 셀 구획에 삽입합니다. 보다 재현성이 높고 정확한 결과를 얻
기 위해서는 올바르고 일관된 방향으로 샘플 셀을 설치해야 합니다.
101 페이지의 그림 4 페이지의 97을 참조하십시오.

12.기기 캡을 닫아 빛의 간섭을 방지합니다. 101 페이지의 그림 5
페이지의 98을 참조하십시오.

13.판독을 누릅니다. 디스플레이에 선택 단위로 결과가 표시됩니다.
참고: 측정된 흡광도가 테스트의 보정 범위보다 낮거나 높을 경우 디스플레이에
"+++" 또는 "---"가 표시됩니다.

데이터 로그
데이터 로그에는 저장된 모든 판독값이 표시됩니다. 홈>옵션>데이터 로
그를 눌러 판독값을 표시합니다. 데이터 로그 내보내기에 관해서는 데이
터 로그 내보내기 페이지의 104를 참조하십시오.

고급 작동

즐겨찾기 또는 사용자 프로그램 선택
기기를 처음으로 사용할 때는 즐겨찾기 및 사용자 프로그램 데이터베이스
가 비어 있습니다. 빠른 사용을 위해 측정법을 즐겨찾기에 저장할 수 있습
니다. 특정한 목적을 위해 사용자 프로그램을 프로그래밍할 수 있습니다.

1. 홈>옵션>자주 사용하는 프로그램/사용자 프로그램>선택을 누릅니다.
2. 새 프로그램을 눌러 새 사용자 프로그램을 만듭니다. 101 페이지의 사
용자 프로그램 페이지의 102을 참조하십시오.

즐겨찾기에 프로그램 추가
자주 사용되는 사용자 프로그램과 저장된 프로그램 측정법은 즐겨찾기 목
록에 저장할 수 있습니다.

1. 홈>옵션>모든 프로그램을 선택합니다.
2. 해당 측정법을 선택하고 시작을 누릅니다.
3. 옵션>자주 사용하는 프로그램 목록에 추가를 선택하여 선택한 측정법
을 즐겨찾기에 추가합니다.

사용자 프로그램
기기를 처음으로 사용할 때는 사용자 프로그램 데이터베이스가 비어 있습
니다. 새 프로그램을 사용하여 특정 필요성에 맞는 새 프로그램을 만듭니
다. 새 사용자 프로그램을 만들려면 다음 단계를 수행하십시오.

1. 홈>옵션>자주 사용하는 프로그램/사용자 프로그램>선택>새 프로그
램을 누릅니다.

2. 1001 ~ 1010 범위에서 사용 가능한 프로그램 번호를 선택합니다.
참고: 최대 10개의 프로그램(사용자 프로그램 및/또는 즐겨찾기)을 저장할 수
있습니다.

3. 측정법 이름을 입력합니다(최대 12자).
4. 파장을 선택합니다(420, 520, 560 또는 610 nm).
5. 단위를 선택합니다(없음, µg/L, mg/L 또는 g/L).
6. 분해능을 선택합니다(0000, 000.0, 00.00 또는 0.000).
7. 보정 포인트를 추가합니다(최소 2 및 최대 12 보정 포인트).* 표준 1 편
집을 선택하고 첫 번째 표준 농도 값을 입력합니다. 완료을 누릅니다.
참고: 신호음이 울리면 농도가 이전에 입력된 표준과 중복되거나 농도가 선택
분해능에 비해 너무 높다는 것을 의미합니다. 다른 값을 입력하고 계속 진행합니
다.

* 곡선이 선형인 것으로 알려져 있으면 두 개의 농도 데이터 포인트(예: 제로 흡광도를 가진 표준 및 알려진 또 다른 표준)만 필요합니다. 추가 데이터
포인트를 사용하여 선형성을 확인하거나 비선형 곡선을 정의합니다.
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8. 흡광도 값 입력:

옵션 설명

ABS 수동 편집 탐색 키를 사용하여 흡광도 값을 직접 입력합니다.

ABS 자동 편집 1. 블랭크를 셀 홀더에 놓고 제로를 누릅니다.
2. 준비된 샘플을 셀 홀더에 놓고 판독를 누릅니다.
3. 완료을 누릅니다.

참고: 신호음이 울리면 흡광도가 이전에 입력된 표준과 중복되거나, 흡광도가
이전의 두 표준 사이에 있다는 것을 의미합니다. 다른 값을 입력하고 계속 진행
합니다.

9. 완료을 누릅니다.
10.보정 지점 추가를 선택합니다.
11. 7-9단계의 설명에 따라 추가 보정 지점을 입력합니다.
12.사용자 프로그램 저장을 선택합니다.

사용자 프로그램 편집
저장된 사용자 프로그램을 편집하려면:

1. 홈>자주 사용하는 프로그램/사용자 프로그램를 선택합니다.
2. 해당 프로그램을 선택하고 옵션를 누릅니다.
3. 편집을 누릅니다.
4. 화면에 표시되는 지침에 따라 절차를 편집합니다.

사용자 또는 자주 사용하는 프로그램 삭제
프로그램이 더 이상 사용되지 않는 경우 저장된 사용자 또는 자주 사용하
는 프로그램을 삭제합니다.

1. 홈>옵션>자주 사용하는 프로그램/사용자 프로그램을 선택합니다.
2. 해당 프로그램을 강조 표시하고 옵션>삭제를 누른 다음 화면상의 메
시지를 따릅니다.

기기 정보
기기 정보 메뉴에는 기기 이름, 일련 번호, 소프트웨어 버전, 데이터베이
스 버전, 사용된 메모리 및 프로그램 사용 가능 여부 등의 특정 정보가 표
시됩니다. 설정>설정>기기 정보을 누릅니다.

암호 설정
암호 설정 옵션은 제한된 메뉴에 액세스를 금지하기 위해 사용됩니다.
참고: 지정된 암호를 잃어버리고 보안 옵션이 켜짐으로 설정되면 작동자가 제한된
메뉴에 들어가지 못하게 됩니다. 암호를 잃어버린 경우 기술 지원로 연락하십시오.

1. 설정>설정>암호 설정를 누릅니다.
2. 옵션을 선택합니다.

옵션 설명

암호 설정 켜짐 또는 꺼짐를 선택하여 암호 보호를 켜짐이나 꺼짐으로 설정
합니다.

보호된 항
목

작동자 ID 편집, 샘플 ID 편집, 사용자 프로그램 편집, 날짜 및 시
간, 펌웨어 업그레이드, 측정법 업그레이드, 언어 및 즐겨찾기 목
록 편집 등 보호된 항목 목록을 표시합니다.

디스플레이 및 사운드 설정
디스플레이 옵션을 사용하여 디스플레이 대비, 배터리 자동 차단 옵션 또
는 백라이트 옵션을 변경합니다. 키를 누르거나 판독이 완료되었을 때의
신호음에 대한 사운드 옵션을 사용합니다.

1. 설정>설정>디스플레이 및 소리>디스플레이 옵션를 누릅니다.
2. 옵션을 선택합니다.

옵션 설명

대비 표시 대비 조정. 가장 밝은 설정은 0이고 가장 어두운 설정은 9입니
다. 기본값: 5
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옵션 설명

자동 차
단

배터리 사용 시간을 최대화하려면 아무 키도 누르지 않은 경우 기기
의 전원이 자동으로 꺼지는 시간을 설정하십시오(5, 10, 15, 20, 30
분, 1시간, 2시간 또는 사용 안 함). 기본값: 10분

백라이
트

백라이트를 누르면 디스플레이 백라이트가 켜짐으로 설정됩니다. 키
를 누르지 않으면 백라이트가 자동으로 꺼지는 시간을 설정합니다
(10, 20, 30초, 1, 2, 5, 10분 또는 사용 안 함). 기본값: 1분

3. 설정>설정>디스플레이 및 소리>사운드를 누릅니다.
4. 옵션을 선택합니다.

옵션 설명

키 누름 키를 누를 때마다 기기가 신호음을 냅니다. 기본값: 꺼짐

판독 완료 판독이 완료될 때마다 기기가 신호음을 냅니다. 기본값: 켜짐

USB 메인 메뉴
USB 케이블을 이용하여 기기가 컴퓨터에 연결되면 USB 메인 메뉴가 열
립니다. USB 메인 메뉴에서 소프트웨어를 업데이트하거나 프로그램을
내보내기 또는 가져오기하거나 데이터 로그와 이벤트 로그를 내보낼 수
있습니다.

펌웨어 업데이트
제품 웹 사이트에서 펌웨어 업그레이드 파일을 찾거나 기기 공급업체에
연락하십시오. 웹 사이트에서 컴퓨터로 파일을 저장하십시오.

1. 기기를 켜짐으로 설정하고 기기와 컴퓨터에 USB 케이블을 연결합니
다.
USB 메인 메뉴가 나타납니다.

2. DR900 업데이트을 선택합니다.
컴퓨터의 USB 드라이브가 기기에 표시됩니다. 폴더를 엽니다.

3. DR900.bin 파일을 열린 폴더에 복사합니다.
4. 확인를 누릅니다.
5. 업데이트가 끝났으면 확인를 누릅니다.
6. USB 연결 해제를 선택하고 확인를 눌러 USB 케이블을 분리합니다.
7. 확인를 누릅니다.

8. 기기를 다시 시작합니다.

프로그램 관리
프로그램 관리 기능을 사용하여 사용자 프로그램의 내보내기 및/또는 가
져오기를 수행할 수 있으며 새 공장 프로그램을 가져올 수 있습니다.

1. 기기를 켜짐으로 설정하고 기기와 컴퓨터에 USB 케이블을 연결합니
다.
USB 메인 메뉴가 나타납니다.

2. 프로그램 관리을 선택하고 옵션을 선택합니다.

옵션 설명

사용자 프로그램 내
보내기

모든 사용자 프로그램을 컴퓨터로 내보내서 보관하거나
사용자 프로그램을 다른 DR 900으로 이동시킵니다.

사용자 프로그램 가
져오기

컴퓨터를 통해 모든 사용자 프로그램을 다른 DR 900의
사용자 프로그램으로 대체합니다.

공장 프로그램 가져
오기

제조업체 웹 사이트에서 새 공장 프로그램을 가져옵니
다.

컴퓨터의 USB 드라이브가 기기에 표시됩니다. 폴더를 엽니다.
3. 드라이브에서 컴퓨터로 내보내기 파일을 복사하거나 컴퓨터에서 드라
이브로 가져오기 파일을 복사합니다.

4. 확인를 누릅니다.
5. 전송이 완료되면 USB 연결 해제를 선택하고 USB 케이블을 분리합니
다.

6. 확인를 누릅니다.

데이터 로그 내보내기
이벤트 로그 및 데이터 로그는 컴퓨터로 내보낼 수 있습니다. 이벤트 로그
에는 구성 관련 작업에 대한 날짜, 시간, 이벤트 번호, 매개변수 및 설명이
포함됩니다. 샘플 측정값은 데이터 로그에 수동 또는 자동으로 저장됩니
다. 101 페이지의 고급 프로그램 옵션 선택 페이지의 100을 참조하십시
오.

1. 기기를 켜짐으로 설정하고 기기와 컴퓨터에 USB 케이블을 연결합니
다.
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USB 메인 메뉴가 나타납니다.
2. 데이터로그 내보내기를 선택합니다.
컴퓨터의 USB 드라이브가 기기에 표시됩니다. 폴더를 엽니다.

3. 내보내기 파일(DR900_DataLog.csv 및 DR900_EventLog.csv)을 컴퓨
터에 복사하여 저장합니다.

4. 확인를 누릅니다.
5. 파일이 컴퓨터로 복사되었으면 USB 연결 해제를 선택하고 USB 케이
블을 분리합니다.

6. 확인를 누릅니다.

유지관리

경고 
여러 가지 위험이 존재합니다. 해당 전문가가 본 문서에 의거하여 작업
을 수행해야 합니다.

샘플 셀 청소

주의 

화학물질에 노출될 위험이 있습니다. 실험실의 안전절차를 준수하고,
취급하는 화학 물질에 맞는 개인보호장비를 완전하게 착용하십시오. 최
신 물질안전보건자료(MSDS/SDS)에서 안전 규정을 참조하십시오.

주의 
화학물질에 노출될 위험이 있습니다. 화학물질 및 폐기물은 국가 및 지
역 규정에 따라 폐기하십시오.

대부분의 실험실 세제는 권장 농도로 사용됩니다. 일반적 청소가 필요할
때는 Liquinox 등의 중성 세제를 사용하는 것이 더욱 안전합니다. 청소 횟

수를 줄이려면 온도를 높이거나 초음파 수조를 사용하십시오. 청소를 완
료한 후에는 탈이온수로 몇 차례 헹군 다음 샘플 셀을 공기 중에 말리십시
오.
산성 물질로 샘플 셀을 청소하고 탈이온수로 말끔하게 헹궈도 됩니다.
참고: 저레벨 금속 테스트에 사용된 샘플 셀을 청소할 때는 항상 산성 물질을 사용하
십시오.

개별 절차에 특수 청소 방법이 필요합니다. 샘플 셀을 청소할 때 브러시를
사용하는 경우에는 샘플 셀 안쪽 표면이 긁히지 않도록 각별히 주의해야
합니다.

건전지 교체

경고 
폭발 위험. 수명이 다한 건전지는 기기 내부에 수소 가스 누적을 유발할
수 있습니다. 방전되기 전에 건전지를 교체하고 건전지가 설치된 채로
기기를 장기간 보관하지 마십시오.

경고 
화재 위험. 다른 배터리를 사용하면 안 됩니다. 알카라인 배터리만 사용
하십시오.

주의사항 
밀봉 피팅에 꼭 맞도록 나사를 1–1.4 N·m (9–12 in.·lb)로 단단히 조이고케이스 환
경 등급을 유지합니다.

95 페이지의 건전지 설치 페이지의 96에서 배터리 교체에 대한 내용을 참
조하십시오.
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문제 해결
오류
코드

발생 원인 해결 방법

1 기기가 구성되지 않습니
다.

기술 지원에 연락하십시오.

2 프로그램 데이터를 읽을
수 없습니다.

3 프로그램 데이터를 쓸 수
없습니다.

4 배터리 오류 건전지 교체.

5 측정 중 A/D 오류 기술 지원에 연락하십시오.

6 측정 중 오프셋 오류 기기 캡이 올바르게 설치되었는지 확인하십
시오.

7 측정 중 광 부족 오류 • 빛의 경로가 막히지 않았는지 확인하십시
오.

• 제로가 기기 범위를 벗어납니다.
• 기술 지원에 연락하십시오.

8 측정 중 범위 초과 오류,
잠재적 빛 경로가 막혔거
나 농도가 너무 높음

• 빛 경로가 막히지 않았고 프로그램에 대해
농도가 너무 높지 않은 것을 확인하십시오.

• 기기 캡이 올바르게 설치되었는지 확인하
십시오.

• 기술 지원에 연락하십시오.

교체 부품 및 부속품
경고 

신체 부상 위험. 승인되지 않은 부품을 사용하면 부상, 기기 손상 또는
장비 오작동이 발생할 수 있습니다. 이 절에 설명된 교체 부품은 제조업
체의 승인을 받았습니다.

참고: 일부 판매 지역의 경우 제품 및 문서 번호가 다를 수 있습니다. 연락처 정보는
해당 대리점에 문의하거나 본사 웹사이트를 참조하십시오.

교체 부품

설명 품목 번호

어댑터 어셈블리, COD 4846400

배터리 세트, AA 알카라인 배터리(4개) 1938004 

캡이 있는 샘플 셀, 25 x 95 mm, 10-20-25 mL(6개) 2401906

캡이 있는 샘플 셀, 1 cm/10 mL(2개) 4864302

USB 케이블 LZV818 

부속품

설명 품목 번호

캡, 샘플 셀, 25 x 95 mL 셀용 2401812 

휴대 케이스, 하드형 4942500 

휴대 케이스, 어깨 끈이 있는 소프트형 2722000 

휴대 케이스, 휴대용 실험실 4943000 

DR/Check™ 흡광도 표준 2763900

기기 캡, DR 900 9390500
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สารบัญ
รายละเอียดทางเทคนิค ในหนา 107 การทำงานมาตรฐาน ในหนา 114

ขอมูลทั่วไป ในหนา 107 การปฏิบัติการขั้นสูง ในหนา 116

การติดตั้ง ในหนา 110 การดูแลรักษา ในหนา 118

อินเทอรเฟซผูใชและโครงสรางเมนู ในหนา 112 การแกไขปญหา ในหนา 119

การเริ่มทำงาน ในหนา 113 อะไหลทดแทนและอุปกรณเสริม ในหนา 120

รายละเอียดทางเทคนิค
รายละเอียดทางเทคนิคอาจเปลี่ยนแปลงไดโดยไมตองแจงใหทราบลวงหนา

รายละเอียดทางเทคนิค รายละเอียด

โหมดการวัดผล การสงผาน (%) การดูดซับ (Abs) และความเขมขน (Conc)

ขนาด (ก x ล x ส) 23.6 x 8.7 x 4.7 ซม. (9.3 x 3.4 x 1.9 นิ้ว)

อัตราการปองกันของโครงสรางภายนอก IP67 

น้ำหนัก 0.6 กก. (1.3 ปอนด)

การใชพลังงาน (ภายใน) แบตเตอรี่อัลคาไลน AA (4 กอน)

เวลาการใชงานแบตเตอรี่ 6 เดือน (ทั่วๆ ไป) ที่การอาน 5 ครั้งตอวัน/5 วันตอสัปดาหโดยไม
ใชแสงพื้นหลัง

อินเทอรเฟซ USB ขนาดเล็ก

อุณหภูมิสำหรับใชงาน 0 ถึง 50 °C (32 ถึง 122 °F), ความชื้นสัมพัทธสูงสุด 90%
ไมมีการกลั่นตัวเปนหยดน้ำ

อุณหภูมิสำหรับจัดเก็บ -30 ถึง 60 °C (-22 ถึง 140 °F), ความชื้นสัมพัทธสูงสุด 90%
ไมมีการกลั่นตัวเปนหยดน้ำ

แหลงแสงไฟ ไดโอดปลอยแสง (LED)

รายละเอียดทางเทคนิค รายละเอียด

ตัวตรวจจับ ซิลิคอนโฟโตดิโอด

ชวงความยาวคลื่น 420, 520, 560, 610 มม.

ชวงการวัดผลโฟโตเมตริก 0-2 Abs

ความแมนยำความยาวคลื่น ±1 nm

ความแมนยำโฟโตเมตริก ±0.005 Abs ที่ 1.0 Abs ต่ำสุด

โฟโตเมตริกเชิงเสน ±0.002 Abs (0–1 Abs)

ตัวเลือกความยาวคลื่น อัตโนมัต ิตามตัวเลือกวิธีการ

ความสามารถการซ้ำโฟโตเมตริก ±0.002 Abs (0–1 Abs)

การอานขอมูล การแสดงผลกราฟก 240 x 160 พิกเซล (แบ็คลิท)

เซลตัวอยาง 16 มม., 1 ซม./10 มล., 1 นิ้ว (25 มม.) ทรงกลม

ระดับการปองกัน Class III

การรับรอง การรับรอง CE

การรับประกัน 1 ป

ขอมูลทั่วไป
ผูผลิตไมมีสวนรับผิดชอบใด ๆ ตอความเสียหายโดยตรง โดยออม ความเสียพิเศษ ความเสียหายจาก
อุบัติการณหรือความเสียหายอันเปนผลตอเนื่องเนื่องจากขอบกพรองหรือการละเวนขอมูลใด ๆ ของ
คูมือชุดนี ้ผูผลิตสงวนสิทธิ์ในการแกไขคูมือและเปลี่ยนแปลงผลิตภัณฑที่อางถึงไดโดยไมตองแจงให
ทราบ ขอมูลฉบับแกไขจะมีจัดไวใหในเว็บไซตของผูผลิต
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ขอมูลเพื่อความปลอดภัย
ห ม า ย เ ห ต ุ 

ผูผลิตจะไมรับผิดชอบตอความเสียหายใดๆ ที่เกิดจากการนำผลิตภัณฑไปใชหรือการใชงานที่ผิดวัตถุประสงค รวม
ถึง แตไมจำกัดเพียงความเสียหายทางตรง ความเสียหายที่ไมไดตั้งใจ และความเสียหายที่ตอเนื่องตามมา และขอ
ปฏิเสธในการรับผิดชอบตอความเสียหายเหลานี้ในระดับสูงสุดเทาที่กฎหมายที่เกี่ยวของจะอนุญาต ผูใชเปนผูรับ
ผิดชอบแตเพียงผูเดียวในการระบุถึงความเสี่ยงในการนำไปใชงานที่สำคัญ และการติดตั้งกลไกที่เหมาะสมเพื่อ
ปองกันกระบวนการตางๆ ที่เปนไปไดในกรณีอุปกรณทำงานผิดพลาด

กรุณาอานคูมือฉบับนี้โดยละเอียดกอนเปดกลอง ติดตั้งหรือใชงานอุปกรณนี ้ศึกษาอันตรายและขอ
ควรระวังตาง ๆ ที่แจงใหทราบใหครบถวน หากไมปฏิบัติตามอาจทำใหเกิดการบาดเจ็บรายแรงตอผูใช
หรือเกิดความเสียหายตออุปกรณ
ตรวจดูวาชิ้นสวนปองกันของอุปกรณไมมีความเสียหาย หามใชหรือติดตั้งอุปกรณในลักษณะอื่นใด
นอกจากที่ระบุไวในคูมือนี้

การใชขอมูลแจงเตือนเกี่ยวกับอันตราย
อ ั น ต ร า ย 

ระบุอันตรายที่อาจเกิดขึ้น ซึ่งหากไมหลีกเลี่ยง อาจทำใหเสียชีวิตหรือไดรับบาดเจ็บรายแรงได

ค ำ เ ต ื อ น 
ระบุอันตรายที่อาจเกิดขึ้น ซึ่งหากไมหลีกเลี่ยง อาจทำใหเสียชีวิตหรือไดรับบาดเจ็บรายแรงได

ข  อ ค ว ร ร ะ ว ั ง 
ระบุอันตรายที่อาจเกิดขึ้นซึ่งอาจทำใหเกิดการบาดเจ็บเล็กนอยถึงปานกลาง

ห ม า ย เ ห ต ุ 
ขอควรทราบระบุกรณีที่หากไมหลีกเลี่ยง อาจทำใหอุปกรณไดรับความเสียหายได ขอมูลที่ตองมีการเนนย้ำเปน
พิเศษ

ฉลากระบุขอควรระวัง
อานฉลากและปายระบุทั้งหมดที่จัดมาพรอมกับอุปกรณ อาจเกิดการบาดเจ็บหรือความเสียหายตอ
อุปกรณหากไมปฏิบัติตาม คูมืออางอิงสัญลักษณที่ตัวอุปกรณพรอมขอความเพื่อเฝาระวังเบื้องตน

หากปรากฏสัญลักษณนี้ที่ตัวอุปกรณ กรุณาดูรายละเอียดจากคูมือการใชงานและ/หรือขอมูลเพื่อ
ความปลอดภัย

สัญลักษณนี้ระบุวามีความเสี่ยงในการระเบิด

สัญลักษณนี้ระบุวามีความเสี่ยงในการเกิดเปลวไฟ

สัญลักษณนี้เปนการระบุถึงความเสี่ยงของอันตรายจากสารเคม ีและระบุวาควรใหเฉพาะผูที่มี
ความชำนาญและผานการฝกอบรมเพื่อทำงานที่เกี่ยวของกับสารเคม ีเปนผูดำเนินการตางๆ กับสาร
เคมี หรือทำการดูแลรักษาระบบการขนยายสารเคมีที่เกี่ยวของกับอุปกรณ

สัญลักษณนี้ระบุถึงความจำเปนในการสวมอุปกรณปองกันดวงตา

อุปกรณอิเล็กทรอนิกสที่มีเครื่องหมายนี้ไมสามารถทิ้งแบบขยะปกติในเขตยุโรป ตามหลักเกณฑที่
ประกาศใชหลังจากวันที่ 12 สิงหาคม 2005 หากไมปฏิบัติตามขอบังคับในเขตยุโรปหรือใน
พื้นที่ (EU Directive 2002/96/EC) ผูใชอุปกรณไฟฟาในยุโรปจะตองสงคืนผลิตภัณฑเกา
หรือที่หมดอายุการใชงานแลวใหแกผูผลิตเพื่อกำจัดทิ้งตามความเหมาะสมโดยผูใชไมตองเสียคา
ใชจายใด ๆ
บันทึก: ในกรณีการสงคืนเพื่อรีไซเคิล กรุณาติดตอผูผลิตอุปกรณหรือซัพพลายเออรเพื่อรับทราบคำแนะนำในการ
สงคืนอุปกรณที่หมดอาย ุอุปกรณไฟฟาที่ผูผลิตจัดหาให หรืออุปกรณเสริมใด ๆ เพื่อใหมีการกำจัดอยางถูกวิธี

การรับรอง
หลักเกณฑเกี่ยวกับอุปกรณที่ทำใหเกิดสัญญาณรบกวนของแคนาดา IECS-003, Class A
รองรับขอมูลการทดสอบของผูผลิต
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อุปกรณดิจิตอล Class A นี้ไดมาตรฐานตามเงื่อนไขภายใตหลักเกณฑเกี่ยวกับอุปกรณที่ทำใหเกิด
สัญญาณรบกวนของแคนาดา
Cet appareil numérique de classe A répond à toutes les exigences de la
réglementation canadienne sur les équipements provoquant des
interférences.
FCC Part 15, Class "A" Limits
รองรับขอมูลการทดสอบของผูผลิต อุปกรณไดมาตรฐานตาม Part 15 ของ FCC Rules การใช
งานจะตองอยูภายใตเงื่อนไขดังตอไปนี:้
1. อุปกรณจะตองไมทำใหเกิดอันตรายจากสัญญาณรบกวน
2. อุปกรณจะตองสามารถทนรับสัญญาณรบกวนที่ไดรับ รวมทั้งสัญญาณรบกวนอื่น ๆ ที่อาจทำให

การทำงานไมเปนไปตามที่คาดหวัง

การเปลี่ยนแปลงหรือปรับแตงอุปกรณนี้ซึ่งไมไดรับรับการรับรองโดยผูเกี่ยวของเพื่อควบคุมมาตรฐาน
อาจทำใหผูใชเสียสิทธิ์ในการใชงานอุปกรณ อุปกรณนี้ผานการทดสอบและพบวาไดมาตรฐานตามขอ
จำกัดสำหรับอุปกรณดิจิตอล Class A ภายใต Part 15 ของ FCC Rules ขอจำกัดนี้กำหนด
ขึ้นเพื่อเปนการปองกันสัญญาณรบกวนที่เปนอันตรายเมื่อมีการใชงานอุปกรณในเชิงพาณิชย อุปกรณนี้
ทำใหเกิด ใช และสามารถแพรคลื่นความถี่วิทย ุและหากมีการติดตั้งและใชงานไมเปนไปตามคูมือการ
ใชงาน อาจทำใหเกิดสัญญาณรบกวนที่เปนอันตรายตอการสื่อสารทางวิทย ุการทำงานของอุปกรณใน
ที่พักอาศัยอาจทำใหเกิดสัญญาณรบกวนที่เปนอันตราย ซึ่งในกรณีนี้ผูใชจะตองแกไขปญหาสัญญาณ
รบกวนดวยตัวเอง สามารถใชเทคนิคตอไปนี้เพื่อลดปญหาจากสัญญาณรบกวน:

1. ปลดอุปกรณจากแหลงจายไฟเพื่อยืนยันวาอุปกรณเปนสาเหตุของสัญญาณรบกวนหรือไม
2. หากตออุปกรณเขากับเตารับไฟฟาเดียวกันกับอุปกรณที่มีปญหาสัญญาณรบกวน ใหตออุปกรณ

กับเตารับไฟฟาอื่น
3. ยายอุปกรณออกหางจากอุปกรณที่ไดรับสัญญาณรบกวน
4. ปรับตำแหนงสายอากาศสำหรับอุปกรณที่ไดรับสัญญาณรบกวน
5. ลองดำเนินการตามวิธีการตาง ๆ ขางตน

ภาพรวมผลิตภัณฑ
ผลิตภัณฑ DR 900 เปนมิเตอรสีแหลง LED แบบพกพาเพื่อใชวัดที่ชวงความยาวคลื่น 420,
520, 560 และ 610 nm. เครื่องมือนี้ใชเพื่อวัดคาพารามิเตอรตางๆ ในน้ำดื่ม น้ำเสือ และการใช
งานทางอุตสาหกรรม เครื่องมือชนิดนี้จะมาพรอมกับชุดโปรแกรมที่จัดเก็บไว (วิธีการที่ติดตั้งไวกอน)
และสามารถจัดเก็บโปรแกรมผูใชและเลือกโปรแกรมโปรดได โปรดดูรายละเอียดใน รูปที่ 1

รูปที่ 1  เครื่องมือ

1   พอรต USB 4   ชองระบายอากาศ
2   ฝาปดเครื่องมือ 5   ที่ใสแบตเตอรี่
3   ที่ใสเซล 6   ปุมเปดปดเครื่อง

สวนประกอบของผลิตภัณฑ
ตรวจสอบใหแนใจวาไดรับสวนประกอบทั้งหมดแลว โปรดดูรายละเอียดใน รูปที ่2 หากมีรายการที่
สูญหายหรือเสียหาย โปรดติดตอผูจำหนายเครื่องมือหรือตัวแทนจำหนายในทันที
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รูปที่ 2  สวนประกอบของผลิตภัณฑ

1   DR 900 4   เซลตัวอยางแกว 1 นิ้ว (25 มม.) แบบกลม
เครื่องหมาย 10, 20, 25 มล. (2 ชิ้น)

2   สาย USB ที่มีตัวเชื่อมตอ USB ขนาดเล็ก 5   เซลตัวอยาง 1 ซม/10 มล. (2 ชิ้น)

3   แบตเตอรี่อัลคาไลน AA (4 กอน) 6   อะแดปเตอรเซลตัวอยาง

การติดตั้ง
ค ำ เ ต ื อ น 

อันตรายหลายประการ ควรใหบุคลากรผูเชี่ยวชาญเทานั้นดำเนินการตามขั้นตอนที่ระบุในเอกสาร
สวนนี้

ห ม า ย เ ห ต ุ 
ตรวจสอบใหแนใจวาไมไมมีสิ่งกีดขวางชองแบตเตอรี่ของเครื่องมือในระหวางการใชงานหรือการจัดเก็บ

การใสแบตเตอรี่
ค ำ เ ต ื อ น 

อันตรายจากการระเบิด การใสแบตเตอรี่ไมถูกตองอาจสงผลใหเกิดการรั่วซึมของกาซที่งายตอการ
ระเบิด ตรวจสอบใหแนใจวาแบตเตอรี่ที่ใช เปนสารเคมีที่ไดรับการยอมรับประเภทเดียวกัน และใส
แบตเตอรี่ตรงตามขั้ว หามใชแบตเตอรี่ใหมรวมกับแบตเตอรี่เกา

ค ำ เ ต ื อ น 

อันตรายจากไฟ หามเปลี่ยนแบตเตอรี ่ใชแตแบตเตอรี่อัลคาไลนเทานั้น

ห ม า ย เ ห ต ุ 
ใหแนใจวาขันสกรูใหเปน 1–1.4 N·m (9-12 นิ้ว·ปอนด) เพื่อแกไขความแนนของซีลและเพื่อรักษาอัตรา
สภาพแวดลอม

เครื่องมือชนิดนี้ใชพลังจากแบตเตอรี่อัลคาไนล AA สี่กอน ตรวจสอบใหแนใจวาไดใสแบตเตอรี่ถูก
ทิศทาง โปรดดูวิธีการใสแบตเตอรี่ไดที ่รูปที่ 3

รูปที่ 3  การใสแบตเตอรี่
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ติดตั้งเซลตัวอยางและอะแดปเตอรเซล
เครื่องมือชนิดนี้มีที่ใสเซลหนึ่งตำแหนงซึ่งสามารถใชอะแดปเตอรเพื่อใสเซลตัวอยางชนิดตางๆ ได
ตรวจสอบใหแนใจวาไดใสเซลตัวอยางในทิศทางที่ถูกตองและสอดคลองเพื่อใหผลลัพธมีความแมนยำ
และตรงกัน โปรดดูรายละเอียดใน รูปที่ 4 ปดฝาปดเครื่องมือกอนที่จะตั้งคาเครื่องมือเปนศูนยหรือ
ทำการวัดผลเพื่อปองกันแสงเขาไปรบกวน โปรดดูรายละเอียดใน รูปที่ 5

รูปที่ 4  ทิศทางของเซลตัวอยาง

1   เซลตัวอยางพลาสติก 1 ซม./10 มล. 4   เครื่องหมายทิศทาง
2   เซลตัวอยางแกว 1 นิ้ว (25 มม.) 5   ตำแหนงทิศทาง (ตามเข็มนาฬิกา)
3   ขวดแกวทดสอบ 16 มม. 6   อะแดปเตอรเซลตัวอยาง
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รูปที่ 5  การติดตั้งเซลตัวอยางและฝาปดเครื่องมือ

อินเทอรเฟซผูใชและโครงสรางเมนู
คำอธิบายปุมกด
โปรดดูขอมูลเกี่ยวกับการไปยังสวนตางๆ และรายละเอียดปุมกดไดที ่รูปที่ 6

รูปที่ 6  คำอธิบายปุมกด

1   ไฟพื้นหลัง: ตั้งวาจะเปดหรือปดไฟหนาจอหรือไม 4   ปุมเลือกขวา (ตามบริบท): อานตัวอยาง เลือก
หรือยืนยันตัวเลือก เปดเมนูยอย

2   การตั้งคา: ตัวเลือกการตั้งคา1 5   ปุมเลื่อน ขึ้น ลง ซาย ขวา: เลื่อนไปยังเมนูตางๆ
ใสหมายเลขและตัวอักษร2

3   ปุมเลือกซาย (ตามบริบท): การเขาถึงตัวเลือก การ
ยกเลิกหรือออกจากหนาจอเมนูปจจุบันไปยังหนา
จอกอนหนา

6   หนาหลัก/ตัวเลือก: ไปที่หนาจอการอานหลัก1

เลือกโปรแกรม การบริหารจัดการขอมูล

1 ในระหวางที่อยูในโหมดแกไข ปุมกดจะไมทำงาน
2 เมื่อกดปุม ขึ้น หรือ ลง คาง จะเปนการเลื่อนอยางรวดเร็ว เมื่อกดปุม ซาย หรือ ขวา จะเปนการเลื่อนทีละหนา

คำอธิบายจอแสดงผล
หนาจอการอานแสดงโหมดที่เลือก หนวย วันที่และเวลา ID ผูใช และ ID ตัวอยาง โปรดดูราย
ละเอียดใน รูปที่ 7
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รูปที่ 7  การแสดงผลแบบหนาจอเดี่ยว

1   ชื่อโปรแกรมและหมายเลข 7   วันที่และเวลา
2   การอานคา, ยูนิต, รูปแบบทางเคม ีภายใต "---"

หรือเหนือชวงการวัด "+++"
8   การอาน (ตามบริบท: เสร็จ เลือก เริ่ม ตกลง)

3   ไอคอนปรับมาตรฐาน 9   ศูนย (ตามบริบท: ปุมเลื่อนลูกศรขึ้น)

4   สถานะแบตเตอรี่ 10   ตัวเลือก (ตามบริบท: ถอยกลับ ยกเลิก)

5   ไอคอนพื้นที่วางเคมี 11   การระบุตัวตนผูปฏิบัติการ
6   ตัวจับเวลา 12   การระบุตัวตนตัวอยาง

การเลื่อนไปยังตำแหนงตางๆ
เครื่องมือนี้มีเมนูเพื่อเปลี่ยนแปลงตัวเลือกตางๆ ใชปุมเลื่อน (ลูกศรขึ้น ลง ขวา และ ซาย) เพื่อไฮไลต
ตัวเลือกตางๆ กดปุมเลือก ขวา เพื่อเลือกตัวเลือก ใสคาตัวเลือกดวยปุมเลื่อน กดปุมเลื่อน (ลูกศรขึ้น
ลง ขวา และ ซาย) เพื่อใสหรือเปลี่ยนคา กดปุมลูกศร ขวา เพื่อไปยังที่วางถัดไป กดปุมตัวเลือก ขวา
ใน เสร็จ เพื่อยอมรับคา กดปุมเลือก ซาย เพื่อออกจากหนาจอเมนูปจจุบันไปยังหนาจอกอนหนา

การเริ่มทำงาน
การเปดหรือปดเครื่องมือ
กดปุม เปด/ปด เพื่อเปดหรือปด เครื่องมือ หากเครื่องมือไมเปด โปรดตรวจสอบใหแนใจวาไดใส
แบตเตอรี่อยางถูกตอง

การตั้งภาษา
มีตัวเลือกเพื่อการตั้งภาษาสองรายการ:
• ตั้งคาการแสดงภาษาเมื่อใชงานเครื่องมือเปนครั้งแรก
• ตั้งคาภาษาจากเมนูการตั้งคา

1. กด การตั้งคา>ตั้งคา>ภาษา
2. เลือกภาษาจากรายการ

การตั้งคาวันที่และเวลา
มีตัวเลือกสำหรับการตั้งวันที่และเวลาสองรายการ:
• ตั้งวันที่และเวลาเมื่อเปดเครื่องมือเปนครั้งแรก
• ตั้งคาวันที่และเวลาจากเมนูวันที่และเวลา

1. กด การตั้งคา>ตั้งคา>วันที่และเวลา
2. กด รูปแบบวันที่ และเลือกรูปแบบสำหรับวันที่และเวลา
3. กด วันที่และเวลา
4. ใชปุมเลื่อนเพื่อใสวันที่และเวลาปจจุบัน และกด เสร็จ
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การทำงานมาตรฐาน
รายการโปรแกรม
เครื่องมือนี้มีชุดโปรแกรมแอพพลิเคชั่นใหมาดวย โปรดดูรายละเอียดของโปรแกรมไดที ่ตาราง 1

ตาราง 1  ตัวเลือกโปรแกรม
ตัวเลือกโปรแกรม คำอธิบาย

โปรแกรมที่จัดเก็บไว โปรแกรมที่จัดเก็บไวนั้นติดตั้งมาจากโรงงาน โปรดดูรายละเอียดใน เลือกโปรแกรมที่จัด
เก็บไว ในหนา 114

โปรแกรมของผูใช สามารถพัฒนาและบันทึกวิธีการเปนโปรแกรมผูใชได1 โปรดดูรายละเอียดใน โปรแกรม
ของผูใช ในหนา 116

รายการโปรด สามารถบันทึกวิธีการที่ใชบอยๆ ไวในรายการโปรดได1

1 สามารถบันทึกวิธีการไดสูงสุดสิบรายการ (โปรแรมผูใช และ/หรือ รายการโปรด)

เลือกโปรแกรมที่จัดเก็บไว
1. กด หนาหลัก>ตัวเลือก>โปรแกรมทั้งหมด
2. เลือกวิธีการแอพพลิเคชั่นและกด เริ่ม
3. เลือก ตัวเลือก>เพิ่มสูรายการโปรด เพื่อเพิ่มวิธีการที่เลือกเขาสูรายการโปรดเพื่อสามารถเขาถึงได

อยางรวดเร็ว

เลือกตัวเลือกโปรแกรมพื้นฐาน
เมื่อเลือกโปรแกรม ระบบจะแสดงตัวเลือกพารามิเตอรเพิ่มเติม

1. กด ตัวเลือก เพื่อเขาถึงเมนูตัวเลือก

2. เลือกตัวเลือกที่ตองการ

ตัวเลือก คำอธิบาย
เริ่มตัวจับเวลา เลือกตัวจับเวลาที่กำหนดไวกอนหรือตั้งคาตัวจับเวลาเองเพื่อใหแนใจวาขั้นตอน

ตางๆ ของการวิเคราะหนั้นมีระยะเวลาที่ถูกตอง (เชน สามารถกำหนดเวลาการ
ทำปฏิกิริยาหรือเวลาการรอไดอยางแมนยำ) เมื่อเปดตัวจับเวลา ระบบจะแสดง
ไอคอนตัวจับเวลาจะในจอแสดงผล เครื่องมือจะสงเสียงเตือนเมื่อเวลาหมดลง
ตัวจับแบบเวลาที่กำหนดไวกอน - เลือกตัวจับเวลาที่กำหนดไวกอนสำหรับขั้น
ตอนกระบวนการที่จัดเก็บไวแลวกด เริ่ม ตัวจับเวลาแบบกำหนดเอง - ใสเวลา
ที่ตองการโดยใชปุมเลื่อนแลวกด เสร็จ คาเริ่มตน = 00:00

รายการโปรด/โปรแกรมผู
ใช

เลือกจากรายการโปรดหรือรายการโปรแกรมผูใชที่จัดเก็บไว โปรดดูที ่เลือก
รายการโปรดหรือโปรแกรมผูใช ในหนา 116 สำหรับขอมูลเพิ่มเติม

โปรแกรมทั้งหมด เลือกวิธีการที่ตั้งโปรแกรมไวกอนจากรายการ
บันทึกขอมูล แสดงการอานทั้งหมดที่จัดเก็บไว โปรดดูที ่บันทึกขอมูล ในหนา 116

สำหรับขอมูลเพิ่มเติม
เพิ่มสูรายการโปรด บันทึกโปรแกรมที่จัดเก็บไวและวิธีการโปรแกรมผูใชซึ่งใชงานบอยๆ ไวใน

รายการโปรด โปรดดูรายละเอียดใน เพิ่มโปรแกรมเปนรายการโปรด
ในหนา 116

%T/Abs/Conc สลับสู % การอานการสงผาน การดูดซับ หรือความเขมขน การอานการสง
ผาน (%) - อานเปอรเซ็นตของแสงดั้งเดิมที่ผานตัวอยางมาถึงตัวตรวจจับ การ
อานการดูดซับ - ระบบจะอานคาการดูดซับแสงของตัวอยางในหนวยดูดซับ
การอานความเขมขน - คาการดูดซับที่วัดไดจะถูกแปลงไปเปนคาความเขมขน
ดวยสมการที่จัดเก็บไวสำหรับโปรแกรม

ตัวเลือกขั้นสูง ใชตัวเลือกขั้นสูงเพื่อกำหนดพารามิเตอรเพิ่มเติม โปรดดูรายละเอียดใน เลือก
ตัวเลือกโปรแกรมขั้นสูง ในหนา 114

Save บันทึกการอานลาสุดเองเมื่อตั้งคาตัวเลือกการบันทึกอัตโนมัติเปนปด

เลือกตัวเลือกโปรแกรมขั้นสูง
โปรแกรมทุกโปรแกรมมีตัวเลือกขั้นสูงเพิ่มเติมใหสามารถเลือกได

1. กด ตัวเลือก เพื่อเขาถึง ตัวเลือก>ตัวเลือกขั้นสูง
2. ใชตัวเลือกขั้นสูงเพื่อกำหนดคาพารามิเตอรเพิ่มเติม

ตัวเลือก คำอธิบาย
บันทึกอัตโนมัติ สลับระหวาง เปด และ ปด การอานทุกๆ รายการจะถูกบันทึกไวเมื่อตั้งตัวเลือกเปน

เปด สามารถบันทึกการอานเองเมื่อตั้งตัวเลือกเปน ปด
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ตัวเลือก คำอธิบาย
รูปแบบเคมี เลือกรูปแบบทางเคมีและชวงการวัดผลที่เกี่ยวของของวิธีการที่ติดตั้งมาจากโรงงาน
ชองวางสารเคมี สามารถใชการแกไขชองวางสารเคมีกับวิธีการที่ติดตั้งมาจากโรงงานบางรายการได ใส

ผลลัพธของการทดสอบที่เสร็จสิ้นแลวโดยใชน้ำปราศจากไอออนเปนตัวอยาง ระบบจะ
ลบคาวางออกจากผลลัพธทั้งหมดเพื่อแกไขสีพื้นหลังที่เกิดจากสารเคม ีใสการแกไขคา
วางกอนใชตัวเลือกการปรับมาตรฐาน ทำการแกไขใหเสร็จสิ้นสำหรับสารเคมีทดสอบ
ชุดใหมแตละชุด

การปรับมาตรฐาน เปลี่ยนการปรับเทียบที่จัดเก็บไว ทำการทดสอบดวยมาตรฐานซึ่งเปนที่รูจักที่ความเขม
ขนใกลเคียงกับระดับสูงสุดของชวงการทดสอบ ใชฟงกชั่นนี้เพื่อปรับผลลัพธเพื่อปรับ
ความหนาแนนมาตรฐาน

จัดเรียงโปรแกรม เลือกลำดับโปรแกรมตามตัวอักษรหรือตัวเลขเพื่อจัดเก็บในรายการโปรแกรม

การใชงาน ID ผูควบคุม
แท็ก ID ผูปฏิบัติการเชื่อมตอการอานเขากับผูปฏิบัติการแตละราย ขอมูลที่จัดเก็บไวทั้งหมดจะรวมไว
ใน ID นี้

1. กด การตั้งคา>ID ผูปฏิบัติการ ในหนาจอการอาน
2. Select (เลือก), Create (สราง) หรือ Delete (ลบ) ID ผูควบคุม:

ตัวเลือก คำอธิบาย
Current ID เลือก ID จากรายการ ID ปจจุบันจะถูกเชื่อมตอเขากับขอมูลตัวอยางจนกวาจะมีการเลือก

ID อื่นๆ
สราง ID ใหม อนชื่อสำหรับ ID ผูปฏิบัติการใหม สามารถใสชื่อไดสูงสุด 10 รายการ
ลบ ID ลบ ID ผูปฏิบัติการที่มีอยู

การใช ID ตัวอยาง
ใชแท็ก ID ตัวอยางเพื่อเชื่อมตอการอานเขากับตัวอยางหรือตำแหนงที่ตองการ หากกำหนดไว ID จะ
ถูกรวมอยูในขอมูลที่จัดเก็บดวย

1. กด ตั้งคา>ID ตัวเลือก ในหนาจอการอาน

2. Select (เลือก), Create (สราง) หรือ Delete (ลบ) ID ผูควบคุม:

ตัวเลือก คำอธิบาย
Current ID เลือก ID จากรายการ ID ปจจุบันจะถูกเชื่อมตอเขากับขอมูลตัวอยางจนกวาจะมีการเลือก

ID อื่นๆ
สราง ID ใหม ปอนชื่อสำหรับ ID ตัวอยางใหม สามารถใสชื่อไดสูงสุด 10 รายการ ตัวอยางจะไดรับ

การกำหนดตัวเลขตามลำดับของการวัดผลแตละครั้งจนกวาจะมีการเลือก ID อื่นๆ (เชน
Pond 1, Pond 2)

ลบ ID ลบ ID ตัวอยางที่มีอยู

วิธีการวัดผล
ตองดำเนินการขั้นตอนการวัดผลพื้นฐานเพื่อวัดผล วิธีการทุกวิธีการจะมีกระบวนการแบบทีละขั้น
ตอน โปรดดูรายละเอียดของวิธีการที่ใชเพื่อดำเนินการทดสอบ ตัวอยางที่ใชคือกระบวนการพื้นฐาน
ในการวัดผล

1. เลือกโปรแกรมที่ตองการจากเมนูโปรแกรม (เชน โปรแกรมที่จัดเก็บไว โปรแกรมผูใช รายการ
โปรด)

2. ติดตั้งตัวแปลงเซล หากจำเปน
3. กดปุม Start (เริ่มตน) เพื่อเริ่มโปรแกรม
4. จัดเตรียมชองวางตามเอกสารวิธีการ ปดเซลตัวอยางและทำความสะอาดหนาเลนสของเซล

ตัวอยางดวยผาที่ไมมีขน
5. ใสเซลตัวอยางวางไวในที่ใสเซล ตรวจสอบใหแนใจวาไดใสเซลตัวอยางวางในทิศทางที่ถูกตอง

และสอดคลองเพื่อใหผลลัพธมีความแมนยำและตรงกัน โปรดดูรายละเอียดใน รูปที ่4
ในหนา 111

6. ปดฝาปดเครื่องมือเพื่อปองกันไมใหแสงเขาไปรบกวน โปรดดูรายละเอียดใน รูปที ่5
ในหนา 112

7. กด ศูนย จอแสดงผลจะแสดงความเขมขนเปนศูนย (เชน mg/L, ABS, µg/L)
8. เตรียมตัวอยาง เพิ่มเคมีตามที่ระบุไวในเอกสารวิธีการ
9. เลือก ตัวเลือก>ตัวจับเวลาเริ่มตน เพื่อใชตัวจับเวลาที่จัดเก็บไวในโปรแกรม
10. ปดเซลตัวอยางและทำความสะอาดพื้นผิวเลนสของเซลดวยผาที่ไมมีขน
11. ใสตัวอยางไวในที่ใสเซล ตรวจสอบใหแนใจวาไดใสเซลตัวอยางในทิศทางที่ถูกตองและ

สอดคลองเพื่อใหผลลัพธมีความแมนยำและตรงกัน โปรดดูรายละเอียดใน รูปที ่4 ในหนา 111
12. ปดฝาปดเครื่องมือเพื่อปองกันไมใหแสงเขาไปรบกวน โปรดดูรายละเอียดใน รูปที ่5

ในหนา 112

ไทย   115



13. กด อาน จอแสดงผลจะแสดงผลเปนหนวยที่เลือก
บันทึก: หนาจอจะแสดงผล "+++" หรือ "---" หากความดูดกลืนนอยหรือมากกวาชวงการปรับเทียบของการ
ทดสอบ

บันทึกขอมูล
บันทึกขอมูลจะแสดงการอานที่บันทึกไวทั้งหมด กด หนาหลัก>ตัวเลือก>บันทึกขอมูล เพื่อดูการอาน
โปรดดูที่ สงออกบันทึกขอมูล ในหนา 118 สำหรับขอมูลเกี่ยวกับการสงออกบันทึกขอมูล

การปฏิบัติการขั้นสูง
เลือกรายการโปรดหรือโปรแกรมผูใช
ฐานขอมูลรายการโปรดและโปรแกรมผูใชจะไมมีขอมูลอยูเมื่อเริ่มใชงานเครื่องมือเปนครั้งแรก
สามารถบันทึกวิธีการในรายการโปรดไดเพื่อสามารถเขาถึงไดอยางรวดเร็ว สามารถตั้งโปรแกรมผูใช
เพื่อการใชงานตามความตองการได

1. กด HOME (หนาหลัก)>Options (ตัวเลือก)>Favorites/User Programs
รายการโปรด/โปรแกรมผูใช>Select (เลือก)

2. กด โปรแกรมใหม เพื่อสรางโปรแกรมผูใชใหม โปรดดูรายละเอียดใน โปรแกรมของผูใช
ในหนา 116

เพิ่มโปรแกรมเปนรายการโปรด
สามารถบันทึกโปรแกรมที่จัดเก็บไวและวิธีการโปรแกรมผูใชซึ่งใชงานบอยๆ ในรายการโปรดได

1. เลือก HOME (หนาหลัก) >Options (ตัวเลือก)>All Programs (โปรแกรมทั้งหมด)
2. เลือกวิธีการแอพพลิเคชั่นและกด เริ่ม
3. เลือก Options (ตัวเลือก)>Add to Favorites (เพิ่มสูรายการโปรด) เพื่อเพิ่มวิธีการที่

เลือกเขาสูรายการโปรด

โปรแกรมของผูใช
ฐานขอมูลโปรแกรมผูใชจะไมมีขอมูลอยูเมื่อเริ่มใชงานเครื่องมือเปนครั้งแรก ใช โปรแกรมใหม เพื่อ
สรางโปรแกรมใหมตามความตองการ หากตองการสรางโปรแกรมผูใชใหม โปรดดำเนินการตามขั้น
ตอนดังตอไปนี้

1. กด HOME (หนาหลัก)>Options (ตัวเลือก)>Favorites/User Programs
รายการโปรด/โปรแกรมผูใช>Select (เลือก)>New Program (โปรแกรมใหม)

2. เลือกหมายเลขโปรแกรมที่มีจาก 1001 ถึง 1010 
บันทึก: สามารถบันทึกโปรแกรมไดสูงสุดสิบรายการ (โปรแรมผูใช และ/หรือ รายการโปรด)

3. ใสชื่อวิธีการ (สูงสุด 12 ตัวอักษร)
4. เลือกความยาวคลื่น: 420, 520, 560, หรือ 610 มม.
5. เลือกหนวย: ไมมี, µg/L, mg/L หรือ g/L
6. เลือกความละเอียด: 0000, 000.0, 00.00 หรือ 0.000 
7. เพิ่มจุดการตรวจเทียบ: จุดการตรวจเทียบต่ำสุด 2 และสูงสุด 12 จุด* เลือกแกไข Std 1 และ

ใสคาความเขมขนมาตรฐานคาแรก กด เสร็จ
บันทึก: เสียงปบหมายถึงความเขมขนนั้นซ้ำกับมาตรฐานที่เคยใสหรือความเขมขนสูงเกินไปสำหรับความ
ละเอียดที่เลือก ใสคาอื่นและดำเนินการตอ

8. ใสคาการดูดซึม:

ตัวเลือก คำอธิบาย
แกไข ABS เอง ใชปุมเลื่อนเพื่อใสคาการดูดซึม
แกไข ABS อัตโนมัติ 1. ใสชองวางเขาสูที่ยึดเซลและกด ศูนย

2. ใสตัวอยางที่จัดเตรียมไวเขาสูที่ยึดเซลแลวกด อาน
3. กด เสร็จ

บันทึก: เสียงปบหมายถึงการดูดซึมนั้นซ้ำกับมาตรฐานที่เคยใส หรืออยูระหวางสองมาตรฐานที่เคยใช ใสคาอื่น
และดำเนินการตอ

9. กด เสร็จ
10. เลือกเพิ่มจุดการปรับเทียบ

* หากเสนโคงนั้นเปนเสนตรง จะจำเปนตองมีจุดเชื่อมตอขอมูลเพียงสองจุดเทานั้น (ตัวอยางเชน มาตรฐานพรอมดวยการดูดซึมเปนศูนยและมาตรฐานที่ทราบอื่นๆ) ใชจุดขอมูลเพิ่มเติมเพื่อยืนยันเสนตรงหรือ
กำหนดเสนโคงที่ไมไดเเปนเชิงเสน
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11. ใสจุดการปรับเทียบเพิ่มเติมตามที่อธิบายไวในขั้นตอนที ่7-9 
12. เลือก บันทึกโปรแกรมผูใช

แกไขโปรแกรมผูใช
วิธีการแกไขโปรแกรมผูใชที่จัดเก็บไว:

1. เลือกหนาหลัก>รายการโปรด/โปรแกรมผูใช
2. เลือกโปรแกรมที่ตองการแลวกด ตัวเลือก
3. กด แกไข
4. ปฏิบัติตามคำแนะนำการแกไขที่หนาจอ

ลบโปรแกรมผูใชหรือโปรแกรมโปรด
ลบโปรแกรมผูใชหรือโปรแกรมโปรดที่จัดเก็บไวหากไมไดใชโปรแกรมดังกลาวอีกตอไป

1. เลือกหนาหลัก>ตัวเลือก>รายการโปรด>โปรแกรมผูใช
2. ไฮไลตโปรแรมที่ตองการแลวกด ตัวเลือก>ลบ แลวปฏิบัติตามคำแนะนำบนหนาจอ

ขอมูลเกี่ยวกับเครื่องมือ
เมนูขอมูลเกี่ยวกับเครื่องมือจะแสดงขอมูลตางๆ เชน ชื่อ หมายเลขซีเรียล เวอรชั่นซอฟตแวร หนวย
ความจำที่ใช และการใชงานไดของโปรแกรมของเครื่องมือ กด การตั้งคา>การตั้งคา>ขอมูลเครื่องมือ

การตั้งรหัสผาน
ตัวเลือการตั้งรหัสผานนั้นใชเพื่อการปองกันการเขาถึงเมนูตองหาม
บันทึก: หากผูใชลืมรหัสผานที่ตั้งไวและตั้งคาตัวเลือกความปลอดภัยเปนเปด ผูปฏิบัติงานจะไมสามารถเขาถึงเมนู
ตองหามได ติดตอการสนับสนุนทางเทคนิคหากลืมรหัสผาน

1. กด การตั้งคา>ตั้งคา>การตั้งคารหัสผาน
2. เลือกตัวเลือก

ตัวเลือก คำอธิบาย
การตั้งรหัสผาน เลือก เปด หรือ ปด เพื่อตั้งคาการเปดหรือปดการปกปองดวยรหัสผาน
รายการที่ปกปอง แสดงรายการที่ปกปอง: แกไข ID ผูปฏิบัติงาน แกไข ID ตัวอยาง แกไขโปรแกรมผูใช

วันที่และเวลา การอัพเกรดเฟรมแวร วิธีการอัพเกรด ภาษา และการแกไขรายการโปรด

ตั้งคาการแสดงผลและเสียง
ใชตัวเลือกการแสดงผลเพื่อเปลี่ยนแปลงคอนทราสตของหนาจอแสดงผล ตัวเลือกการปดแบตเตอรี่
อัตโนมัต ิหรือตัวเลือกแสงพื้นหลัง ใชตัวเลือกเสียงสำหรับเสียงเตือนเมื่อกดปุมหรือเมื่อการอานเสร็จ
สิ้น

1. กด การตั้งคา>ตั้งคา>การแสดงผลและเสียง>ตัวเลือกการแสดงผล
2. เลือกตัวเลือก

ตัวเลือก คำอธิบาย
คอนทราสต ปรับคาคอนทราสตจอแสดงผล. คาที่สวางที่สุดคือ 0 และคาที่มืดที่สุดคือ 9 คาเริ่มตน:

5

การปดอัตโนมัติ เพื่อเพิ่มเวลาการใชงานแบตเตอรี่สูงสุด ผูใชสามารถกำหนดระยะเวลาทีเ่ครื่องมือจะปด
อัตโนมัติหากไมมีการกดปุม (5, 10, 15, 20, 30 นาที 1 ชั่วโมง 2 ชั่วโมง หรือปด
การใชงาน) คาเริ่มตน: 10 นาที

แสงพื้นหลัง สามารถตั้งคาแสงพื้นหลังของหนาจอไดเมื่อกด แสงพื้นหลัง กำหนดระยะเวลาที่เครื่อง
มือจะปดแสงพื้นหลังโดยอัตโนมัติหากไมมีการกดปุม (10, 20, 30 วินาที 1, 2, 5,
10 นาที หรือปดการใชงาน) คาเริ่มตน: 1 นาที

3. กด การตั้งคา>ตั้งคา>การแสดงผลและเสียง>เสียง
4. เลือกตัวเลือก

ตัวเลือก คำอธิบาย
การกดปุม เครื่องมือจะสงเสียงเมื่อกดปุม คาเริ่มตน: ปด
การอานเสร็จสิ้น เครื่องมือจะสงเสียงเมื่อการอานเสร็จสิ้น คาเริ่มตน: เปด

เมนูหลัก USB
เมื่อเชื่อมตอเครื่องมือเขากับคอมพิวเตอรโดยใชสาย USB ระบบจะแสดงเมนูหลัก USB อัพเดต
ซอฟตแวร สงออกหรือนำเขาโปรแกรม หรือสงออกบันทึกขัอมูลหรือบันทึกกิจกรรมจากเมนูหลัก
USB

อัพเดตเฟรมแวร
คนหาไฟลการอัพเดตเฟรมแวรในเว็บไซตของผลิตภัณฑหรือติดตอผูจำหนายเครื่องมือ บันทึกไฟลจาก
เว็บไซตไวในคอมพิวเตอร

1. เปดเครื่องมือและเชื่อมตอสาย USB เขากับเครื่องมือและคอมพิวเตอร
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การแจงเตือนเมนูหลัก USB
2. เลือก อัพเดต DR900

เครื่องมือจะแสดงเปนไดรฟ USB ในคอมพิวเตอร เปดโฟลเดอร
3. คัดลอกไฟล DR900.bin ไปยังโฟลเดอรที่เปดอยู
4. กด ตกลง
5. เมื่อการอัพเดตเสร็จสิ้น ใหคลิก ตกลง
6. เลือก เลิกเชื่อมตอ USB กด ตกลง และถอดสาย USB
7. กด ตกลง
8. ปดแลวเปดเครื่องมือใหม

การจัดการโครงการ
ดวยฟงชั่นการจัดการโครงการ จะสามารถสงออกและ/หรือนำเขาโปรแกรมผูใชและสามารถนำเขา
โครงการโรงงานใหมได

1. เปดเครื่องมือและเชื่อมตอสาย USB เขากับเครื่องมือและคอมพิวเตอร
การแจงเตือนเมนูหลัก USB

2. เลือก การจัดการโปรแกรม และเลือกตัวเลือก:

ตัวเลือก คำอธิบาย
สงออกโปรแกรมผูใช สงออกโปรแกรมผูใชทั้งหมดเขาสูคอมพิวเตอรเพื่อจัดเก็บ หรือเพื่อยายโปรแกรม

ไปยัง DR 900 อื่นๆ
นำเขาโปรแกรมผูใช แทนที่โปรแกรมผูใชทั้งหมดดวยโปรแกรมผูใชจาก DR 900 อื่นๆ ผานทาง

คอมพิวเตอร
นำเขาโปรแกรมโรงงาน นำเขาโปรแกรมโรงงานใหมจากเว็บไซตของผูผลิต

เครื่องมือจะแสดงเปนไดรฟ USB ในคอมพิวเตอร เปดโฟลเดอร
3. คัดลอกไฟลที่สงออกจากไดรฟไปยังคอมพิวเตอร หรือคัดลอกไฟลที่นำเขาจากคอมพิวเตอรไปยัง

ไดรฟ
4. กด ตกลง
5. เมื่อโอนถายเสร็จแลว ใหเลือก เลิกเชื่อมตอ USB แลวถอดสาย USB
6. กด ตกลง

สงออกบันทึกขอมูล
สามารถสงออกบันทึกกิจกรรมและบันทึกขอมูลไปยังเครื่องคอมพิวเตอรได บันทึกกิจกรรมจะมีวันที่
เวลา หมายเลขกิจกรรม พารามิเตอรและรายละเอียดการปรับแตงการกระทำที่เกี่ยวของ สามารถจัดเก็บ
การวัดผลตัวอยางไวในบันทึกขอมูลไดเองหรือโดยอัตโนมัต ิโปรดดูรายละเอียดใน เลือกตัวเลือก
โปรแกรมขั้นสูง ในหนา 114

1. เปดเครื่องมือและเชื่อมตอสาย USB เขากับเครื่องมือและคอมพิวเตอร
การแจงเตือนเมนูหลัก USB

2. เลือกสงออกบันทึกขอมูล
เครื่องมือจะแสดงเปนไดรฟ USB ในคอมพิวเตอร เปดโฟลเดอร

3. คัดลอกและบันทึกไฟลการสงออก (DR900_DataLog.csv and
DR900_EventLog.csv) ไปยังคอมพิวเตอร

4. กด ตกลง
5. เมื่อคัดลอกไฟลลงในคอมพิวเตอร ใหเลือก เลิกเชื่อมตอ USB แลวถอดสาย USB
6. กด ตกลง

การดูแลรักษา
ค ำ เ ต ื อ น 

อันตรายหลายประการ ควรใหบุคลากรผูเชี่ยวชาญเทานั้นดำเนินการตามขั้นตอนที่ระบุในเอกสาร
สวนนี้

การทำความสะอาดอุปกรณ
ทำความสะอาดภายนอกของอุปกรณดวยผาชุดน้ำหมาดๆ และสบูออนๆ แลวเช็ดอุปกรณใหแหง
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ทำความสะอาดเซลตัวอยาง
ข  อ ค ว ร ร ะ ว ั ง 

อาจไดรับอันตรายจากการสัมผัสสารเคม ีปฏิบัติตามขั้นตอนเพื่อความปลอดภัยในหองปฏิบัติการ
และสวมใสอุปกรณปองกันทั้งหมด ใหเหมาะสมในการดำเนินงานกับสารเคมีนั้นๆ โปรดดูกฎ
ระเบียบดานความปลอดภัยไดที่เอกสารขอมูลดานความปลอดภัยฉบับปจจุบัน (MSDS/SDS)

ข  อ ค ว ร ร ะ ว ั ง 
อาจไดรับอันตรายจากการสัมผัสสารเคม ีการกำจัดสารเคมีและของเสียตามกฎขอบังคับของทองถิ่น
ภูมิภาค และประเทศ

ใชผงซักฟอกสำหรับหองปฏิบัติการสวนใหญดวยความเขมขนที่กำหนด เมื่อตองทำความสะอาดบอยๆ
การใชผงซักฟอกที่มีคาเปนกลาง เชน Liquinox จะปลอดภัยกวา เพื่อประหยัดเวลาในการทำความ
สะอาด ใหเพิ่มอุณหภูมิหรือใชการอาบอัลตราโซนิค เมื่อทำความสะอาดเสร็จ ใหลางดวยน้ำปราศจาก
ไอออนสองสามครั้งแลวตากลมเซลตัวอยางใหแหง
สามารถใชกรดทำความสะอาดเซลตัวอยางแลวลางดวยน้ำปราศจากไอออนใหสะอาดไดดวย
บันทึก: ใชกรดทำความสะอาดเซลตัวอยางเสมอเมื่อใชกับการทดสอบโลหะระดับต่ำ
กระบวนการตางๆ จะตองมีวิธีการทำความสะอาดที่เหมาะสมของตัวเอง เมื่อใชแปรงเพื่อทำความ
สะอาดเซลตัวอยาง ใหใชความระมัดระวังเปนพิเศษเพื่อหลีกเลี่ยงรอยขีดขวนดานในเซลตัวอยาง

การเปลี่ยนแบตเตอรี่
ค ำ เ ต ื อ น 

อันตรายจากการระเบิด แบตเตอรี่ที่หมดอายุแลวอาจทำใหเกิดกาซไฮโดรเจนขึ้นในอุปกรณ เปลี่ยน
แบตเตอรี่กอนที่จะหมดอายุ และหามเก็บอุปกรณที่ใสแบตเตอรี่ไวเปนเวลานาน

ค ำ เ ต ื อ น 

อันตรายจากไฟ หามเปลี่ยนแบตเตอรี ่ใชแตแบตเตอรี่อัลคาไลนเทานั้น

ห ม า ย เ ห ต ุ 
ใหแนใจวาขันสกรูใหเปน 1–1.4 N·m (9-12 นิ้ว·ปอนด) เพื่อแกไขความแนนของซีลและเพื่อรักษาอัตรา
สภาพแวดลอม

โปรดดูวิธีการเปลี่ยนแบตเตอรี่ที ่การใสแบตเตอรี ่ในหนา 110

การแกไขปญหา
รหัสขอผิด
พลาด

สาเหตุที่เปนไปได แนวทางแกไขปญหา

1 ไมไดกำหนดคาเครื่องมือ ติดตอการสนับสนุนทางเทคนิค

2 ไมสามารถอานขอมูลโปรแกรมได

3 ไมสามารถเขียนขอมูลโปรแกรมได

4 แบตเตอรี่ผิดพลาด เปลี่ยนแบตเตอรี่

5 A/D ผิดพลาดในระหวางการวัดผล ติดตอการสนับสนุนทางเทคนิค

6 ความแตกตางผิดพลาดในระหวางการ
วัดผล

ตรวจสอบใหแนใจวาไดติดตั้งฝาเครื่องมืออยางถูก
ตอง

7 เกิดความผิดพลาดแสงต่ำในระหวางการ
วัดผล

• ตรวจสอบใหแนใจวาไมมีการกีดขวางเสนทาง
แสง

• ศูนยอยูนอกชวงของเครื่องมือ
• ติดตอการสนับสนุนทางเทคนิค

8 เกิดความผิดพลาดเกินชวงในระหวางการ
วัดผล อาจมีการกีดขวางแสงหรือความ
เขมขนสูงเกินไป

• ตรวจสอบใหแนใจวาไมมีการกีดขวางทางเดิน
แสงและความเขมขนไมสูงเกินไปสำหรับ
โปรแกรม

• ตรวจสอบใหแนใจวาไดติดตั้งฝาเครื่องมืออยาง
ถูกตอง

• ติดตอการสนับสนุนทางเทคนิค
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อะไหลทดแทนและอุปกรณเสริม
ค ำ เ ต ื อ น 

อันตรายตอการบาดเจ็บของบุคคล การใชชิ้นสวนที่ไมไดรับการอนุญาตอาจทำใหเกิดการบาดเจ็บ
ของบุคคล ความเสียหายของเครื่องมือ หรือการทำงานผิดพลาดของอุปกรณ ชิ้นสวนทดแทนใน
สวนนี้ไดรับการรับรองโดยผูผลิต

บันทึก: หมายเลขผลิตภัณฑและสวนประกอบอาจแตกตางกันไปตามภูมิภาคที่จัดจำหนาย ติดตอตัวแทนจำหนาย
หรือไปที่เว็บไซตของบริษัทเพื่อดูขอมูลการติดตอ

ชิ้นสวนอะไหล

คำอธิบาย หมายเลขสินคา

ชุดประกอบอะแดปเตอร, COD 4846400

ชุดแบตเตอรี่ แบตเตอรี่อัลคาไลน AA (4 กอน) 1938004 

เซลตัวอยางพรอมดวยฝาปด, 25 x 95 มม., 10-20-25 มล. (6 ชิ้น) 2401906

เซลตัวอยางพรอมดวยฝาปด, 1 ซม./10 มล. (2 ชิ้น) 4864302

สาย USB LZV818 

อุปกรณเสริม

คำอธิบาย หมายเลขสินคา

ฝาปด เซลตัวอยาง สำหรับเซล 25 x 95 มล. 2401812 

กระเปาถือ ดานขางแข็ง 4942500 

กระเปาถือ ดานขางออนพรอมดวยสายสะพายบา 2722000 

กระเปาถือ แล็บพกพา 4943000 

มาตรฐานความดูดกลืน DR/Check™ 2763900

ฝาปดเครื่องมือ, DR 900 9390500
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Sulfide DOC316.53.01136

USEPA1 Methylene Blue Method2 Method 8131
5 to 800 µg/L S2– (spectrophotometers)
0.01 to 0.70 mg/L S2– (colorimeters)

Reagent Solution

Scope and application: For testing total sulfides, H2S, HS–, and certain metal sulfides in groundwater,
wastewater, brines and seawater.

1 USEPA approved for reporting wastewater analysis. Procedure is equivalent to Standard Method 4500-S2– D.
2 Adapted from Standard Methods for the Examination of Water and Wastewater.

Test preparation

Instrument-specific information
Table 1 shows all of the instruments that have the program for this test. The table also
shows sample cell and orientation requirements for reagent addition tests, such as
powder pillow or bulk reagent tests.
To use the table, select an instrument, then read across to find the applicable information
for this test.

Table 1  Instrument-specific information 

Instrument Sample cell orientation Sample cell

DR 6000 
DR 3800 
DR 2800 
DR 2700 
DR 1900 

The fill line is to the right. 2495402

DR 5000 
DR 3900 

The fill line is toward the user.

DR 900 The orientation mark is toward the user. 2401906

Before starting
Samples must be analyzed immediately after collection and cannot be preserved for later analysis.

Install the instrument cap on the DR 900 cell holder before ZERO or READ is pushed.

Some sulfide loss can occur if dilution is necessary.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used. Use the recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Refer to the Safety Data Sheets for disposal
information for unused reagents. Refer to the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.
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Items to collect

Description Quantity

Sulfide 1 Reagent 1–2 mL

Sulfide 2 Reagent 1–2 mL

Water, deionized 10–25 mL

Pipet, serological, 10-mL 1 

Pipet Filler, safety bulb 1 

Sample cells (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 2 

Stoppers 2 

Refer to Consumables and replacement items on page 5 for order information.

Sample collection
• Analyze the samples immediately. The samples cannot be preserved for later

analysis.
• Collect samples in clean glass or plastic bottles with tight-fitting caps. Completely fill

the bottle and immediately tighten the cap.
• Prevent agitation of the sample and exposure to air.

Reagent solution procedure

Start

1.  Start program 690
Sulfide. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name can be different
between instruments, the
program number does not
change.

2.  Prepare the blank: Fill a
sample cell with deionized
water. Use 10 mL for
spectrophotometers and
25 mL for colorimeters.

3.  Prepare the sample:
Use a pipet to add sample
to a second sample cell.
Use 10 mL for
spectrophotometers and
25 mL for colorimeters.
Do not mix the sample more
than necessary to prevent
sulfide loss.

4.  Add Sulfide 1 Reagent to
each sample cell. Use
0.5 mL for
spectrophotometers and
1.0 mL for colorimeters.

2 Sulfide, Methylene Blue Method (800 µg/L)



5.  Swirl to mix. 6.  Add Sulfide 2 Reagent to
each sample cell. Use
0.5 mL for
spectrophotometers and
1.0 mL for colorimeters.

7.  Close the sample cell.
Invert the sample cell to mix.
A pink color will develop
initially. If sulfide is present,
the solution becomes blue.

8.  Start the instrument
timer. A five-minute reaction
time starts.

9.  When the timer expires,
clean the blank sample cell.

10.  Insert the blank into the
cell holder.

Zero

11.  Push ZERO. The
display shows 0 µg/L or
0.00 mg/L S2–.

12.  Clean the prepared
sample cell.

13.  Insert the prepared
sample into the cell holder.

Read

14.  Push READ. Results
show in µg/L or mg/L S2–.

Soluble sulfides
To measure soluble sulfides, use a centrifuge to separate the solids. To make an
estimate of the amount of insoluble sulfides in the sample, subtract the soluble sulfide
concentration from the total (with solids) sulfide concentration.

1. Fill a centrifuge tube completely with sample and immediately cap the tube.
2. Put the tube in a centrifuge and run the centrifuge to separate the solids.
3. Use the supernatant as the sample in the test procedure.

Sulfide, Methylene Blue Method (800 µg/L) 3



Interferences
Interfering
substance

Interference level

Barium Concentrations more than 20 mg/L barium react with the sulfuric acid in Sulfide 1 Reagent and form a
BaSO4 (barite) precipitate. To correct for this interference:

1. Dilute the sample in the test procedure as follows:

• Spectrophotometers: use a 0.1-mL or 1.0-mL sample volume and add deionized water to the 10-
mL mark.

• Colorimeters: use a 0.25-mL or 2.5-mL sample volume and add deionized water to the 25-mL
mark.

2. Add both Sulfide 1 and Sulfide 2 reagents per the procedure steps.
3. After the 5-minute reaction period, pour the sample into a 50-mL beaker.
4. Pull the sample into a Luer-Lock syringe (10 cc for spectrophotometers or 60 cc for colorimeters).
5. Put a 0.45-μm filter disc on the Luer-Lock tip and filter the sample into a clean sample cell for

measurement. Use deionized water to prepare the blank.
6. Set the instrument zero and read the result, per the procedure steps.
7. Multiply by the appropriate dilution factor for the dilution used (10 or 100).

Strong reducing
substances such
as sulfite,
thiosulfate and
hydrosulfite

Prevent the full color development or reduce the blue color

Sulfide, high
levels

High concentrations of sulfide can inhibit the full color development. Use a diluted sample in the test
procedure. Some sulfide loss can occur when the sample is diluted.

Turbidity Pre-treat the sample to remove sulfide, then use the pre-treated sample as the blank in the test procedure.
Prepare a sulfide-free blank as follows:

1. Measure 25 mL of sample into a 50-mL Erlenmeyer flask.
2. Add 30-g/L Bromine Water by drops with constant swirling until a yellow color remains.
3. Add 30-g/L Phenol Solution by drops with constant swirling until the yellow color is removed.
4. Use this solution to replace the deionized water blank in the test procedure.

Method performance
The method performance data that follows was derived from laboratory tests that were
measured on a spectrophotometer during ideal test conditions. Users can get different
results under different test conditions.

Program Standard Precision (95% confidence interval) Sensitivity
Concentration change per 0.010 Abs change

690 520 µg/L S2– 504–536 µg/L S2– 5 µg/L S2–

Summary of method
Hydrogen sulfide and acid-soluble metal sulfides react with N,N-dimethyl-p-
phenylenediamine sulfate to form methylene blue. The intensity of the blue color is
proportional to the sulfide concentration. High sulfide levels in oil field waters may be
determined after proper dilution. The measurement wavelength is 665 nm for
spectrophotometers or 610 nm for colorimeters.

Pollution prevention and waste management
Reacted samples contain hexavalent chromium and must be disposed of as a hazardous
waste. Dispose of reacted solutions according to local, state and federal regulations.

4 Sulfide, Methylene Blue Method (800 µg/L)



Consumables and replacement items
Required reagents

Description Quantity/test Unit Item no.

Water, deionized varies 4 L 27256

Sulfide Reagent Set — — 2244500 

Includes:

Sulfide 1 Reagent 1–2 mL 100 mL MDB 181632 

Sulfide 2 Reagent 1–2 mL 100 mL MDB 181732 

Required apparatus

Description Quantity/test Unit Item no.

Pipet, serological, graduated, 10 mL 1 each 53238 

Pipet filler, safety bulb 1 each 1465100

Stoppers for 18-mm tubes and AccuVac Ampuls 2 6/pkg 173106 

Optional reagents and apparatus

Description Unit Item no.

Bromine Water, 30-g/L 29 mL 221120

Phenol Solution, 30-g/L 29 mL 211220

Stoppers for 18-mm tube 25/pkg 173125 

Flask, Erlenmeyer, 50 mL each 50541 

Sulfide, Methylene Blue Method (800 µg/L) 5
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Iron, Ferrous DOC316.53.01049

1,10-Phenanthroline Method1 Method 8146
0.02 to 3.00 mg/L Fe2+ Powder Pillows or AccuVac® Ampuls

Scope and application: For water, wastewater and seawater.
1 Adapted from Standard Methods for the Examination of Water and Wastewater, 15th ed. 201 (1980).

Test preparation

Instrument-specific information
The tables in this section show all of the instruments that have the program for this test. 
Table 1 shows sample cell and orientation requirements for reagent addition tests, such
as powder pillow or bulk reagent tests. Table 2 shows sample cell and adapter
requirements for AccuVac Ampul tests.
To use either table, select an instrument, then read across to find the corresponding
information for this test.

Table 1  Instrument-specific information for powder pillows

Instrument Sample cell orientation Sample cell

DR 6000 
DR 3800 
DR 2800 
DR 2700 

The fill line is to the right. 2495402 

DR 5000 
DR 3900 

The fill line is toward the user.

DR 900 The orientation mark is toward the user. 2401906 

Table 2  Instrument-specific information for AccuVac Ampuls

Instrument Adapter Sample cell

DR 6000 
DR 5000 
DR 900 

— 2427606

DR 3900 LZV846 (A)

DR 3800 
DR 2800 
DR 2700 

LZV584 (C) 2122800

Before starting
Samples must be analyzed immediately after collection and cannot be preserved for later analysis.

Install the instrument cap on the DR 900 cell holder before ZERO or READ is pushed.

1



For best results, measure the reagent blank value for each new lot of reagent. Replace the sample with deionized water in
the test procedure to get the reagent blank value. Subtract the reagent blank value from the sample results automatically
with the reagent blank adjust option.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used and use any recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Use the Safety Data Sheets for disposal
information for unused reagents. Consult the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.

Items to collect
Powder pillows

Description Quantity

Ferrous Iron Reagent Powder Pillows, 25-mL 1 

Sample cells. (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 2 

Refer to Consumables and replacement items on page 6 for reorder information.

AccuVac Ampuls

Description Quantity

Ferrous Iron Reagent AccuVac Ampuls 1 

Beaker, 50-mL 1 

Sample cells (For information about sample cells, adapters or light shields, refer to Instrument-
specific information on page 1.) 1 

Stopper for 18-mm tubes and AccuVac Ampuls 1 

Refer to Consumables and replacement items on page 6 for reorder information.

Sample collection
• Samples must be analyzed immediately after collection and cannot be preserved for

later analysis.
• Collect samples in clean glass or plastic bottles with tight-fitting caps. Fill the bottle

completely and immediately tighten the cap.
• Prevent agitation of the sample or exposure to air.

2 Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L)



Powder pillow procedure

Start

1.  Start program 255 Iron,
Ferrous. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name may vary between
instruments, the program
number does not change.

2.  Prepare the blank: Fill
the sample cell with 10 mL
of sample.

3.  Prepare the sample: Fill
a mixing cylinder to the 25-
mL line with sample.

4.  Add the contents of one
Ferrous Iron Reagent
Powder Pillow to the mixing
cylinder.
An orange color shows if
ferrous iron is present in the
sample

5.  Close the cylinder. Invert
the cylinder several times to
mix.
Undissolved powder does
not affect accuracy.

6.  Start the instrument
timer. A 3-minute reaction
time starts.

7.  When the timer expires,
clean the blank.

8.  Insert the blank into the
cell holder.

Zero

9.  Push ZERO. The display
shows 0.00 mg/L Fe2+.

10.  Fill a second sample
cell with 10 mL of the
reacted prepared sample.

11.  Clean the prepared
sample.

12.  Insert the prepared
sample into the cell holder.

Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L) 3



Read

13.  Push READ. Results
show in mg/L Fe2+.

AccuVac Ampul procedure

Start

1.  Start program 257 Iron,
Ferrous AV. For information
about sample cells,
adapters or light shields,
refer to Instrument-specific
information on page 1.
Note: Although the program
name may vary between
instruments, the program
number does not change.

2.  Prepare the blank: Fill
the sample cell with 10 mL
of sample.

3.  Prepare the sample:
Collect at least 40 mL of
sample in a 50-mL beaker.
Fill the AccuVac Ampul with
sample. Keep the tip
immersed while the Ampul
fills completely.

4.  Quickly invert the Ampul
several times to mix.

5.  Start the instrument
timer. A 3-minute reaction
time starts.

6.  When the timer expires,
clean the blank.

7.  Insert the blank into the
cell holder.

Zero

8.  Push ZERO. The display
shows 0.00 mg/L Fe2+.

4 Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L)



9.  Clean the AccuVac
Ampul.

10.  Insert the prepared
sample AccuVac Ampul into
the cell holder.

Read

11.  Push READ. Results
show in mg/L Fe2+.

Accuracy check

Standard solution method
Use the standard solution method to validate the test procedure, reagents and
instrument.
Items to collect:

• Ferrous Ammonium Sulfate, hexahydrate
• 1-L volumetric flask, Class A
• 100-mL volumetric flask, Class A
• 2-mL volumetric pipet, Class A and pipet filler
• Deionized water

1. Prepare a 100-mg/L Fe2+ ferrous iron stock solution as follows:

a. Add 0.7022 g of ferrous ammonium sulfate, hexahydrate into a 1-L volumetric
flask.

b. Dilute to the mark with deionized water. Mix well. 
2. Prepare a 2 mg/L ferrous iron standard solution as follows:

a. Use a pipet to add 2.00 mL of the 100-mg/L Fe2+ ferrous iron stock solution into a
100-mL volumetric flask.

b. Dilute to the mark with deionized water. Mix well. Prepare the standard solution
immediately before use.

3. Use the test procedure to measure the concentration of the prepared standard
solution.

4. Compare the expected result to the actual result.
Note: The factory calibration can be adjusted slightly with the standard adjust option so that the
instrument shows the expected value of the standard solution. The adjusted calibration is then
used for all test results. This adjustment can increase the test accuracy when there are slight
variations in the reagents or instruments.

Method performance
The method performance data that follows was derived from laboratory tests that were
measured on a spectrophotometer during ideal test conditions. Users may get different
results under different test conditions.

Program Standard Precision (95% Confidence Interval) Sensitivity
Concentration change per 0.010 Abs change

255 2.00 mg/L Fe2+ 1.99–2.01 mg/L Fe2+ 0.021 mg/L Fe2+

257 2.00 mg/L Fe2+ 1.98–2.02 mg/L Fe2+ 0.023 mg/L Fe2+

Iron, Ferrous, 1,10-Phenanthroline Method (3.00 mg/L) 5



Summary of method
The 1,10-phenanthroline indicator in the Ferrous Iron Reagent reacts with ferrous iron
(Fe2+) in the sample to form an orange color in proportion to the iron concentration. Ferric
iron (Fe3+) does not react. The ferric iron concentration can be determined by subtracting
the ferrous iron concentration from the results of a total iron test. The measurement
wavelength is 510 nm for spectrophotometers or 520 nm for colorimeters.

Consumables and replacement items
Required reagents

Description Quantity/test Unit Item no.

Ferrous Iron Reagent Powder Pillow, 25-mL 1 100/pkg 103769 

OR

Ferrous Iron Reagent AccuVac® Ampul 1 25/pkg 2514025 

Required apparatus

Description Quantity/test Unit Item no.

Beaker, 50-mL 1 each 50041H

Stoppers for 18 mm-tubes and AccuVac Ampuls 1 6/pkg 1448000

Recommended standards and apparatus

Description Unit Item no.

Balance, analytical, 80 g x 0.1 mg 100-240 VAC each 2936701 

Ferrous Ammonium Sulfate, hexahydrate, ACS 113 g 1125614 

Flask, volumetric, Class A, 1000-mL each 1457453 

Pipet filler, safety bulb each 1465100

Pipet, volumetric, Class A, 1.00-mL each 1451535 

Water, deionized 4 L 27256

Wipes, disposable 280/pkg 2097000 

HACH COMPANY
WORLD HEADQUARTERS
Telephone: (970) 669-3050
FAX: (970) 669-2932

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
Call 800-227-4224

Contact the HACH office or distributor serving you.
www.hach.com techhelp@hach.com

In the U.S.A. –

Outside the U.S.A. –

On the Worldwide Web – ; E-mail –

toll-free
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Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 1 of 2 
Field_Summary_LD02_09142017 
 

Well ID: LD02 Date: 9/14/2017 
Wellhead Location: Latitude 43.251542°, Longitude -108.591198° 
Weather: 65°F; clear, calm, sunny 

 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.  This well has no pump and there was no 
purge.  Passive water samplers (HydraSleeves) were used to collect the sample.  A string of samplers was installed at 
an approximate depth of 395-ft.  Well equilibration time was 2-hours.   
 
Sample LD02-09142017 was collected at 1115.  Sampling concluded at 1241.  There was no ‘pre-purge’ sample. 
Issues Encountered: One Hydrasleeve sampler leaked after retrieval from the well necessitating the use of bailers to 
collect the remaining sample volume.  Sample bottles for VOCs, dissolved gases, SVOCs, PAHs, and PCPs were filled 
using HydraSleeves.  The remaining bottles were filled using bailers.   
Remarks: No ‘oilfield’ activities were noted near the site.  Water from the well was clear, colorless, and odorless with 
small flakes in suspension.  The flakes were dark in color and averaged a few millimeters in size.  Depth to 
groundwater was 167.0-ft below the top of the well casing.  Turbidity was measured with the MicroTPI meter.  Water 
quality data was collected after the sample.   

 
 
 
 



Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 2 of 2 
Field_Summary_LD02_09142017 
 

Water Quality Data (No Purge) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1245 7.65 16.1 280.3 3151 2.92 52.72 
Total Volume Removed: approximately 4.75-gal 
Other: Ferrous Iron: 0.12-mg/L, Sulfide: 0.05 mg/L,  Salinity: 1.84-ppt 

 



Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 1 of 1 
Field_Summary_LD02_09272017 
 

Well ID: LD02 Date: 9/27/2017 
Wellhead Location: Latitude 43.251542°, Longitude -108.591198° 
Weather: 32°F; clear, calm 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Troy Sanders WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, and turbidity readings per the SAP.  This well 
has no pump and there was no purge.  Passive water samplers (HydraSleeves) were used to collect the sample.  A 
string of samplers was installed at an approximate depth of 395-ft.  Well equilibration time was 7.5-hours.  Total 
volume of passive samplers installed was 6.2-L.  This sampling event supplemented sample LD02-09142017, which 
was delayed in shipping. Dissolved gases, volatile fatty acids, and NGS samples were collected.  
 
Sample LD02-09272017 was collected at 1420.  Sampling concluded at 1440.   
Issues Encountered: None. 
Remarks: No ‘oilfield’ activities were noted near the site.  The water sampled was clear and colorless with solids 
suspended in the water.  Depth to groundwater was 165.8-ft below the top of the well casing.  Turbidity 
measurements collected with the MicroTPI meter.  Field water quality data was collected after the sample. 
Water Quality Data (No Purge) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1435 8.79 14.8 34.2 2334 2.65 17.70 
Total Volume Removed: approximately 1.6-gal 
Other:  Ferrous iron, sulfide, and salinity readings were not collected (see LD02-09142017).   
 



Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 1 of 2 
Field_Summary_PGDW05_09272017 
 

Well ID: PGDW05 Date: 9/27/2017 
Wellhead Location: Latitude 43.258851°, Longitude -108.61263° 
Weather: 32°F; clear, calm, sunny 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Troy Sanders WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW05-09272017-PRE was collected at 0835 and PGDW05-09272017 was collected at 1320.  Sampling 
concluded at 1350.   
Issues Encountered: The owner reported that previous monitoring events have produced a ‘sludge’ from the 
sampling point and that the well pumps dry after 80-gal to 90-gal are purged.  Interval purging implemented; the well 
was pumped for 80-gal to 90-gal and then purging was stopped to allow for recovery.   
The purge rate ranged from 1.15-gpm to 5.5-gpm during the purge.   
The sample was collected after the well recovered in order to fill all of the bottles without interruption.  
Remarks: The observed water quality changed throughout the purge.  At times it was clear and colorless and at 
others it was opaque and ranged in color from brown to gray.  The water had a petroleum-like odor that varied in 
strength and consistency and the water was intermittently effervescent.  At 1039 the odor from the water intensified 
and a translucent film was noticed in the purge water bucket (no sheen, no color).  Turbidity measurements were 
collected with the MicroTPI meter.  The well is equipped with a permanent submersible pump. 
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Purge (0830 – 1250) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0840 9.21 10.8 140.5 984 0.04 2.65 
0905 9.20 10.3 100.1 1011 0.20 0.78 
0915 9.21 10.6 65.7 999 0.00 1.18 
0933 9.22 10.7 63.8 999 0.23 0.60 
0945 9.21 11.0 65.1 998 0.20 2.84 
1010 9.23 11.0 74.5 999 0.22 2.06 
1043 9.22 11.3 77.7 1001 0.22 2.34 
1130 9.22 11.3 92.8 998 0.32 2.26 
1208 9.24 11.0 72.4 994 0.47 1.49 
1230 9.23 11.3 75.6 1009 0.67 1.43 
1235 9.24 11.3 69.6 992 0.84 1.92 
1240 9.23 11.2 70.0 1004 0.78 1.43 
1245 9.23 11.3 72.0 1003 0.64 2.14 
1250 9.23 11.3 72.2 1002 0.81 1.65 
Well Depth: 210-ft Casing Diameter: 7-in Water Depth: 110-ft (assumed) 
Total Volume Purged: approximately 660-gal (3 casing volumes) 
Other: Stabilization criteria satisfied prior to sampling.  The sampling point was turned off between 1250 and 1320 to 
allow the well time to recover prior to collecting PGDW05-09272017. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.10-mg/L,  Salinity: 0.52-ppt 
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Well ID: PGDW14 Date: 9/18/2017 
Wellhead Location: Latitude 43.251533°, Longitude -108.627365° 
Weather: 40°F; partly cloudy, calm 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW14-09182017-PRE was collected at 0944 and PGDW14-09182017 was collected at 1055.  Sampling 
concluded at 1130.   
Issues Encountered: None. 
Remarks: Water was initially very effervescent, which dissipated during the purge.  Purged at a consistent rate of 
11.1-gpm.  The well is equipped with a permanent submersible pump.  Turbidity measurements were collected with 
the water quality meter and confirmed with the MicroTPI meter.  Observable water quality: clear, colorless, odorless, 
effervescent. 
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Purge (0930 – 1050) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0945 7.77 10.3 223.2 3916 0.05 0.0 
1000 7.77 10.3 171.3 4004 0.08 0.0 
1015 7.72 10.4 156.4 4062 0.00 0.0 
1030 7.70 10.4 147.4 4093 0.00 0.0 
1035 7.70 10.4 145.9 4102 0.00 0.0 
1040 7.70 10.4 142.9 4105 0.00 0.0 
1045 7.70 10.4 140.8 4106 0.00 0.0 
1050 7.70 10.4 139.0 4109 0.00 0.0 
Well Depth: 190-ft Casing Diameter: 6-in Water Depth: 25.8-ft (approximated) 
Total Volume Purged: approximately 850-gal (>3 casing volumes) 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.02-mg/L,  Salinity: 2.20-ppt 
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Well ID: PGDW20 Date: 9/26/2017 
Wellhead Location: Latitude 43.251660°, Longitude -108.591265° 
Weather: 35°F; calm, sunny 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Troy Sanders WDEQ 
 

Summary of Activities 
Activities Performed Equipment Used  Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Samples PGDW20-09262017-PRE and PGDW20-09262017-PRE-Q (duplicate) were collected at 0800 and samples 
PGDW20-09262017 and PGDW20-09262017-Q (duplicate) were collected at 1130.  Sampling concluded at 1240.   
Issues Encountered: The pump had been replaced recently.  The sampling manifold constructed for this well did not 
fit properly and Lowham Walsh staff had to depart the site to retrieve replacement parts, the well was purged during 
this time (0800 to 0900), but water quality parameters were not monitored.  The pre-purge NGS samples were 
collected from a relief valve on the wellhead.  The spigot for the new well pump is directly on top of the well casing.   
Remarks: The purge rate was 7.5-gpm.  The well is equipped with a permanent submersible pump. Observed water 
quality: cloudy, light brown, and smelled of hydrocarbons.  Turbidity measurements were collected with the MicroTPI 
meter.  No ‘oilfield’ activities were noted near the site. 
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Purge (0800 – 1130) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0900 8.85 10.4 -60.4 2363 1.69 43.71 
0945 8.85 11.5 108.4 2280 2.33 72.45 
1000 8.82 10.6 54.4 2540 1.48 39.21 
1015 8.79 10.6 13.6 2637 1.23 22.02 
1030 8.81 10.6 -104.0 2783 0.94 23.14 
1045 8.78 10.6 -112.0 2685 1.21 17.45 
1100 8.77 10.6 -136.8 2865 0.90 13.48 
1105 8.77 10.6 -110.4 2888 0.87 13.26 
1110 8.76 10.6 -139.4 2912 0.89 13.47 
1115 8.76 10.6 -138.6 2913 0.92 13.01 
1120 8.75 10.6 -138.9 2948 0.90 12.98 
1125 8.75 10.6 -140.5 2935 0.91 12.99 
Well Depth: 410-ft; this is assumed. 
It has been reported that the well 
had collapsed at 380-ft, but the 
owner disputed this. 

Casing Diameter: 5-in Water Depth: 117.3-ft  

Total Volume Purged: approximately 1575-gal (>3 casing volumes). 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.13-mg/L, Salinity: 1.55-ppt 
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Well ID: PGDW23 Date: 9/21/2017 
Wellhead Location: Latitude 43.248660°, Longitude -108.622587° 
Weather: 44°F; partly cloudy, calm 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW23-09212017-PRE was collected at 0810 and PGDW23-09212017 was collected at 1230.  Sampling 
concluded at 1257.   
Issues Encountered: None. 
Remarks: Water was initially clear, colorless, odorless, and lightly effervescent.  At 0855 effervescence in the purge 
water increased and a faint sulfur odor was noted.  Purged rate was 6.7-gpm.  The well is equipped with a permanent 
submersible pump.  Turbidity measurements were collected with the MicroTPI meter.  No ‘oilfield’ activities were 
noted near the site. 
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Purge (0755 – 1230) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0845 9.00 12.0 81.2 1242 0.06 0.14 
0900 9.01 12.0 90.1 1236 0.02 0.18 
0915 9.00 12.0 38.7 1204 0.00 0.31 
0930 9.01 12.0 32.1 1200 0.00 0.22 
0945 9.01 12.0 9.2 1210 0.00 0.14 
1000 9.01 12.0 -11.4 1208 0.00 0.23 
1015 9.01 12.0 -23.7 1242 0.00 0.15 
1045 9.01 12.0 -30.4 1214 0.00 0.26 
1100 9.01 12.0 -35.3 1203 0.00 0.07 
1115 9.01 12.0 -39.8 1223 0.00 0.93 
1130 9.01 12.0 -45.5 1220 0.00 0.41 
1145 9.01 12.0 -124.2 1225 0.00 0.27 
1155 9.01 12.1 -123.9 1231 0.00 0.15 
1200 9.01 12.1 -133.9 1227 0.00 0.22 
1205 9.01 12.1 -144.0 1240 0.00 0.33 
1210 9.01 12.1 -134.0 1241 0.00 0.45 
1215 9.01 12.1 -124.2 1239 0.00 0.01 
1220 9.01 12.1 -134.5 1238 0.00 0.43 
Well Depth: 475-ft Casing Diameter: 6-in Water Depth: 120-ft (approximated) 
Total Volume Purged: approximately 1800-gal (>3 casing volumes) 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.03-mg/L, Salinity: 0.62-ppt 
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Well ID: PGDW30 Date: 9/13/2017 
Wellhead Location: Latitude 43.257541°, Longitude -108.622522° 
Weather: 75°F; partly cloudy, breezy 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW30-09132017-PRE was collected at 1156 and sample PGDW30-09132017 was collected at 1520.  
Sampling concluded at 1600.   
Issues Encountered: The owner was drawing from the well for approximately 30-minutes prior to arrival.     
Remarks: Water was clear and colorless.  Occasionally a sulfur smell was noted, but the water was odorless during 
most of the purge.  Effervescence was noted throughout the purge and increased with time.  Turbidity measurements 
were collected with the MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  The purge rate varied from 
3.3-gpm to 5-gpm.  The well is equipped with a permanent submersible pump. 
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Purge (1200-1520) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1200 9.00 12.0 90.4 1000 0.00 92.0 
1215 8.99 12.0 78.8 1003 0.00 105.5 
1230 8.99 10.6 72.5 1002 0.00 113.4 
1245 9.00 10.6 -10.0 1007 0.00 119.2 
1305 9.01 11.6 -20.0 1013 0.00 18.06 
1330 9.02 11.7 -25.9 1009 0.00 14.05 
1345 9.01 10.9 -69.2 1010 0.00 32.51 
1400 9.00 10.9 -120.2 1038 0.00 36.22 
1405 9.00 10.6 -138.4 1035 0.00 15.41 
1430 9.00 10.6 -140.5 1038 0.00 15.32 
1435 9.00 10.6 -146.7 1036 0.00 5.51 
1440 9.00 10.7 -149.1 1036 0.00 14.39 
1445 9.00 10.7 -160.0 1035 0.00 15.06 
1450 9.01 10.7 -169.3 1027 0.00 15.34 
1455 9.00 10.7 -170.5 1019 0.00 15.24 
1500 9.00 10.6 -174.3 1036 0.00 15.38 
1505 9.02 10.7 -174.7 1033 0.00 15.40 
Well Depth: 260-ft Casing Diameter: 6-in Water Depth: 100-ft (assumed) 
Total Volume Purged: approximately 730-gal (>3 casing volumes) 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.18-mg/L, Salinity: 0.60-ppt 
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Well ID: PGDW32 Date: 9/19/2017 
Wellhead Location: Latitude 43.240751°, Longitude -108.594132° 
Weather: 45°F; light rain upon arrival, overcast to sunny, breezy to gusty winds 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW32-09192017-PRE was collected at 0845 and sample PGDW32-09192017 was collected at 1330.  
Sampling concluded at 1435.  Three sample volumes were collected for MS/MSD.  
Issues Encountered: Depth to water reading was not taken due to issue removing access port on well cap.  When the 
bolt was turned it shifted the entire well cap.  The access port was not opened to avoid damaging the well cap.    
Remarks: Water was clear and colorless with a sulfur smell.  Effervescence was consistent during the purge.  Turbidity 
measurements were collected with the MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  The purge 
rate varied from 3.1-gpm to 5-gpm.  The well is equipped with a permanent submersible pump. 
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Purge (0840-1330) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0845 9.13 13.2 160.9 1094 0.11 2.51 
0900 9.12 13.2 156.5 1091 0.19 4.29 
0915 9.12 13.2 132.9 1086 0.69 1.19 
0930 9.05 13.2 113.0 1074 0.02 1.12 
1000 9.03 13.2 99.1 1068 0.20 1.51 
1015 9.03 13.1 96.7 1078 0.04 1.41 
1045 9.02 13.1 72.6 1067 0.03 1.20 
1100 9.02 13.2 58.5 1069 0.18 0.29 
1115 9.02 13.2 56.7 1075 0.16 0.25 
1130 9.02 13.2 25.8 1086 0.25 0.30 
1135 9.02 13.2 12.4 1093 0.23 0.33 
1145 9.02 13.4 10.3 1082 0.27 0.39 
1200 9.02 13.4 6.9 1086 0.25 0.48 
1215 9.02 13.6 5.2 1079 0.18 0.51 
1230 9.02 13.3 4.7 1088 0.05 0.39 
1245 9.02 13.3 -4.5 1097 0.09 0.62 
1250 9.01 13.3 -25.5 1087 0.06 0.51 
1255 9.01 13.3 -18.4 1088 0.05 0.65 
1300 9.01 13.3 -20.3 1085 0.03 00.65 
1305 9.01 13.3 -19.6 1086 0.05 0.34 
1310 9.01 13.6 -26.4 1085 0.02 0.57 
Well Depth: 675-ft Casing Diameter: 6-in Water Depth: 250.3-ft (assumed) 
Total Volume Purged: approximately 1175-gal (<3 casing volumes) 
Other: Stabilization criteria satisfied prior to sampling.  Reduction in purge rate necessitated collecting the sample 
prior to the extraction of three casing volumes. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.00-mg/L, Salinity: 0.54-ppt 
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Well ID: PGDW33 Date: 9/20/2017 
Wellhead Location: Latitude 43.238541°, Longitude -108.596406° 
Weather: 63°F; sunny, breezy 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW33-09202017-PRE was collected at 1345 and sample PGDW33-09202017 was collected at 1420.  
Sampling concluded at 1450.   
Issues Encountered: None. 
Remarks: The water line from the well to the sampling point is approximately 1200-ft long.  This additional volume 
was considered during the purge.  A 1-in diameter pipe is assumed, which added 54-gal to the total required purge to 
clear the line.  Water was clear, colorless, and odorless.  Turbidity measurements were collected with the MicroTPI 
meter.  No ‘oilfield’ activities were noted near the site.  The purge rate was 8.5-gpm.  .  The well is equipped with a 
permanent submersible pump. 
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Purge (1330-1420) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1345 9.14 13.1 -5.0 1100 0.01 1.64 
1350 9.00 13.1 -102.8 1102 0.07 0.90 
1355 8.99 13.2 -134.0 1102 0.09 0.80 
1400 8.99 13.2 -172.8 1100 0.11 0.83 
1405 8.99 13.2 -199.2 1100 0.12 0.93 
Well Depth: 30-ft Casing Diameter: 6-in Water Depth: 20-ft (assumed) 
Total Volume Purged: approximately 425-gal (>3 casing volumes; includes the plumbing between the well and the 
sampling point). 
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.04-mg/L, Salinity: 0.55-ppt 
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Well ID: PGDW41A Date: 9/25/2017 
Wellhead Location: Latitude 43.262126°, Longitude -108.63786° 
Weather: 37°F; cloudy, calm 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Troy Sanders WDEQ 
 

Summary of Activities 
Activities Performed Equipment  Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Sample PGDW41A-09252017-PRE was collected at 0910 and sample PGDW41A-09252017 was collected at 1420.  
Sampling concluded at 1450.   
Issues Encountered: None. 
Remarks: Water was clear, colorless, odorless, and effervescent.  Turbidity measurements were collected with the 
MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  The purge rate varied from 3.75-gpm to 6.7-gpm.  .  
The well is equipped with a permanent submersible pump.  
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Purge (0900-1420) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0915 7.16 10.0 122.2 7484 1.50 1.95 
0930 7.14 9.7 139.7 7781 3.86 2.18 
0945 7.14 9.7 140.1 7681 7.22 2.21 
1000 7.14 9.7 189.2 7596 6.85 2.45 
1015 7.14 9.7 189.7 7540 6.26 2.13 
1030 7.10 9.7 242.6 7586 5.99 2.11 
1045 7.09 9.7 244.6 7588 5.93 2.32 
1100 7.09 9.8 250.1 7559 6.00 1.65 
1115 7.09 9.8 276.5 7649 6.00 2.20 
1130 7.07 9.8 266.4 7488 4.68 1.65 
1145 7.07 9.9 258.1 7500 5.13 1.29 
1215 7.06 9.9 252.9 7496 4.17 0.89 
1230 7.06 9.9 250.0 7480 3.88 0.33 
1245 7.06 9.9 247.3 7452 4.34 0.18 
1300 7.06 9.9 257.0 7453 4.07 0.24 
1330 7.06 9.9 255.6 7418 3.48 0.18 
1345 7.06 9.9 257.1 7427 3.51 0.21 
1355 7.06 9.8 256.6 7462 3.46 0.21 
1400 7.06 9.9 256.3 7395 3.49 0.08 
1405 7.06 9.9 251.5 7484 4.35 0.09 
1410 7.06 9.9 246.8 7474 3.98 0.08 
1415 7.06 9.9 244.8 7443 4.06 0.06 
Well Depth: 376-ft Casing Diameter: 6-in Water Depth: 50-ft (assumed)  
Total Volume Purged: approximately 1500-gal (> 3 casing volumes).  Samples were collected after 3 casing volumes 
were extracted. 
Other: DO readings did not stabilize during the purge.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.00-mg/L, Salinity: 4.15-ppt 
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Well ID: PGDW44 Date: 9/18/2017 
Wellhead Location: Latitude 43.250277°, Longitude -108.626442° 
Weather: 65°F; sunny, breezy 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW44-09182017-PRE was collected at 0900 and sample PGDW44-09182017 was collected at 1405.  
Sampling concluded at 1435.   
Issues Encountered: Downhole access to the well was blocked and a depth to water measurement was not possible.  
Due to the time required to adequately purge the well the water was left running while the field team sampled 
PGDW14.  At 1230 flow from the well stopped.  After this time the purge rate was significantly lower.  This occurred 
approximately 3.75-hrs after starting the purge. 
Remarks: Water was clear, colorless, and odorless.  Near the end of the purge a faint hydrocarbon smell was noticed 
and an iridescent sheen was present on the water surface in the purge bucket.  The water was effervescent and red 
flakes (≤1-cm) were present in the water throughout the monitored purge.  Turbidity measurements were collected 
with the MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  From 0845 to 1205 the purge rate varied 
from 5-gpm to 11-gpm.  The purge was stopped from 1245 to 1300 to allow for recovery.  From 1300 to 1405 the 
purge rate was 0.90-gpm.  The well is equipped with a permanent submersible pump. 
 
 
 



Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 2 of 2 
Field_Summary_PGDW44_09182017 
 

Purge (0845-1405) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1200 8.21 11.6 -241.6 5875 0.30 1.25 
1205 8.19 11.9 -235.9 5889 0.30 1.29 
1230 8.20 12.1 -239.2 5798 0.03 1.56 
1235 8.18 12.2 -251.1 5805 0.10 1.43 
1240 8.18 12.2 -239.6 5810 0.21 1.41 
1245 8.18 12.3 -241.5 5914 0.14 1.51 
1300 8.19 11.6 -250.1 5831 0.10 1.91 
1305 8.26 11.3 -246.2 5797 0.10 1.88 
1310 8.22 11.4 -258.7 5886 0.00 1.79 
1315 8.22 11.5 -255.8 5889 0.00 1.85 
1320 8.22 11.5 -256.7 5856 0.00 1.68 
1325 8.23 11.5 -254.3 5858 0.00 1.79 
1330 8.23 11.5 -258.6 5848 0.00 1.86 
1335 8.23 11.3 -254.3 5904 0.00 2.10 
1340 8.21 11.4 -270.1 5862 0.00 1.92 
1345 8.22 11.3 -286.1 5864 0.00 1.96 
1350 8.22 11.2 -283.5 5901 0.00 1.99 
1355 8.22 11.2 -269.3 5888 0.00 1.93 
1400 8.22 11.2 -270.1 5899 0.00 2.01 
Well Depth: >176.6-ft Casing Diameter: 9-in Water Depth: 100-ft (assumed)  
Total Volume Purged: approximately 1735-gal (< 3 casing volumes).  This calculation assumes an average purge rate 
of 7-gpm for the first four hours and an average of 0.90-gpm for the final hour of the purge.  The sampling team was 
not monitoring the purge from 0900 to 1200.  Samples were collected after meeting stabilization criteria.  It is 
estimated that 3 casing volumes is 4500-gal.  Purging this amount of water from the well was deemed unfeasible. 
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 1.67-mg/L, Sulfide: 0.13-mg/L, Salinity: 3.20-ppt 
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Well ID: PGDW45 Date: 9/20/2017 
Wellhead Location: Latitude 43.258888°, Longitude -108.612953° 
Weather: 34°F; clear, calm, sunny 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Sample PGDW45-09202017-PRE was collected at 0845 and sample PGDW45-09202017 was collected at 0920.  
Sampling concluded at 0950.   
Issues Encountered: Irrigation fittings connected to the top of the well casing prevented a depth to water 
measurement. 
Remarks: Water was clear, colorless, and effervescent with a sulfur smell.  Turbidity measurements were collected 
with the MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  10-gpm purge rate.  The well is equipped 
with a permanent submersible pump. 
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Purge (0840-0920) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0850 7.00 9.6 212.3 1267 1.23 0.30 
0855 7.00 9.6 214.9 1277 1.15 0.18 
0900 7.01 9.6 219.2 1290 1.24 0.34 
0905 7.01 9.6 222.5 1295 1.24 0.20 
0910 7.01 9.6 225.4 1297 1.24 0.07 
0915 7.01 9.6 229.1 1307 1.23 0.14 
0920 7.01 9.6 235.4 1301 1.23 0.12 
Well Depth: 48-ft Casing Diameter: 6-in Water Depth: 25-ft (assumed)  
Total Volume Purged: approximately 200-gal (> 3 casing volumes).   
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.02-mg/L, Salinity: 0.65-ppt 
 



Groundwater Monitoring and Sampling Field Summary 

Lowham Walsh Project No.: 1209662.0001.04 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 1 

 

Page 1 of 2 
Field_Summary_PGDW49_09202017 
 

Well ID: PGDW49 Date: 9/20/2017 
Wellhead Location: Latitude 43.25508°, Longitude -108.618107° 
Weather: 45°F; clear, calm, sunny.  Wind velocities increased while onsite. 
 
Personnel On Site Affiliation 
Kyle Smith Lowham Walsh 
Ellen Cotterman Lowham Walsh 
Nicole Twing WDEQ 
 

Summary of Activities 
Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW49-09202017-PRE was collected at 1055 and sample PGDW49-09202017 was collected at 1210.  
Sampling concluded at 1245.   
Issues Encountered: None. 
Remarks: Water was clear, colorless, and effervescent with a sulfur smell.  Turbidity measurements were collected 
with the MicroTPI meter.  No ‘oilfield’ activities were noted near the site.  The purge rate varied from 8-gpm to 10-
gpm.  The well is equipped with a permanent submersible pump. 
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Purge (1050-1210) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1100 7.22 9.8 -92.8 4627 0.22 10.00 
1105 7.20 9.9 -102.4 6554 0.11 9.95 
1115 7.19 9.9 -88.5 6528 0.00 9.99 
1130 7.19 9.9 -67.2 6498 0.09 13.13 
1135 7.19 9.9 -53.8 6464 0.19 13.25 
1140 7.19 9.9 -45.3 6580 0.23 13.63 
1145 7.17 9.9 -37.5 6542 0.28 13.34 
1150 7.17 9.9 -34.1 6547 0.28 12.39 
1155 7.17 9.9 -34.0 6466 0.29 12.64 
Well Depth: 50.7-ft Casing Diameter: 6-in (8-in surface 

casing protruding above ) 
Water Depth: 11.7-ft  

Total Volume Purged: approximately 475-gal (> 3 casing volumes).   
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.07-mg/L, Salinity: 3.57-ppt 
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Well ID: LD02 Date: April 23, 2018 
Wellhead Location: Latitude 43.251542°, Longitude -108.591198° 
Weather: partly sunny with a NE breeze, approximately 5-10-mph 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.  This well has no pump and there was no 
purge.  Passive water samplers (HydraSleeves) were used to collect the sample.  A string of samplers was installed at 
an approximate depth of 395-ft.  The total volume of the Hydrasleeve samplers is 12.4-L.   
 
Sample LD02-09232018 was collected at 1115.  Sampling concluded at 1135.  Water quality parameters were 
recorded after all sample bottles were filled in order to ensure that enough volume was available for the samples. 
Issues Encountered: The purge and drawdown of PGDW20 increased the depth to groundwater in LD02.  LD02 didn’t 
equilibrate prior to sampling due to drawdown from pumping/purging PGDW20, located approximately 60-ft to the 
north.  The samplers were deployed in the well for 3.25 hours before they were extracted from the well for sampling.  
This is consistent with the previous field effort on 9/14/2017. 
Remarks: The 5-Mile Main Lateral canal was flowing at the time of sampling.  This canal runs along the north side of 
Harris Bridge Road and is approximately 75-ft south of LD02.   There was no active irrigation in the vicinity of the well 
during the sampling event. 
 
Plugging and abandonment operations were reported in the area, but the field team did not encounter any “oilfield” 
activities in the vicinity of LD02. 
 
Water drawn from well, but not collected in sample jars was disposed of on the ground near the wellhead. 
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Water Quality Data (No Purge) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1140 7.32 10.4 138.6 3094 3.05 7.72 
Total Volume Removed: approximately 3.25-gal 
Other: Ferrous Iron: 0.00-mg/L, Sulfide: 0.00 mg/L,  Salinity: 1.71-ppt 
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Well ID: PGDW20 Date: 5/8/2018  
Wellhead Location: Latitude 43.251660°, Longitude -108.591265° 
Weather: 63°F; clear, light breeze 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Used  Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Sample PGDW20-05082018 collected at 1350.  Sampling concluded at 1410.   
Issues Encountered: An attempt to sample this well was made on 4/23/2018, but was abandoned due to the addition 
of a constituent to the analytical suite mid-purge.   
Remarks: The purge rate varied from 10-gpm to 11.5-gpm.  An additional valve splitter was used on the sampling 
manifold to increase purge volume.  Observed water quality: cloudy, but colorless with a sulfur odor.  The water was 
intermittently effervescent during the purge.    
 
The 5-Mile Lateral Canal just south of the well and north of Harris Bridge Road was flowing while we were onsite, but 
there was no active irrigation in the vicinity of the well.  Plugging and abandonment operations were reported in the 
study area, but no “oilfield” activities were observed while onsite. 
 
Purge water was discharged into the 5-Mile Lateral Canal located approximately 125-ft to the south. 

 
Purge (1200-1350) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1215 8.97 10.6 -267.3 2132 0.00 3.4 
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1230 8.91 10.7 -238.0 2343 0.00 10.44 
1245 8.86 10.7 -216.2 2607 0.01 5.9 
1300 8.84 10.7 -208.3 2717 0.16 4.5 
1315 8.82 10.7 -203.2 2822 0.13 3.0 
1330 8.80 10.7 -201.7 2886 0.16 3.2 
1335 8.79 10.7 -201.3 2922 0.13 3.0 
1340 8.79 10.7 -200.7 2958 0.14 3.2 
1345 8.78 10.8 -200.4 2978 0.17 3.3 
1350 8.78 10.8 -199.8 3002 0.16 2.7 
Well Depth: 410-ft; this is assumed. It has 
been reported that the well had collapsed at 
380-ft, but the owner disputed this during 
the previous sampling event. 

Casing Diameter: 5-in Water Depth: 197.7-ft, measured 
with sonic water level meter. 

Total Volume Purged: approximately 1230-gal (>3 casing volumes).   
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.02-mg/L, Sulfide: 0.11-mg/L, Salinity: 1.61-ppt 
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Well ID: PGDW14 Date: 4/25/2018 
Wellhead Location: Latitude 43.251533°, Longitude -108.627365° 
Weather: 60°F; calm, sunny 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
PGDW14-04252018 was collected at 1450.  Sampling concluded at 1510.   
Issues Encountered: None. 
Remarks: Purge water was initially lightly effervescent, which dissipated during the purge.  Purged at a consistent rate 
of 8-gpm.  Turbidity measurements were collected with the MicroTPI meter due to the collection of bubbles in the 
flow through cell.  Observable water quality: clear, colorless, odorless, effervescent. 
 
Irrigation canals in the study area were flowing during sampling, but no irrigation was observed on properties near 
the well.  Plugging and abandonment operations were reported in the study area, but no “oilfield” activities were 
observed while onsite. 
 
Purge water was discharged approximately 75-ft north of the sampling point into an irrigation ditch (not flowing). 

 
Purge (1310 – 1450) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1330 7.61 10.5 130.5 3840 0.05 0.02 
1345 7.61 10.5 128.3 3809 0.08 0.13 
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140 7.63 10.2 70.8 3800 0.00 0.03 
1415 7.63 10.0 57.6 3823 0.00 0.01 
1430 7.63 10.4 41.6 3856 0.00 0.01 
1435 7.63 10.4 40.2 3882 0.00 0.05 
1440 7.63 10.2 37.6 3858 0.00 0.05 
1445 7.63 10.1 35.6 3837 0.00 0.06 
1450 7.63 10.4 33.9 3826 0.00 0.03 
Well Depth: 190-ft Casing Diameter: 6-in Water Depth: Previous sampling efforts in 2014 

estimated the depth to groundwater to be 100-ft.   
Total Volume Purged: approximately 800-gal (>3 casing volumes, consistent with 2017 sampling effort) 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.03-mg/L, Sulfide: 0.12-mg/L,  Salinity: 2.03-ppt 
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Well ID: PGDW23 Date: 5/8/2018 
Wellhead Location: Latitude 43.248660°, Longitude -108.622587° 
Weather: 50°F; clear, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW23-09212017 was collected at 1105.  Sampling concluded at 1120.  Triplicate volume was collected for 
MS/MSD. 
Issues Encountered: None.   
Remarks:  Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was 
noted.  Plugging and abandonment operations were reported in the area, but the field team did not encounter any 
“oilfield” activities in the vicinity of the well. 
 
Water was initially clear, colorless, odorless, and lightly effervescent with a sulfur odor noted at times throughout the 
purge.  The purge rate varied from 8.6-gpm to 11-gpm.   
 
Purge water was discharged approximately 120-ft north of the sampling point into the front yard of the residence 
(west of the driveway). 
Purge (0745 – 1105) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0800 9.04 11.8 49.8 1213 0.00 3.3 
0815 9.05 11.9 1.6 1214 0.00 1.8 



Groundwater Monitoring and Sampling Field Summary 

Strike Consulting Group 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 2 

 

Page 2 of 2 
Field_Summary_PGDW23_05082018 
 

0830 9.06 12.0 -33.8 1211 0.00 1.6 
0845 9.07 12.0 -81.4 1212 0.00 1.7 
0900 9.07 12.0 -104.6 1211 0.00 1.7 
0915 9.08 12.0 -130.3 1209 0.00 1.6 
0930 9.09 12.0 -148.3 1208 0.00 1.7 
0945 9.10 12.0 -162.2 1205 0.00 1.7 
1000 9.10 12.0 -170.0 1203 0.00 1.7 
1015 9.11 12.0 -179.3 1207 0.00 1.6 
1030 9.11 12.0 -185.4 1199 0.00 1.6 
1040 9.12 12.0 -189.6 1199 0.00 1.6 
1045 9.12 12.0 -191.3 1198 0.00 1.7 
1050 9.12 12.0 -192.6 1198 0.00 1.6 
1055 9.12 12.0 -194.3 1197 0.00 1.6 
1100 9.12 12.0 -195.5 1197 0.00 1.7 
1105 9.12 12.1 -197.2 1197 0.00 1.6 
Well Depth: 475-ft Casing Diameter: 6-in Water Depth: 120-ft (from driller’s log); this depth 

was used in 2014 monitoring and sampling events 
Total Volume Purged: approximately 1800-gal (>3 casing volumes); purged volume consistent with previous sampling 
event. 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.04-mg/L, Salinity: 0.59-ppt 
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Well ID: PGDW30 Date: 4/23/2018 
Wellhead Location: Latitude 43.257541°, Longitude -108.622522° 
Weather: 48°F; overcast, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW30-04232018 was collected at 1510.  Sampling concluded at 1520.   
Issues Encountered: None.     
Remarks: Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was 
noted.  Plugging and abandonment operations were reported in the area, but the field team did not encounter any 
“oilfield” activities in the vicinity of the well. 
 
Water was clear, colorless, and odorless throughout the purge.  The purge rate varied from 3.9-gpm to 4.3-gpm.   
 
Purge water was discharged approximately 150-ft south of the sampling point into a field. 
Purge (1220-1510) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1230 9.24 10.6 -30.5 1011 0.00 1.5 
1245 9.24 10.6 -75.4 1031 0.00 1.7 
1300 9.24 10.4 -80.8 1010 0.00 1.6 
1315 9.25 10.4 -229.6 1011 0.00 1.4 
1330 9.26 10.4 -235.5 1011 0.00 1.4 
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1345 9.26 10.4 -240.1 1011 0.00 1.3 
1400 9.26 10.4 -94.5 1010 0.00 2.7 
1420 9.27 10.5 -45.1 1008 0.00 2.8 
1430 9.26 10.5 -86.7 1009 0.00 1.2 
1445 9.26 10.6 -143.6 1011 0.00 0.3 
1450 9.25 10.4 -150.4 1012 0.00 1.2 
1455 9.25 10.4 -189.6 1010 0.00 1.3 
1500 9.25 10.4 -200.8 1010 0.00 1.4 
1505 9.25 10.4 -205.6 1010 0.00 1.6 
1510 9.25 10.4 -210.9 1010 0.00 1.3 
Well Depth: 260-ft Casing Diameter: 6-in Water Depth: 100-ft (assumed); depth to 

groundwater taken from 2014 monitoring and 
sampling events 

Total Volume Purged: approximately 700-gal (approximately 3 casing volumes); purge volume consistent with 2017 
monitoring and sampling event. 
Other: Stabilization criteria satisfied prior to sampling. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.04-mg/L, Salinity: 0.50-ppt 
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Well ID: PGDW32 Date: 4/24/2018 
Wellhead Location: Latitude 43.240751°, Longitude -108.594132° 
Weather: 45°F; light rain upon arrival, overcast to sunny, breezy to gusty winds 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW32-04242018 was collected at 1330.  Sampling concluded at 1345.   
Issues Encountered: Depth to water reading was not taken due to issue removing access port on well cap.  
Remarks: Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was 
noted.  Plugging and abandonment operations were reported in the area and workover rig was spotted when leaving 
the site.  It was located on a ridge NE of the site.  Itss exact location and was not determined. 
 
Water was clear, colorless, and odorless.  Light effervescence was consistent during the purge.  Turbidity 
measurements were collected with the MicroTPI meter due to the accumulation of bubbles in the flow cell.  The 
purge rate varied from 3-gpm to 3.3-gpm.   
 
Purge water was directed into a field through a garden hose approximately 100-ft east of the sampling point. 

 
 
 
 



Groundwater Monitoring and Sampling Field Summary 

Strike Consulting Group 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 2 

 

Page 2 of 2 
Field_Summary_PGDW32_04242018 
 

Purge (0720 - 1330) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance 

(µS/cm²) 
DO (mg/L) Turbidity (NTU) 

1800 10.14 10.8 -23.9 997 0.00 N/A 
0815 10.16 10.9 -30.3 1012 0.00 N/A 
0830 10.14 10.4 -80.9 1007 0.00 0.96 
0845 10.14 10.7 -109.1 1009 0.00 0.92 
0900 10.14 11.0 -107.7 1006 0.00 5.68 
0915 10.14 11.1 -125.5 1005 0.00 6.17 
0930 10.14 11.3 -150.3 1005 0.00 2.87 
0945 10.15 10.8 -153.8 1005 0.00 4.84 
1000 10.15 11.4 -159.3 1004 0.00 5.19 
1015 10.15 10.8 -161.5 1009 0.00 4.96 
1030 10.15 10.8 -156.2 1005 0.00 1.99 
1045 10.15 11.0 -165.4 1005 0.00 2.13 
1100 10.15 11.0 -171.2 1005 0.00 1.96 
1115 10.15 11.3 -186.3 1009 0.00 2.24 
1130 10.15 11.3 -196.5 1010 0.00 1.77 
1145 10.15 11.3 -201.3 1010 0.00 0.26 
1200 10.16 11.2 -208.5 1010 0.00 0.53 
1215 10.16 11.0 -208.8 1010 0.00 1.75 
1230 10.16 11.2 -206.0 1010 0.00 0.70 
1245 10.16 11.1 -206.9 1010 0.00 0.33 
1300 10.16 11.1 -211.2 1010 0.00 0.55 
1310 10.16 11.1 -205.2 1009 0.00 0.64 
1315 10.16 11.0 -211.1 1010 0.00 0.00 
1320 10.16 11.0 -214.9 1010 0.00 0.32 
1325 10.16 11.0 -205.7 1010 0.00 0.33 
1330 10.16 11.1 -215.2 1010 0.00 0.84 

      
Well Depth: 675-ft Casing Diameter: 6-in Water Depth: 250.3-ft to 271.8-ft (assumed).  

Approximate depth values from 2014 monitoring 
and sampling events. 

Total Volume Purged: approximately 1200-gal (<3 casing volumes).  Purged volume is consistent with previous 
sampling event in 2017. 
Other: Stabilization criteria satisfied prior to sampling.  Reduction in purge rate necessitated collecting the sample 
prior to the extraction of three casing volumes. 
Ferrous Iron: 0.00-mg/L, Sulfide: 0.00-mg/L, Salinity: 0.50-ppt 
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Well ID: PGDW33 Date: 4/24/2018 
Wellhead Location: Latitude 43.238541°, Longitude -108.596406° 
Weather: 42°F; partly sunny, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW33-04242018 was collected at 1500.  Sampling concluded at 1515.   
Issues Encountered: Flow from the purge hose would stop abruptly for less than a second.  The purge never stopped 
completely and the well was not purged dry.   
Remarks: Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was 
noted.  Plugging and abandonment operations were reported in the area and workover rig was spotted when leaving 
the site.  It was located on a ridge NE of the site.  Its exact location and was not determined. 
 
The water line from the well to the sampling point is approximately 1200-ft long.  This additional volume was 
considered during the purge.  A 1-in diameter pipe is assumed, approximately 54-gal to clear the line.  Water was 
clear, colorless, and odorless.   The purge rate was 7.75-gpm.   
 
Purge water was directed into the backyard, 75-ft south southwest of the sampling point. 

 
 
 
 



Groundwater Monitoring and Sampling Field Summary 

Strike Consulting Group 
Project Name: Pavillion Domestic Water Well              
Sampling/Analysis, Event 2 

 

Page 2 of 2 
Field_Summary_PGDW33_04242018 
 

 
 
 

Purge (1415-1500) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1420 10.12 11.8 83.5 1316 0.00 1.2 
1425 10.14 11.8 36.1 1316 0.00 1.5 
1430 10.14 12.0 4.3 1316 0.00 1.2 
1435 10.14 12.1 -19.3 1316 0.00 2.3 
1440 10.14 12.1 -175.5 1316 0.00 1.7 
1445 10.14 11.9 -171.3 1315 0.00 2.0 
1450 10.14 12.2 -171.2 1315 0.00 1.4 
1455 10.14 12.3 -173.5 1315 0.00 1.5 
1500 10.14 12.2 -169.4 1315 0.00 1.9 
Well Depth: 30-ft Casing Diameter: 6-in Water Depth: 20-ft (assumed).  This depth 

value was reported during the 2014 
monitoring and sampling events. 

Total Volume Purged: approximately 350-gal (>3 casing volumes; includes the plumbing between the well and the 
sampling point). 
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.02-mg/L, Salinity: 0.66-ppt 
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Well ID: PGDW41A Date: 5/3/2018 
Wellhead Location: Latitude 43.262126°, Longitude -108.63786° 
Weather: 48°F; sunny, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment  Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Sample PGDW41A-05032018 was collected at 1520.  Sampling concluded at 1542.  A second sample volume was 
collected for a duplicate QC sample, PGDW41A-05032018Q.  The samples were collected consecutively, but the chain 
of custody lists the sample time for PGDW41A-05032018Q as 1030. 
Issues Encountered: None. 
Remarks: Water was clear, colorless, odorless.  Turbidity measurements were collected with the MicroTPI meter.  The 
purge rate varied from 3.7-gpm to 6.6-gpm.  
  
Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was noted. No 
‘oilfield’ activities were noted near the site; however, plugging and abandonment operations have been reported in 
the area.   
 
Purge water was discharged into a field 100-ft west of the sampling location. 
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Purge (0930-1520) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0930 6.74 8.7 141.8 6506 0.13 1.7 
0945 6.79 8.6 77.8 6473 2.14 1.8 
0955 6.86 9.1 97.4 6710 6.45 2.15 
1015 6.87 9.5 96.2 6790 7.51 0.64 
1030 6.86 9.5 107.9 6807 7.40 1.46 
1045 6.84 9.3 115.0 6960 7.54 1.22 
1100 6.85 9.2 116.1 6950 6.32 0.89 
1115 6.85 9.5 116.2 6991 6.48 0.23 
1130 6.85 9.5 119.1 7010 5.94 0.33 
1145 6.85 9.7 120.6 7030 5.84 0.54 
1215 6.85 9.3 122.5 7024 5.20 1.18 
1230 6.85 9.5 123.9 7021 5.79 0.24 
1245 6.85 9.6 124.8 7059 5.59 0.26 
1300 6.86 9.5 125.2 7050 5.55 0.38 
1315 6.86 9.4 126.0 7046 4.72 0.66 
1330 6.86 9.5 125.3 7047 4.84 0.69 
1345 6.86 9.6 125.3 7068 5.10 0.45 
1400 6.86 9.4 126.8 7071 4.38 1.35 
1415 6.86 9.4 125.8 7087 4.10 1.32 
1430 6.86 9.5 124.5 7081 5.06 0.95 
1445 6.86 9.6 124.1 7082 4.14 0.19 
1500 6.86 9.5 123.5 7081 4.16 0.92 
1505 6.86 9.4 123.7 7077 4.20 0.28 
1510 6.86 9.6 123.5 7076 4.47 0.38 
1515 6.86 9.6 124.4 7078 4.20 0.34 
1520 6.86 9.4 123.8 7084 4.46 0.21 
Well Depth: 376-ft Casing Diameter: 6-in Water Depth: 50-ft (assumed).  This depth 

value was reported during the 2014 
monitoring and sampling events. 

Total Volume Purged: approximately 1160-gal.   
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.04-mg/L, Sulfide: 0.05-mg/L, Salinity: 4.20-ppt 
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Well ID: PGDW44 Date: 4/25/2018 
Wellhead Location: Latitude 43.250277°, Longitude -108.626442° 
Weather: 28°F; sunny, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW44-04252018 was collected at 1230.  Sampling concluded at 1245.   
Issues Encountered: Downhole access to the well was blocked and a depth to water measurement was not possible.  
Remarks: Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was 
noted. No ‘oilfield’ activities were noted near the site; however, plugging and abandonment operations have been 
reported in the area.   
  
Water was clear, colorless, odorless and consistently effervescent.  The purge rate varied from 5-gpm to 6.5-gpm.   
 
Purge water was discharged 75-ft north of the sampling point onto an easterly dipping slope.  The water flowed 
downhill towards a horse corral at the base of the slope. 

 
Purge (0710-1230) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0730 7.64 9.4 90.0 3716 0.00  1.2  
0745 7.64 9.4 72.2 3649 0.00 1.2 
0800 7.64 9.3 48.5 3671 0.00 1.2 
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0815 7.65 9.5 37.7 3716 0.00 1.3 
0830 7.64 9.7 32.6 3763 0.00 1.35 
0845 7.64 9.7 28.4 3825 0.00 1.2 
0900 7.64 9.7 25.9 3806 0.00 1.2 
0915 7.64 9.9 25.8 3811 0.00 1.2 
0930 7.64 9.8 21.3 3825 0.00 1.2 
0945 7.64 9.9 18.2 3833 0.00 1.2 
1000 7.64 9.9 15.2 3853 0.00 1.2 
1015 7.64 9.9 11.8 3850 0.00 1.2 
1030 7.64 9.9 14.6 3858 0.00 1.2 
1045 7.64 9.8 8.5 3856 0.00 1.2 
1100 7.64 9.8 7.2 3872 0.00 1.2 
1115 7.64 9.8 6.6 3881 0.00 1.2 
1130 7.64 9.8 1.7 3865 0.00 1.2 
1145 7.64 99 5.5 3883 0.00 1.2 
1200 7.64 9.9 1.0 3872 0.00 1.2 
1210 7.64 9.9 4.3 3881 0.00 1.2 
1215 7.64 9.9 1.7 3887 0.00 1.2 
1220 7.64 9.9 5.8 3875 0.00 1.2 
1225 7.64 9.9 2.2 3864 0.00 1.2 
1230 7.64 9.9 2.9 3881 0.00 1.2 
Well Depth: >176.6-ft Casing Diameter: 9-in Water Depth: The 2014 monitoring and 

sampling events reported depths to water of 
278-ft and 45.9-ft.  

Total Volume Purged: approximately 1,900-gal.  Purging 3 casing volumes from this well is not feasible.  Volume 
purged is consistent with previous sampling effort. 
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.06-mg/L, Salinity: 2.60-ppt 
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Well ID: PGDW45 Date: 4/26/2018 
Wellhead Location: Latitude 43.258888°, Longitude -108.612953° 
Weather: 40°F; partly cloudy, calm 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was also recorded from the water quality meter.   
 
Sample PGDW45-04262018 was collected at 0825.  Sampling concluded at 0840.   
Issues Encountered: The sampling point was altered from previous monitoring and sampling events.  A spigot was 
mounted on the top of the wellhead specifically for this sampling event since the irrigation pipe was not yet installed.  
Previously, a spigot on the irrigation pipe had been used to collect samples. 
Remarks: Water was clear, colorless, and odorless.  10-gpm purge rate.   
 
Irrigation canals in the study area were flowing during this monitoring event, but no active irrigation was noted. No 
‘oilfield’ activities were noted near the site; however, plugging and abandonment operations have been reported in 
the area.   
 
Purge water was discharged into a field 100-ft west of the sampling location. 
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Purge (0750 – 0825) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
0800 6.99 9.0 71.5 1054 0.21 1.5 
0805 7.03 9.0 102.7 1063 0.39 1.4 
0810 7.07 9.0 109.3 1072 0.39 1.5 
0815 7.05 9.0 111.8 1073 0.40 1.5 
0820 7.05 9.0 113.4 1075 0.41 1.5 
0825 7.05 9.0 116.4 1074 0.38 1.5 
Well Depth: 48-ft Casing Diameter: 6-in Water Depth: 25.8-ft and 10.3-ft were 

reported during the 2014 monitoring and 
sampling events.  

Total Volume Purged: approximately 250-gal (> 3 casing volumes).   
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.00-mg/L, Salinity: 0.53-ppt 
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Well ID: PGDW49 Date: 9/20/2017 
Wellhead Location: Latitude 43.25508°, Longitude -108.618107° 
Weather: 48°F; sunny, NW breeze 5-mph to 10-mph 

 
Personnel On Site Affiliation 
Kyle Smith Strike Consulting Group 
Ellen Cotterman Strike Consulting Group 

 
Summary of Activities 

Activities Performed Equipment Purpose 
Groundwater well 
monitoring and 
sampling. 

Hach DR900 Colorimeter Testing total sulfide (Method 8131) and ferrous iron 
(Method 8146) concentrations of water samples.  

YSI Pro DSS Multiparameter 
Water Quality Meter 

Monitoring stabilization criteria during well purge.  
Stabilization parameters: pH, ORP, specific conductance, 
DO, and turbidity.   
Auxiliary parameter: salinity. 

HF Scientific MicroTPI Field 
Portable Turbidimeter 

Turbidity measurements. 

MultiRAE Lite Gas Monitor Breathing zone air quality monitoring for volatile organic 
compounds, oxygen, carbon monoxide, hydrogen sulfide, 
and lower explosive level.  

Ravensgate Sonic Water Level 
Meter, Model 300 

Depth to groundwater measurements. 

Geotech ET Portable Water 
Level Meter 

Depth to groundwater measurements. 

Field Tests Performed and Samples Collected: pH, ORP, spec. con., DO, turbidity, ferrous iron, and sulfide readings 
per the SAP.  A salinity reading was recorded from the water quality meter.   
 
Sample PGDW49-04262018 collected at 1110.  Sampling concluded at 1120.   
Issues Encountered: None. 
Remarks: Plugging and abandonment operations were reported in the studay area, but no ‘oilfield’ activities were 
noted near the site.  Irrigation canals in the study area were flowing, but no active irrigation was noted. 
 
Water was clear, colorless, odorless, and effervescent.  The water appeared opaque upon initial inspection, but this 
was due to effervescence.  The effervescence cleared quickly.   Turbidity measurements were collected with the 
MicroTPI meter and varied throughout the purge.  The purge rate varied from 8-gpm to 10-gpm.   
 
The purge water was discharged into a field approximately 50-ft north of the sampling location. 

 
Purge (0955 – 1105) 
Time pH Temp. (°C) ORP (mV) Spec. Conductance (µS/cm²) DO (mg/L) Turbidity (NTU) 
1000 7.16 9.6 -50.9 6296 0.00 25.84 
1015 7.23 9.7 -32.4 6215 0.26 24.98 
1020 7.23 9.7 -24.5 6290 0.36 34.62 
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1025 7.24 9.7 -16.5 6284 0.40 47.02 
1030 7.24 9.8 -7.1 6256 0.51 10.64 
1035 7.23 9.8 -0.6 6258 0.49 10.77 
1040 7.31 9.8 10.5 6351 0.55 11.45 
1045 7.23 9.8 2.2 6307 0.53 28.43 
1050 7.23 9.8 5.3 6387 0.33 29.63 
1055 7.23 9.8 6.4 6382 0.59 30.32 
1100 7.23 9.8 10.6 6374 0.60 4.69 
1105 7.23 9.8 20.7 6334 0.64 7.84 
Well Depth: 50.7-ft Casing Diameter: 6-in (8-in surface casing 

protruding above surface) 
Water Depth: 17.3-ft  

Total Volume Purged: approximately 600-gal (> 3 casing volumes).   
Other: Stabilization criteria satisfied prior to sampling.  
Ferrous Iron: 0.00-mg/L, Sulfide: 0.00-mg/L, Salinity: 3.45-ppt 

 



 

 

 

APPENDIX D  

  



 

 

 

D.1 2017 Level II Laboratory Reports 

Level IV laboratory reports are very large and can be downloaded from the following website: 

http://deq.wyoming.gov/wqd/pavillion-investigation 
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July 23, 2018

LIMS USE: FR - KYLE SMITH

LIMS OBJECT ID: 10403485

10403485
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 15, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.
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CERTIFICATIONS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10403485001 LD02-09142017 Water 09/14/17 11:15 09/15/17 09:45

10403485002 Trip Blank Water 09/14/17 00:00 09/15/17 09:45
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10403485001 LD02-09142017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MSTB

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10403485002 Trip Blank EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Parameters AnalyzedResult

Lab Sample ID 

Report Limit QualifiersUnitsMethod

Client Sample ID

10403485001 LD02-09142017

Calcium 107000 ug/L 09/21/17 18:57500EPA 6010C
Iron 5690 ug/L 09/21/17 18:5750.0EPA 6010C
Magnesium 17600 ug/L 09/21/17 18:57500EPA 6010C
Manganese 1850 ug/L 09/21/17 18:575.0EPA 6010C
Potassium 1760J ug/L 09/21/17 18:572500EPA 6010C
Sodium 565000 ug/L 09/22/17 10:545000EPA 6010C
Strontium 1380 ug/L 09/26/17 12:165.0EPA 6020A
Benzoic acid 4.1J ug/L 09/25/17 17:26 L256.2EPA 8270D
Naphthalene 0.014J ug/L 09/28/17 14:460.043EPA 8270D by SIM
Alkalinity, Total as CaCO3 55.0 mg/L 09/26/17 10:555.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 55.0 mg/L 09/26/17 10:555.0SM 2320B
Total Dissolved Solids 1780 mg/L 09/19/17 16:47100SM 2540C
Bromide 0.065J mg/L 09/16/17 19:100.080EPA 300.0
Chloride 33.3 mg/L 09/16/17 19:101.2EPA 300.0
Fluoride 1.4 mg/L 09/16/17 19:100.050EPA 300.0
Nitrate as N 0.079J mg/L 09/16/17 19:10 H10.10EPA 300.0
Sulfate 1430 mg/L 09/19/17 19:4924.0EPA 300.0
Total Organic Carbon 2.1J mg/L 09/21/17 12:09 D35.0SM 5310C

10403485002 Trip Blank

2-Propanol 91.4J ug/L 09/26/17 14:44100EPA 8260B
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• LD02-09142017  (Lab ID: 10403485001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

H5: Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.
• LD02-09142017  (Lab ID: 10403485001)

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

QC Batch: 497841

SS: This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

• LCS  (Lab ID: 2706786)
• bis(2-Chloroisopropyl) ether

• MS  (Lab ID: 2707163)
• bis(2-Chloroisopropyl) ether

• MSD  (Lab ID: 2707164)
• bis(2-Chloroisopropyl) ether

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497841

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• Pyridine

• MSD  (Lab ID: 2707164)
• Hexachlorocyclopentadiene
• Pyridine

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2707164)

• 1,2,4-Trichlorobenzene
• 1,2-Dichlorobenzene
• 1,3-Dichlorobenzene
• 1,4-Dichlorobenzene
• Hexachloroethane

Additional Comments:

Analyte Comments:

QC Batch: 497841

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2706786)

• Hexachlorocyclopentadiene
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• MSD  (Lab ID: 2707164)

• Hexachlorocyclopentadiene
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.

QC Batch: 498839

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.

QC Batch: 498198

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498840

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403809002,10403938001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2712337)

• Alkalinity, Total as CaCO3

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

QC Batch: 497459

D6: The precision between the sample and sample duplicate exceeded laboratory control limits.
• DUP  (Lab ID: 2704940)

• Total Dissolved Solids

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

H1: Analysis conducted outside the recognized method holding time.
• LD02-09142017  (Lab ID: 10403485001)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497081

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403555006,7573730001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2703292)

• Chloride
• Sulfate

• MS  (Lab ID: 2703370)
• Fluoride

• MSD  (Lab ID: 2703293)
• Chloride
• Sulfate

• MSD  (Lab ID: 2703371)
• Fluoride

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 268254

D3: Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.
• LD02-09142017  (Lab ID: 10403485001)

• Total Organic Carbon

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: LD02-09142017 Lab ID: 10403485001 Collected: 09/14/17 11:15 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 107000 ug/L 09/21/17 18:57 7440-70-209/20/17 11:18500 24.7 1
Iron 5690 ug/L 09/21/17 18:57 7439-89-609/20/17 11:1850.0 16.7 1
Magnesium 17600 ug/L 09/21/17 18:57 7439-95-409/20/17 11:18500 2.6 1
Manganese 1850 ug/L 09/21/17 18:57 7439-96-509/20/17 11:185.0 0.38 1
Potassium 1760J ug/L 09/21/17 18:57 7440-09-709/20/17 11:182500 126 1
Sodium 565000 ug/L 09/22/17 10:54 7440-23-509/20/17 11:185000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 1380 ug/L 09/26/17 12:16 7440-24-609/25/17 14:405.0 0.75 10

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 09/25/17 17:26 120-82-109/20/17 17:2411.2 4.7 1
1,2-Dichlorobenzene ND ug/L 09/25/17 17:26 95-50-109/20/17 17:2411.2 4.0 1
1,2-Diphenylhydrazine ND ug/L 09/25/17 17:26 122-66-709/20/17 17:2411.2 1.4 1
1,3-Dichlorobenzene ND ug/L 09/25/17 17:26 541-73-109/20/17 17:2411.2 4.7 1
1,4-Dichlorobenzene ND ug/L 09/25/17 17:26 106-46-709/20/17 17:2411.2 3.8 1
1-Methylnaphthalene ND ug/L 09/25/17 17:26 90-12-009/20/17 17:2411.2 2.4 1
2,4,5-Trichlorophenol ND ug/L 09/25/17 17:26 95-95-409/20/17 17:2411.2 1.2 1
2,4,6-Trichlorophenol ND ug/L 09/25/17 17:26 88-06-209/20/17 17:2411.2 1.2 1
2,4-Dichlorophenol ND ug/L 09/25/17 17:26 120-83-209/20/17 17:2411.2 1.8 1
2,4-Dimethylphenol ND ug/L 09/25/17 17:26 105-67-909/20/17 17:2456.2 3.2 1
2,4-Dinitrophenol ND ug/L 09/25/17 17:26 51-28-5 L209/20/17 17:2411.2 2.8 1
2,4-Dinitrotoluene ND ug/L 09/25/17 17:26 121-14-209/20/17 17:2411.2 1.5 1
2,6-Dinitrotoluene ND ug/L 09/25/17 17:26 606-20-209/20/17 17:2411.2 0.72 1
2-Chloronaphthalene ND ug/L 09/25/17 17:26 91-58-709/20/17 17:2411.2 2.5 1
2-Chlorophenol ND ug/L 09/25/17 17:26 95-57-809/20/17 17:2411.2 1.3 1
2-Methylnaphthalene ND ug/L 09/25/17 17:26 91-57-609/20/17 17:2411.2 2.8 1
2-Methylphenol(o-Cresol) ND ug/L 09/25/17 17:26 95-48-709/20/17 17:2411.2 2.1 1
2-Nitroaniline ND ug/L 09/25/17 17:26 88-74-409/20/17 17:2411.2 1.7 1
2-Nitrophenol ND ug/L 09/25/17 17:26 88-75-509/20/17 17:2411.2 1.9 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/25/17 17:2609/20/17 17:2422.5 1.2 1
3,3'-Dichlorobenzidine ND ug/L 09/25/17 17:26 91-94-109/20/17 17:2456.2 1.4 1
3-Nitroaniline ND ug/L 09/25/17 17:26 99-09-209/20/17 17:2411.2 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 09/25/17 17:26 534-52-109/20/17 17:2411.2 1.7 1
4-Bromophenylphenyl ether ND ug/L 09/25/17 17:26 101-55-309/20/17 17:2411.2 2.6 1
4-Chloro-3-methylphenol ND ug/L 09/25/17 17:26 59-50-709/20/17 17:2411.2 1.7 1
4-Chloroaniline ND ug/L 09/25/17 17:26 106-47-809/20/17 17:2456.2 2.1 1
4-Chlorophenylphenyl ether ND ug/L 09/25/17 17:26 7005-72-309/20/17 17:2411.2 1.7 1
4-Nitroaniline ND ug/L 09/25/17 17:26 100-01-609/20/17 17:2411.2 2.3 1
4-Nitrophenol ND ug/L 09/25/17 17:26 100-02-7 L209/20/17 17:2411.2 2.9 1
Benzoic acid 4.1J ug/L 09/25/17 17:26 65-85-0 L209/20/17 17:2456.2 1.8 1
Benzyl alcohol ND ug/L 09/25/17 17:26 100-51-609/20/17 17:2411.2 1.5 1
Butylbenzylphthalate ND ug/L 09/25/17 17:26 85-68-709/20/17 17:2411.2 2.0 1
Carbazole ND ug/L 09/25/17 17:26 86-74-809/20/17 17:2411.2 1.2 1
Di-n-butylphthalate ND ug/L 09/25/17 17:26 84-74-209/20/17 17:2411.2 1.5 1
Di-n-octylphthalate ND ug/L 09/25/17 17:26 117-84-009/20/17 17:2411.2 2.3 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: LD02-09142017 Lab ID: 10403485001 Collected: 09/14/17 11:15 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 09/25/17 17:26 132-64-909/20/17 17:2411.2 1.8 1
Diethylphthalate ND ug/L 09/25/17 17:26 84-66-209/20/17 17:2411.2 1.6 1
Dimethylphthalate ND ug/L 09/25/17 17:26 131-11-309/20/17 17:2411.2 1.4 1
Hexachloro-1,3-butadiene ND ug/L 09/25/17 17:26 87-68-309/20/17 17:2411.2 3.6 1
Hexachlorobenzene ND ug/L 09/25/17 17:26 118-74-109/20/17 17:2411.2 2.4 1
Hexachlorocyclopentadiene ND ug/L 09/25/17 17:26 77-47-4 L209/20/17 17:2456.2 21.1 1
Hexachloroethane ND ug/L 09/25/17 17:26 67-72-109/20/17 17:2411.2 3.9 1
Isophorone ND ug/L 09/25/17 17:26 78-59-109/20/17 17:2411.2 1.3 1
N-Nitroso-di-n-propylamine ND ug/L 09/25/17 17:26 621-64-709/20/17 17:2411.2 1.1 1
N-Nitrosodimethylamine ND ug/L 09/25/17 17:26 62-75-909/20/17 17:2411.2 1.2 1
N-Nitrosodiphenylamine ND ug/L 09/25/17 17:26 86-30-609/20/17 17:2411.2 1.2 1
Nitrobenzene ND ug/L 09/25/17 17:26 98-95-309/20/17 17:2411.2 1.4 1
Phenol ND ug/L 09/25/17 17:26 108-95-209/20/17 17:2411.2 1.3 1
Pyridine ND ug/L 09/25/17 17:26 110-86-1 L209/20/17 17:2411.2 2.9 1
bis(2-Chloroethoxy)methane ND ug/L 09/25/17 17:26 111-91-109/20/17 17:2411.2 1.5 1
bis(2-Chloroethyl) ether ND ug/L 09/25/17 17:26 111-44-409/20/17 17:2411.2 1.3 1
bis(2-Chloroisopropyl) ether ND ug/L 09/25/17 17:26 108-60-109/20/17 17:2411.2 1.5 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/25/17 17:26 117-81-709/20/17 17:2411.2 5.2 1
Surrogates
Nitrobenzene-d5 (S) 71 %. 09/25/17 17:26 4165-60-0 H509/20/17 17:2444-125 1
2-Fluorobiphenyl (S) 65 %. 09/25/17 17:26 321-60-809/20/17 17:2430-125 1
p-Terphenyl-d14 (S) 86 %. 09/25/17 17:26 1718-51-009/20/17 17:2431-125 1
Phenol-d6 (S) 83 %. 09/25/17 17:26 13127-88-309/20/17 17:2459-125 1
2-Fluorophenol (S) 78 %. 09/25/17 17:26 367-12-409/20/17 17:2449-125 1
2,4,6-Tribromophenol (S) 102 %. 09/25/17 17:26 118-79-609/20/17 17:2466-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/28/17 14:46 83-32-909/19/17 13:480.043 0.0061 1
Acenaphthylene ND ug/L 09/28/17 14:46 208-96-809/19/17 13:480.043 0.0071 1
Anthracene ND ug/L 09/28/17 14:46 120-12-709/19/17 13:480.043 0.0085 1
Benzo(a)anthracene ND ug/L 09/28/17 14:46 56-55-309/19/17 13:480.043 0.0083 1
Benzo(a)pyrene ND ug/L 09/28/17 14:46 50-32-809/19/17 13:480.043 0.0046 1
Benzo(b)fluoranthene ND ug/L 09/28/17 14:46 205-99-209/19/17 13:480.043 0.0052 1
Benzo(e)pyrene ND ug/L 09/28/17 14:46 192-97-209/19/17 13:480.043 0.0059 1
Benzo(g,h,i)perylene ND ug/L 09/28/17 14:46 191-24-209/19/17 13:480.043 0.0081 1
Benzo(k)fluoranthene ND ug/L 09/28/17 14:46 207-08-909/19/17 13:480.043 0.0052 1
Chrysene ND ug/L 09/28/17 14:46 218-01-909/19/17 13:480.043 0.0062 1
Dibenz(a,h)anthracene ND ug/L 09/28/17 14:46 53-70-309/19/17 13:480.043 0.011 1
Fluoranthene ND ug/L 09/28/17 14:46 206-44-009/19/17 13:480.043 0.0077 1
Fluorene ND ug/L 09/28/17 14:46 86-73-709/19/17 13:480.043 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/28/17 14:46 193-39-509/19/17 13:480.043 0.0039 1
Naphthalene 0.014J ug/L 09/28/17 14:46 91-20-309/19/17 13:480.043 0.0080 1
Phenanthrene ND ug/L 09/28/17 14:46 85-01-809/19/17 13:480.043 0.0095 1
Pyrene ND ug/L 09/28/17 14:46 129-00-009/19/17 13:480.043 0.0091 1
Surrogates
2-Fluorobiphenyl (S) 65 %. 09/28/17 14:46 321-60-809/19/17 13:4855-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: LD02-09142017 Lab ID: 10403485001 Collected: 09/14/17 11:15 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 68 %. 09/28/17 14:46 1718-51-009/19/17 13:4864-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 19:28 87-86-509/19/17 19:340.63 0.30 1
Surrogates
2,4,6-Tribromophenol (S) 70 %. 09/27/17 19:28 118-79-609/19/17 19:3430-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/26/17 18:38 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/26/17 18:38 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/26/17 18:38 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/26/17 18:38 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/26/17 18:38 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/26/17 18:38 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/26/17 18:38 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/26/17 18:38 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/26/17 18:38 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/26/17 18:38 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/26/17 18:38 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/26/17 18:38 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/26/17 18:38 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/26/17 18:38 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/26/17 18:38 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/26/17 18:38 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/26/17 18:38 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/26/17 18:38 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/26/17 18:38 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/26/17 18:38 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/26/17 18:38 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/26/17 18:38 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/26/17 18:38 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/26/17 18:38 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/26/17 18:38 108-10-15.0 0.55 1
Acetone ND ug/L 09/26/17 18:38 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/26/17 18:38 107-05-14.0 1.0 1
Benzene ND ug/L 09/26/17 18:38 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/26/17 18:38 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/26/17 18:38 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/26/17 18:38 75-27-40.50 0.20 1
Bromoform ND ug/L 09/26/17 18:38 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/26/17 18:38 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/26/17 18:38 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/26/17 18:38 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/26/17 18:38 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/26/17 18:38 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: LD02-09142017 Lab ID: 10403485001 Collected: 09/14/17 11:15 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/26/17 18:38 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/26/17 18:38 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/26/17 18:38 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/26/17 18:38 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/26/17 18:38 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/26/17 18:38 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/26/17 18:38 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/26/17 18:38 108-20-31.0 0.12 1
Ethanol ND ug/L 09/26/17 18:38 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/26/17 18:38 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/26/17 18:38 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 18:38 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/26/17 18:38 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/26/17 18:38 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/26/17 18:38 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/26/17 18:38 91-20-31.0 0.42 1
Styrene ND ug/L 09/26/17 18:38 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/26/17 18:38 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/26/17 18:38 109-99-910.0 4.3 1
Toluene ND ug/L 09/26/17 18:38 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/26/17 18:38 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/26/17 18:38 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/26/17 18:38 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/26/17 18:38 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/26/17 18:38 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/26/17 18:38 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/26/17 18:38 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/26/17 18:38 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/26/17 18:38 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/26/17 18:38 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/26/17 18:38 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/26/17 18:38 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/26/17 18:38 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/26/17 18:38 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/26/17 18:38 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/26/17 18:38 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 106 %. 09/26/17 18:38 17060-07-075-137 1
Toluene-d8 (S) 102 %. 09/26/17 18:38 2037-26-575-125 1
4-Bromofluorobenzene (S) 100 %. 09/26/17 18:38 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/23/17 05:12 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/23/17 05:12 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/23/17 05:12 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: LD02-09142017 Lab ID: 10403485001 Collected: 09/14/17 11:15 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 130 %. 09/23/17 05:12 17060-07-070-130 1
Toluene-d8 (S) 108 %. 09/23/17 05:12 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/23/17 05:12 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 09/26/17 10:555.0 1.4 1
Alkalinity, Total as CaCO3 55.0 mg/L 09/26/17 10:555.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 55.0 mg/L 09/26/17 10:555.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 09/26/17 10:555.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 1780 mg/L 09/19/17 16:47100 50.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.065J mg/L 09/16/17 19:10 24959-67-90.080 0.0070 1
Chloride 33.3 mg/L 09/16/17 19:10 16887-00-61.2 0.14 1
Fluoride 1.4 mg/L 09/16/17 19:10 16984-48-80.050 0.0028 1
Nitrate as N 0.079J mg/L 09/16/17 19:10 14797-55-8 H10.10 0.0079 1
Nitrite as N ND mg/L 09/16/17 19:10 14797-65-0 H10.10 0.016 1
Sulfate 1430 mg/L 09/19/17 19:49 14808-79-824.0 5.4 20

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 2.1J mg/L 09/21/17 12:09 7440-44-0 D35.0 1.5 6
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403485002 Collected: 09/14/17 00:00 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/26/17 14:44 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/26/17 14:44 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/26/17 14:44 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/26/17 14:44 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/26/17 14:44 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/26/17 14:44 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/26/17 14:44 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/26/17 14:44 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/26/17 14:44 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/26/17 14:44 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/26/17 14:44 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/26/17 14:44 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/26/17 14:44 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/26/17 14:44 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/26/17 14:44 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/26/17 14:44 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/26/17 14:44 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/26/17 14:44 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/26/17 14:44 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/26/17 14:44 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/26/17 14:44 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/26/17 14:44 591-78-65.0 2.5 1
2-Propanol 91.4J ug/L 09/26/17 14:44 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/26/17 14:44 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/26/17 14:44 108-10-15.0 0.55 1
Acetone ND ug/L 09/26/17 14:44 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/26/17 14:44 107-05-14.0 1.0 1
Benzene ND ug/L 09/26/17 14:44 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/26/17 14:44 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/26/17 14:44 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/26/17 14:44 75-27-40.50 0.20 1
Bromoform ND ug/L 09/26/17 14:44 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/26/17 14:44 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/26/17 14:44 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/26/17 14:44 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/26/17 14:44 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/26/17 14:44 75-00-31.0 0.44 1
Chloroform ND ug/L 09/26/17 14:44 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/26/17 14:44 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/26/17 14:44 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/26/17 14:44 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/26/17 14:44 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/26/17 14:44 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/26/17 14:44 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/26/17 14:44 108-20-31.0 0.12 1
Ethanol ND ug/L 09/26/17 14:44 64-17-580.0 26.4 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403485002 Collected: 09/14/17 00:00 Received: 09/15/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 09/26/17 14:44 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/26/17 14:44 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 14:44 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/26/17 14:44 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/26/17 14:44 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/26/17 14:44 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/26/17 14:44 91-20-31.0 0.42 1
Styrene ND ug/L 09/26/17 14:44 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/26/17 14:44 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/26/17 14:44 109-99-910.0 4.3 1
Toluene ND ug/L 09/26/17 14:44 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/26/17 14:44 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/26/17 14:44 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/26/17 14:44 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/26/17 14:44 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/26/17 14:44 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/26/17 14:44 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/26/17 14:44 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/26/17 14:44 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/26/17 14:44 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/26/17 14:44 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/26/17 14:44 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/26/17 14:44 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/26/17 14:44 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/26/17 14:44 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/26/17 14:44 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/26/17 14:44 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 107 %. 09/26/17 14:44 17060-07-075-137 1
Toluene-d8 (S) 104 %. 09/26/17 14:44 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 09/26/17 14:44 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/22/17 23:20 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/22/17 23:20 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/22/17 23:20 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 126 %. 09/22/17 23:20 17060-07-070-130 1
Toluene-d8 (S) 111 %. 09/22/17 23:20 2037-26-570-130 1
4-Bromofluorobenzene (S) 106 %. 09/22/17 23:20 460-00-470-130 1
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497523

EPA 3010

EPA 6010C

6010C Water

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705123

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/21/17 18:3424.7
Iron ug/L ND 50.0 09/21/17 18:3416.7
Magnesium ug/L 3.2J 500 09/21/17 18:342.6
Manganese ug/L ND 5.0 09/21/17 18:340.38
Potassium ug/L ND 2500 09/21/17 18:34126
Sodium ug/L ND 1000 09/21/17 18:3444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705124LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1940020000 97 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 2000020000 100 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 1990020000 99 80-120
Sodium ug/L 1950020000 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705125MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403251001

2705126

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 99 75-125100 1 20200004190 24100 24300
Iron ug/L 20000 102 75-125103 1 202000017.3J 20400 20500
Magnesium ug/L 20000 101 75-125102 1 202000093.2J 20300 20400
Manganese ug/L 1000 103 75-125104 1 2010001.2J 1030 1040
Potassium ug/L 20000 113 75-125114 1 2020000360J 23000 23100
Sodium ug/L 20000 109 75-125111 0 2020000196000 218000 218000
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498322

EPA 3020

EPA 6020A

6020A Water UPD4

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709168

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/26/17 14:110.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709169LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 102100 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709170MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709171

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-125103 0 2010082.0 186 185
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498839

EPA 8260B

EPA 8260B

8260 MSV LL Water

Associated Lab Samples: 10403485001, 10403485002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712331

Associated Lab Samples: 10403485001, 10403485002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 09/26/17 12:000.14
1,1,1-Trichloroethane ug/L ND 0.50 09/26/17 12:000.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/26/17 12:000.19
1,1,2-Trichloroethane ug/L ND 0.50 09/26/17 12:000.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/26/17 12:000.28
1,1-Dichloroethane ug/L ND 0.50 09/26/17 12:000.14
1,1-Dichloroethene ug/L ND 0.50 09/26/17 12:000.18
1,1-Dichloropropene ug/L ND 0.50 09/26/17 12:000.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/26/17 12:000.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/26/17 12:000.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/26/17 12:000.098
1,2-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.21
1,2-Dichloroethane ug/L ND 0.50 09/26/17 12:000.15
1,2-Dichloropropane ug/L ND 4.0 09/26/17 12:000.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/26/17 12:000.18
1,3-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.16
1,3-Dichloropropane ug/L ND 0.50 09/26/17 12:000.13
1,4-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.10
2,2-Dichloropropane ug/L ND 1.0 09/26/17 12:000.40
2-Butanone (MEK) ug/L ND 5.0 09/26/17 12:002.4
2-Chlorotoluene ug/L ND 0.50 09/26/17 12:000.20
2-Hexanone ug/L ND 5.0 09/26/17 12:002.5
2-Propanol ug/L ND 100 09/26/17 12:0020.6
4-Chlorotoluene ug/L ND 0.50 09/26/17 12:000.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/26/17 12:000.55
Acetone ug/L ND 20.0 09/26/17 12:008.8
Allyl chloride ug/L ND 4.0 09/26/17 12:001.0
Benzene ug/L ND 0.50 09/26/17 12:000.13
Bromobenzene ug/L ND 0.50 09/26/17 12:000.16
Bromochloromethane ug/L ND 1.0 09/26/17 12:000.38
Bromodichloromethane ug/L ND 0.50 09/26/17 12:000.20
Bromoform ug/L ND 4.0 09/26/17 12:001.0
Bromomethane ug/L ND 4.0 09/26/17 12:001.5
Carbon disulfide ug/L ND 1.0 09/26/17 12:000.37
Carbon tetrachloride ug/L ND 0.50 09/26/17 12:000.20
Chlorobenzene ug/L ND 0.50 09/26/17 12:000.14
Chloroethane ug/L ND 1.0 09/26/17 12:000.44
Chloroform ug/L ND 1.0 09/26/17 12:000.46
Chloromethane ug/L ND 4.0 09/26/17 12:001.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/26/17 12:000.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/26/17 12:000.12
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712331

Associated Lab Samples: 10403485001, 10403485002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 09/26/17 12:000.13
Dibromomethane ug/L ND 1.0 09/26/17 12:000.50
Dichlorodifluoromethane ug/L ND 1.0 09/26/17 12:000.31
Dichlorofluoromethane ug/L ND 1.0 09/26/17 12:000.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/26/17 12:001.3
Diisopropyl ether ug/L ND 1.0 09/26/17 12:000.12
Ethanol ug/L ND 80.0 09/26/17 12:0026.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/26/17 12:000.13
Ethylbenzene ug/L ND 0.50 09/26/17 12:000.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/26/17 12:000.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/26/17 12:000.14
m&p-Xylene ug/L ND 1.0 09/26/17 12:000.24
Methyl-tert-butyl ether ug/L ND 0.50 09/26/17 12:000.14
Methylene Chloride ug/L ND 4.0 09/26/17 12:001.2
n-Butylbenzene ug/L ND 0.50 09/26/17 12:000.13
n-Propylbenzene ug/L ND 0.50 09/26/17 12:000.12
Naphthalene ug/L ND 1.0 09/26/17 12:000.42
o-Xylene ug/L ND 0.50 09/26/17 12:000.11
p-Isopropyltoluene ug/L ND 0.50 09/26/17 12:000.14
sec-Butylbenzene ug/L ND 0.50 09/26/17 12:000.12
Styrene ug/L ND 0.50 09/26/17 12:000.14
tert-Amylmethyl ether ug/L ND 0.50 09/26/17 12:000.12
tert-Butyl Alcohol ug/L ND 10.0 09/26/17 12:002.2
tert-Butylbenzene ug/L ND 0.50 09/26/17 12:000.15
Tetrachloroethene ug/L ND 0.50 09/26/17 12:000.16
Tetrahydrofuran ug/L ND 10.0 09/26/17 12:004.3
Toluene ug/L ND 0.50 09/26/17 12:000.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/26/17 12:000.21
trans-1,3-Dichloropropene ug/L ND 0.50 09/26/17 12:000.14
Trichloroethene ug/L ND 0.40 09/26/17 12:000.18
Trichlorofluoromethane ug/L ND 0.50 09/26/17 12:000.13
Vinyl chloride ug/L ND 0.20 09/26/17 12:000.096
1,2-Dichloroethane-d4 (S) %. 107 75-137 09/26/17 12:00
4-Bromofluorobenzene (S) %. 101 75-125 09/26/17 12:00
Toluene-d8 (S) %. 106 75-125 09/26/17 12:00

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

1,1,1,2-Tetrachloroethane ug/L 20.420 102 75-1369919.8 3 30
1,1,1-Trichloroethane ug/L 20.220 101 75-1299719.3 5 30
1,1,2,2-Tetrachloroethane ug/L 20.820 104 71-13810320.7 1 30
1,1,2-Trichloroethane ug/L 20.920 105 75-12510220.4 3 30
1,1,2-Trichlorotrifluoroethane ug/L 20.020 100 69-1269619.1 4 30
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

1,1-Dichloroethane ug/L 20.020 100 75-1259919.7 2 30
1,1-Dichloroethene ug/L 20.320 101 75-1259619.2 6 30
1,1-Dichloropropene ug/L 20.020 100 75-1259519.0 5 30
1,2,3-Trichlorobenzene ug/L 20.820 104 75-12510821.7 4 30
1,2,4-Trichlorobenzene ug/L 19.820 99 75-1259919.8 0 30
1,2,4-Trimethylbenzene ug/L 21.120 105 75-12510420.7 2 30
1,2-Dichlorobenzene ug/L 20.320 102 75-12510120.2 0 30
1,2-Dichloroethane ug/L 18.520 93 70-1259118.1 2 30
1,2-Dichloropropane ug/L 19.320 97 75-1259418.8 2 30
1,3,5-Trimethylbenzene ug/L 21.720 109 75-12510621.2 2 30
1,3-Dichlorobenzene ug/L 21.020 105 75-12510220.4 3 30
1,3-Dichloropropane ug/L 20.620 103 75-12510320.6 0 30
1,4-Dichlorobenzene ug/L 20.620 103 75-12510020.0 3 30
2,2-Dichloropropane ug/L 20.420 102 70-1319919.8 3 30
2-Butanone (MEK) ug/L 91.8100 92 69-1259594.5 3 30
2-Chlorotoluene ug/L 21.720 109 75-12510621.2 3 30
2-Hexanone ug/L 108100 108 73-129106106 2 30
2-Propanol ug/L 188200 94 50-15089178 6 30
4-Chlorotoluene ug/L 21.920 109 75-12510420.8 5 30
4-Methyl-2-pentanone (MIBK) ug/L 106100 106 73-125104104 2 30
Acetone ug/L 97.1100 97 66-1269292.1 5 30
Allyl chloride ug/L 19.520 97 71-1259418.8 4 30
Benzene ug/L 19.220 96 75-1259318.6 3 30
Bromobenzene ug/L 21.220 106 75-12510420.7 3 30
Bromochloromethane ug/L 19.720 99 75-1269619.1 3 30
Bromodichloromethane ug/L 20.120 100 75-1339519.1 5 30
Bromoform ug/L 19.120 95 62-1429218.5 3 30
Bromomethane ug/L 14.420 72 34-1438216.3 13 30
Carbon disulfide ug/L 19.120 95 71-1259218.3 4 30
Carbon tetrachloride ug/L 20.120 101 71-1459719.4 4 30
Chlorobenzene ug/L 20.520 102 75-1259919.9 3 30
Chloroethane ug/L 20.620 103 75-12510019.9 4 30
Chloroform ug/L 19.020 95 75-1259218.4 4 30
Chloromethane ug/L 18.120 91 54-1258416.7 8 30
cis-1,2-Dichloroethene ug/L 19.920 99 75-1259518.9 5 30
cis-1,3-Dichloropropene ug/L 19.420 97 75-1259518.9 2 30
Dibromochloromethane ug/L 20.620 103 74-1419919.9 3 30
Dibromomethane ug/L 20.120 101 75-1259819.5 3 30
Dichlorodifluoromethane ug/L 18.720 93 59-1309018.1 4 30
Dichlorofluoromethane ug/L 19.520 98 75-1259518.9 3 30
Diethyl ether (Ethyl ether) ug/L 19.620 98 75-1259919.9 1 30
Diisopropyl ether ug/L 19.020 95 69-1259518.9 1 30
Ethanol ug/L 450400 112 49-150105420 7 30
Ethyl-tert-butyl ether ug/L 19.420 97 73-1259719.4 0 30
Ethylbenzene ug/L 21.020 105 75-12510020.0 5 30
Hexachloro-1,3-butadiene ug/L 20.720 104 75-13110721.4 3 30
Isopropylbenzene (Cumene) ug/L 21.220 106 75-1259919.8 7 30
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

m&p-Xylene ug/L 42.840 107 75-12510241.0 4 30
Methyl-tert-butyl ether ug/L 19.020 95 75-1259619.1 0 30
Methylene Chloride ug/L 18.720 93 73-1259318.6 0 30
n-Butylbenzene ug/L 21.620 108 75-12510420.8 4 30
n-Propylbenzene ug/L 21.520 108 75-12510420.9 3 30
Naphthalene ug/L 18.320 92 74-1259719.5 6 30
o-Xylene ug/L 20.920 105 75-12510019.9 5 30
p-Isopropyltoluene ug/L 20.720 104 75-1259819.6 5 30
sec-Butylbenzene ug/L 21.420 107 75-12510320.7 3 30
Styrene ug/L 19.220 96 75-1259318.7 3 30
tert-Amylmethyl ether ug/L 19.320 96 71-1269619.2 1 30
tert-Butyl Alcohol ug/L 204200 102 69-131102204 0 30
tert-Butylbenzene ug/L 21.220 106 75-12510320.6 3 30
Tetrachloroethene ug/L 20.620 103 75-1259919.7 4 30
Tetrahydrofuran ug/L 194200 97 65-12790180 8 30
Toluene ug/L 20.120 100 75-1259619.1 5 30
trans-1,2-Dichloroethene ug/L 19.720 98 75-1259518.9 4 30
trans-1,3-Dichloropropene ug/L 19.320 97 75-1259418.8 3 30
Trichloroethene ug/L 19.820 99 75-1259519.1 4 30
Trichlorofluoromethane ug/L 20.520 102 71-14010020.0 3 30
Vinyl chloride ug/L 20.120 100 70-1259619.2 4 30
1,2-Dichloroethane-d4 (S) %. 103 75-137104
4-Bromofluorobenzene (S) %. 98 75-125101
Toluene-d8 (S) %. 106 75-125105

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

1,1,1,2-Tetrachloroethane ug/L 20.320 101 75-137<0.14
1,1,1-Trichloroethane ug/L 21.420 107 75-139<0.15
1,1,2,2-Tetrachloroethane ug/L 20.620 103 60-142<0.19
1,1,2-Trichloroethane ug/L 20.520 102 75-128<0.22
1,1,2-Trichlorotrifluoroethane ug/L 22.920 114 62-150<0.28
1,1-Dichloroethane ug/L 20.820 104 70-129<0.14
1,1-Dichloroethene ug/L 21.520 108 67-141<0.18
1,1-Dichloropropene ug/L 21.320 106 64-144<0.18
1,2,3-Trichlorobenzene ug/L 22.920 114 66-139<0.14
1,2,4-Trichlorobenzene ug/L 21.220 106 65-138<0.18
1,2,4-Trimethylbenzene ug/L 21.220 106 65-143<0.098
1,2-Dichlorobenzene ug/L 20.020 100 68-135<0.21
1,2-Dichloroethane ug/L 18.320 91 73-125<0.15
1,2-Dichloropropane ug/L 19.620 98 64-130<0.62
1,3,5-Trimethylbenzene ug/L 21.920 109 64-146<0.18
1,3-Dichlorobenzene ug/L 20.620 103 69-135<0.16
1,3-Dichloropropane ug/L 20.520 102 67-128<0.13
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

1,4-Dichlorobenzene ug/L 20.320 102 66-134<0.10
2,2-Dichloropropane ug/L 21.420 107 50-150<0.40
2-Butanone (MEK) ug/L 89.9100 90 58-125<2.4
2-Chlorotoluene ug/L 20.520 103 65-138<0.20
2-Hexanone ug/L 105100 105 61-134<2.5
2-Propanol ug/L 381 M1200 45 51-150291
4-Chlorotoluene ug/L 21.320 107 68-135<0.13
4-Methyl-2-pentanone (MIBK) ug/L 104100 104 61-130<0.55
Acetone ug/L 162100 115 51-14046.8
Allyl chloride ug/L 20.420 102 61-125<1.0
Benzene ug/L 19.920 98 63-1320.34J
Bromobenzene ug/L 20.520 103 67-138<0.16
Bromochloromethane ug/L 19.620 98 66-138<0.38
Bromodichloromethane ug/L 20.120 101 75-137<0.20
Bromoform ug/L 18.320 91 65-129<1.0
Bromomethane ug/L 17.120 86 41-150<1.5
Carbon disulfide ug/L 21.020 104 72-132<0.37
Carbon tetrachloride ug/L 21.220 106 75-150<0.20
Chlorobenzene ug/L 20.520 102 73-127<0.14
Chloroethane ug/L 21.220 106 74-138<0.44
Chloroform ug/L 18.820 94 74-125<0.46
Chloromethane ug/L 19.120 94 58-129<1.1
cis-1,2-Dichloroethene ug/L 19.920 99 63-135<0.20
cis-1,3-Dichloropropene ug/L 19.320 96 66-129<0.12
Dibromochloromethane ug/L 20.420 102 75-133<0.13
Dibromomethane ug/L 19.520 97 68-134<0.50
Dichlorodifluoromethane ug/L 22.020 110 72-150<0.31
Dichlorofluoromethane ug/L 20.320 102 75-129<0.38
Diethyl ether (Ethyl ether) ug/L 19.820 99 73-125<1.3
Diisopropyl ether ug/L 19.520 98 62-128<0.12
Ethanol ug/L 402400 101 43-150<26.4
Ethyl-tert-butyl ether ug/L 19.520 98 63-132<0.13
Ethylbenzene ug/L 20.820 103 72-130<0.14
Hexachloro-1,3-butadiene ug/L 28.820 144 71-150<0.48
Isopropylbenzene (Cumene) ug/L 21.020 105 70-136<0.14
m&p-Xylene ug/L 41.940 104 64-142<0.24
Methyl-tert-butyl ether ug/L 19.520 97 72-125<0.14
Methylene Chloride ug/L 19.120 95 60-132<1.2
n-Butylbenzene ug/L 23.920 119 60-150<0.13
n-Propylbenzene ug/L 21.520 108 63-142<0.12
Naphthalene ug/L 19.020 95 67-125<0.42
o-Xylene ug/L 20.920 104 60-143<0.11
p-Isopropyltoluene ug/L 21.820 109 64-146<0.14
sec-Butylbenzene ug/L 22.920 114 67-144<0.12
Styrene ug/L 19.020 95 67-136<0.14
tert-Amylmethyl ether ug/L 19.120 96 60-134<0.12
tert-Butyl Alcohol ug/L 203200 100 56-1462.3J
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

tert-Butylbenzene ug/L 21.820 109 68-135<0.15
Tetrachloroethene ug/L 21.020 105 67-148<0.16
Tetrahydrofuran ug/L 251200 126 51-141<4.3
Toluene ug/L 20.220 100 61-1400.35J
trans-1,2-Dichloroethene ug/L 21.020 105 62-138<0.21
trans-1,3-Dichloropropene ug/L 19.420 97 67-134<0.14
Trichloroethene ug/L 20.420 102 64-149<0.18
Trichlorofluoromethane ug/L 23.120 116 75-150<0.13
Vinyl chloride ug/L 22.020 110 75-133<0.096
1,2-Dichloroethane-d4 (S) %. 101 75-137
4-Bromofluorobenzene (S) %. 100 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403566002
2712365SAMPLE DUPLICATE:

1,1,1,2-Tetrachloroethane ug/L ND 30<0.14
1,1,1-Trichloroethane ug/L ND 30<0.15
1,1,2,2-Tetrachloroethane ug/L ND 30<0.19
1,1,2-Trichloroethane ug/L ND 30<0.22
1,1,2-Trichlorotrifluoroethane ug/L ND 30<0.28
1,1-Dichloroethane ug/L ND 30<0.14
1,1-Dichloroethene ug/L ND 30<0.18
1,1-Dichloropropene ug/L ND 30<0.18
1,2,3-Trichlorobenzene ug/L ND 30<0.14
1,2,4-Trichlorobenzene ug/L ND 30<0.18
1,2,4-Trimethylbenzene ug/L ND 30<0.098
1,2-Dichlorobenzene ug/L ND 30<0.21
1,2-Dichloroethane ug/L ND 30<0.15
1,2-Dichloropropane ug/L ND 30<0.62
1,3,5-Trimethylbenzene ug/L ND 30<0.18
1,3-Dichlorobenzene ug/L ND 30<0.16
1,3-Dichloropropane ug/L ND 30<0.13
1,4-Dichlorobenzene ug/L ND 30<0.10
2,2-Dichloropropane ug/L ND 30<0.40
2-Butanone (MEK) ug/L ND 30<2.4
2-Chlorotoluene ug/L ND 30<0.20
2-Hexanone ug/L ND 30<2.5
2-Propanol ug/L 154 3076.7J
4-Chlorotoluene ug/L ND 30<0.13
4-Methyl-2-pentanone (MIBK) ug/L ND 30<0.55
Acetone ug/L 18.2J 30<8.8
Allyl chloride ug/L ND 30<1.0
Benzene ug/L ND 30<0.13
Bromobenzene ug/L ND 30<0.16
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Pace Project No.:

Project:
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403566002
2712365SAMPLE DUPLICATE:

Bromochloromethane ug/L ND 30<0.38
Bromodichloromethane ug/L ND 30<0.20
Bromoform ug/L ND 30<1.0
Bromomethane ug/L ND 30<1.5
Carbon disulfide ug/L ND 30<0.37
Carbon tetrachloride ug/L ND 30<0.20
Chlorobenzene ug/L ND 30<0.14
Chloroethane ug/L ND 30<0.44
Chloroform ug/L ND 30<0.46
Chloromethane ug/L ND 30<1.1
cis-1,2-Dichloroethene ug/L ND 30<0.20
cis-1,3-Dichloropropene ug/L ND 30<0.12
Dibromochloromethane ug/L ND 30<0.13
Dibromomethane ug/L ND 30<0.50
Dichlorodifluoromethane ug/L ND 30<0.31
Dichlorofluoromethane ug/L ND 30<0.38
Diethyl ether (Ethyl ether) ug/L ND 30<1.3
Diisopropyl ether ug/L ND 30<0.12
Ethanol ug/L ND 30<26.4
Ethyl-tert-butyl ether ug/L ND 30<0.13
Ethylbenzene ug/L ND 30<0.14
Hexachloro-1,3-butadiene ug/L ND 30<0.48
Isopropylbenzene (Cumene) ug/L ND 30<0.14
m&p-Xylene ug/L ND 30<0.24
Methyl-tert-butyl ether ug/L ND 30<0.14
Methylene Chloride ug/L ND 30<1.2
n-Butylbenzene ug/L ND 30<0.13
n-Propylbenzene ug/L ND 30<0.12
Naphthalene ug/L ND 30<0.42
o-Xylene ug/L ND 30<0.11
p-Isopropyltoluene ug/L ND 30<0.14
sec-Butylbenzene ug/L ND 30<0.12
Styrene ug/L ND 30<0.14
tert-Amylmethyl ether ug/L ND 30<0.12
tert-Butyl Alcohol ug/L ND 30<2.2
tert-Butylbenzene ug/L ND 30<0.15
Tetrachloroethene ug/L ND 30<0.16
Tetrahydrofuran ug/L ND 30<4.3
Toluene ug/L ND 30<0.17
trans-1,2-Dichloroethene ug/L ND 30<0.21
trans-1,3-Dichloropropene ug/L ND 30<0.14
Trichloroethene ug/L ND 30<0.18
Trichlorofluoromethane ug/L ND 30<0.13
Vinyl chloride ug/L ND 30<0.096
1,2-Dichloroethane-d4 (S) %. 107 1108
4-Bromofluorobenzene (S) %. 102 2100
Toluene-d8 (S) %. 104 1103
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Pace Project No.:

Project:
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498198

EPA 8260B

EPA 8260B

8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10403485001, 10403485002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2708581

Associated Lab Samples: 10403485001, 10403485002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/22/17 21:570.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/22/17 21:570.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/22/17 21:570.0071
1,2-Dichloroethane-d4 (S) %. 127 70-130 09/22/17 21:57
4-Bromofluorobenzene (S) %. 107 70-130 09/22/17 21:57
Toluene-d8 (S) %. 111 70-130 09/22/17 21:57

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708582LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.610 96 70-130
1,2-Dibromo-3-chloropropane ug/L 23.925 96 70-130
1,2-Dibromoethane (EDB) ug/L 9.710 97 70-130
1,2-Dichloroethane-d4 (S) %. 98 70-130
4-Bromofluorobenzene (S) %. 95 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2709724MATRIX SPIKE SAMPLE:
MSSpike

Result
1296409024

1,2,3-Trichloropropane ug/L 20.120 101 70-130ND
1,2-Dibromo-3-chloropropane ug/L 59.350 119 70-130ND
1,2-Dibromoethane (EDB) ug/L 21.820 109 70-130ND
1,2-Dichloroethane-d4 (S) %. 96 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 93 70-130

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

1296409027
2709725SAMPLE DUPLICATE:

1,2,3-Trichloropropane ug/L ND 30ND
1,2-Dibromo-3-chloropropane ug/L ND 30ND
1,2-Dibromoethane (EDB) ug/L ND 30ND
1,2-Dichloroethane-d4 (S) %. 123 1124
4-Bromofluorobenzene (S) %. 108 1109
Toluene-d8 (S) %. 108 0107

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:09 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 34 of 124

34 of 270010403485



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497841

EPA 3520

EPA 8270D

8270D Water MSSV

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,2-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/25/17 16:301.3
1,3-Dichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,4-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.4
1-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4-Dichlorophenol ug/L ND 10.0 09/25/17 16:301.6
2,4-Dimethylphenol ug/L ND 50.0 09/25/17 16:302.8
2,4-Dinitrophenol ug/L ND 10.0 09/25/17 16:302.5
2,4-Dinitrotoluene ug/L ND 10.0 09/25/17 16:301.3
2,6-Dinitrotoluene ug/L ND 10.0 09/25/17 16:300.64
2-Chloronaphthalene ug/L ND 10.0 09/25/17 16:302.2
2-Chlorophenol ug/L ND 10.0 09/25/17 16:301.1
2-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/25/17 16:301.9
2-Nitroaniline ug/L ND 10.0 09/25/17 16:301.5
2-Nitrophenol ug/L ND 10.0 09/25/17 16:301.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/25/17 16:301.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/25/17 16:301.2
3-Nitroaniline ug/L ND 10.0 09/25/17 16:301.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/25/17 16:302.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Chloroaniline ug/L ND 50.0 09/25/17 16:301.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/25/17 16:301.5
4-Nitroaniline ug/L ND 10.0 09/25/17 16:302.0
4-Nitrophenol ug/L ND 10.0 09/25/17 16:302.6
Benzoic acid ug/L ND 50.0 09/25/17 16:301.6
Benzyl alcohol ug/L ND 10.0 09/25/17 16:301.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/25/17 16:301.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/25/17 16:301.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 09/25/17 16:301.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/25/17 16:304.6
Butylbenzylphthalate ug/L ND 10.0 09/25/17 16:301.8
Carbazole ug/L ND 10.0 09/25/17 16:301.1
Di-n-butylphthalate ug/L ND 10.0 09/25/17 16:301.4
Di-n-octylphthalate ug/L ND 10.0 09/25/17 16:302.0
Dibenzofuran ug/L ND 10.0 09/25/17 16:301.6
Diethylphthalate ug/L ND 10.0 09/25/17 16:301.4
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/25/17 16:301.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/25/17 16:303.2
Hexachlorobenzene ug/L ND 10.0 09/25/17 16:302.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/25/17 16:3018.8
Hexachloroethane ug/L ND 10.0 09/25/17 16:303.4
Isophorone ug/L ND 10.0 09/25/17 16:301.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodimethylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/25/17 16:301.1
Nitrobenzene ug/L ND 10.0 09/25/17 16:301.3
Phenol ug/L ND 10.0 09/25/17 16:301.2
Pyridine ug/L ND 10.0 09/25/17 16:302.5
2,4,6-Tribromophenol (S) %. 85 66-125 09/25/17 16:30
2-Fluorobiphenyl (S) %. 65 30-125 09/25/17 16:30
2-Fluorophenol (S) %. 79 49-125 09/25/17 16:30
Nitrobenzene-d5 (S) %. 73 44-125 09/25/17 16:30
p-Terphenyl-d14 (S) %. 76 31-125 09/25/17 16:30
Phenol-d6 (S) %. 78 59-125 09/25/17 16:30

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,4-Trichlorobenzene ug/L 28.050 56 50-125
1,2-Dichlorobenzene ug/L 24.350 49 40-125
1,2-Diphenylhydrazine ug/L 43.850 88 66-125
1,3-Dichlorobenzene ug/L 21.650 43 37-125
1,4-Dichlorobenzene ug/L 22.950 46 38-125
1-Methylnaphthalene ug/L 36.450 73 64-125
2,4,5-Trichlorophenol ug/L 40.250 80 72-125
2,4,6-Trichlorophenol ug/L 40.550 81 70-125
2,4-Dichlorophenol ug/L 37.950 76 66-125
2,4-Dimethylphenol ug/L 25.5J50 51 30-125
2,4-Dinitrophenol ug/L 13.6 L250 27 30-125
2,4-Dinitrotoluene ug/L 43.250 86 74-125
2,6-Dinitrotoluene ug/L 41.450 83 75-125
2-Chloronaphthalene ug/L 37.450 75 68-125
2-Chlorophenol ug/L 35.550 71 59-125
2-Methylnaphthalene ug/L 35.950 72 63-125
2-Methylphenol(o-Cresol) ug/L 35.450 71 59-125
2-Nitroaniline ug/L 44.450 89 71-125
2-Nitrophenol ug/L 37.050 74 64-125
3&4-Methylphenol(m&p Cresol) ug/L 36.950 74 62-125
3,3'-Dichlorobenzidine ug/L 38.8J50 78 61-125
3-Nitroaniline ug/L 45.550 91 60-125
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

4,6-Dinitro-2-methylphenol ug/L 23.950 48 30-136
4-Bromophenylphenyl ether ug/L 40.350 81 73-125
4-Chloro-3-methylphenol ug/L 40.650 81 71-125
4-Chloroaniline ug/L 40.6J50 81 50-125
4-Chlorophenylphenyl ether ug/L 40.650 81 72-125
4-Nitroaniline ug/L 39.750 79 63-125
4-Nitrophenol ug/L 30.0 L250 60 66-125
Benzoic acid ug/L ND L250 0 30-125
Benzyl alcohol ug/L 38.250 76 63-125
bis(2-Chloroethoxy)methane ug/L 38.350 77 66-125
bis(2-Chloroethyl) ether ug/L 34.750 69 58-125
bis(2-Chloroisopropyl) ether ug/L 32.4 SS50 65 53-125
bis(2-Ethylhexyl)phthalate ug/L 44.850 90 73-125
Butylbenzylphthalate ug/L 42.150 84 73-125
Carbazole ug/L 41.250 82 75-125
Di-n-butylphthalate ug/L 42.750 85 75-125
Di-n-octylphthalate ug/L 43.550 87 75-125
Dibenzofuran ug/L 41.850 84 72-125
Diethylphthalate ug/L 43.350 87 75-125
Dimethylphthalate ug/L 43.250 86 75-125
Hexachloro-1,3-butadiene ug/L 23.350 47 39-125
Hexachlorobenzene ug/L 41.250 82 75-125
Hexachlorocyclopentadiene ug/L ND 1M,L250 0 30-125
Hexachloroethane ug/L 18.750 37 30-125
Isophorone ug/L 41.050 82 70-125
N-Nitroso-di-n-propylamine ug/L 38.250 76 65-125
N-Nitrosodimethylamine ug/L 33.850 68 46-125
N-Nitrosodiphenylamine ug/L 40.650 81 72-125
Nitrobenzene ug/L 36.550 73 65-125
Phenol ug/L 33.550 67 60-125
Pyridine ug/L ND L250 0 30-125
2,4,6-Tribromophenol (S) %. 91 66-125
2-Fluorobiphenyl (S) %. 69 30-125
2-Fluorophenol (S) %. 69 49-125
Nitrobenzene-d5 (S) %. 64 44-125
p-Terphenyl-d14 (S) %. 77 31-125
Phenol-d6 (S) %. 72 59-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,4-Trichlorobenzene ug/L M152.1 63 58-12556 11 3052.1ND 32.6 29.1
1,2-Dichlorobenzene ug/L M152.1 56 55-12547 18 3052.1ND 29.3 24.5
1,2-Diphenylhydrazine ug/L 52.1 98 64-12593 5 3052.1ND 50.9 48.6

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:09 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 37 of 124

37 of 270010403485



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichlorobenzene ug/L M152.1 55 52-12545 20 3052.1ND 28.7 23.5
1,4-Dichlorobenzene ug/L M152.1 56 53-12546 21 3052.1ND 29.3 23.8
1-Methylnaphthalene ug/L 52.1 81 64-12572 11 3052.1ND 42.0 37.7
2,4,5-Trichlorophenol ug/L 52.1 93 70-12585 9 3052.1ND 48.4 44.0
2,4,6-Trichlorophenol ug/L 52.1 94 70-12583 12 3052.1ND 48.7 43.3
2,4-Dichlorophenol ug/L 52.1 90 60-12579 13 3052.1ND 46.8 41.1
2,4-Dimethylphenol ug/L 52.1 79 30-15064 3052.1ND 40.9J 33.4J
2,4-Dinitrophenol ug/L 52.1 92 30-14383 11 3052.1ND 47.9 43.1
2,4-Dinitrotoluene ug/L 52.1 99 75-12594 5 3052.1ND 51.5 49.0
2,6-Dinitrotoluene ug/L 52.1 94 73-12590 5 3052.1ND 49.2 46.6
2-Chloronaphthalene ug/L 52.1 85 69-12576 10 3052.1ND 44.1 39.8
2-Chlorophenol ug/L 52.1 85 54-12573 15 3052.1ND 44.3 37.9
2-Methylnaphthalene ug/L 52.1 79 63-12569 14 3052.1ND 41.0 35.7
2-Methylphenol(o-Cresol) ug/L 52.1 88 54-12576 14 3052.1ND 45.7 39.7
2-Nitroaniline ug/L 52.1 97 62-12593 4 3052.1ND 50.5 48.6
2-Nitrophenol ug/L 52.1 84 61-12576 10 3052.1ND 43.6 39.4
3&4-Methylphenol(m&p
Cresol)

ug/L 52.1 88 57-12578 12 3052.1ND 45.7 40.6

3,3'-Dichlorobenzidine ug/L 52.1 75 30-12586 3052.1ND 39.1J 44.9J
3-Nitroaniline ug/L 52.1 97 30-14093 4 3052.1ND 50.4 48.6
4,6-Dinitro-2-methylphenol ug/L 52.1 96 30-13589 8 3052.1ND 50.2 46.5
4-Bromophenylphenyl ether ug/L 52.1 96 54-12592 4 3052.1ND 49.9 47.9
4-Chloro-3-methylphenol ug/L 52.1 98 73-12587 11 3052.1ND 50.8 45.5
4-Chloroaniline ug/L 52.1 84 30-12884 3052.1ND 43.6J 43.5J
4-Chlorophenylphenyl ether ug/L 52.1 96 57-12587 10 3052.1ND 50.1 45.3
4-Nitroaniline ug/L 52.1 92 30-13888 4 3052.1ND 47.8 45.8
4-Nitrophenol ug/L 52.1 79 69-12580 1 3052.1ND 41.2 41.7
Benzoic acid ug/L 52.1 90 30-12565 3052.1ND 46.7J 34.0J
Benzyl alcohol ug/L 52.1 91 63-12582 10 3052.1ND 47.5 42.8
bis(2-Chloroethoxy)methane ug/L 52.1 87 68-12579 10 3052.1ND 45.4 40.9
bis(2-Chloroethyl) ether ug/L 52.1 82 58-12571 14 3052.1ND 42.6 36.9
bis(2-Chloroisopropyl) ether ug/L SS52.1 72 56-12563 13 3052.1ND 37.3 32.6
bis(2-Ethylhexyl)phthalate ug/L 52.1 104 75-125100 4 3052.1ND 54.1 52.1
Butylbenzylphthalate ug/L 52.1 103 54-12599 3 3052.1ND 53.5 51.7
Carbazole ug/L 52.1 98 72-12593 4 3052.1ND 50.8 48.7
Di-n-butylphthalate ug/L 52.1 101 75-12595 6 3052.1ND 52.6 49.7
Di-n-octylphthalate ug/L 52.1 103 57-12599 4 3052.1ND 53.6 51.7
Dibenzofuran ug/L 52.1 94 63-12587 8 3052.1ND 49.1 45.2
Diethylphthalate ug/L 52.1 100 75-12596 5 3052.1ND 52.3 49.8
Dimethylphthalate ug/L 52.1 99 75-12593 6 3052.1ND 51.5 48.5
Hexachloro-1,3-butadiene ug/L 52.1 57 47-12549 16 3052.1ND 29.8 25.4
Hexachlorobenzene ug/L 52.1 99 75-12592 7 3052.1ND 51.5 48.0
Hexachlorocyclopentadiene ug/L 1M,M052.1 14 30-1250 3052.1ND ND ND
Hexachloroethane ug/L M152.1 55 46-12542 26 3052.1ND 28.5 21.9
Isophorone ug/L 52.1 93 72-12583 11 3052.1ND 48.3 43.3
N-Nitroso-di-n-propylamine ug/L 52.1 85 73-12575 13 3052.1ND 44.4 39.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

N-Nitrosodimethylamine ug/L 52.1 78 59-12572 9 3052.1ND 40.7 37.3
N-Nitrosodiphenylamine ug/L 52.1 93 55-12588 6 3052.1ND 48.7 45.9
Nitrobenzene ug/L 52.1 85 55-12574 14 3052.1ND 44.4 38.8
Phenol ug/L 52.1 79 39-12970 12 3052.1ND 41.1 36.4
Pyridine ug/L M052.1 0 30-1252 3052.1ND ND ND
2,4,6-Tribromophenol (S) %. 107 66-12597
2-Fluorobiphenyl (S) %. 68 30-12560
2-Fluorophenol (S) %. 86 49-12575
Nitrobenzene-d5 (S) %. 76 44-12567
p-Terphenyl-d14 (S) %. 87 31-12584
Phenol-d6 (S) %. 87 59-12579
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497601

EPA Mod. 3510C

EPA 8270D by SIM

8270D PAH by SIM MSSV

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705475

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 09/28/17 10:470.0056
Acenaphthylene ug/L ND 0.040 09/28/17 10:470.0066
Anthracene ug/L ND 0.040 09/28/17 10:470.0079
Benzo(a)anthracene ug/L ND 0.040 09/28/17 10:470.0078
Benzo(a)pyrene ug/L ND 0.040 09/28/17 10:470.0043
Benzo(b)fluoranthene ug/L ND 0.040 09/28/17 10:470.0048
Benzo(e)pyrene ug/L ND 0.040 09/28/17 10:470.0055
Benzo(g,h,i)perylene ug/L ND 0.040 09/28/17 10:470.0075
Benzo(k)fluoranthene ug/L ND 0.040 09/28/17 10:470.0048
Chrysene ug/L ND 0.040 09/28/17 10:470.0058
Dibenz(a,h)anthracene ug/L ND 0.040 09/28/17 10:470.011
Fluoranthene ug/L ND 0.040 09/28/17 10:470.0072
Fluorene ug/L ND 0.040 09/28/17 10:470.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 09/28/17 10:470.0036
Naphthalene ug/L ND 0.040 09/28/17 10:470.0075
Phenanthrene ug/L ND 0.040 09/28/17 10:470.0088
Pyrene ug/L ND 0.040 09/28/17 10:470.0084
2-Fluorobiphenyl (S) %. 81 55-125 09/28/17 10:47
p-Terphenyl-d14 (S) %. 94 64-125 09/28/17 10:47

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705476LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.731 73 51-125
Acenaphthylene ug/L 0.701 70 54-125
Anthracene ug/L 0.851 85 64-125
Benzo(a)anthracene ug/L 0.851 85 63-125
Benzo(a)pyrene ug/L 0.921 92 72-125
Benzo(b)fluoranthene ug/L 0.911 91 60-125
Benzo(e)pyrene ug/L 0.861 86 69-125
Benzo(g,h,i)perylene ug/L 0.851 85 52-125
Benzo(k)fluoranthene ug/L 0.871 87 71-125
Chrysene ug/L 0.871 87 72-125
Dibenz(a,h)anthracene ug/L 0.801 80 49-125
Fluoranthene ug/L 0.941 94 71-125
Fluorene ug/L 0.751 75 56-125
Indeno(1,2,3-cd)pyrene ug/L 0.891 89 59-125
Naphthalene ug/L 0.691 69 41-125
Phenanthrene ug/L 0.811 81 57-125
Pyrene ug/L 0.841 84 71-125
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705476LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 78 55-125
p-Terphenyl-d14 (S) %. 90 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705477MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403528005

2705478

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 68 43-12569 2 301ND 0.69 0.71
Acenaphthylene ug/L 1 65 42-12566 3 301ND 0.66 0.68
Anthracene ug/L 1 84 59-12583 1 301ND 0.86 0.85
Benzo(a)anthracene ug/L 1 84 56-12580 4 301ND 0.86 0.82
Benzo(a)pyrene ug/L 1 89 66-12589 1 301ND 0.90 0.91
Benzo(b)fluoranthene ug/L 1 90 56-12587 3 301ND 0.92 0.89
Benzo(e)pyrene ug/L 1 89 61-12585 4 301ND 0.91 0.87
Benzo(g,h,i)perylene ug/L 1 92 58-12589 2 301ND 0.94 0.92
Benzo(k)fluoranthene ug/L 1 85 64-12583 2 301ND 0.86 0.85
Chrysene ug/L 1 89 61-12587 1 301ND 0.90 0.90
Dibenz(a,h)anthracene ug/L 1 86 56-12588 3 301ND 0.87 0.90
Fluoranthene ug/L 1 99 64-12595 4 301ND 1.0 0.97
Fluorene ug/L 1 74 53-12569 6 301ND 0.75 0.71
Indeno(1,2,3-cd)pyrene ug/L 1 93 57-12590 3 301ND 0.95 0.92
Naphthalene ug/L 1 57 30-12564 11 301ND 0.59 0.66
Phenanthrene ug/L 1 82 52-12580 3 301ND 0.84 0.82
Pyrene ug/L 1 77 58-12578 1 301ND 0.79 0.80
2-Fluorobiphenyl (S) %. 71 55-12571
p-Terphenyl-d14 (S) %. 81 64-12580
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497630

EPA Mod. 3510C

EPA 8270D by SIM

8270D PCP MSSV

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705623

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 17:270.28
2,4,6-Tribromophenol (S) %. 84 30-132 09/27/17 17:27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705624LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 78 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705625MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403515004

2705626

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L 10 33 30-12533 3010ND 3.3J 3.3J
2,4,6-Tribromophenol (S) %. 68 30-13270
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498840

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712334

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 09/26/17 10:271.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 09/26/17 10:271.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 09/26/17 10:271.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 09/26/17 10:271.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712335LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712336

Alkalinity, Total as CaCO3 mg/L 39.440 99 90-11010441.4 5 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712337MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403938001

2712338

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 184 80-12087 16 3040189 263 224

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712339MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403809002

2712340

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 93 80-12084 3 304082.4 120 116
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497459

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2704938

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/19/17 16:475.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2704939LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9601000 96 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403344002
2704940SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 228 D618 10190

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403344003
2704941SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 320 1 10323
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497081

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2703290

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/19/17 19:080.0070
Chloride mg/L ND 1.2 09/19/17 19:080.14
Fluoride mg/L ND 0.050 09/19/17 19:080.0028
Nitrate as N mg/L ND 0.10 09/19/17 19:080.0079
Nitrite as N mg/L ND 0.10 09/19/17 19:080.016
Sulfate mg/L ND 1.2 09/19/17 19:080.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2703291LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 1.01 100 90-110
Chloride mg/L 13.012.5 104 90-110
Fluoride mg/L 1.01 101 90-110
Nitrate as N mg/L 1.01 101 90-110
Nitrite as N mg/L 0.991 99 90-110
Sulfate mg/L 12.812.5 102 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2703292MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

7573730001

2703293

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 93 90-11092 0 2010.13 1.1 1.1
Chloride mg/L M112.5 76 90-11076 0 2012.520.9 30.4 30.3
Fluoride mg/L 1 93 90-11094 1 2010.14 1.1 1.1
Nitrate as N mg/L 1 92 90-11091 0 201ND 0.96 0.96
Nitrite as N mg/L 1 93 90-11092 0 201ND 0.97 0.97
Sulfate mg/L M112.5 84 90-11084 0 2012.512.3 22.8 22.8

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2703370MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403555006

2703371

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 96 90-11096 0 201<0.0070 0.96 0.96
Chloride mg/L 12.5 96 90-11096 0 2012.51.2J 13.2 13.2
Fluoride mg/L M11 87 90-11087 0 2010.42 1.3 1.3
Nitrate as N mg/L 1 95 90-11094 0 201<0.0079 0.95 0.94
Nitrite as N mg/L 1 95 90-11095 0 201<0.016 0.95 0.95
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2703370MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403555006

2703371

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 92 90-11092 0 2012.53.0 14.5 14.5
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

268254

SM 5310C

SM 5310C

5310C Total Organic Carbon

Associated Lab Samples: 10403485001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1575741

Associated Lab Samples: 10403485001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/21/17 11:270.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1575742LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 99 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1575743MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403701001

1575744

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 98 80-120108 5 1010.91 1.9 2.0
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QUALIFIERS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G

Pace Analytical Services - MinneapolisPASI-M

BATCH QUALIFIERS

Batch: 498198

A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

Batch: 498839

A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M

Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.D3

The precision between the sample and sample duplicate exceeded laboratory control limits.D6

Analysis conducted outside the recognized method holding time.H1

Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.H5
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
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QUALIFIERS

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

ANALYTE QUALIFIERS

This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

SS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

10403485

1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10403485001 497523 498019LD02-09142017 EPA 3010 EPA 6010C

10403485001 498322 498798LD02-09142017 EPA 3020 EPA 6020A

10403485001 497841 498606LD02-09142017 EPA 3520 EPA 8270D

10403485001 497601 499409LD02-09142017 EPA Mod. 3510C EPA 8270D by SIM

10403485001 497630 498604LD02-09142017 EPA Mod. 3510C EPA 8270D by SIM

10403485001 498839LD02-09142017 EPA 8260B
10403485002 498839Trip Blank EPA 8260B

10403485001 498198LD02-09142017 EPA 8260B
10403485002 498198Trip Blank EPA 8260B

10403485001 498840LD02-09142017 SM 2320B

10403485001 497459LD02-09142017 SM 2540C

10403485001 497081LD02-09142017 EPA 300.0

10403485001 268254LD02-09142017 SM 5310C
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Lab Smp Id: 10403485001
Inj Date : 26-SEP-2017 18:38
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403485001
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 27-Sep-2017 08:24 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.925 (0.231) 3915 0.59041 0.59(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected.

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 127127 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 215348 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 184709 52.9181 52.9(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 375921 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.985 (1.000) 47029 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 444263 50.9812 51.0

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 340972 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 154308 50.1408 50.1

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 160848 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Lab Smp Id: 10403485001
Inj Date : 26-SEP-2017 18:38
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403485001
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 27-Sep-2017 08:24 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.925 (0.231) 3915 0.59041 0.59(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected.

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 127127 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 215348 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 184709 52.9181 52.9(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 375921 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.985 (1.000) 47029 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 444263 50.9812 51.0

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269025.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 340972 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 154308 50.1408 50.1

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 160848 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Report Date: 27-Sep-2017 08:46

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Lab Smp Id: 10403485002
Inj Date : 26-SEP-2017 14:44
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403485002,,tb
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 27-Sep-2017 08:24 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 15
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.385) 33513 91.4111 91.4(M)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 123588 100.000

21 Acetone 58 Compound Not Detected. (D)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 218411 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 189678 53.5796 53.6(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 375190 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.986 4.985 (1.000) 50095 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 455023 51.8527 51.8

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 343361 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 161927 50.5269 50.5

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 167500 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 218411 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 189678 53.5796 53.6(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 375190 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.986 4.985 (1.000) 50095 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 455023 51.8527 51.8

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269015.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 343361 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 161927 50.5269 50.5

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 167500 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 4
Report Date: 29-Sep-2017 08:20

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D
Lab Smp Id: 10403485001 Client Smp ID: LD02-09142017
Inj Date : 25-SEP-2017 17:26
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403485001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 890.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 488142 40.000

* 45 Acenaphthene-d10 (IS) 7.999 645303 40.000

* 76 Chrysene-d12 (IS) 13.154 759374 40.000

* 82 Perylene-d12 (IS) 14.869 751190 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Benzaldehyde, 4-benzyloxy-2-fluoro-5-hyd CAS #: 141523-16-2

2.336 59627 4.88602621 5.5 47 NIST05.L 89118 9

Dodecanoic acid CAS #: 143-07-7

8.293 312878 19.3941722 21.8 99 NIST05.L 57057 45

Heptaethylene glycol CAS #: 5617-32-3

12.385 96554 5.08599061 5.7 64 NIST05.L 139825 76
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 5
Report Date: 29-Sep-2017 08:20

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Hexagol CAS #: 2615-15-8

13.528 161154 8.48876888 9.5 94 NIST05.L 112858 76

1,4,7,10,13,16-Hexaoxanonadecane, 18-(2- CAS #: 1000163-64-0

14.570 146706 7.81190149 8.8 64 NIST05.L 135590 82
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 1
Report Date: 29-Sep-2017 08:20

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D
Lab Smp Id: 10403485001 Client Smp ID: LD02-09142017
Inj Date : 25-SEP-2017 17:26
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403485001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 890.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.169 3.169 (0.716) 181042 78.4634 88.2

$ 4 Phenol-d6 (S) 99 4.040 4.045 (0.913) 229260 82.8332 93.1

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.425 4.430 (1.000) 74531 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.039 5.044 (0.860) 155963 53.3981 60.0

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 2
Report Date: 29-Sep-2017 08:20

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 5.562 5.621 (0.949) 3592 2.32621 2.6(Q)

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.862 5.867 (1.000) 267017 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.165 7.170 (0.896) 257008 49.0330 55.1

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.999 8.009 (1.000) 129241 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.992 8.992 (1.124) 70759 101.933 114

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.852 9.858 (1.000) 254532 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.840 11.845 (0.900) 372961 64.5075 72.5

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.154 13.164 (1.000) 240946 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 3
Report Date: 29-Sep-2017 08:20

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected. (D)

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.869 14.874 (1.000) 254088 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 4
Report Date: 29-Sep-2017 08:20

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D
Lab Smp Id: 10403485001 Client Smp ID: LD02-09142017
Inj Date : 25-SEP-2017 17:26
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403485001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 890.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 488142 40.000

* 45 Acenaphthene-d10 (IS) 7.999 645303 40.000

* 76 Chrysene-d12 (IS) 13.154 759374 40.000

* 82 Perylene-d12 (IS) 14.869 751190 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Benzaldehyde, 4-benzyloxy-2-fluoro-5-hyd CAS #: 141523-16-2

2.336 59627 4.88602621 5.5 47 NIST05.L 89118 9

Dodecanoic acid CAS #: 143-07-7

8.293 312878 19.3941722 21.8 99 NIST05.L 57057 45

Heptaethylene glycol CAS #: 5617-32-3

12.385 96554 5.08599061 5.7 64 NIST05.L 139825 76
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 5
Report Date: 29-Sep-2017 08:20

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Hexagol CAS #: 2615-15-8

13.528 161154 8.48876888 9.5 94 NIST05.L 112858 76

1,4,7,10,13,16-Hexaoxanonadecane, 18-(2- CAS #: 1000163-64-0

14.570 146706 7.81190149 8.8 64 NIST05.L 135590 82
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251706.D Page 6
Report Date: 29-Sep-2017 08:20

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092517
Lab Smp Id: 10403485001 Client Smp ID: LD02-09142017
Operator : AT1 Sample Date: 14-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:15-SEP-2017 09:45
Analysis Type: SV Level: LOW
Inj Date: 25-SEP-2017 17:26

CONCENTRATION UNITS:
Number TICs found: 5 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 141523-16-2|Benzaldehyde, 4-benzyloxy-2| 2.336| 5.5| NJ__|
| 2. 143-07-7 |Dodecanoic acid | 8.293| 21.8| NJ__|
| 3. 5617-32-3 |Heptaethylene glycol | 12.385| 5.7| NJ__|
| 4. 2615-15-8 |Hexagol | 13.528| 9.5| NJ__|
| 5. 1000163-64-|1,4,7,10,13,16-Hexaoxanonad| 14.570| 8.8| NJ__|
|________________|___________________________|________|_____________|_____|
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29-Sep-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Field Work Order: 17091070

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 19-Sep-2017 09:30 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091070
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091070-01 LD02-09142017 Water 9/14/2017 11:15 9/19/2017 09:30

Sample Summary Page 1 of  1
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Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091070
Case Narrative

Samples for the above noted Work Order were received on 09/19/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 29-Sep-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

WorkOrder: 17091070

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Field

Sample ID: LD02-09142017

Collection Date: 9/14/2017 11:15 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091070

Dilution
Factor

Lab ID: 17091070-01

ALS Group, USA Date: 29-Sep-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/22/2017 03:14 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091070
QC BATCH REPORT

Batch ID: R220724 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:28 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655944

MBLK

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MBLKW1-R220724

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:37 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655945

LCS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCSW1-R220724

0025Acrylamide 104  50-1500.1025.89

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:46 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655946

MS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MS

0050Acrylamide 96.5  50-1500.2048.23

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:55 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655947

MSD

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MSD

48.23050Acrylamide 95.9  50-150 300.20 0.56147.96

The following samples were analyzed in this batch: 17091070-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091070

Date/Time Received: 19-Sep-17 09:30

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.2/4.2 c

Login Notes:

SR2

Cooler(s)/Kit(s):

19-Sep-17 19-Sep-17 Diane Shaw  Alex Csaszar

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/19/2017 3:49:25 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1733137

Pace Analytical Services

10403485001

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

09/29/17

320 Forbes Boulevard, Mansfield, MA  02048-1806

Lab Number:

Report Date:

508-822-9300  (Fax) 508-822-3288  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:09291717:58

Page 1 of 19
Page 87 of 124

87 of 270010403485



L1733137-01

Alpha 
Sample ID

LD02-09142017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10403485001

Project Name:
Project Number:

Lab Number: 
Report Date:

L1733137
09/29/17

09/14/17 11:15

Collection 
Date/TimeMatrix Receive Date

WATER 09/19/17

Serial_No:09291717:58
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1209662 PAVILLION WY WELL FLD

10403485001

Project Name:

Project Number:

Lab Number:

Report Date:
L1733137

09/29/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  09/29/17                  
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PESTICIDES
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0052

0.0005

0.0260

0.0260

09/29/17

LD02-09142017Client ID:
09/14/17 11:15Date Collected:
09/19/17Date Received:

WYSample Location:

L1733137-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
09/28/17 19:23
DP

EPA 3510C
Extraction Date: 09/20/17 21:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column
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Page 6 of 19
Page 92 of 124

92 of 270010403485



Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

61

74

64

74

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

09/29/17

LD02-09142017Client ID:
09/14/17 11:15Date Collected:
09/19/17Date Received:

WYSample Location:

L1733137-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:09291717:58
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

09/28/17 17:41
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/20/17 21:00

09/29/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1043860-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

09/28/17 17:41
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/20/17 21:00

09/29/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1043860-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

74

68

79

67

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:09291717:58
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 71

 73

 82

 89

 75

 77

 81

 75

 80

 77

 77

 81

 87

 75

 78

 81

 83

 81

 83

 73

 84

 83

87

75

76

87

93

79

82

85

79

84

81

81

86

91

79

81

84

88

86

88

74

87

89

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

5

5

5

5

5

5

5

5

5

5

5

5

6

5

5

4

4

6

6

6

1

3

7

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

09/29/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:09291717:58
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Endrin ketone

Methoxychlor

Mirex

 99

 72

 67

103

75

72

40-140

40-140

40-140

4

4

7

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

72
61
77
62

30-150
30-150
30-150
30-150

A
A
B
B

73
63
78
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

09/29/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:09291717:58
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Heptachlor epoxide

Oxychlordane

 84

 83

88

87

40-140

40-140

4

4

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403485001

L1733137

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

72
61
77
62

30-150
30-150
30-150
30-150

A
A
B
B

73
63
78
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

09/29/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:09291717:58
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*Values in parentheses indicate holding time in days

L1733137-01A

L1733137-01B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

8

8

2.8

2.8

Y

Y

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10403485001

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1733137Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

09/29/17

Were project specific reporting limits specified? YES

8

8

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:09291717:58
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17331371209662 PAVILLION WY WELL FLD

10403485001 09/29/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:09291717:58
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17331371209662 PAVILLION WY WELL FLD

10403485001 09/29/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:09291717:58
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17331371209662 PAVILLION WY WELL FLD

10403485001

REFERENCES 

09/29/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 1 of 12

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLON / 1209662 / 10403485

Dear Amanda Albrecht:

23892

Enclosed are the analytical results for sample(s) received by the laboratory on Monday, September 18, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 106 of 124
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 2 of 12

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 3 of 12

SAMPLE SUMMARY

Workorder: 23892 PAVILLON / 1209662 / 10403485

Lab ID Sample ID Matrix Date Collected Date Received

238920001 LD02-09142017 Water 9/14/2017 11:15 9/18/2017 10:30

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 4 of 12

PROJECT SUMMARY

Workorder: 23892 PAVILLON / 1209662 / 10403485

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6349 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 5 of 12

ANALYTICAL RESULTS

Workorder: 23892 PAVILLON / 1209662 / 10403485

9/18/2017 10:30

LD02-09142017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

238920001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/14/2017 11:15

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/17/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/17/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 50 ug/l 0.50 1 9/20/2017 07:59 TD n0.016
Ethane 4.0 ug/l 0.10 1 9/20/2017 07:59 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 9/20/2017 07:59 TD n0.0040
Propane 0.83 ug/l 0.10 1 9/20/2017 07:59 TD n0.0050
Propene 0.028J ug/l 0.10 1 9/20/2017 07:59 TD n0.012
Carbon Dioxide 0.80J mg/l 5.0 1 9/20/2017 07:59 TD n0.32
iso-Butane 0.48 ug/l 0.20 1 9/20/2017 07:59 TD n0.019
n-Butane 0.16J ug/l 0.20 1 9/20/2017 07:59 TD n0.012
Oxygen 4.8 mg/l 0.50 1 9/20/2017 07:59 TD n0.12
Nitrogen 21 mg/l 2.0 1 9/20/2017 07:59 TD n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/20/2017 07:59 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/5/2017 10:04 AK d,n1800
Helium 30 U ug/l 30 1 9/21/2017 10:07 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/21/2017 10:07 AK M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/21/2017 18:55 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/21/2017 18:55 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/21/2017 18:55 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/17/2017 00:00 ITL s

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 6 of 12

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23892 PAVILLON / 1209662 / 10403485

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 7 of 12

QUALITY CONTROL DATA

Workorder: 23892 PAVILLON / 1209662 / 10403485

QC Batch:

QC Batch Method:

DISG/6347

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 238920001

METHOD BLANK: 50976

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 50977

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50978 50980

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 900 117 80-120 n840 109 7.1 20
Ethane ug/l 76 81 108 80-120 n81 107 0.93 20
Ethene ug/l 71 76 108 80-120 n76 107 0.93 20
Propane ug/l 56 62 111 80-120 n62 111 0 20
Propene ug/l 53 53 101 80-120 n53 100 1 20
iso-Butane ug/l 73 80 110 80-120 n80 109 0.91 20
n-Butane ug/l 73 80 109 80-120 n79 108 0.92 20

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 8 of 12

QUALITY CONTROL DATA

Workorder: 23892 PAVILLON / 1209662 / 10403485

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50979 50981

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 109 80-120 n130 108 0.92 20
Oxygen mg/l 11 11 93 80-120 n10 93 0 20
Nitrogen mg/l 140 130 93 80-120 n130 93 0 20
Carbon Monoxide mg/l 2 2.3 116 80-120 n2.4 118 1.7 20

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 9 of 12

QUALITY CONTROL DATA

Workorder: 23892 PAVILLON / 1209662 / 10403485

QC Batch:

QC Batch Method:

DISG/6349

AM30

Analysis Method: AM30

Associated Lab Samples: 238920001

METHOD BLANK: 51005

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M2,M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51006

RISK
Helium 570ug/l 680 M1,n119 80-120
Hydrogen 290ug/l 350 M2,M1,n121 80-120

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 10 of 12

QUALITY CONTROL DATA

Workorder: 23892 PAVILLON / 1209662 / 10403485

QC Batch:

QC Batch Method:

VAP/1942

AM10

Analysis Method: AM10

Associated Lab Samples: 238920001

METHOD BLANK: 51016

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51017 51018

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 13 67 70-130 M2,M4,n13 63 6.2 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 94 12 30

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 11 of 12

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23892 PAVILLON / 1209662 / 10403485

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23892 - 1072919 Page 12 of 12

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23892 PAVILLON / 1209662 / 10403485

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

238920001 LD02-09142017 DISG/6347AM20GAX

238920001 LD02-09142017 DISG/6349AM30

238920001 LD02-09142017 VAP/1942AM10

238920001 LD02-09142017 DISG/6390AM30

238920001 LD02-09142017 SCIT/1044D18O
Subcontracted to Isotech

238920001 LD02-09142017 CSIA/1673D18O

238920001 LD02-09142017 CSIA/1674AM24

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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July 23, 2018

LIMS USE: FR - KYLE SMITH

LIMS OBJECT ID: 10405043

10405043
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 28, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on December 12, 2017 to correct MS/MSD data for sample 10404666001.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 1 of 210
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CERTIFICATIONS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10405043001 PGDW05-09272017 Water 09/27/17 13:20 09/28/17 09:50

10405043002 TRIP BLANK-09272017 Water 09/27/17 16:00 09/28/17 09:50

10405043003 PGDW05-09272017-PRE Water 09/27/17 00:00 09/28/17 09:50

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10405043001 PGDW05-09272017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10405043002 TRIP BLANK-09272017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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SUMMARY OF DETECTION

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult

Lab Sample ID 

Report Limit QualifiersUnitsMethod

Client Sample ID

10405043001 PGDW05-09272017

Calcium 3040 ug/L 10/06/17 13:44 B500EPA 6010C
Iron 105 ug/L 10/06/17 13:4450.0EPA 6010C
Magnesium 70.8J ug/L 10/06/17 13:44 B500EPA 6010C
Manganese 1.2J ug/L 10/06/17 13:445.0EPA 6010C
Potassium 317J ug/L 10/06/17 13:442500EPA 6010C
Sodium 174000 ug/L 10/06/17 13:441000EPA 6010C
Strontium 56.7 ug/L 10/06/17 01:250.50EPA 6020A
Anthracene 0.012J ug/L 10/02/17 22:090.043EPA 8270D by SIM
Fluoranthene 0.011J ug/L 10/02/17 22:090.043EPA 8270D by SIM
Fluorene 0.016J ug/L 10/02/17 22:090.043EPA 8270D by SIM
Naphthalene 0.010J ug/L 10/02/17 22:090.043EPA 8270D by SIM
Phenanthrene 0.031J ug/L 10/02/17 22:09 B0.043EPA 8270D by SIM
1,1,2,2-Tetrachloroethane 0.19J ug/L 10/07/17 07:340.50EPA 8260B
m&p-Xylene 1.2J ug/L 10/07/17 07:342.0EPA 8260B
Alkalinity, Total as CaCO3 90.9 mg/L 10/06/17 11:485.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 70.5 mg/L 10/06/17 11:485.0SM 2320B
Alkalinity,Carbonate (CaCO3) 20.4 mg/L 10/06/17 11:485.0SM 2320B
Total Dissolved Solids 558 mg/L 10/04/17 10:0120.0SM 2540C
Bromide 0.13 mg/L 09/28/17 16:440.080EPA 300.0
Chloride 17.5 mg/L 09/28/17 16:441.2EPA 300.0
Fluoride 1.1 mg/L 09/28/17 16:440.050EPA 300.0
Nitrate as N 0.039J mg/L 09/28/17 16:440.10EPA 300.0
Sulfate 285 mg/L 09/28/17 20:0412.0EPA 300.0
Total Organic Carbon 0.53J mg/L 10/03/17 20:410.84SM 5310C

10405043002 TRIP BLANK-09272017

2-Propanol 114 ug/L 10/07/17 04:26100EPA 8260B
Acetone 10.6J ug/L 10/07/17 04:2620.0EPA 8260B
Naphthalene 0.79J ug/L 10/07/17 04:261.0EPA 8260B
Toluene 0.38J ug/L 10/07/17 04:260.50EPA 8260B
m&p-Xylene 1.5J ug/L 10/07/17 04:262.0EPA 8260B
o-Xylene 0.26J ug/L 10/07/17 04:260.50EPA 8260B
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 499862

B: Analyte was detected in the associated method blank.
• BLANK for HBN 499862 [MPRP/758  (Lab ID: 2717997)

• Calcium
• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499862

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2717999)
• Sodium

• MSD  (Lab ID: 2718000)
• Sodium

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499870

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404666001

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2718031)

• Strontium
• MSD  (Lab ID: 2718032)

• Strontium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW05-09272017  (Lab ID: 10405043001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 499994

2M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2718510)

• Hexachlorocyclopentadiene
• LCSD  (Lab ID: 2718511)

• Hexachlorocyclopentadiene

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 499398

B: Analyte was detected in the associated method blank.
• BLANK for HBN 499398 [OEXT/401  (Lab ID: 2715086)

• Phenanthrene

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 500597

1M: Surrogate recovery outside laboratory control limits due to matrix interferences (confirmed by similar results from sample re-
extraction and/or re-analysis)

• PGDW05-09272017  (Lab ID: 10405043001)
• 2,4,6-Tribromophenol (S)

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 501186

P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2724446)
• Naphthalene
• Toluene

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

QC Batch: 501186

L1: Analyte recovery in the laboratory control sample (LCS) was above QC limits.  Results for this analyte in associated samples
may be biased high.

• LCS  (Lab ID: 2724447)
• Tetrahydrofuran

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 501186

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 2724448)

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

QC Batch: 501186

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• Tetrahydrofuran

• MSD  (Lab ID: 2724449)
• Tetrahydrofuran

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2724448)

• Acetone
• Naphthalene

• MSD  (Lab ID: 2724449)
• Acetone
• Naphthalene

Additional Comments:

Analyte Comments:

QC Batch: 501186

P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2724446)
• Naphthalene
• Toluene

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 500337

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2720079)

• 1,2-Dichloroethane-d4 (S)
• PGDW05-09272017  (Lab ID: 10405043001)

• 1,2-Dichloroethane-d4 (S)
• TRIP BLANK-09272017  (Lab ID: 10405043002)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.

QC Batch: 500337

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499465

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10406472001,10406474001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2726397)

• Chloride
• Fluoride
• Nitrate as N

• MS  (Lab ID: 2726399)
• Chloride

• MSD  (Lab ID: 2726398)
• Chloride
• Fluoride
• Nitrate as N

• MSD  (Lab ID: 2726400)
• Bromide
• Chloride
• Fluoride
• Nitrite as N

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2726397)

• Sulfate
• MSD  (Lab ID: 2726398)

• Sulfate
• MSD  (Lab ID: 2726400)

• Nitrate as N
• Sulfate

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2726400)

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

QC Batch: 499465

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10406472001,10406474001

R1: RPD value was outside control limits.
• Bromide
• Fluoride
• Nitrate as N
• Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW05-09272017 Lab ID: 10405043001 Collected: 09/27/17 13:20 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 3040 ug/L 10/06/17 13:44 7440-70-2 B10/02/17 12:33500 24.7 1
Iron 105 ug/L 10/06/17 13:44 7439-89-610/02/17 12:3350.0 16.7 1
Magnesium 70.8J ug/L 10/06/17 13:44 7439-95-4 B10/02/17 12:33500 2.6 1
Manganese 1.2J ug/L 10/06/17 13:44 7439-96-510/02/17 12:335.0 0.38 1
Potassium 317J ug/L 10/06/17 13:44 7440-09-710/02/17 12:332500 126 1
Sodium 174000 ug/L 10/06/17 13:44 7440-23-510/02/17 12:331000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 56.7 ug/L 10/06/17 01:25 7440-24-610/02/17 14:100.50 0.075 1

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 10/05/17 18:19 65-85-010/02/17 17:3951.5 1.6 1
Benzyl alcohol ND ug/L 10/05/17 18:19 100-51-610/02/17 17:3910.3 1.4 1
4-Bromophenylphenyl ether ND ug/L 10/05/17 18:19 101-55-310/02/17 17:3910.3 2.4 1
Butylbenzylphthalate ND ug/L 10/05/17 18:19 85-68-710/02/17 17:3910.3 1.8 1
Carbazole ND ug/L 10/05/17 18:19 86-74-810/02/17 17:3910.3 1.1 1
4-Chloro-3-methylphenol ND ug/L 10/05/17 18:19 59-50-710/02/17 17:3910.3 1.5 1
4-Chloroaniline ND ug/L 10/05/17 18:19 106-47-810/02/17 17:3951.5 2.0 1
bis(2-Chloroethoxy)methane ND ug/L 10/05/17 18:19 111-91-110/02/17 17:3910.3 1.4 1
bis(2-Chloroethyl) ether ND ug/L 10/05/17 18:19 111-44-410/02/17 17:3910.3 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 10/05/17 18:19 108-60-110/02/17 17:3910.3 1.4 1
2-Chloronaphthalene ND ug/L 10/05/17 18:19 91-58-710/02/17 17:3910.3 2.3 1
2-Chlorophenol ND ug/L 10/05/17 18:19 95-57-810/02/17 17:3910.3 1.2 1
4-Chlorophenylphenyl ether ND ug/L 10/05/17 18:19 7005-72-310/02/17 17:3910.3 1.6 1
Dibenzofuran ND ug/L 10/05/17 18:19 132-64-910/02/17 17:3910.3 1.7 1
1,2-Dichlorobenzene ND ug/L 10/05/17 18:19 95-50-110/02/17 17:3910.3 3.6 1
1,3-Dichlorobenzene ND ug/L 10/05/17 18:19 541-73-110/02/17 17:3910.3 4.3 1
1,4-Dichlorobenzene ND ug/L 10/05/17 18:19 106-46-710/02/17 17:3910.3 3.5 1
3,3'-Dichlorobenzidine ND ug/L 10/05/17 18:19 91-94-110/02/17 17:3951.5 1.2 1
2,4-Dichlorophenol ND ug/L 10/05/17 18:19 120-83-210/02/17 17:3910.3 1.6 1
Diethylphthalate ND ug/L 10/05/17 18:19 84-66-210/02/17 17:3910.3 1.5 1
2,4-Dimethylphenol ND ug/L 10/05/17 18:19 105-67-910/02/17 17:3951.5 2.9 1
Dimethylphthalate ND ug/L 10/05/17 18:19 131-11-310/02/17 17:3910.3 1.3 1
Di-n-butylphthalate ND ug/L 10/05/17 18:19 84-74-210/02/17 17:3910.3 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 10/05/17 18:19 534-52-110/02/17 17:3910.3 1.6 1
2,4-Dinitrophenol ND ug/L 10/05/17 18:19 51-28-510/02/17 17:3910.3 2.5 1
2,4-Dinitrotoluene ND ug/L 10/05/17 18:19 121-14-210/02/17 17:3910.3 1.4 1
2,6-Dinitrotoluene ND ug/L 10/05/17 18:19 606-20-210/02/17 17:3910.3 0.66 1
Di-n-octylphthalate ND ug/L 10/05/17 18:19 117-84-010/02/17 17:3910.3 2.1 1
1,2-Diphenylhydrazine ND ug/L 10/05/17 18:19 122-66-710/02/17 17:3910.3 1.3 1
bis(2-Ethylhexyl)phthalate ND ug/L 10/05/17 18:19 117-81-710/02/17 17:3910.3 4.7 1
Hexachloro-1,3-butadiene ND ug/L 10/05/17 18:19 87-68-310/02/17 17:3910.3 3.3 1
Hexachlorobenzene ND ug/L 10/05/17 18:19 118-74-110/02/17 17:3910.3 2.2 1
Hexachlorocyclopentadiene ND ug/L 10/05/17 18:19 77-47-4 L210/02/17 17:3951.5 19.4 1
Hexachloroethane ND ug/L 10/05/17 18:19 67-72-110/02/17 17:3910.3 3.5 1
Isophorone ND ug/L 10/05/17 18:19 78-59-110/02/17 17:3910.3 1.2 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW05-09272017 Lab ID: 10405043001 Collected: 09/27/17 13:20 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 10/05/17 18:19 90-12-010/02/17 17:3910.3 2.2 1
2-Methylnaphthalene ND ug/L 10/05/17 18:19 91-57-610/02/17 17:3910.3 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 10/05/17 18:19 95-48-710/02/17 17:3910.3 2.0 1
3&4-Methylphenol(m&p Cresol) ND ug/L 10/05/17 18:1910/02/17 17:3920.6 1.1 1
2-Nitroaniline ND ug/L 10/05/17 18:19 88-74-410/02/17 17:3910.3 1.6 1
3-Nitroaniline ND ug/L 10/05/17 18:19 99-09-210/02/17 17:3910.3 1.2 1
4-Nitroaniline ND ug/L 10/05/17 18:19 100-01-610/02/17 17:3910.3 2.1 1
Nitrobenzene ND ug/L 10/05/17 18:19 98-95-310/02/17 17:3910.3 1.3 1
2-Nitrophenol ND ug/L 10/05/17 18:19 88-75-510/02/17 17:3910.3 1.7 1
4-Nitrophenol ND ug/L 10/05/17 18:19 100-02-710/02/17 17:3910.3 2.7 1
N-Nitrosodimethylamine ND ug/L 10/05/17 18:19 62-75-910/02/17 17:3910.3 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 10/05/17 18:19 621-64-710/02/17 17:3910.3 1.0 1
N-Nitrosodiphenylamine ND ug/L 10/05/17 18:19 86-30-610/02/17 17:3910.3 1.1 1
Phenol ND ug/L 10/05/17 18:19 108-95-210/02/17 17:3910.3 1.2 1
Pyridine ND ug/L 10/05/17 18:19 110-86-1 L210/02/17 17:3910.3 2.6 1
1,2,4-Trichlorobenzene ND ug/L 10/05/17 18:19 120-82-110/02/17 17:3910.3 4.3 1
2,4,5-Trichlorophenol ND ug/L 10/05/17 18:19 95-95-410/02/17 17:3910.3 1.1 1
2,4,6-Trichlorophenol ND ug/L 10/05/17 18:19 88-06-210/02/17 17:3910.3 1.1 1
Surrogates
Nitrobenzene-d5 (S) 70 %. 10/05/17 18:19 4165-60-010/02/17 17:3944-125 1
2-Fluorobiphenyl (S) 68 %. 10/05/17 18:19 321-60-810/02/17 17:3930-125 1
p-Terphenyl-d14 (S) 84 %. 10/05/17 18:19 1718-51-010/02/17 17:3931-125 1
Phenol-d6 (S) 73 %. 10/05/17 18:19 13127-88-310/02/17 17:3959-125 1
2-Fluorophenol (S) 75 %. 10/05/17 18:19 367-12-410/02/17 17:3949-125 1
2,4,6-Tribromophenol (S) 75 %. 10/05/17 18:19 118-79-610/02/17 17:3966-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 10/02/17 22:09 83-32-909/28/17 11:170.043 0.0060 1
Acenaphthylene ND ug/L 10/02/17 22:09 208-96-809/28/17 11:170.043 0.0071 1
Anthracene 0.012J ug/L 10/02/17 22:09 120-12-709/28/17 11:170.043 0.0084 1
Benzo(a)anthracene ND ug/L 10/02/17 22:09 56-55-309/28/17 11:170.043 0.0083 1
Benzo(a)pyrene ND ug/L 10/02/17 22:09 50-32-809/28/17 11:170.043 0.0045 1
Benzo(b)fluoranthene ND ug/L 10/02/17 22:09 205-99-209/28/17 11:170.043 0.0051 1
Benzo(e)pyrene ND ug/L 10/02/17 22:09 192-97-209/28/17 11:170.043 0.0059 1
Benzo(g,h,i)perylene ND ug/L 10/02/17 22:09 191-24-209/28/17 11:170.043 0.0080 1
Benzo(k)fluoranthene ND ug/L 10/02/17 22:09 207-08-909/28/17 11:170.043 0.0051 1
Chrysene ND ug/L 10/02/17 22:09 218-01-909/28/17 11:170.043 0.0061 1
Dibenz(a,h)anthracene ND ug/L 10/02/17 22:09 53-70-309/28/17 11:170.043 0.011 1
Fluoranthene 0.011J ug/L 10/02/17 22:09 206-44-009/28/17 11:170.043 0.0076 1
Fluorene 0.016J ug/L 10/02/17 22:09 86-73-709/28/17 11:170.043 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 10/02/17 22:09 193-39-509/28/17 11:170.043 0.0039 1
Naphthalene 0.010J ug/L 10/02/17 22:09 91-20-309/28/17 11:170.043 0.0079 1
Phenanthrene 0.031J ug/L 10/02/17 22:09 85-01-8 B09/28/17 11:170.043 0.0094 1
Pyrene ND ug/L 10/02/17 22:09 129-00-009/28/17 11:170.043 0.0090 1
Surrogates
2-Fluorobiphenyl (S) 80 %. 10/02/17 22:09 321-60-809/28/17 11:1755-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW05-09272017 Lab ID: 10405043001 Collected: 09/27/17 13:20 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 92 %. 10/02/17 22:09 1718-51-009/28/17 11:1764-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 10/09/17 14:53 87-86-510/04/17 15:150.65 0.31 1
Surrogates
2,4,6-Tribromophenol (S) 21 %. 10/09/17 14:53 118-79-6 1M10/04/17 15:1530-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 10/07/17 07:34 630-20-61.0 0.14 1
1,1,1-Trichloroethane ND ug/L 10/07/17 07:34 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane 0.19J ug/L 10/07/17 07:34 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 10/07/17 07:34 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/07/17 07:34 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 10/07/17 07:34 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 10/07/17 07:34 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 10/07/17 07:34 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 10/07/17 07:34 87-61-61.0 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/07/17 07:34 120-82-11.0 0.18 1
1,2,4-Trimethylbenzene ND ug/L 10/07/17 07:34 95-63-61.0 0.098 1
1,2-Dichlorobenzene ND ug/L 10/07/17 07:34 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 10/07/17 07:34 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 10/07/17 07:34 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 10/07/17 07:34 108-67-81.0 0.18 1
1,3-Dichlorobenzene ND ug/L 10/07/17 07:34 541-73-11.0 0.16 1
1,3-Dichloropropane ND ug/L 10/07/17 07:34 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 10/07/17 07:34 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 10/07/17 07:34 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 10/07/17 07:34 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 10/07/17 07:34 95-49-80.50 0.20 1
2-Hexanone ND ug/L 10/07/17 07:34 591-78-65.0 2.5 1
2-Propanol ND ug/L 10/07/17 07:34 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 10/07/17 07:34 106-43-41.0 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/07/17 07:34 108-10-15.0 0.55 1
Acetone ND ug/L 10/07/17 07:34 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/07/17 07:34 107-05-14.0 1.0 1
Benzene ND ug/L 10/07/17 07:34 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/07/17 07:34 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/07/17 07:34 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/07/17 07:34 75-27-40.50 0.20 1
Bromoform ND ug/L 10/07/17 07:34 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/07/17 07:34 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 10/07/17 07:34 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/07/17 07:34 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/07/17 07:34 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/07/17 07:34 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW05-09272017 Lab ID: 10405043001 Collected: 09/27/17 13:20 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 10/07/17 07:34 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/07/17 07:34 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 10/07/17 07:34 124-48-11.0 0.13 1
Dibromomethane ND ug/L 10/07/17 07:34 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 10/07/17 07:34 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 10/07/17 07:34 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 10/07/17 07:34 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/07/17 07:34 108-20-31.0 0.12 1
Ethanol ND ug/L 10/07/17 07:34 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 10/07/17 07:34 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 10/07/17 07:34 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 10/07/17 07:34 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 10/07/17 07:34 98-82-81.0 0.14 1
Methyl-tert-butyl ether ND ug/L 10/07/17 07:34 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 10/07/17 07:34 75-09-24.0 1.2 1
Naphthalene ND ug/L 10/07/17 07:34 91-20-31.0 0.42 1
Styrene ND ug/L 10/07/17 07:34 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 10/07/17 07:34 127-18-41.0 0.16 1
Tetrahydrofuran ND ug/L 10/07/17 07:34 109-99-9 L310.0 4.3 1
Toluene ND ug/L 10/07/17 07:34 108-88-30.50 0.17 1
Trichloroethene ND ug/L 10/07/17 07:34 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/07/17 07:34 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 10/07/17 07:34 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 10/07/17 07:34 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 10/07/17 07:34 10061-01-51.0 0.12 1
m&p-Xylene 1.2J ug/L 10/07/17 07:34 179601-23-12.0 0.24 1
n-Butylbenzene ND ug/L 10/07/17 07:34 104-51-81.0 0.13 1
n-Propylbenzene ND ug/L 10/07/17 07:34 103-65-10.50 0.12 1
o-Xylene ND ug/L 10/07/17 07:34 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 10/07/17 07:34 99-87-61.0 0.14 1
sec-Butylbenzene ND ug/L 10/07/17 07:34 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 10/07/17 07:34 994-05-81.0 0.12 1
tert-Butyl Alcohol ND ug/L 10/07/17 07:34 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 10/07/17 07:34 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 10/07/17 07:34 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 10/07/17 07:34 10061-02-61.0 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 101 %. 10/07/17 07:34 17060-07-075-137 1
Toluene-d8 (S) 99 %. 10/07/17 07:34 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 10/07/17 07:34 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 10/03/17 18:48 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 10/03/17 18:48 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 10/03/17 18:48 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW05-09272017 Lab ID: 10405043001 Collected: 09/27/17 13:20 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 155 %. 10/03/17 18:48 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 10/03/17 18:48 2037-26-570-130 1
4-Bromofluorobenzene (S) 95 %. 10/03/17 18:48 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/06/17 11:485.0 1.4 1
Alkalinity, Total as CaCO3 90.9 mg/L 10/06/17 11:485.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 70.5 mg/L 10/06/17 11:485.0 1.4 1
Alkalinity,Carbonate (CaCO3) 20.4 mg/L 10/06/17 11:485.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 558 mg/L 10/04/17 10:0120.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.13 mg/L 09/28/17 16:44 24959-67-90.080 0.0070 1
Chloride 17.5 mg/L 09/28/17 16:44 16887-00-61.2 0.14 1
Fluoride 1.1 mg/L 09/28/17 16:44 16984-48-80.050 0.0028 1
Nitrate as N 0.039J mg/L 09/28/17 16:44 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/28/17 16:44 14797-65-00.10 0.016 1
Sulfate 285 mg/L 09/28/17 20:04 14808-79-812.0 2.7 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.53J mg/L 10/03/17 20:41 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: TRIP BLANK-09272017 Lab ID: 10405043002 Collected: 09/27/17 16:00 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 10/07/17 04:26 630-20-61.0 0.14 1
1,1,1-Trichloroethane ND ug/L 10/07/17 04:26 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 10/07/17 04:26 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 10/07/17 04:26 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/07/17 04:26 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 10/07/17 04:26 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 10/07/17 04:26 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 10/07/17 04:26 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 10/07/17 04:26 87-61-61.0 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/07/17 04:26 120-82-11.0 0.18 1
1,2,4-Trimethylbenzene ND ug/L 10/07/17 04:26 95-63-61.0 0.098 1
1,2-Dichlorobenzene ND ug/L 10/07/17 04:26 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 10/07/17 04:26 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 10/07/17 04:26 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 10/07/17 04:26 108-67-81.0 0.18 1
1,3-Dichlorobenzene ND ug/L 10/07/17 04:26 541-73-11.0 0.16 1
1,3-Dichloropropane ND ug/L 10/07/17 04:26 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 10/07/17 04:26 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 10/07/17 04:26 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 10/07/17 04:26 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 10/07/17 04:26 95-49-80.50 0.20 1
2-Hexanone ND ug/L 10/07/17 04:26 591-78-65.0 2.5 1
2-Propanol 114 ug/L 10/07/17 04:26 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 10/07/17 04:26 106-43-41.0 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/07/17 04:26 108-10-15.0 0.55 1
Acetone 10.6J ug/L 10/07/17 04:26 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/07/17 04:26 107-05-14.0 1.0 1
Benzene ND ug/L 10/07/17 04:26 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/07/17 04:26 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/07/17 04:26 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/07/17 04:26 75-27-40.50 0.20 1
Bromoform ND ug/L 10/07/17 04:26 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/07/17 04:26 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 10/07/17 04:26 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/07/17 04:26 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/07/17 04:26 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/07/17 04:26 75-00-31.0 0.44 1
Chloroform ND ug/L 10/07/17 04:26 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/07/17 04:26 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 10/07/17 04:26 124-48-11.0 0.13 1
Dibromomethane ND ug/L 10/07/17 04:26 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 10/07/17 04:26 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 10/07/17 04:26 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 10/07/17 04:26 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/07/17 04:26 108-20-31.0 0.12 1
Ethanol ND ug/L 10/07/17 04:26 64-17-580.0 26.4 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Sample: TRIP BLANK-09272017 Lab ID: 10405043002 Collected: 09/27/17 16:00 Received: 09/28/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 10/07/17 04:26 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 10/07/17 04:26 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 10/07/17 04:26 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 10/07/17 04:26 98-82-81.0 0.14 1
Methyl-tert-butyl ether ND ug/L 10/07/17 04:26 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 10/07/17 04:26 75-09-24.0 1.2 1
Naphthalene 0.79J ug/L 10/07/17 04:26 91-20-31.0 0.42 1
Styrene ND ug/L 10/07/17 04:26 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 10/07/17 04:26 127-18-41.0 0.16 1
Tetrahydrofuran ND ug/L 10/07/17 04:26 109-99-9 L310.0 4.3 1
Toluene 0.38J ug/L 10/07/17 04:26 108-88-30.50 0.17 1
Trichloroethene ND ug/L 10/07/17 04:26 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/07/17 04:26 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 10/07/17 04:26 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 10/07/17 04:26 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 10/07/17 04:26 10061-01-51.0 0.12 1
m&p-Xylene 1.5J ug/L 10/07/17 04:26 179601-23-12.0 0.24 1
n-Butylbenzene ND ug/L 10/07/17 04:26 104-51-81.0 0.13 1
n-Propylbenzene ND ug/L 10/07/17 04:26 103-65-10.50 0.12 1
o-Xylene 0.26J ug/L 10/07/17 04:26 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 10/07/17 04:26 99-87-61.0 0.14 1
sec-Butylbenzene ND ug/L 10/07/17 04:26 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 10/07/17 04:26 994-05-81.0 0.12 1
tert-Butyl Alcohol ND ug/L 10/07/17 04:26 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 10/07/17 04:26 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 10/07/17 04:26 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 10/07/17 04:26 10061-02-61.0 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 98 %. 10/07/17 04:26 17060-07-075-137 1
Toluene-d8 (S) 98 %. 10/07/17 04:26 2037-26-575-125 1
4-Bromofluorobenzene (S) 103 %. 10/07/17 04:26 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 10/03/17 17:45 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 10/03/17 17:45 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 10/03/17 17:45 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 159 %. 10/03/17 17:45 17060-07-0 S370-130 1
Toluene-d8 (S) 111 %. 10/03/17 17:45 2037-26-570-130 1
4-Bromofluorobenzene (S) 100 %. 10/03/17 17:45 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499862

EPA 3010

EPA 6010C

6010C Water

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2717997

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Calcium ug/L 45.6J 500 10/06/17 13:0724.7
Iron ug/L ND 50.0 10/06/17 13:0716.7
Magnesium ug/L 2.8J 500 10/06/17 13:072.6
Manganese ug/L ND 5.0 10/06/17 13:070.38
Potassium ug/L ND 2500 10/06/17 13:07126
Sodium ug/L ND 1000 10/06/17 13:0744.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2717998LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1940020000 97 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 1990020000 100 80-120
Manganese ug/L 10101000 101 80-120
Potassium ug/L 1960020000 98 80-120
Sodium ug/L 1950020000 98 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2717999MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2718000

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 100 75-125108 2 202000074400 94400 95900
Iron ug/L 20000 98 75-125100 2 20200002560 22100 22500
Magnesium ug/L 20000 98 75-125101 2 20200008200 27800 28300
Manganese ug/L 1000 99 75-125101 2 20100055.3 1050 1070
Potassium ug/L 20000 118 75-125120 2 20200001010J 24600 25000
Sodium ug/L P620000 20 75-1259 0 2020000519000 523000 521000
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499870

EPA 3020

EPA 6020A

6020A Water UPD4

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718029

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 10/06/17 01:000.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718030LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 110100 110 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718031MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2718032

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L M6100 135 75-125212 2 201004840 4980 5060
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

501186

EPA 8260B

EPA 8260B

8260 MSV LL Water

Associated Lab Samples: 10405043001, 10405043002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2724446

Associated Lab Samples: 10405043001, 10405043002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 1.0 MN10/07/17 03:160.14
1,1,1-Trichloroethane ug/L ND 0.50 10/07/17 03:160.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 10/07/17 03:160.19
1,1,2-Trichloroethane ug/L ND 0.50 10/07/17 03:160.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 10/07/17 03:160.28
1,1-Dichloroethane ug/L ND 0.50 10/07/17 03:160.14
1,1-Dichloroethene ug/L ND 0.50 10/07/17 03:160.18
1,1-Dichloropropene ug/L ND 0.50 10/07/17 03:160.18
1,2,3-Trichlorobenzene ug/L 0.85J 1.0 MN10/07/17 03:160.14
1,2,4-Trichlorobenzene ug/L ND 1.0 MN10/07/17 03:160.18
1,2,4-Trimethylbenzene ug/L 0.86J 1.0 MN10/07/17 03:160.098
1,2-Dichlorobenzene ug/L ND 0.50 10/07/17 03:160.21
1,2-Dichloroethane ug/L ND 0.50 10/07/17 03:160.15
1,2-Dichloropropane ug/L ND 4.0 10/07/17 03:160.62
1,3,5-Trimethylbenzene ug/L ND 1.0 MN10/07/17 03:160.18
1,3-Dichlorobenzene ug/L ND 1.0 MN10/07/17 03:160.16
1,3-Dichloropropane ug/L ND 0.50 10/07/17 03:160.13
1,4-Dichlorobenzene ug/L ND 0.50 10/07/17 03:160.10
2,2-Dichloropropane ug/L ND 1.0 10/07/17 03:160.40
2-Butanone (MEK) ug/L ND 5.0 10/07/17 03:162.4
2-Chlorotoluene ug/L ND 0.50 10/07/17 03:160.20
2-Hexanone ug/L ND 5.0 10/07/17 03:162.5
2-Propanol ug/L ND 100 10/07/17 03:1620.6
4-Chlorotoluene ug/L ND 1.0 MN10/07/17 03:160.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 10/07/17 03:160.55
Acetone ug/L ND 20.0 10/07/17 03:168.8
Allyl chloride ug/L ND 4.0 10/07/17 03:161.0
Benzene ug/L ND 0.50 10/07/17 03:160.13
Bromobenzene ug/L ND 0.50 10/07/17 03:160.16
Bromochloromethane ug/L ND 1.0 10/07/17 03:160.38
Bromodichloromethane ug/L ND 0.50 10/07/17 03:160.20
Bromoform ug/L ND 4.0 10/07/17 03:161.0
Bromomethane ug/L ND 4.0 10/07/17 03:161.5
Carbon disulfide ug/L ND 1.0 10/07/17 03:160.37
Carbon tetrachloride ug/L ND 0.50 10/07/17 03:160.20
Chlorobenzene ug/L ND 0.50 10/07/17 03:160.14
Chloroethane ug/L ND 1.0 10/07/17 03:160.44
Chloroform ug/L ND 1.0 10/07/17 03:160.46
Chloromethane ug/L ND 4.0 10/07/17 03:161.1
cis-1,2-Dichloroethene ug/L ND 0.50 10/07/17 03:160.20
cis-1,3-Dichloropropene ug/L ND 1.0 MN10/07/17 03:160.12
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2724446

Associated Lab Samples: 10405043001, 10405043002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 1.0 MN10/07/17 03:160.13
Dibromomethane ug/L ND 1.0 10/07/17 03:160.50
Dichlorodifluoromethane ug/L ND 1.0 10/07/17 03:160.31
Dichlorofluoromethane ug/L ND 1.0 10/07/17 03:160.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 10/07/17 03:161.3
Diisopropyl ether ug/L ND 1.0 10/07/17 03:160.12
Ethanol ug/L ND 80.0 10/07/17 03:1626.4
Ethyl-tert-butyl ether ug/L ND 0.50 10/07/17 03:160.13
Ethylbenzene ug/L 0.16J 0.50 10/07/17 03:160.14
Hexachloro-1,3-butadiene ug/L ND 1.0 10/07/17 03:160.48
Isopropylbenzene (Cumene) ug/L ND 1.0 MN10/07/17 03:160.14
m&p-Xylene ug/L 1.6J 2.0 MN10/07/17 03:160.24
Methyl-tert-butyl ether ug/L ND 0.50 10/07/17 03:160.14
Methylene Chloride ug/L ND 4.0 10/07/17 03:161.2
n-Butylbenzene ug/L ND 1.0 MN10/07/17 03:160.13
n-Propylbenzene ug/L ND 0.50 10/07/17 03:160.12
Naphthalene ug/L 1.1 1.0 P810/07/17 03:160.42
o-Xylene ug/L 0.40J 0.50 10/07/17 03:160.11
p-Isopropyltoluene ug/L ND 1.0 MN10/07/17 03:160.14
sec-Butylbenzene ug/L ND 0.50 10/07/17 03:160.12
Styrene ug/L ND 0.50 10/07/17 03:160.14
tert-Amylmethyl ether ug/L ND 1.0 MN10/07/17 03:160.12
tert-Butyl Alcohol ug/L ND 10.0 10/07/17 03:162.2
tert-Butylbenzene ug/L ND 0.50 10/07/17 03:160.15
Tetrachloroethene ug/L ND 1.0 MN10/07/17 03:160.16
Tetrahydrofuran ug/L ND 10.0 10/07/17 03:164.3
Toluene ug/L 0.50 0.50 P810/07/17 03:160.17
trans-1,2-Dichloroethene ug/L ND 0.50 10/07/17 03:160.21
trans-1,3-Dichloropropene ug/L ND 1.0 MN10/07/17 03:160.14
Trichloroethene ug/L ND 0.40 10/07/17 03:160.18
Trichlorofluoromethane ug/L ND 0.50 10/07/17 03:160.13
Vinyl chloride ug/L ND 0.20 10/07/17 03:160.096
1,2-Dichloroethane-d4 (S) %. 96 75-137 10/07/17 03:16
4-Bromofluorobenzene (S) %. 104 75-125 10/07/17 03:16
Toluene-d8 (S) %. 99 75-125 10/07/17 03:16

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.220 101 75-136
1,1,1-Trichloroethane ug/L 22.420 112 75-129
1,1,2,2-Tetrachloroethane ug/L 21.720 108 71-138
1,1,2-Trichloroethane ug/L 21.420 107 75-125
1,1,2-Trichlorotrifluoroethane ug/L 19.320 97 69-126
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 21.020 105 75-125
1,1-Dichloroethene ug/L 21.320 107 75-125
1,1-Dichloropropene ug/L 22.920 114 75-125
1,2,3-Trichlorobenzene ug/L 18.020 90 75-125
1,2,4-Trichlorobenzene ug/L 20.420 102 75-125
1,2,4-Trimethylbenzene ug/L 20.920 104 75-125
1,2-Dichlorobenzene ug/L 21.820 109 75-125
1,2-Dichloroethane ug/L 20.220 101 70-125
1,2-Dichloropropane ug/L 20.920 105 75-125
1,3,5-Trimethylbenzene ug/L 20.920 104 75-125
1,3-Dichlorobenzene ug/L 22.120 110 75-125
1,3-Dichloropropane ug/L 21.820 109 75-125
1,4-Dichlorobenzene ug/L 22.520 113 75-125
2,2-Dichloropropane ug/L 20.820 104 70-131
2-Butanone (MEK) ug/L 91.7100 92 69-125
2-Chlorotoluene ug/L 22.720 113 75-125
2-Hexanone ug/L 109100 109 73-129
2-Propanol ug/L 187200 93 50-150
4-Chlorotoluene ug/L 20.520 102 75-125
4-Methyl-2-pentanone (MIBK) ug/L 105100 105 73-125
Acetone ug/L 121100 121 66-126
Allyl chloride ug/L 19.720 98 71-125
Benzene ug/L 22.420 112 75-125
Bromobenzene ug/L 21.920 110 75-125
Bromochloromethane ug/L 21.420 107 75-126
Bromodichloromethane ug/L 20.720 103 75-133
Bromoform ug/L 19.220 96 62-142
Bromomethane ug/L 17.220 86 34-143
Carbon disulfide ug/L 20.720 103 71-125
Carbon tetrachloride ug/L 20.320 102 71-145
Chlorobenzene ug/L 22.520 112 75-125
Chloroethane ug/L 19.720 98 75-125
Chloroform ug/L 20.420 102 75-125
Chloromethane ug/L 17.220 86 54-125
cis-1,2-Dichloroethene ug/L 22.120 111 75-125
cis-1,3-Dichloropropene ug/L 18.820 94 75-125
Dibromochloromethane ug/L 19.220 96 74-141
Dibromomethane ug/L 21.620 108 75-125
Dichlorodifluoromethane ug/L 20.120 100 59-130
Dichlorofluoromethane ug/L 21.220 106 75-125
Diethyl ether (Ethyl ether) ug/L 21.120 106 75-125
Diisopropyl ether ug/L 20.120 100 69-125
Ethanol ug/L 364400 91 49-150
Ethyl-tert-butyl ether ug/L 21.620 108 73-125
Ethylbenzene ug/L 23.120 116 75-125
Hexachloro-1,3-butadiene ug/L 18.220 91 75-131
Isopropylbenzene (Cumene) ug/L 20.220 101 75-125
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 42.640 107 75-125
Methyl-tert-butyl ether ug/L 22.320 112 75-125
Methylene Chloride ug/L 20.120 101 73-125
n-Butylbenzene ug/L 20.320 101 75-125
n-Propylbenzene ug/L 20.820 104 75-125
Naphthalene ug/L 22.920 115 74-125
o-Xylene ug/L 21.620 108 75-125
p-Isopropyltoluene ug/L 20.520 102 75-125
sec-Butylbenzene ug/L 21.020 105 75-125
Styrene ug/L 20.320 101 75-125
tert-Amylmethyl ether ug/L 19.620 98 71-126
tert-Butyl Alcohol ug/L 202200 101 69-131
tert-Butylbenzene ug/L 21.420 107 75-125
Tetrachloroethene ug/L 20.120 100 75-125
Tetrahydrofuran ug/L 272 L1200 136 65-127
Toluene ug/L 22.820 114 75-125
trans-1,2-Dichloroethene ug/L 21.620 108 75-125
trans-1,3-Dichloropropene ug/L 19.220 96 75-125
Trichloroethene ug/L 22.120 110 75-125
Trichlorofluoromethane ug/L 21.120 106 71-140
Vinyl chloride ug/L 20.220 101 70-125
1,2-Dichloroethane-d4 (S) %. 94 75-137
4-Bromofluorobenzene (S) %. 103 75-125
Toluene-d8 (S) %. 100 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 97 75-13797 0 3020ND 19.3 19.4
1,1,1-Trichloroethane ug/L 20 114 75-139111 3 3020ND 22.7 22.1
1,1,2,2-Tetrachloroethane ug/L 20 105 60-142102 3 3020ND 21.0 20.4
1,1,2-Trichloroethane ug/L 20 103 75-128100 3 3020ND 20.7 20.1
1,1,2-Trichlorotrifluoroethane ug/L 20 106 62-150102 4 3020ND 21.3 20.4
1,1-Dichloroethane ug/L 20 108 70-129108 1 3020ND 21.6 21.7
1,1-Dichloroethene ug/L 20 114 67-141110 4 3020ND 22.8 22.0
1,1-Dichloropropene ug/L 20 112 64-144107 4 3020ND 22.3 21.4
1,2,3-Trichlorobenzene ug/L 20 109 66-139110 1 3020ND 21.8 22.0
1,2,4-Trichlorobenzene ug/L 20 108 65-138106 2 3020ND 21.6 21.1
1,2,4-Trimethylbenzene ug/L 20 101 65-14393 8 3020ND 20.1 18.6
1,2-Dichlorobenzene ug/L 20 109 68-135104 4 3020ND 21.8 20.8
1,2-Dichloroethane ug/L 20 97 73-12597 0 3020ND 19.4 19.3
1,2-Dichloropropane ug/L 20 101 64-130101 0 3020ND 20.1 20.2
1,3,5-Trimethylbenzene ug/L 20 102 64-14696 6 3020ND 20.3 19.1
1,3-Dichlorobenzene ug/L 20 107 69-135101 6 3020ND 21.3 20.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 104 67-128101 2 3020ND 20.7 20.3
1,4-Dichlorobenzene ug/L 20 111 66-134103 7 3020ND 22.1 20.6
2,2-Dichloropropane ug/L 20 101 50-150104 3 3020ND 20.1 20.7
2-Butanone (MEK) ug/L 100 83 58-12583 1 30100ND 83.3 82.8
2-Chlorotoluene ug/L 20 112 65-138104 7 3020ND 22.3 20.9
2-Hexanone ug/L 100 103 61-134107 4 30100ND 103 107
2-Propanol ug/L 200 92 51-150109 15 3020022.9J 206 240
4-Chlorotoluene ug/L 20 100 68-13594 6 3020ND 20.0 18.7
4-Methyl-2-pentanone
(MIBK)

ug/L 100 99 61-130101 2 30100ND 99.1 101

Acetone ug/L M1100 179 51-140173 3 30100ND 179 173
Allyl chloride ug/L 20 95 61-12594 2 3020ND 19.1 18.8
Benzene ug/L 20 111 63-132109 2 3020ND 22.2 21.8
Bromobenzene ug/L 20 108 67-138104 3 3020ND 21.6 20.9
Bromochloromethane ug/L 20 105 66-138105 0 3020ND 21.0 21.0
Bromodichloromethane ug/L 20 100 75-13798 2 3020ND 20.0 19.6
Bromoform ug/L 20 91 65-12988 3 3020ND 18.1 17.7
Bromomethane ug/L 20 91 41-15092 1 3020ND 18.2 18.3
Carbon disulfide ug/L 20 107 72-132103 4 3020ND 21.5 20.7
Carbon tetrachloride ug/L 20 102 75-150100 2 3020ND 20.4 20.0
Chlorobenzene ug/L 20 110 73-127108 2 3020ND 22.0 21.6
Chloroethane ug/L 20 102 74-13899 3 3020ND 20.4 19.9
Chloroform ug/L 20 94 74-12598 4 3020ND 18.8 19.6
Chloromethane ug/L 20 87 58-12987 0 3020ND 17.4 17.4
cis-1,2-Dichloroethene ug/L 20 105 63-135109 4 3020ND 21.1 21.8
cis-1,3-Dichloropropene ug/L 20 87 66-12984 3 3020ND 17.3 16.8
Dibromochloromethane ug/L 20 93 75-13391 2 3020ND 18.7 18.3
Dibromomethane ug/L 20 99 68-134102 3 3020ND 19.9 20.5
Dichlorodifluoromethane ug/L 20 111 72-150107 4 3020ND 22.2 21.4
Dichlorofluoromethane ug/L 20 108 75-129108 0 3020ND 21.6 21.6
Diethyl ether (Ethyl ether) ug/L 20 103 73-125103 1 3020ND 20.7 20.5
Diisopropyl ether ug/L 20 98 62-12896 1 3020ND 19.5 19.3
Ethanol ug/L 400 78 43-15072 7 30400ND 312 290
Ethyl-tert-butyl ether ug/L 20 102 63-132107 5 3020ND 20.3 21.3
Ethylbenzene ug/L 20 114 72-130110 4 3020ND 22.9 22.0
Hexachloro-1,3-butadiene ug/L 20 99 71-15094 6 3020ND 19.8 18.7
Isopropylbenzene (Cumene) ug/L 20 101 70-13696 5 3020ND 20.2 19.2
m&p-Xylene ug/L 40 100 64-14295 5 30401.3J 41.4 39.4
Methyl-tert-butyl ether ug/L 20 104 72-125105 1 3020ND 20.8 21.0
Methylene Chloride ug/L 20 98 60-13299 1 3020ND 19.7 19.9
n-Butylbenzene ug/L 20 103 60-15096 8 3020ND 20.6 19.1
n-Propylbenzene ug/L 20 104 63-14296 9 3020ND 20.9 19.2
Naphthalene ug/L M120 127 67-125128 1 3020ND 25.3 25.6
o-Xylene ug/L 20 105 60-143104 1 3020ND 21.0 20.8
p-Isopropyltoluene ug/L 20 102 64-14694 9 3020ND 20.4 18.7
sec-Butylbenzene ug/L 20 108 67-14497 11 3020ND 21.5 19.4
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1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 97 67-13693 4 3020ND 19.4 18.5
tert-Amylmethyl ether ug/L 20 94 60-13495 1 3020ND 18.8 18.9
tert-Butyl Alcohol ug/L 200 100 56-14697 3 30200ND 200 194
tert-Butylbenzene ug/L 20 107 68-13598 9 3020ND 21.4 19.6
Tetrachloroethene ug/L 20 102 67-14897 5 3020ND 20.4 19.4
Tetrahydrofuran ug/L M0200 194 51-141197 2 30200ND 389 395
Toluene ug/L 20 110 61-140105 5 30200.21J 22.3 21.2
trans-1,2-Dichloroethene ug/L 20 109 62-138109 0 3020ND 21.9 21.8
trans-1,3-Dichloropropene ug/L 20 91 67-13486 5 3020ND 18.2 17.2
Trichloroethene ug/L 20 107 64-149107 0 3020ND 21.5 21.4
Trichlorofluoromethane ug/L 20 113 75-150111 2 3020ND 22.7 22.2
Vinyl chloride ug/L 20 106 75-133107 1 3020ND 21.1 21.4
1,2-Dichloroethane-d4 (S) %. 95 75-13795
4-Bromofluorobenzene (S) %. 103 75-125102
Toluene-d8 (S) %. 101 75-125101

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 04:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 33 of 210

33 of 307910405043



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

500337

EPA 8260B

EPA 8260B

8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10405043001, 10405043002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2720079

Associated Lab Samples: 10405043001, 10405043002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 10/03/17 16:020.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 10/03/17 16:020.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 10/03/17 16:020.0071
1,2-Dichloroethane-d4 (S) %. 156 70-130 S310/03/17 16:02
4-Bromofluorobenzene (S) %. 110 70-130 10/03/17 16:02
Toluene-d8 (S) %. 109 70-130 10/03/17 16:02

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2720080LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2720081

1,2,3-Trichloropropane ug/L 9.210 92 70-130888.8 4 20
1,2-Dibromo-3-chloropropane ug/L 21.825 87 70-1308421.1 3 20
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130888.8 2 20
1,2-Dichloroethane-d4 (S) %. 111 70-130111
4-Bromofluorobenzene (S) %. 96 70-13097
Toluene-d8 (S) %. 89 70-13091
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499994

EPA 3520

EPA 8270D

8270D Water MSSV

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,2-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.5
1,2-Diphenylhydrazine ug/L ND 10.0 10/05/17 15:361.3
1,3-Dichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,4-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.4
1-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.1
2,4,5-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4,6-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4-Dichlorophenol ug/L ND 10.0 10/05/17 15:361.6
2,4-Dimethylphenol ug/L ND 50.0 10/05/17 15:362.8
2,4-Dinitrophenol ug/L ND 10.0 10/05/17 15:362.5
2,4-Dinitrotoluene ug/L ND 10.0 10/05/17 15:361.3
2,6-Dinitrotoluene ug/L ND 10.0 10/05/17 15:360.64
2-Chloronaphthalene ug/L ND 10.0 10/05/17 15:362.2
2-Chlorophenol ug/L ND 10.0 10/05/17 15:361.1
2-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 10/05/17 15:361.9
2-Nitroaniline ug/L ND 10.0 10/05/17 15:361.5
2-Nitrophenol ug/L ND 10.0 10/05/17 15:361.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 10/05/17 15:361.0
3,3'-Dichlorobenzidine ug/L ND 50.0 10/05/17 15:361.2
3-Nitroaniline ug/L ND 10.0 10/05/17 15:361.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Bromophenylphenyl ether ug/L ND 10.0 10/05/17 15:362.3
4-Chloro-3-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Chloroaniline ug/L ND 50.0 10/05/17 15:361.9
4-Chlorophenylphenyl ether ug/L ND 10.0 10/05/17 15:361.5
4-Nitroaniline ug/L ND 10.0 10/05/17 15:362.0
4-Nitrophenol ug/L ND 10.0 10/05/17 15:362.6
Benzoic acid ug/L ND 50.0 10/05/17 15:361.6
Benzyl alcohol ug/L ND 10.0 10/05/17 15:361.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 10/05/17 15:361.4
bis(2-Chloroethyl) ether ug/L ND 10.0 10/05/17 15:361.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 10/05/17 15:361.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 10/05/17 15:364.6
Butylbenzylphthalate ug/L ND 10.0 10/05/17 15:361.8
Carbazole ug/L ND 10.0 10/05/17 15:361.1
Di-n-butylphthalate ug/L ND 10.0 10/05/17 15:361.4
Di-n-octylphthalate ug/L ND 10.0 10/05/17 15:362.0
Dibenzofuran ug/L ND 10.0 10/05/17 15:361.6
Diethylphthalate ug/L ND 10.0 10/05/17 15:361.4
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Pace Project No.:

Project:
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 10/05/17 15:361.3
Hexachloro-1,3-butadiene ug/L ND 10.0 10/05/17 15:363.2
Hexachlorobenzene ug/L ND 10.0 10/05/17 15:362.2
Hexachlorocyclopentadiene ug/L ND 50.0 10/05/17 15:3618.8
Hexachloroethane ug/L ND 10.0 10/05/17 15:363.4
Isophorone ug/L ND 10.0 10/05/17 15:361.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodimethylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodiphenylamine ug/L ND 10.0 10/05/17 15:361.1
Nitrobenzene ug/L ND 10.0 10/05/17 15:361.3
Phenol ug/L ND 10.0 10/05/17 15:361.2
Pyridine ug/L ND 10.0 10/05/17 15:362.5
2,4,6-Tribromophenol (S) %. 89 66-125 10/05/17 15:36
2-Fluorobiphenyl (S) %. 78 30-125 10/05/17 15:36
2-Fluorophenol (S) %. 93 49-125 10/05/17 15:36
Nitrobenzene-d5 (S) %. 83 44-125 10/05/17 15:36
p-Terphenyl-d14 (S) %. 98 31-125 10/05/17 15:36
Phenol-d6 (S) %. 90 59-125 10/05/17 15:36

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

1,2,4-Trichlorobenzene ug/L 46.050 92 50-1258542.5 8 20
1,2-Dichlorobenzene ug/L 42.050 84 40-1258040.1 5 20
1,2-Diphenylhydrazine ug/L 48.750 97 66-1259446.8 4 20
1,3-Dichlorobenzene ug/L 40.950 82 37-1258040.1 2 20
1,4-Dichlorobenzene ug/L 40.650 81 38-1258039.9 2 20
1-Methylnaphthalene ug/L 47.450 95 64-1259145.3 5 20
2,4,5-Trichlorophenol ug/L 50.850 102 72-1259848.9 4 20
2,4,6-Trichlorophenol ug/L 49.450 99 70-1259547.4 4 20
2,4-Dichlorophenol ug/L 47.550 95 66-1259045.0 5 20
2,4-Dimethylphenol ug/L 32.6J50 65 30-1256432.0J 20
2,4-Dinitrophenol ug/L 47.450 95 30-1259848.8 3 20
2,4-Dinitrotoluene ug/L 52.750 105 74-12510050.1 5 20
2,6-Dinitrotoluene ug/L 49.850 100 75-1259748.7 2 20
2-Chloronaphthalene ug/L 48.450 97 68-1259346.7 4 20
2-Chlorophenol ug/L 44.650 89 59-1258341.4 7 20
2-Methylnaphthalene ug/L 46.350 93 63-1259045.1 3 20
2-Methylphenol(o-Cresol) ug/L 44.050 88 59-1258441.8 5 20
2-Nitroaniline ug/L 50.450 101 71-1259648.1 5 20
2-Nitrophenol ug/L 49.450 99 64-1259145.6 8 20
3&4-Methylphenol(m&p Cresol) ug/L 45.950 92 62-1258743.7 5 20
3,3'-Dichlorobenzidine ug/L 50.850 102 61-1259748.3J 20
3-Nitroaniline ug/L 52.550 105 60-1259748.3 8 20
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

4,6-Dinitro-2-methylphenol ug/L 45.250 90 30-1369045.1 0 20
4-Bromophenylphenyl ether ug/L 50.050 100 73-1259949.4 1 20
4-Chloro-3-methylphenol ug/L 48.950 98 71-1259647.9 2 20
4-Chloroaniline ug/L 44.5J50 89 50-1258441.8J 20
4-Chlorophenylphenyl ether ug/L 49.250 98 72-1259848.8 1 20
4-Nitroaniline ug/L 49.250 98 63-1259045.2 8 20
4-Nitrophenol ug/L 47.150 94 66-1259145.7 3 20
Benzoic acid ug/L 34.6J50 69 30-1257839.2J 20
Benzyl alcohol ug/L 47.850 96 63-1259246.1 4 20
bis(2-Chloroethoxy)methane ug/L 46.850 94 66-1259045.0 4 20
bis(2-Chloroethyl) ether ug/L 43.050 86 58-1258240.8 5 20
bis(2-Chloroisopropyl) ether ug/L 40.950 82 53-1257738.5 6 20
bis(2-Ethylhexyl)phthalate ug/L 54.150 108 73-12510854.1 0 20
Butylbenzylphthalate ug/L 54.550 109 73-12510853.8 1 20
Carbazole ug/L 49.550 99 75-1259647.9 3 20
Di-n-butylphthalate ug/L 49.650 99 75-1259949.4 1 20
Di-n-octylphthalate ug/L 53.750 107 75-12510753.7 0 20
Dibenzofuran ug/L 49.150 98 72-1259447.1 4 20
Diethylphthalate ug/L 50.450 101 75-1259648.2 4 20
Dimethylphthalate ug/L 49.950 100 75-1259547.4 5 20
Hexachloro-1,3-butadiene ug/L 43.150 86 39-1258341.6 3 20
Hexachlorobenzene ug/L 46.350 93 75-1259447.2 2 20
Hexachlorocyclopentadiene ug/L ND 2M,L250 0 30-1250ND 20
Hexachloroethane ug/L 40.950 82 30-1257638.2 7 20
Isophorone ug/L 47.550 95 70-1259145.6 4 20
N-Nitroso-di-n-propylamine ug/L 44.150 88 65-1258542.6 3 20
N-Nitrosodimethylamine ug/L 43.350 87 46-1258140.5 7 20
N-Nitrosodiphenylamine ug/L 48.850 98 72-1259447.1 4 20
Nitrobenzene ug/L 46.250 92 65-1258843.8 5 20
Phenol ug/L 44.750 89 60-1258542.6 5 20
Pyridine ug/L ND L250 1 30-1252ND 20
2,4,6-Tribromophenol (S) %. 93 66-12590
2-Fluorobiphenyl (S) %. 80 30-12576
2-Fluorophenol (S) %. 84 49-12579
Nitrobenzene-d5 (S) %. 79 44-12574
p-Terphenyl-d14 (S) %. 95 31-12590
Phenol-d6 (S) %. 82 59-12578
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Project:
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499398

EPA Mod. 3510C

EPA 8270D by SIM

8270D PAH by SIM MSSV

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2715086

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 10/02/17 15:150.0056
Acenaphthylene ug/L ND 0.040 10/02/17 15:150.0066
Anthracene ug/L ND 0.040 10/02/17 15:150.0079
Benzo(a)anthracene ug/L ND 0.040 10/02/17 15:150.0078
Benzo(a)pyrene ug/L ND 0.040 10/02/17 15:150.0043
Benzo(b)fluoranthene ug/L ND 0.040 10/02/17 15:150.0048
Benzo(e)pyrene ug/L ND 0.040 10/02/17 15:150.0055
Benzo(g,h,i)perylene ug/L ND 0.040 10/02/17 15:150.0075
Benzo(k)fluoranthene ug/L ND 0.040 10/02/17 15:150.0048
Chrysene ug/L ND 0.040 10/02/17 15:150.0058
Dibenz(a,h)anthracene ug/L ND 0.040 10/02/17 15:150.011
Fluoranthene ug/L ND 0.040 10/02/17 15:150.0072
Fluorene ug/L ND 0.040 10/02/17 15:150.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 10/02/17 15:150.0036
Naphthalene ug/L ND 0.040 10/02/17 15:150.0075
Phenanthrene ug/L 0.026J 0.040 10/02/17 15:150.0088
Pyrene ug/L 0.016J 0.040 10/02/17 15:150.0084
2-Fluorobiphenyl (S) %. 82 55-125 10/02/17 15:15
p-Terphenyl-d14 (S) %. 96 64-125 10/02/17 15:15

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715087LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2715088

Acenaphthene ug/L 0.721 72 51-125640.64 12 20
Acenaphthylene ug/L 0.721 72 54-125650.65 10 20
Anthracene ug/L 0.921 92 64-125860.86 6 20
Benzo(a)anthracene ug/L 0.961 96 63-125990.99 3 20
Benzo(a)pyrene ug/L 1.01 101 72-125990.99 3 20
Benzo(b)fluoranthene ug/L 1.01 100 60-125960.96 4 20
Benzo(e)pyrene ug/L 0.931 93 69-125890.89 5 20
Benzo(g,h,i)perylene ug/L 0.921 92 52-125860.86 7 20
Benzo(k)fluoranthene ug/L 0.921 92 71-125890.89 3 20
Chrysene ug/L 0.961 96 72-125900.90 6 20
Dibenz(a,h)anthracene ug/L 0.951 95 49-125810.81 16 20
Fluoranthene ug/L 1.01 102 71-125970.97 5 20
Fluorene ug/L 0.801 80 56-125700.70 14 20
Indeno(1,2,3-cd)pyrene ug/L 0.951 95 59-125920.92 4 20
Naphthalene ug/L 0.651 65 41-125640.64 2 20
Phenanthrene ug/L 0.861 86 57-125810.81 6 20
Pyrene ug/L 0.891 89 71-125860.86 3 20
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715087LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2715088

2-Fluorobiphenyl (S) %. 78 55-12572
p-Terphenyl-d14 (S) %. 95 64-12594
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

500597

EPA Mod. 3510C

EPA 8270D by SIM

8270D PCP MSSV

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2721525

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 10/09/17 13:520.28
2,4,6-Tribromophenol (S) %. 76 30-132 10/09/17 13:52

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2721526LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2721527

Pentachlorophenol ug/L 0.41J1 41 30-127450.45J 20
2,4,6-Tribromophenol (S) %. 70 30-13261
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

501052

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2723777

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/06/17 10:051.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/06/17 10:051.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/06/17 10:051.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/06/17 10:051.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2723778LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2723779

Alkalinity, Total as CaCO3 mg/L 43.540 109 90-11010843.4 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2723780MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405309005

2723781

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 108 80-120118 1 3040426 469 473

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2723782MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405833003

2723783

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 106 80-120107 0 3040<1.4 43.2 43.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

500482

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2721042

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 10/04/17 10:015.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2721043LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2721050

Total Dissolved Solids mg/L 9741000 97 80-12098976 0 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10405055007
2721045SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 540 0 10538
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499465

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2715324

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/28/17 15:590.0070
Chloride mg/L ND 1.2 09/28/17 15:590.14
Fluoride mg/L ND 0.050 09/28/17 15:590.0028
Nitrate as N mg/L ND 0.10 09/28/17 15:590.0079
Nitrite as N mg/L ND 0.10 09/28/17 15:590.016
Sulfate mg/L ND 1.2 09/28/17 15:590.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715325LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.981 98 90-110
Chloride mg/L 12.912.5 103 90-110
Fluoride mg/L 1.01 100 90-110
Nitrate as N mg/L 0.991 99 90-110
Nitrite as N mg/L 0.981 98 90-110
Sulfate mg/L 12.212.5 98 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2726397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10406472001

2726398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 94 90-11093 1 2010.22 1.2 1.2
Chloride mg/L M112.5 27 90-11026 0 2012.560.6 64.0 63.8
Fluoride mg/L M11 86 90-11085 1 2010.37 1.2 1.2
Nitrate as N mg/L M11 9 90-1108 0 2016.3 6.4 6.3
Nitrite as N mg/L 1 94 90-11094 1 201ND 0.94 0.94
Sulfate mg/L M6125 89 90-11089 0 20125207 319 318

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2726399MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10406474001

2726400

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L M1,R11 93 90-1100 130 2010.26 1.2 0.25
Chloride mg/L M112.5 14 90-110-4 3 2012.573.1 74.8 72.6
Fluoride mg/L M1,R11 90 90-1100 157 2010.13 1.0 0.12
Nitrate as N mg/L M6,R110 96 90-110-1 64 201010.5 20.1 10.4
Nitrite as N mg/L M11 95 90-1100 201ND 0.95 ND
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2726399MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10406474001

2726400

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M6,R1125 95 90-1100 74 20125102 221 102
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

269150

SM 5310C

SM 5310C

5310C Total Organic Carbon

Associated Lab Samples: 10405043001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1581816

Associated Lab Samples: 10405043001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 10/03/17 13:020.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1581817LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1581818MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157549021

1581819

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 2 105 80-120106 0 1024.8 6.9 6.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1581820MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157549022

1581821

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 2 108 80-120108 0 1024.5 6.7 6.7
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QUALIFIERS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G

Pace Analytical Services - MinneapolisPASI-M

BATCH QUALIFIERS

Batch: 500337

A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

ANALYTE QUALIFIERS

Surrogate recovery outside laboratory control limits due to matrix interferences (confirmed by similar results from sample
re-extraction and/or re-analysis)

1M

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.2M

Analyte was detected in the associated method blank.B
Analyte recovery in the laboratory control sample (LCS) was above QC limits.  Results for this analyte in associated
samples may be biased high.

L1

Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

L3

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1

Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
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QUALIFIERS

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

ANALYTE QUALIFIERS

The reporting limit has been raised in accordance with Minnesota Statutes 4740.2100 Subpart 8. C, D. Reporting Limit
Evaluation Rule.

MN

Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than
the blank or were below the reporting limit.

P8

RPD value was outside control limits.R1

Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

10405043

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10405043001 499862 500467PGDW05-09272017 EPA 3010 EPA 6010C

10405043001 499870 500666PGDW05-09272017 EPA 3020 EPA 6020A

10405043001 499994 500868PGDW05-09272017 EPA 3520 EPA 8270D

10405043001 499398 499983PGDW05-09272017 EPA Mod. 3510C EPA 8270D by SIM

10405043001 500597 501442PGDW05-09272017 EPA Mod. 3510C EPA 8270D by SIM

10405043001 501186PGDW05-09272017 EPA 8260B
10405043002 501186TRIP BLANK-09272017 EPA 8260B

10405043001 500337PGDW05-09272017 EPA 8260B
10405043002 500337TRIP BLANK-09272017 EPA 8260B

10405043001 501052PGDW05-09272017 SM 2320B

10405043001 500482PGDW05-09272017 SM 2540C

10405043001 499465PGDW05-09272017 EPA 300.0

10405043001 269150PGDW05-09272017 SM 5310C
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Lab Smp Id: 10405043001
Inj Date : 07-OCT-2017 07:34
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10405043001
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 63
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 131000 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1875934 1432.01053 1430 0 0 20

Neopentane CAS #: 463-82-1

1.078 172599 131.754827 132 64 NIST05.L 696 20

Unknown CAS #:

2.712 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Lab Smp Id: 10405043001
Inj Date : 07-OCT-2017 07:34
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10405043001
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 63
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected. (D)

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected. (D)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 81847 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.980 (1.000) 196895 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 149838 50.2738 50.3(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 312889 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.973 4.979 (1.000) 31343 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 394279 49.2582 49.2

72 Toluene 92 5.406 5.406 (0.859) 1147 0.13150 0.13(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 304872 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.394 6.400 (1.016) 1313 1.20931 1.2

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 147393 50.4245 50.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 7.040 7.070 (0.929) 622 0.18825 0.19(a)

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 155082 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected. (D)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Lab Smp Id: 10405043001
Inj Date : 07-OCT-2017 07:34
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10405043001
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 63
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 131000 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1875934 1432.01053 1430 0 0 20

Neopentane CAS #: 463-82-1

1.078 172599 131.754827 132 64 NIST05.L 696 20

Unknown CAS #:

2.712 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279063.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10405043001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 07-OCT-2017 07:34

CONCENTRATION UNITS:
Number TICs found: 3 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.871| 1430| _J__|
| 2. 463-82-1 |Neopentane | 1.078| 132| NJ__|
| 3. |Unknown | 2.712| 0.00| ____|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Lab Smp Id: 10405043002
Inj Date : 07-OCT-2017 04:26
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10405043002,,tb
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 09-Oct-2017 16:25 10msv6.i Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 55
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected. (D)

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.387) 33349 114.181 114

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 88329 100.000

21 Acetone 58 1.998 1.998 (1.015) 2537 10.5847 10.6(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected. (D)

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.980 (1.000) 216518 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 160070 48.8394 48.8(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.425 (1.000) 351449 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.979 4.979 (1.000) 36154 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 423087 48.9775 49.0

72 Toluene 92 5.412 5.406 (0.860) 3558 0.37798 0.38(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.

Page 62 of 210

62 of 307910405043



Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected. (D)

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 329022 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 6.314 6.314 (1.004) 1902 0.11803 0.12(a)

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 3684 1.50610 1.5

89 o-Xylene 106 6.631 6.631 (1.054) 995 0.26175 0.26(a)

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.955 (0.918) 159646 51.6606 51.7

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 163955 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 9.009 9.003 (1.189) 3596 0.78512 0.78(a)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Lab Smp Id: 10405043002
Inj Date : 07-OCT-2017 04:26
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10405043002,,tb
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 09-Oct-2017 16:25 10msv6.i Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 55
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected. (D)

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.387) 33349 114.181 114

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 88329 100.000

21 Acetone 58 1.998 1.998 (1.015) 2537 10.5847 10.6(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected. (D)

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.980 (1.000) 216518 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 160070 48.8394 48.8(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.425 (1.000) 351449 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.979 4.979 (1.000) 36154 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 423087 48.9775 49.0

72 Toluene 92 5.412 5.406 (0.860) 3558 0.37798 0.38(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279055.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected. (D)

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 329022 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 6.314 6.314 (1.004) 1902 0.11803 0.12(a)

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 3684 1.50610 1.5

89 o-Xylene 106 6.631 6.631 (1.054) 995 0.26175 0.26(a)

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.955 (0.918) 159646 51.6606 51.7

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 163955 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 9.009 9.003 (1.189) 3596 0.78512 0.78(a)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D
Lab Smp Id: 10405043001 Client Smp ID: PGDW05-09272017
Inj Date : 05-OCT-2017 18:19
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10405043001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 9
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1074916 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 292003 10.8660694 11.2 59 NIST05.L 1031 9

R-(-)-1,2-propanediol CAS #: 4254-14-2

2.792 149843 5.57599498 5.7 59 NIST05.L 926 9
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 1
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D
Lab Smp Id: 10405043001 Client Smp ID: PGDW05-09272017
Inj Date : 05-OCT-2017 18:19
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10405043001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 9
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.963 3.963 (0.750) 417673 74.6929 77.0

$ 4 Phenol-d6 (S) 99 4.851 4.856 (0.918) 566087 72.8698 75.1

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 5.284 5.284 (1.000) 165209 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.899 5.904 (0.873) 404617 52.2196 53.8

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 2
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 6.755 6.760 (1.000) 545056 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 8.054 8.054 (0.903) 537460 50.9218 52.5

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 8.916 8.921 (1.000) 268464 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected. (D)

58 1,2-Diphenylhydrazine 77 Compound Not Detected. (D)

$ 59 2,4,6-Tribromophenol (S) 330 9.900 9.905 (1.110) 71618 74.8961 77.2

60 4-Bromophenylphenyl ether 248 Compound Not Detected. (D)

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 10.777 10.777 (1.000) 454119 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 12.740 12.740 (0.905) 508561 63.0597 65.0

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 13.991 13.997 (0.994) 23685 3.14882 3.2(aQ)

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected. (D)

* 76 Chrysene-d12 (IS) 240 14.077 14.088 (1.000) 367094 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 3
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 16.120 16.125 (1.000) 363127 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D
Lab Smp Id: 10405043001 Client Smp ID: PGDW05-09272017
Inj Date : 05-OCT-2017 18:19
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10405043001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 9
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1074916 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 292003 10.8660694 11.2 59 NIST05.L 1031 9

R-(-)-1,2-propanediol CAS #: 4254-14-2

2.792 149843 5.57599498 5.7 59 NIST05.L 926 9
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051717.D Page 5
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSSD-100517C
Lab Smp Id: 10405043001 Client Smp ID: PGDW05-09272017
Operator : AT1 Sample Date: 27-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:28-SEP-2017 09:50
Analysis Type: SV Level: LOW
Inj Date: 05-OCT-2017 18:19

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 107-30-2 |Methane, chloromethoxy- | 2.540| 11.2| NJ__|
| 2. 4254-14-2 |R-(-)-1,2-propanediol | 2.792| 5.7| NJ__|
|________________|___________________________|________|_____________|_____|
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12-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091787

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 29-Sep-2017 09:30 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 12-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091787
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091787-01 PGDW05-09272017 Water 9/27/2017 13:20 9/29/2017 09:30

Sample Summary Page 1 of  1
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Date: 12-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091787
Case Narrative

Samples for the above noted Work Order were received on 09/29/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 12-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091787

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW05-09272017

Collection Date: 9/27/2017 01:20 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091787

Dilution
Factor

Lab ID: 17091787-01

ALS Group, USA Date: 12-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 10/2/2017 02:41 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 12-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091787
QC BATCH REPORT

Batch ID: R221422 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:17 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676204

MBLK

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221422-R221422

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:46 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676205

LCS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221422-R221422

0025Acrylamide 97  50-1500.1024.26

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:55 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676222

MS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MS

0050Acrylamide 105  50-1500.2052.72

Qual
RPD 
Limit

Analysis Date: 10/2/2017 02:04 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676227

MSD

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MSD

52.72050Acrylamide 106  50-150 300.20 0.68453.08

The following samples were analyzed in this batch: 17091787-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.

Page 80 of 210

80 of 307910405043



Page 81 of 210

81 of 307910405043



ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091787

Date/Time Received: 29-Sep-17 09:30

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.2/4.2 c

Login Notes:

SR2

Cooler(s)/Kit(s):

29-Sep-17 02-Oct-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/29/2017 10:34:56 AM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1735000

Pace Analytical Services

10405043

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/16/17

320 Forbes Boulevard, Mansfield, MA  02048-1806

Lab Number:

Report Date:

508-822-9300  (Fax) 508-822-3288  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10161712:29

Page 1 of 21
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L1735000-01

Alpha 
Sample ID

PGDW05-09272017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10405043

Project Name:
Project Number:

Lab Number: 
Report Date:

L1735000
10/16/17

09/27/17 13:20

Collection 
Date/TimeMatrix Receive Date

WATER 09/29/17

Serial_No:10161712:29

Page 2 of 21
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1209662 PAVILLION WY WELL FLD

10405043

Project Name:

Project Number:

Lab Number:

Report Date:
L1735000

10/16/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.
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Case Narrative (continued)

1209662 PAVILLION WY WELL FLD

10405043

Project Name:

Project Number:

Lab Number:

Report Date:
L1735000

10/16/17

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/16/17                  
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ORGANICS
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PESTICIDES
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10405043

L1735000

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0048

0.0004

0.0243

0.0243

10/16/17

PGDW05-09272017Client ID:
09/27/17 13:20Date Collected:
09/29/17Date Received:

WYSample Location:

L1735000-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/10/17 07:03
DP

EPA 3510C
Extraction Date: 10/03/17 16:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10405043

L1735000

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

53

72

54

73

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/16/17

PGDW05-09272017Client ID:
09/27/17 13:20Date Collected:
09/29/17Date Received:

WYSample Location:

L1735000-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10161712:29
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10405043

L1735000

10/10/17 00:15
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 10/03/17 16:00

10/16/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1048406-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10405043

L1735000

10/10/17 00:15
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 10/03/17 16:00

10/16/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1048406-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

66

70

72

71

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 86

 74

 76

 85

 93

 79

 81

 86

 80

 84

 82

 82

 88

 92

 79

 84

 87

 88

 88

 89

 76

 91

 90

84

74

74

83

89

77

79

83

78

81

79

80

84

87

76

78

81

84

84

85

69

85

86

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

2

1

3

2

4

3

2

4

3

4

3

3

4

5

5

7

7

5

4

4

9

7

5

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1048406-2   WG1048406-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10405043

L1735000

10/16/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A
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Endrin ketone

Methoxychlor

Mirex

 104

 83

 74

99

78

71

40-140

40-140

40-140

5

7

4

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1048406-2   WG1048406-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10405043

L1735000

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

71
80
77
77

30-150
30-150
30-150
30-150

A
A
B
B

70
73
76
73

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/16/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10161712:29
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Heptachlor epoxide

Oxychlordane

 87

 88

84

85

40-140

40-140

4

4

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1048406-2   WG1048406-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10405043

L1735000

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

71
80
77
77

30-150
30-150
30-150
30-150

A
A
B
B

70
73
76
73

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/16/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10161712:29
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*Values in parentheses indicate holding time in days

L1735000-01A

L1735000-01B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

7

7

4.9

4.9

Y

Y

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10405043

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1735000Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/16/17

Were project specific reporting limits specified? YES

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10161712:29
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17350001209662 PAVILLION WY WELL FLD

10405043 10/16/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:10161712:29
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17350001209662 PAVILLION WY WELL FLD

10405043 10/16/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:10161712:29
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17350001209662 PAVILLION WY WELL FLD

10405043

REFERENCES 

10/16/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 1 of 13

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662/10405043

Dear Amanda Albrecht:

24052

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 28, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 2 of 13

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 3 of 13

SAMPLE SUMMARY

Workorder: 24052 PAVILLION / 1209662/10405043

Lab ID Sample ID Matrix Date Collected Date Received

240520001 PGDW05-09272017 Water 9/27/2017 13:20 9/28/2017 11:45

240520002 LD02-09272017 Water 9/27/2017 14:20 9/28/2017 11:45

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 4 of 13

PROJECT SUMMARY

Workorder: 24052 PAVILLION / 1209662/10405043

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6391 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

The percent recovery for the laboratory control sample was above laboratory control limits.  Analytes Helium and Hydrogen.

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 5 of 13

ANALYTICAL RESULTS

Workorder: 24052 PAVILLION / 1209662/10405043

9/28/2017 11:45

PGDW05-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240520001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 13:20

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 11/13/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 11/13/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/7/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/7/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 43 ug/l 0.50 1 10/9/2017 10:45 TD n0.016
Ethane 0.015J ug/l 0.10 1 10/9/2017 10:45 TD n0.0030
Ethene 0.0065J ug/l 0.10 1 10/9/2017 10:45 TD n0.0040
Propane 0.0050U ug/l 0.10 1 10/9/2017 10:45 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/9/2017 10:45 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 10:45 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/9/2017 10:45 TD n0.019
n-Butane 0.014J ug/l 0.20 1 10/9/2017 10:45 TD n0.012
Oxygen 3.8 mg/l 0.50 1 10/9/2017 10:45 TD n0.12
Nitrogen 22 mg/l 2.0 1 10/9/2017 10:45 TD n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 10:45 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/6/2017 11:47 AK d,n1800
Helium 30 U ug/l 30 1 10/5/2017 15:45 MM M2,M1,n30
Hydrogen 15 U ug/l 15 1 10/5/2017 15:45 MM M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 10/10/2017 17:31 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 10/10/2017 17:31 BW n5.0
Hexane Plus 25 U ug/l 25 1 10/10/2017 17:31 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/25/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/25/2017 00:00 ITL s

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 6 of 13

ANALYTICAL RESULTS

Workorder: 24052 PAVILLION / 1209662/10405043

9/28/2017 11:45

LD02-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240520002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 14:20

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 11/13/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 11/13/2017 00:00 JT n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 240 ug/l 0.50 1 10/9/2017 11:00 TD n0.016
Ethane 19 ug/l 0.10 1 10/9/2017 11:00 TD n0.0030
Ethene 0.015J ug/l 0.10 1 10/9/2017 11:00 TD n0.0040
Propane 4.5 ug/l 0.10 1 10/9/2017 11:00 TD n0.0050
Propene 0.12 ug/l 0.10 1 10/9/2017 11:00 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 11:00 TD n0.32
iso-Butane 2.9 ug/l 0.20 1 10/9/2017 11:00 TD n0.019
n-Butane 0.96 ug/l 0.20 1 10/9/2017 11:00 TD n0.012
Oxygen 2.8 mg/l 0.50 1 10/9/2017 11:00 TD n0.12
Nitrogen 21 mg/l 2.0 1 10/9/2017 11:00 TD n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 11:00 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/6/2017 12:17 AK d,n1800
Helium 30 U ug/l 30 1 10/5/2017 15:57 MM M2,M1,n30
Hydrogen 15 U ug/l 15 1 10/5/2017 15:57 MM M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 10/10/2017 18:35 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 10/10/2017 18:35 BW n5.0
Hexane Plus 36 ug/l 25 1 10/10/2017 18:35 BW n25

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 7 of 13

ANALYTICAL RESULTS QUALIFIERS

Workorder: 24052 PAVILLION / 1209662/10405043

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 8 of 13

QUALITY CONTROL DATA

Workorder: 24052 PAVILLION / 1209662/10405043

QC Batch:

QC Batch Method:

DISG/6391

AM30

Analysis Method: AM30

Associated Lab Samples: 240520001, 240520002

METHOD BLANK: 51425

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M2,M1,n
Hydrogen 15 Uug/l 15 M2,M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51426

RISK
Helium 1100ug/l 1400 M2,M1,n122 80-120
Hydrogen 590ug/l 720 M2,M1,n123 80-120

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 9 of 13

QUALITY CONTROL DATA

Workorder: 24052 PAVILLION / 1209662/10405043

QC Batch:

QC Batch Method:

VAP/1953

AM10

Analysis Method: AM10

Associated Lab Samples: 240520001, 240520002

METHOD BLANK: 51508

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51509 51510

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 14 71 70-130 n14 72 1.4 30
Hexane Plus ug/l 20 25 U 82 70-130 n25 U 83 1.2 30

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 10 of 13

QUALITY CONTROL DATA

Workorder: 24052 PAVILLION / 1209662/10405043

QC Batch:

QC Batch Method:

DISG/6406

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240520001, 240520002

METHOD BLANK: 51533

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 51534

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51535 51537

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 115 80-120 n870 113 1.8 20
Ethane ug/l 76 82 108 80-120 n81 107 0.93 20
Ethene ug/l 71 77 109 80-120 n76 107 1.9 20
Propane ug/l 56 59 106 80-120 n58 105 0.95 20
Propene ug/l 53 51 96 80-120 n50 94 2.1 20
iso-Butane ug/l 73 76 104 80-120 n76 104 0 20
n-Butane ug/l 73 74 101 80-120 n73 100 1 20

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 11 of 13

QUALITY CONTROL DATA

Workorder: 24052 PAVILLION / 1209662/10405043

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51536 51538

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 112 80-120 n120 105 6.5 20
Oxygen mg/l 11 11 93 80-120 n11 94 1.1 20
Nitrogen mg/l 140 130 91 80-120 n130 92 1.1 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.3 116 2.6 20

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 12 of 13

QUALITY CONTROL DATA QUALIFIERS

Workorder: 24052 PAVILLION / 1209662/10405043

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24052 - 1073079 Page 13 of 13

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24052 PAVILLION / 1209662/10405043

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240520001 PGDW05-09272017 DISG/6391AM30

240520002 LD02-09272017 DISG/6391AM30

240520001 PGDW05-09272017 VAP/1953AM10

240520002 LD02-09272017 VAP/1953AM10

240520001 PGDW05-09272017 DISG/6402AM30

240520002 LD02-09272017 DISG/6402AM30

240520001 PGDW05-09272017 DISG/6406AM20GAX

240520002 LD02-09272017 DISG/6406AM20GAX

240520001 PGDW05-09272017 CSIA/1679D18O

240520001 PGDW05-09272017 SCIT/1048D18O
Subcontracted to Isotech

240520001 PGDW05-09272017 CSIA/1702AM24

240520002 LD02-09272017 CSIA/1702AM24

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 1 of 15

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662 / 10405043

Dear Amanda Albrecht:

24051

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 28, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 24051 - 1073068 Page 3 of 15

SAMPLE SUMMARY

Workorder: 24051 PAVILLION / 1209662 / 10405043

Lab ID Sample ID Matrix Date Collected Date Received

240510001 PGDW05-09272017-PRE Water 9/27/2017 08:35 9/28/2017 11:45

240510002 PGDW05-09272017 Water 9/27/2017 13:20 9/28/2017 11:45

240510003 LD02-09272017 Water 9/27/2017 14:20 9/28/2017 11:45

240510004 TRIPBLANK-09272017 Water 9/27/2017 16:00 9/28/2017 11:45
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Report ID: 24051 - 1073068 Page 4 of 15

PROJECT SUMMARY

Workorder: 24051 PAVILLION / 1209662 / 10405043

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3515 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pentanoic, iso-Hexanoic
and Hexanoic acids.  Results associated to the analytes in samples were unaffected by high bias.

The batch matrix spike and/or spike duplicate recovery exceeded laboratory control limits; reference sample 240530001.  Analyte
Pentanoic, iso-Hexanoic and Hexanoic acids.  Batch acceptance based on laboratory control sample recovery.
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Report ID: 24051 - 1073068 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

PGDW05-09272017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 08:35

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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Report ID: 24051 - 1073068 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

PGDW05-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 13:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.034J mg/l 0.20 1 9/28/2017 23:58 KB B0.020
Acetic Acid 0.020U mg/l 0.10 1 9/28/2017 23:58 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 9/28/2017 23:58 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 9/28/2017 23:58 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 9/28/2017 23:58 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 9/28/2017 23:58 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 9/28/2017 23:58 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 9/28/2017 23:58 KB M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 9/28/2017 23:58 KB M3,M1,M50.041
Hexanoic Acid 0.038U mg/l 0.20 1 9/28/2017 23:58 KB M3,M1,M50.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 43 ug/l 0.50 1 10/9/2017 10:45 TD n0.016
Ethane 0.015J ug/l 0.10 1 10/9/2017 10:45 TD n0.0030
Ethene 0.0065J ug/l 0.10 1 10/9/2017 10:45 TD n0.0040
Propane 0.0050U ug/l 0.10 1 10/9/2017 10:45 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/9/2017 10:45 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 10:45 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/9/2017 10:45 TD n0.019
n-Butane 0.014J ug/l 0.20 1 10/9/2017 10:45 TD n0.012
Oxygen 3.8 mg/l 0.50 1 10/9/2017 10:45 TD n0.12
Nitrogen 22 mg/l 2.0 1 10/9/2017 10:45 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 10:45 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 10:45 TD n0.087
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Report ID: 24051 - 1073068 Page 7 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

LD02-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 14:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.020U mg/l 0.20 1 9/29/2017 00:52 KB B0.020
Acetic Acid 0.028J mg/l 0.10 1 9/29/2017 00:52 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 9/29/2017 00:52 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 9/29/2017 00:52 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 9/29/2017 00:52 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 9/29/2017 00:52 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 9/29/2017 00:52 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 9/29/2017 00:52 KB M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 9/29/2017 00:52 KB M3,M1,M50.041
Hexanoic Acid 0.038U mg/l 0.20 1 9/29/2017 00:52 KB M3,M1,M50.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 240 ug/l 0.50 1 10/9/2017 11:00 TD n0.016
Ethane 19 ug/l 0.10 1 10/9/2017 11:00 TD n0.0030
Ethene 0.015J ug/l 0.10 1 10/9/2017 11:00 TD n0.0040
Propane 4.5 ug/l 0.10 1 10/9/2017 11:00 TD n0.0050
Propene 0.12 ug/l 0.10 1 10/9/2017 11:00 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 11:00 TD n0.32
iso-Butane 2.9 ug/l 0.20 1 10/9/2017 11:00 TD n0.019
n-Butane 0.96 ug/l 0.20 1 10/9/2017 11:00 TD n0.012
Oxygen 2.8 mg/l 0.50 1 10/9/2017 11:00 TD n0.12
Nitrogen 21 mg/l 2.0 1 10/9/2017 11:00 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 11:00 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 11:00 TD n0.087
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Report ID: 24051 - 1073068 Page 8 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

TRIPBLANK-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.063J ug/l 0.50 1 10/9/2017 11:13 TD n0.016
Ethane 0.0049J ug/l 0.10 1 10/9/2017 11:13 TD n0.0030
Ethene 0.0053J ug/l 0.10 1 10/9/2017 11:13 TD n0.0040
Propane 0.0050J ug/l 0.10 1 10/9/2017 11:13 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/9/2017 11:13 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 11:13 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/9/2017 11:13 TD n0.019
n-Butane 0.012U ug/l 0.20 1 10/9/2017 11:13 TD n0.012
Oxygen 8.9 mg/l 0.50 1 10/9/2017 11:13 TD n0.12
Nitrogen 20 mg/l 2.0 1 10/9/2017 11:13 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 11:13 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 11:13 TD n0.087
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ANALYTICAL RESULTS QUALIFIERS

Workorder: 24051 PAVILLION / 1209662 / 10405043

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3
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QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

QC Batch:

QC Batch Method:

EDON/3515

AM23G

Analysis Method: AM23G

Associated Lab Samples: 240510002, 240510003

METHOD BLANK: 51245

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.021Jmg/l 0.020 B
Acetic Acid 0.020Umg/l 0.020
Propionic Acid 0.0061Umg/l 0.0061
Formic Acid 0.069Umg/l 0.069
Butyric Acid 0.014Umg/l 0.014
Pyruvic Acid 0.016Umg/l 0.016
i-Pentanoic Acid 0.0055Umg/l 0.0055
Pentanoic Acid 0.012Umg/l 0.012 M3,M1,M5
i-Hexanoic Acid 0.041Umg/l 0.041 M3,M1,M5
Hexanoic Acid 0.038Umg/l 0.038 M3,M1,M5

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51246

EDonors
Lactic Acid 2mg/l 2.0 B99 70-130
Acetic Acid 2mg/l 1.9 96 70-130
Propionic Acid 2mg/l 2.0 101 70-130
Formic Acid 2mg/l 1.9 93 70-130
Butyric Acid 2mg/l 2.0 101 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 2.0 99 70-130
Pentanoic Acid 2mg/l 2.6 M3,M1,M5130 70-130
i-Hexanoic Acid 2mg/l 2.2 M3,M1,M5112 70-130
Hexanoic Acid 2mg/l 2.1 M3,M1,M5105 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

EDonors
Lactic Acid mg/l 2 2.0 98 70-130 B2.0 99 1 300.02
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Report ID: 24051 - 1073068 Page 11 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

Acetic Acid mg/l 2 2.1 103 70-1302.1 103 0 300.017
Propionic Acid mg/l 2 2.2 108 70-1302.1 107 0.93 300.0012
Formic Acid mg/l 2 2.0 100 70-1302.0 98 2 300.036
Butyric Acid mg/l 2 2.2 110 70-1302.2 108 1.8 300.0013
Pyruvic Acid mg/l 2 2.2 110 70-1302.2 110 0 300.02
i-Pentanoic Acid mg/l 2 2.2 111 70-1302.2 109 1.8 300
Pentanoic Acid mg/l 2 3.1 153 70-130 M3,M1,M53.0 150 2 300
i-Hexanoic Acid mg/l 2 2.6 132 70-130 M3,M1,M52.6 131 0.76 300
Hexanoic Acid mg/l 2 2.8 141 70-130 M3,M1,M52.7 137 2.9 300
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Report ID: 24051 - 1073068 Page 12 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

QC Batch:

QC Batch Method:

DISG/6399

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240510002, 240510003, 240510004

METHOD BLANK: 51482

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51483

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51484 51486

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 116 80-120 n870 113 2.6 20
Ethane ug/l 76 82 108 80-120 n81 107 0.93 20
Ethene ug/l 71 77 109 80-120 n76 107 1.9 20
Propane ug/l 56 59 106 80-120 n58 105 0.95 20
Propene ug/l 53 51 96 80-120 n50 94 2.1 20
iso-Butane ug/l 73 76 104 80-120 n76 104 0 20
n-Butane ug/l 73 74 101 80-120 n73 100 1 20
Acetylene ug/l 33 37 112 80-120 n36 108 3.6 20
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QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51485 51487

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 112 80-120 n120 105 6.5 20
Oxygen mg/l 11 11 93 80-120 n11 94 1.1 20
Nitrogen mg/l 140 130 91 80-120 n130 92 1.1 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.3 116 2.6 20
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 24051 PAVILLION / 1209662 / 10405043

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24051 PAVILLION / 1209662 / 10405043

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240510002 PGDW05-09272017 EDON/3515AM23G

240510003 LD02-09272017 EDON/3515AM23G

240510002 PGDW05-09272017 DISG/6399AM20GAX

240510003 LD02-09272017 DISG/6399AM20GAX

240510004 TRIPBLANK-09272017 DISG/6399AM20GAX

240510001 PGDW05-09272017-PRE MOLE/118116S

240510002 PGDW05-09272017 MOLE/118116S

240510003 LD02-09272017 MOLE/118116S
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November 21, 2017 

24051 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW05-09272017-PRE 

was 6.50E+08 per liter of water, in sample PGDW05-09272017 was 2.42E+0.6 per liter of water, and in 

sample LD02-09272017 was 4.03E+11 per liter of water. 

Microbial Community Composition 

PGDW05-09272017-PRE: The profile consisted of gram-negative aerobic bacteria.  About one half of the 

profile was identified as Thiobacillus spp. which are reduced sulfur oxidizers and an additional 21% of 

the profile was Methylobacter spp. which ae methantrophs.  The third most identified genus was 

Nitrospora spp, a nitrite oxidizing genus. 

 PGDW05-09272017: The profile consisted of gram-negative mostly aerobic bacteria.  The most 

abundant phylotype was identified as Methylobacter spp. a methane oxidizing genus. Other major 

phylotypes included Nitrospira spp. a nitrite oxidizer and Denitratisoma spp. a nitrate/perchlorate 

reducing genus.  

LD02-09272017: The most abundant identified phylotype in the profile was Rhodoferax spp. which has a 

varied metabolism and functional capabilities. Other dominant genus included Pseudomonas spp. (A 

large and varied genus) and Methylocystis spp. which is a methane oxidizing genus.  
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 83.76

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW05-09272017-PRE

# of Total ID's:

Sample ID: PGDW05-09272017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 7
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Genomic Sequencing Report
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Project: 11/9/2017
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24051

Sample ID: PGDW05-09272017-P
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW05-09272017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 77.6
Anaerobic: 6.16
Varied: 0
Not Characterized: 16.24

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW05-09272017-PRE

thiobacillus Aerobic/SOX Negative47.30
methylobacter Aerobic Negative20.74
nitrospira Aerobic/NOB Negative9.56
denitratisoma Anaerobic/NRB/Perchlorate Negative2.12
candidatus desulforudis Anaerobic/SRB Positive2.10
georgfuchsia Anaerobic/Nitrate/MRB Negative1.06
syntrophus Anaerobic Negative0.88
Total Abundant Phylotypes: 83.76
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Denitratisoma
Cells are Gram-negative, non-spore-forming, motile, curved rods (0.4–0.8×0.8–2.0 μm in size) with rounded ends,
and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, more elongated cells with light-
refracting inclusions predominate (length up to 2.0 μm). Metabolism is strictly oxidative. Nitrate is reduced to a
mixture of N 2O and N 2; nitrite accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic
oxidation of E2 to CO 2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as
testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are used; sulfate or
sulfite are not reduced. Optimal growth occurs at 28–30 °C and pH 7.0–7.2. Salinity range for growth is 0–1.0 %
NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty acids are C 16 : 1 ω7c/iso-C 15 : 0 2-OH and C 16 : 0.
Minor components are C 18 : 1 ω7c and C 8 : 0 3-OH (as the only hydroxylated fatty acid). The DNA G+C content of
the type species is 61.4 mol%. The type species is Denitratisoma oestradiolicum.
Fahrbach, M., Kuever, J., Meinke, R., Kämpfer, P., & Hollender, J. (2006). Denitratisoma oestradiolicum gen. nov.,
sp. nov., a 17β-oestradiol-degrading, denitrifying betaproteobacterium. International journal of systematic and
evolutionary microbiology, 56(7), 1547-1552.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 86.72

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW05-09272017

# of Total ID's:

Sample ID: PGDW05-09272017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 18

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24051

Sample ID: PGDW05-09272017

242

1.38
81.15

1.16
16.31
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW05-09272017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 59.27
Anaerobic: 25.19
Varied: 2.26
Not Characterized: 13.28

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW05-09272017

methylobacter Aerobic Negative20.90
nitrospira Aerobic/NOB Negative20.65
denitratisoma Anaerobic/NRB/Perchlorate Negative13.88
thiobacillus Aerobic/SOX Negative6.91
georgfuchsia Anaerobic/Nitrate/MRB Negative5.33
ignavibacterium Anaerobic Negative2.92
ralstonia Varied Negative2.26
melioribacter Facultative Anaerobic --2.05
pseudomonas Aerobic Negative1.90
sulfuritalea Aerobic/Falculative Negative1.40
solirubrobacter Aerobic Positive1.38
hyphomicrobium Aerobic/NRB Negative1.24
thermaerobacter Aerobic Variable1.16
steroidobacter Anaerobic/Nitrate Negative1.01
methylocystis Aerobic MOB --0.98
lewinella Aerobic Negative0.97
gallionella Aerobic/IRB Negative0.90
tabrizicola Aerobic Negative0.88
Total Abundant Phylotypes: 86.72
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Denitratisoma
Cells are Gram-negative, non-spore-forming, motile, curved rods (0.4–0.8×0.8–2.0 μm in size) with rounded ends,
and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, more elongated cells with light-
refracting inclusions predominate (length up to 2.0 μm). Metabolism is strictly oxidative. Nitrate is reduced to a
mixture of N 2O and N 2; nitrite accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic
oxidation of E2 to CO 2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as
testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are used; sulfate or
sulfite are not reduced. Optimal growth occurs at 28–30 °C and pH 7.0–7.2. Salinity range for growth is 0–1.0 %
NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty acids are C 16 : 1 ω7c/iso-C 15 : 0 2-OH and C 16 : 0.
Minor components are C 18 : 1 ω7c and C 8 : 0 3-OH (as the only hydroxylated fatty acid). The DNA G+C content of
the type species is 61.4 mol%. The type species is Denitratisoma oestradiolicum.
Fahrbach, M., Kuever, J., Meinke, R., Kämpfer, P., & Hollender, J. (2006). Denitratisoma oestradiolicum gen. nov.,
sp. nov., a 17β-oestradiol-degrading, denitrifying betaproteobacterium. International journal of systematic and
evolutionary microbiology, 56(7), 1547-1552.

Gallionella
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Gallionellaceae / Gallionella. Gram-negative, bean-
shaped cells, usually 0.5–0.8 × 1.6–2.5 µm, that secrete an extracellular twisted stalk from the concave side,
0.3–0.5 µm in width and up to 400 µm or more in length. The stalk is composed of numerous 2 nm-wide fibers and
is produced under microaerophilic conditions when cells are in late exponential or stationary growth phase. Motile
by means of a polar flagellum. Microaerophilic; chemolithotrophic growth can be obtained in vitro using oxygen
and ferrous iron concentration gradients in a salt medium with CO2 as sole carbon source (Table BXII.β.108).
Mixotrophic metabolism has been demonstrated with glucose, fructose, and sucrose. Can be found where
anaerobic groundwater with ferrous iron reaches an oxygen-containing environment. Belongs to the
Betaproteobacteria, family Gallionellaceae, with one known species, G. ferruginea. Most closely related species
according to 16S rDNA sequence analysis is the chemolithotroph Nitrosospira multiformis, distantly related with a
16S rDNA sequence similarity of 90%. The mol% G + C of the DNA is: 51–54.6 (Hanert, 1989).
Hallbeck, L. E.-L. and Pedersen, K. 2015. Gallionella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–10.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Lewinella
Bacteroidetes / Sphingobacteriia / Sphingobacteriales / Saprospiraceae / Lewinella. Unbranched, flexible rods or
filaments 0.5–1.5 × 5–150 μm or longer (up to several mm) consisting of individual cells 2–3 µm long. Ensheathed,
although sheaths may be difficult to visualize. Filament breakage or cell lysis results in empty ends or spaces
(necridia). Resting stages not known. Motile by gliding. Gram-stain-negative. Produce orange or yellow carotenoid
pigments. Chemo-organotrophic. Aerobic, having a respiratory type of metabolism with oxygen as the terminal
electron acceptor. Gelatin is hydrolyzed but not cellulose, chitin, or starch. Seawater is required for growth.
Isolated from marine environments. DNA G+C content (mol%): 44.9–53.1.
Sly, L. I. and Fegan, M. 2015. Lewinella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Melioribacter
Gram-negative, rod-shaped cells. Spores are not formed. Obligately heterotrophic, facultatively anaerobic,
catalase and oxidase positive. The G+C content of genomic DNA of the type species is 41 mol %. The major cellular
fatty acids are iso-C15:0, anteiso-C15:0 and C16:0. The major isoprenoid quinone is MK-7. Represent a distinct
phylogenetic lineage in the family Melioribacteraceae within the order Ignavibacteriales of the class Ignavibacteria
based on 16S rRNA gene sequence analysis. The type species is M. roseus.
Podosokorskaya, O.A., Kadnikov, V.V., Gavrilov, S.N., Mardanov, A.V., Merkel, A.Y., Karnachuk, O.V., Ravin, N.V.,
Bonch‐Osmolovskaya, E.A. and Kublanov, I.V., 2013. Characterization of Melioribacter roseus gen. nov., sp. nov., a
novel facultatively anaerobic thermophilic cellulolytic bacterium from the class Ignavibacteria, and a proposal of a
novel bacterial phylum Ignavibacteriae. Environmental microbiology, 15(6), pp.1759-1771.

Page 150 of 210

150 of 307910405043



Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Solirubrobacter
Actinobacteria / Thermoleophilia / Solirubrobacterales / Solirubrobacteraceae / Solirubrobacter. Gram-stain
positive, rod of medium length. Nonmotile. Spores are not formed. Aerobe and mesophile. Grows well on
common sugars, a few amino acids and other compounds as sole carbon source. The major phospholipid fatty
acids (PFLAs) are C16:0 iso and C18:1 ω9c, and MK-7(H4) is the predominant menaquinone in the only species that
has been tested. Some species are sensitive to desiccation. DNA G+C content (mol%): 71–72 (Lc).
Whitman, W. B. 2015. Solirubrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Steroidobacter
Gram-negative cells are mesophilic, neutrophilic, non-spore-forming, slightly curved rods. Chemo-organotrophs;
metabolism is respiratory and non-fermentative. Exhibit reduction of nitrate to dinitrogen monoxide and further
to dinitrogen without any intermediate accumulation of nitrite. Utilize both oestradiol (C-18 steroid) and
testosterone (C-19 steroid) as sole sources of carbon and energy with nitrate as the electron acceptor. Grow
aerobically with testosterone but not with oestradiol. Grow on only a limited number of organic substrates. No
aerobic or anaerobic growth on liquid or solid complex media. Nitrate, nitrite or dioxygen are used as electron
acceptors, whereas sulfate, sulfite and (per)chlorate are not used. The polyamine pattern contains the major
compound spermidine and the quinone system is exclusively ubiquinone Q-8. Diphosphatidylglycerol,
phosphatidylethanolamine, phosphatidylglycerol and several unknown lipids are present in the polar lipid profile.
The major fatty acids of testosterone- or heptanoate-grown cells are C 15 : 0 and C 17 : 1 ω8 c. The DNA G+C
content of the type strain of the type species is 61.9 mol%. The type species is Steroidobacter denitrificans.
Fahrbach, M., Kuever, J., Remesch, M., Huber, B. E., Kämpfer, P., Dott, W., & Hollender, J. (2008). Steroidobacter
denitrificans gen. nov., sp. nov., a steroidal hormone-degrading gammaproteobacterium. International Journal of
Systematic and Evolutionary Microbiology, 58(9), 2215-2223.

Sulfuritalea
Grows chemolithoautotrophically under anoxic conditions by the oxidation of reduced sulfur compounds and
hydrogen. Heterotrophic growth occurs on organic acids. The major fatty acids are C 16 : 0 and summed feature 3
(C 16 : 1ω7 c and/or iso-C 15 : 0 2-OH). Phylogenetically affiliated with the class Betaproteobacteria based on 16S
rRNA gene sequence analysis. The type species is Sulfuritalea hydrogenivorans.
Kojima, H., & Fukui, M. (2011). Sulfuritalea hydrogenivorans gen. nov., sp. nov., a facultative autotroph isolated
from a freshwater lake. International journal of systematic and evolutionary microbiology, 61(7), 1651-1655.

Tabrizicola
Cells are Gram-negative and rod-shaped Alphaproteobacteria. They are catalase and oxidase positive and
facultatively anaerobic. Species of this genus are characterized by chemoheterotrophic growth with a limited
variety of organic substrates as carbon and energy sources. The species of this genus are unable to grow
phototrophically in the light, photosynthetic pigments are not produced and pufL and pufM genes are absent. In
addition to oxygen also nitrate and nitrite may be reduced. Major polar lipids present are PC, PG, di-PG, PE. Major
fatty acids are C18:1 ω7C, 11-methyl C18:1 ω7C and C18:0 3-OH. The predominant respiratory quinone is
ubiquinone Q-10. The G+C content of genomic DNA of the type strain of the type species is 65.9 mol%.
Tarhriz, V., Thiel, V., Nematzadeh, G., Hejazi, M. A., Imhoff, J. F., & Hejazi, M. S. (2013). Tabrizicola aquatica gen.
nov. sp. nov., a novel alphaproteobacterium isolated from Qurugöl Lake nearby Tabriz city, Iran. Antonie van
Leeuwenhoek, 104(6), 1205-1215.
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Thermaerobacter
Firmicutes / “Clostridia” / Clostridiales / incertae Sedis - Family VI / Thermaerobacter. Rods, 2–10 × 0.2–0.6 µm
usually arranged singly or in pairs. Stain Gram-negative or Gram-variable. Motile with monopolar or bipolar
flagella. Nonmotile species do not possess flagella. May or may not form spores. Oxidase-positive. Strict aerobes,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Thermophilic, with
growth occurring between 50 and 80 °C with optimum between 70 and 75 °C. Neutrophiles or alkalophiles with
growth occurring between pH 5 and 10 with an optimum pH between 7 and 8.5. Chemoheterotrophic. May utilize
organic substrates such as yeast extract, peptone, cellulose, starch, chitin, casein, Casamino acids, and a variety of
sugars, carboxylic acids, and amino acids. Isolated from nonthermal sediments of the Mariana Trench, bore runoff
channels of the thermal bore wells of Great Artesian Basin, and shallow marine hydrothermal vents. DNA G+C
content (mol%): 69–72.
Spanevello, M. D. and Patel, B. K. C. 2015. Thermaerobacter. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 76.57

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

LD02-09272017

# of Total ID's:

Sample ID: LD02-09272017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 18
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Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245
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Results Continued: 220 William Pitt Way
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(412) 826-5245Sample ID: LD02-09272017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: LD02-09272017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 23.71
Anaerobic: 6.79
Varied: 46.07
Not Characterized: 23.43

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: LD02-09272017

rhodoferax Varied Negative44.64
pseudomonas Aerobic Negative9.07
methylocystis Aerobic MOB --4.71
hyphomicrobium Aerobic/NRB Negative2.02
nitrospira Aerobic/NOB Negative1.86
anaerophaga Anaerobic/Fermentative Negative1.75
hydrogenophaga Varied Negative1.43
desulfobacterium Anaerobic/SRB Negative1.39
mesorhizobium Aerobic Negative1.34
methylobacter Aerobic Negative1.06
pelobacter Anaerobic Negative1.00
ectothiorhodospira Anaerobic Negative0.99
polaromonas Aerobic Negative0.97
sulfuritalea Aerobic/Falculative Negative0.95
thalassobius Aerobic Negative0.88
acidobacterium Aerobic Negative0.85
holophaga Anaerobic Negative0.85
syntrophus Anaerobic Negative0.81
Total Abundant Phylotypes: 76.57
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Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Anaerophaga
Bacteroidetes / Bacteroidia / Bacteroidales / Marinilabiliaceae / Anaerophaga. Slender flexible rods with rounded
ends. Strictly anaerobic. Chemoorganotrophic. Nonphotosynthetic. Have a fermentative type of metabolism, using
organic compounds as substrates. Inorganic electron acceptors are not used. Media containing a reductant, e.g.,
cysteine, are necessary for growth. Catalase-negative. Isolated from oil-contaminated sediment in an oil
separation tank. Type species: Anaerophaga thermohalophila Denger, Warthmann, Ludwig and Schink 2002,
177VP. DNA G+C content (mol%): 42.
Schink, B. 2015. Anaerophaga . Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Ectothiorhodospira
Proteobacteria / Gammaproteobacteria / Chromatiales / Ectothiorhodospiraceae / Ectothiorhodospira. Cells rod-
shaped or vibrioid, also appearing as true spirals, 0.7–1.5 µm in diameter, motile by a polar tuft of flagella,
multiply by binary fission, and may contain gas vesicles. Gram-negative and belong to the Gammaproteobacteria.
Internal photosynthetic membranes are lamellar stacks that are continuous with the cytoplasmic membrane.
Photosynthetic pigments are bacteriochlorophyll a and carotenoids. The mol% G + C of the DNA is: 61.4–68.4.
Imhoff, J. F. 2015. Ectothiorhodospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.

Holophaga
Acidobacteria / Holophagae / Holophagales / Holophagaceae / Holophaga. Rod-shaped cells, 0.5–0.7 µm × 1–3
µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Anaerobic, having strictly anaerobic metabolism
that is obligately fermentative. Ferments trimethoxybenzoate and syringate to dimethylsulfide and methanediol.
Ferments pyruvate and trihydroxybenzenes such as pyrogallol and gallate, as well as methylated derivatives of
hydroxybenzene including 3,4,5-trimethoxybenzoate (TMB). Aromatics are fermented to acetate. Optimal growth
is at 28–32°C. No growth below 10°C or above 35°C. Optimum growth from pH 6.8 to 7.5. No growth below pH 5.5
or above pH 8.0. Growth with NaCl from 0.1 to 1.5%. Nonmotile. Contains c-type cytochromes. DNA G+C content
(mol%): 62.5.
Thrash, J. C. and Coates, J. D. 2015. Holophaga . Bergey's Manual of Systematics of Archaea and Bacteria. 1–2.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.
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Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Pelobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Pelobacter. Rod-shaped cells,
0.5–1.0 × 1.5–6.0 µm, with rounded ends, single, in pairs, or in chains. Motile forms may occur in some species;
other species are nonmotile. Gram negative. Endospores not formed. Anaerobic. Have a chemoorganotrophic,
fermentative type of metabolism, using few simple organic compounds as substrates. Carbohydrates not utilized.
Media containing a reductant, e.g., sulfide, are necessary for growth. Catalase negative. Isolated from sediments
of limnic or marine origin. The mol% G + C of the DNA is: 50–58. Schink, B. 2015. Pelobacter. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–6.

Polaromonas
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Polaromonas. Cigar-shaped rods, 0.8
× 2.0–3.0 µm. Gram negative and encapsulated. Motile by a polar flagellum. Aerobic. Chemoorganotrophic,
catalase and oxidase positive. Require amino acids, but not vitamins for growth. Cellular fatty acids predominantly
(74–79%) C16:1 ω7c, and C16:0 (14–17%), and some (7–9%) C18:1 ω7c, C18:1 ω9t, or C18:1 ω12t. Organisms may
contain gas vesicles. Psychrophilic; growth temperature maximum of known strains is 15°C. 16S rDNA-based
phylogeny shows this is a member of the Comamonadaceae in the Betaproteobacteria. The mol% G + C of the
DNA is: 52–57.
Gosink, J. J. 2015. Polaromonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Rhodoferax
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Rhodoferax. Cells are curved or
vibrioid rods, motile by means of polar flagella, that multiply by binary fission and do not form endospores and
capsules. Gram negative, belonging to the Betaproteobacteria. Internal membrane systems are poorly developed
or absent. Photosynthetic pigments are bacteriochlorophyll a and carotenoids of the spheroidene series. Contain
ubiquinones and rhodoquinones with eight isoprene units (Q-8 and RQ-8). Straight-chain C16:1 and C16:0 acids
are the major components of cellular fatty acids. C8:0 3OH acid is present. Membrane-bound fumarate reductase
activity occurs with FMNH2 as the electron donor. The mol% G + C of the DNA is: 59.8–61.5.
Hiraishi, A. and Imhoff, J. F. 2015. Rhodoferax. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Sulfuritalea
Grows chemolithoautotrophically under anoxic conditions by the oxidation of reduced sulfur compounds and
hydrogen. Heterotrophic growth occurs on organic acids. The major fatty acids are C 16 : 0 and summed feature 3
(C 16 : 1ω7 c and/or iso-C 15 : 0 2-OH). Phylogenetically affiliated with the class Betaproteobacteria based on 16S
rRNA gene sequence analysis. The type species is Sulfuritalea hydrogenivorans.
Kojima, H., & Fukui, M. (2011). Sulfuritalea hydrogenivorans gen. nov., sp. nov., a facultative autotroph isolated
from a freshwater lake. International journal of systematic and evolutionary microbiology, 61(7), 1651-1655.

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Thalassobius
Gram-negative, strictly aerobic, chemo-organotrophic bacteria. Oxidase- and catalase-positive. Cells are coccoid to
rod-shaped. Cells divide by binary fission. Gas vesicles not observed. Accumulate PHB. Slightly halophilic; no
growth can be obtained without sea water or the addition of combined marine salts to the medium. Mesophilic.
Do not ferment carbohydrates. Preferred carbon sources are organic acids and amino acids. DNA G+C content
ranges from 57 to 59 mol%. The genus is affiliated to the ‘ Alphaproteobacteria’, order ‘ Rhodobacterales’ and
currently contains two species. The type species is Thalassobius mediterraneus.
Arahal, D. R., Macián, M. C., Garay, E., & Pujalte, M. J. (2005). Thalassobius mediterraneus gen. nov., sp. nov., and
reclassification of Ruegeria gelatinovorans as Thalassobius gelatinovorus comb. nov. International journal of
systematic and evolutionary microbiology, 55(6), 2371-2376.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 1 of 15

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662 / 10405043

Dear Amanda Albrecht:

24051

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 28, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 3 of 15

SAMPLE SUMMARY

Workorder: 24051 PAVILLION / 1209662 / 10405043

Lab ID Sample ID Matrix Date Collected Date Received

240510001 PGDW05-09272017-PRE Water 9/27/2017 08:35 9/28/2017 11:45

240510002 PGDW05-09272017 Water 9/27/2017 13:20 9/28/2017 11:45

240510003 LD02-09272017 Water 9/27/2017 14:20 9/28/2017 11:45

240510004 TRIPBLANK-09272017 Water 9/27/2017 16:00 9/28/2017 11:45

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 4 of 15

PROJECT SUMMARY

Workorder: 24051 PAVILLION / 1209662 / 10405043

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3515 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pentanoic, iso-Hexanoic
and Hexanoic acids.  Results associated to the analytes in samples were unaffected by high bias.

The batch matrix spike and/or spike duplicate recovery exceeded laboratory control limits; reference sample 240530001.  Analyte
Pentanoic, iso-Hexanoic and Hexanoic acids.  Batch acceptance based on laboratory control sample recovery.

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

PGDW05-09272017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 08:35

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24051 - 1073068 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

PGDW05-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 13:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.034J mg/l 0.20 1 9/28/2017 23:58 KB B0.020
Acetic Acid 0.020U mg/l 0.10 1 9/28/2017 23:58 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 9/28/2017 23:58 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 9/28/2017 23:58 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 9/28/2017 23:58 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 9/28/2017 23:58 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 9/28/2017 23:58 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 9/28/2017 23:58 KB M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 9/28/2017 23:58 KB M3,M1,M50.041
Hexanoic Acid 0.038U mg/l 0.20 1 9/28/2017 23:58 KB M3,M1,M50.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 43 ug/l 0.50 1 10/9/2017 10:45 TD n0.016
Ethane 0.015J ug/l 0.10 1 10/9/2017 10:45 TD n0.0030
Ethene 0.0065J ug/l 0.10 1 10/9/2017 10:45 TD n0.0040
Propane 0.0050U ug/l 0.10 1 10/9/2017 10:45 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/9/2017 10:45 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 10:45 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/9/2017 10:45 TD n0.019
n-Butane 0.014J ug/l 0.20 1 10/9/2017 10:45 TD n0.012
Oxygen 3.8 mg/l 0.50 1 10/9/2017 10:45 TD n0.12
Nitrogen 22 mg/l 2.0 1 10/9/2017 10:45 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 10:45 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 10:45 TD n0.087

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24051 - 1073068 Page 7 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

LD02-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 14:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.020U mg/l 0.20 1 9/29/2017 00:52 KB B0.020
Acetic Acid 0.028J mg/l 0.10 1 9/29/2017 00:52 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 9/29/2017 00:52 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 9/29/2017 00:52 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 9/29/2017 00:52 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 9/29/2017 00:52 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 9/29/2017 00:52 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 9/29/2017 00:52 KB M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 9/29/2017 00:52 KB M3,M1,M50.041
Hexanoic Acid 0.038U mg/l 0.20 1 9/29/2017 00:52 KB M3,M1,M50.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 240 ug/l 0.50 1 10/9/2017 11:00 TD n0.016
Ethane 19 ug/l 0.10 1 10/9/2017 11:00 TD n0.0030
Ethene 0.015J ug/l 0.10 1 10/9/2017 11:00 TD n0.0040
Propane 4.5 ug/l 0.10 1 10/9/2017 11:00 TD n0.0050
Propene 0.12 ug/l 0.10 1 10/9/2017 11:00 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 11:00 TD n0.32
iso-Butane 2.9 ug/l 0.20 1 10/9/2017 11:00 TD n0.019
n-Butane 0.96 ug/l 0.20 1 10/9/2017 11:00 TD n0.012
Oxygen 2.8 mg/l 0.50 1 10/9/2017 11:00 TD n0.12
Nitrogen 21 mg/l 2.0 1 10/9/2017 11:00 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 11:00 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 11:00 TD n0.087

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24051 - 1073068 Page 8 of 15

ANALYTICAL RESULTS

Workorder: 24051 PAVILLION / 1209662 / 10405043

9/28/2017 11:45

TRIPBLANK-09272017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240510004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/27/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.063J ug/l 0.50 1 10/9/2017 11:13 TD n0.016
Ethane 0.0049J ug/l 0.10 1 10/9/2017 11:13 TD n0.0030
Ethene 0.0053J ug/l 0.10 1 10/9/2017 11:13 TD n0.0040
Propane 0.0050J ug/l 0.10 1 10/9/2017 11:13 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/9/2017 11:13 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/9/2017 11:13 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/9/2017 11:13 TD n0.019
n-Butane 0.012U ug/l 0.20 1 10/9/2017 11:13 TD n0.012
Oxygen 8.9 mg/l 0.50 1 10/9/2017 11:13 TD n0.12
Nitrogen 20 mg/l 2.0 1 10/9/2017 11:13 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/9/2017 11:13 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/9/2017 11:13 TD n0.087

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24051 - 1073068 Page 9 of 15

ANALYTICAL RESULTS QUALIFIERS

Workorder: 24051 PAVILLION / 1209662 / 10405043

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24051 - 1073068 Page 10 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

QC Batch:

QC Batch Method:

EDON/3515

AM23G

Analysis Method: AM23G

Associated Lab Samples: 240510002, 240510003

METHOD BLANK: 51245

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.021Jmg/l 0.020 B
Acetic Acid 0.020Umg/l 0.020
Propionic Acid 0.0061Umg/l 0.0061
Formic Acid 0.069Umg/l 0.069
Butyric Acid 0.014Umg/l 0.014
Pyruvic Acid 0.016Umg/l 0.016
i-Pentanoic Acid 0.0055Umg/l 0.0055
Pentanoic Acid 0.012Umg/l 0.012 M3,M1,M5
i-Hexanoic Acid 0.041Umg/l 0.041 M3,M1,M5
Hexanoic Acid 0.038Umg/l 0.038 M3,M1,M5

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51246

EDonors
Lactic Acid 2mg/l 2.0 B99 70-130
Acetic Acid 2mg/l 1.9 96 70-130
Propionic Acid 2mg/l 2.0 101 70-130
Formic Acid 2mg/l 1.9 93 70-130
Butyric Acid 2mg/l 2.0 101 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 2.0 99 70-130
Pentanoic Acid 2mg/l 2.6 M3,M1,M5130 70-130
i-Hexanoic Acid 2mg/l 2.2 M3,M1,M5112 70-130
Hexanoic Acid 2mg/l 2.1 M3,M1,M5105 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

EDonors
Lactic Acid mg/l 2 2.0 98 70-130 B2.0 99 1 300.02

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24051 - 1073068 Page 11 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

Acetic Acid mg/l 2 2.1 103 70-1302.1 103 0 300.017
Propionic Acid mg/l 2 2.2 108 70-1302.1 107 0.93 300.0012
Formic Acid mg/l 2 2.0 100 70-1302.0 98 2 300.036
Butyric Acid mg/l 2 2.2 110 70-1302.2 108 1.8 300.0013
Pyruvic Acid mg/l 2 2.2 110 70-1302.2 110 0 300.02
i-Pentanoic Acid mg/l 2 2.2 111 70-1302.2 109 1.8 300
Pentanoic Acid mg/l 2 3.1 153 70-130 M3,M1,M53.0 150 2 300
i-Hexanoic Acid mg/l 2 2.6 132 70-130 M3,M1,M52.6 131 0.76 300
Hexanoic Acid mg/l 2 2.8 141 70-130 M3,M1,M52.7 137 2.9 300
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Report ID: 24051 - 1073068 Page 12 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

QC Batch:

QC Batch Method:

DISG/6399

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240510002, 240510003, 240510004

METHOD BLANK: 51482

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51483

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51484 51486

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 116 80-120 n870 113 2.6 20
Ethane ug/l 76 82 108 80-120 n81 107 0.93 20
Ethene ug/l 71 77 109 80-120 n76 107 1.9 20
Propane ug/l 56 59 106 80-120 n58 105 0.95 20
Propene ug/l 53 51 96 80-120 n50 94 2.1 20
iso-Butane ug/l 73 76 104 80-120 n76 104 0 20
n-Butane ug/l 73 74 101 80-120 n73 100 1 20
Acetylene ug/l 33 37 112 80-120 n36 108 3.6 20
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Report ID: 24051 - 1073068 Page 13 of 15

QUALITY CONTROL DATA

Workorder: 24051 PAVILLION / 1209662 / 10405043

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51485 51487

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 112 80-120 n120 105 6.5 20
Oxygen mg/l 11 11 93 80-120 n11 94 1.1 20
Nitrogen mg/l 140 130 91 80-120 n130 92 1.1 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.3 116 2.6 20
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Report ID: 24051 - 1073068 Page 14 of 15

QUALITY CONTROL DATA QUALIFIERS

Workorder: 24051 PAVILLION / 1209662 / 10405043

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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Report ID: 24051 - 1073068 Page 15 of 15

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24051 PAVILLION / 1209662 / 10405043

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240510002 PGDW05-09272017 EDON/3515AM23G

240510003 LD02-09272017 EDON/3515AM23G

240510002 PGDW05-09272017 DISG/6399AM20GAX

240510003 LD02-09272017 DISG/6399AM20GAX

240510004 TRIPBLANK-09272017 DISG/6399AM20GAX

240510001 PGDW05-09272017-PRE MOLE/118116S

240510002 PGDW05-09272017 MOLE/118116S

240510003 LD02-09272017 MOLE/118116S
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Phone: (412) 826-5245
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November 21, 2017 

24051 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW05-09272017-PRE 

was 6.50E+08 per liter of water, in sample PGDW05-09272017 was 2.42E+0.6 per liter of water, and in 

sample LD02-09272017 was 4.03E+11 per liter of water. 

Microbial Community Composition 

PGDW05-09272017-PRE: The profile consisted of gram-negative aerobic bacteria.  About one half of the 

profile was identified as Thiobacillus spp. which are reduced sulfur oxidizers and an additional 21% of 

the profile was Methylobacter spp. which ae methantrophs.  The third most identified genus was 

Nitrospora spp, a nitrite oxidizing genus. 

 PGDW05-09272017: The profile consisted of gram-negative mostly aerobic bacteria.  The most 

abundant phylotype was identified as Methylobacter spp. a methane oxidizing genus. Other major 

phylotypes included Nitrospira spp. a nitrite oxidizer and Denitratisoma spp. a nitrate/perchlorate 

reducing genus.  

LD02-09272017: The most abundant identified phylotype in the profile was Rhodoferax spp. which has a 

varied metabolism and functional capabilities. Other dominant genus included Pseudomonas spp. (A 

large and varied genus) and Methylocystis spp. which is a methane oxidizing genus.  
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 24051
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/27/2017
Job Number: PAVILLION / 1209662 Date Received: 9/28/2017
Project Name: Date Reported: 11/16/2017

Pace Energy ID: 240510001 Matrix: Water
Sample ID: PGDW05-09272017-PRE
Description: gene copies per liter of water

Total Eubacteria: 6.50E+08

Pace Energy ID: 240510002 Matrix: Water
Sample ID: PGDW05-09272017
Description: gene copies per liter of water

Total Eubacteria: 2.42E+06

Pace Energy ID: 240510003 Matrix: Water
Sample ID: LD02-09272017
Description: gene copies per liter of water

Total Eubacteria: 4.03E+11

QA/QC NIC UNC UPC

Pass Pass Pass
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 83.76

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW05-09272017-PRE

# of Total ID's:

Sample ID: PGDW05-09272017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 7

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24051

Sample ID: PGDW05-09272017-P

356

2.1
81.66

0
16.24

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW05-09272017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 77.6
Anaerobic: 6.16
Varied: 0
Not Characterized: 16.24

Aerobic

Anaerobic

Varied

NotCharacterized
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Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW05-09272017-PRE

thiobacillus Aerobic/SOX Negative47.30
methylobacter Aerobic Negative20.74
nitrospira Aerobic/NOB Negative9.56
denitratisoma Anaerobic/NRB/Perchlorate Negative2.12
candidatus desulforudis Anaerobic/SRB Positive2.10
georgfuchsia Anaerobic/Nitrate/MRB Negative1.06
syntrophus Anaerobic Negative0.88
Total Abundant Phylotypes: 83.76
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Denitratisoma
Cells are Gram-negative, non-spore-forming, motile, curved rods (0.4–0.8×0.8–2.0 μm in size) with rounded ends,
and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, more elongated cells with light-
refracting inclusions predominate (length up to 2.0 μm). Metabolism is strictly oxidative. Nitrate is reduced to a
mixture of N 2O and N 2; nitrite accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic
oxidation of E2 to CO 2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as
testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are used; sulfate or
sulfite are not reduced. Optimal growth occurs at 28–30 °C and pH 7.0–7.2. Salinity range for growth is 0–1.0 %
NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty acids are C 16 : 1 ω7c/iso-C 15 : 0 2-OH and C 16 : 0.
Minor components are C 18 : 1 ω7c and C 8 : 0 3-OH (as the only hydroxylated fatty acid). The DNA G+C content of
the type species is 61.4 mol%. The type species is Denitratisoma oestradiolicum.
Fahrbach, M., Kuever, J., Meinke, R., Kämpfer, P., & Hollender, J. (2006). Denitratisoma oestradiolicum gen. nov.,
sp. nov., a 17β-oestradiol-degrading, denitrifying betaproteobacterium. International journal of systematic and
evolutionary microbiology, 56(7), 1547-1552.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017-PRE

Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 86.72

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW05-09272017

# of Total ID's:

Sample ID: PGDW05-09272017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 18

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24051

Sample ID: PGDW05-09272017

242

1.38
81.15

1.16
16.31

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW05-09272017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 59.27
Anaerobic: 25.19
Varied: 2.26
Not Characterized: 13.28

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW05-09272017

methylobacter Aerobic Negative20.90
nitrospira Aerobic/NOB Negative20.65
denitratisoma Anaerobic/NRB/Perchlorate Negative13.88
thiobacillus Aerobic/SOX Negative6.91
georgfuchsia Anaerobic/Nitrate/MRB Negative5.33
ignavibacterium Anaerobic Negative2.92
ralstonia Varied Negative2.26
melioribacter Facultative Anaerobic --2.05
pseudomonas Aerobic Negative1.90
sulfuritalea Aerobic/Falculative Negative1.40
solirubrobacter Aerobic Positive1.38
hyphomicrobium Aerobic/NRB Negative1.24
thermaerobacter Aerobic Variable1.16
steroidobacter Anaerobic/Nitrate Negative1.01
methylocystis Aerobic MOB --0.98
lewinella Aerobic Negative0.97
gallionella Aerobic/IRB Negative0.90
tabrizicola Aerobic Negative0.88
Total Abundant Phylotypes: 86.72

Page 193 of 210

193 of 307910405043



Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW05-09272017

Denitratisoma
Cells are Gram-negative, non-spore-forming, motile, curved rods (0.4–0.8×0.8–2.0 μm in size) with rounded ends,
and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, more elongated cells with light-
refracting inclusions predominate (length up to 2.0 μm). Metabolism is strictly oxidative. Nitrate is reduced to a
mixture of N 2O and N 2; nitrite accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic
oxidation of E2 to CO 2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as
testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are used; sulfate or
sulfite are not reduced. Optimal growth occurs at 28–30 °C and pH 7.0–7.2. Salinity range for growth is 0–1.0 %
NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty acids are C 16 : 1 ω7c/iso-C 15 : 0 2-OH and C 16 : 0.
Minor components are C 18 : 1 ω7c and C 8 : 0 3-OH (as the only hydroxylated fatty acid). The DNA G+C content of
the type species is 61.4 mol%. The type species is Denitratisoma oestradiolicum.
Fahrbach, M., Kuever, J., Meinke, R., Kämpfer, P., & Hollender, J. (2006). Denitratisoma oestradiolicum gen. nov.,
sp. nov., a 17β-oestradiol-degrading, denitrifying betaproteobacterium. International journal of systematic and
evolutionary microbiology, 56(7), 1547-1552.

Gallionella
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Gallionellaceae / Gallionella. Gram-negative, bean-
shaped cells, usually 0.5–0.8 × 1.6–2.5 µm, that secrete an extracellular twisted stalk from the concave side,
0.3–0.5 µm in width and up to 400 µm or more in length. The stalk is composed of numerous 2 nm-wide fibers and
is produced under microaerophilic conditions when cells are in late exponential or stationary growth phase. Motile
by means of a polar flagellum. Microaerophilic; chemolithotrophic growth can be obtained in vitro using oxygen
and ferrous iron concentration gradients in a salt medium with CO2 as sole carbon source (Table BXII.β.108).
Mixotrophic metabolism has been demonstrated with glucose, fructose, and sucrose. Can be found where
anaerobic groundwater with ferrous iron reaches an oxygen-containing environment. Belongs to the
Betaproteobacteria, family Gallionellaceae, with one known species, G. ferruginea. Most closely related species
according to 16S rDNA sequence analysis is the chemolithotroph Nitrosospira multiformis, distantly related with a
16S rDNA sequence similarity of 90%. The mol% G + C of the DNA is: 51–54.6 (Hanert, 1989).
Hallbeck, L. E.-L. and Pedersen, K. 2015. Gallionella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–10.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Lewinella
Bacteroidetes / Sphingobacteriia / Sphingobacteriales / Saprospiraceae / Lewinella. Unbranched, flexible rods or
filaments 0.5–1.5 × 5–150 μm or longer (up to several mm) consisting of individual cells 2–3 µm long. Ensheathed,
although sheaths may be difficult to visualize. Filament breakage or cell lysis results in empty ends or spaces
(necridia). Resting stages not known. Motile by gliding. Gram-stain-negative. Produce orange or yellow carotenoid
pigments. Chemo-organotrophic. Aerobic, having a respiratory type of metabolism with oxygen as the terminal
electron acceptor. Gelatin is hydrolyzed but not cellulose, chitin, or starch. Seawater is required for growth.
Isolated from marine environments. DNA G+C content (mol%): 44.9–53.1.
Sly, L. I. and Fegan, M. 2015. Lewinella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Melioribacter
Gram-negative, rod-shaped cells. Spores are not formed. Obligately heterotrophic, facultatively anaerobic,
catalase and oxidase positive. The G+C content of genomic DNA of the type species is 41 mol %. The major cellular
fatty acids are iso-C15:0, anteiso-C15:0 and C16:0. The major isoprenoid quinone is MK-7. Represent a distinct
phylogenetic lineage in the family Melioribacteraceae within the order Ignavibacteriales of the class Ignavibacteria
based on 16S rRNA gene sequence analysis. The type species is M. roseus.
Podosokorskaya, O.A., Kadnikov, V.V., Gavrilov, S.N., Mardanov, A.V., Merkel, A.Y., Karnachuk, O.V., Ravin, N.V.,
Bonch‐Osmolovskaya, E.A. and Kublanov, I.V., 2013. Characterization of Melioribacter roseus gen. nov., sp. nov., a
novel facultatively anaerobic thermophilic cellulolytic bacterium from the class Ignavibacteria, and a proposal of a
novel bacterial phylum Ignavibacteriae. Environmental microbiology, 15(6), pp.1759-1771.
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Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Solirubrobacter
Actinobacteria / Thermoleophilia / Solirubrobacterales / Solirubrobacteraceae / Solirubrobacter. Gram-stain
positive, rod of medium length. Nonmotile. Spores are not formed. Aerobe and mesophile. Grows well on
common sugars, a few amino acids and other compounds as sole carbon source. The major phospholipid fatty
acids (PFLAs) are C16:0 iso and C18:1 ω9c, and MK-7(H4) is the predominant menaquinone in the only species that
has been tested. Some species are sensitive to desiccation. DNA G+C content (mol%): 71–72 (Lc).
Whitman, W. B. 2015. Solirubrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Steroidobacter
Gram-negative cells are mesophilic, neutrophilic, non-spore-forming, slightly curved rods. Chemo-organotrophs;
metabolism is respiratory and non-fermentative. Exhibit reduction of nitrate to dinitrogen monoxide and further
to dinitrogen without any intermediate accumulation of nitrite. Utilize both oestradiol (C-18 steroid) and
testosterone (C-19 steroid) as sole sources of carbon and energy with nitrate as the electron acceptor. Grow
aerobically with testosterone but not with oestradiol. Grow on only a limited number of organic substrates. No
aerobic or anaerobic growth on liquid or solid complex media. Nitrate, nitrite or dioxygen are used as electron
acceptors, whereas sulfate, sulfite and (per)chlorate are not used. The polyamine pattern contains the major
compound spermidine and the quinone system is exclusively ubiquinone Q-8. Diphosphatidylglycerol,
phosphatidylethanolamine, phosphatidylglycerol and several unknown lipids are present in the polar lipid profile.
The major fatty acids of testosterone- or heptanoate-grown cells are C 15 : 0 and C 17 : 1 ω8 c. The DNA G+C
content of the type strain of the type species is 61.9 mol%. The type species is Steroidobacter denitrificans.
Fahrbach, M., Kuever, J., Remesch, M., Huber, B. E., Kämpfer, P., Dott, W., & Hollender, J. (2008). Steroidobacter
denitrificans gen. nov., sp. nov., a steroidal hormone-degrading gammaproteobacterium. International Journal of
Systematic and Evolutionary Microbiology, 58(9), 2215-2223.

Sulfuritalea
Grows chemolithoautotrophically under anoxic conditions by the oxidation of reduced sulfur compounds and
hydrogen. Heterotrophic growth occurs on organic acids. The major fatty acids are C 16 : 0 and summed feature 3
(C 16 : 1ω7 c and/or iso-C 15 : 0 2-OH). Phylogenetically affiliated with the class Betaproteobacteria based on 16S
rRNA gene sequence analysis. The type species is Sulfuritalea hydrogenivorans.
Kojima, H., & Fukui, M. (2011). Sulfuritalea hydrogenivorans gen. nov., sp. nov., a facultative autotroph isolated
from a freshwater lake. International journal of systematic and evolutionary microbiology, 61(7), 1651-1655.

Tabrizicola
Cells are Gram-negative and rod-shaped Alphaproteobacteria. They are catalase and oxidase positive and
facultatively anaerobic. Species of this genus are characterized by chemoheterotrophic growth with a limited
variety of organic substrates as carbon and energy sources. The species of this genus are unable to grow
phototrophically in the light, photosynthetic pigments are not produced and pufL and pufM genes are absent. In
addition to oxygen also nitrate and nitrite may be reduced. Major polar lipids present are PC, PG, di-PG, PE. Major
fatty acids are C18:1 ω7C, 11-methyl C18:1 ω7C and C18:0 3-OH. The predominant respiratory quinone is
ubiquinone Q-10. The G+C content of genomic DNA of the type strain of the type species is 65.9 mol%.
Tarhriz, V., Thiel, V., Nematzadeh, G., Hejazi, M. A., Imhoff, J. F., & Hejazi, M. S. (2013). Tabrizicola aquatica gen.
nov. sp. nov., a novel alphaproteobacterium isolated from Qurugöl Lake nearby Tabriz city, Iran. Antonie van
Leeuwenhoek, 104(6), 1205-1215.
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Thermaerobacter
Firmicutes / “Clostridia” / Clostridiales / incertae Sedis - Family VI / Thermaerobacter. Rods, 2–10 × 0.2–0.6 µm
usually arranged singly or in pairs. Stain Gram-negative or Gram-variable. Motile with monopolar or bipolar
flagella. Nonmotile species do not possess flagella. May or may not form spores. Oxidase-positive. Strict aerobes,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Thermophilic, with
growth occurring between 50 and 80 °C with optimum between 70 and 75 °C. Neutrophiles or alkalophiles with
growth occurring between pH 5 and 10 with an optimum pH between 7 and 8.5. Chemoheterotrophic. May utilize
organic substrates such as yeast extract, peptone, cellulose, starch, chitin, casein, Casamino acids, and a variety of
sugars, carboxylic acids, and amino acids. Isolated from nonthermal sediments of the Mariana Trench, bore runoff
channels of the thermal bore wells of Great Artesian Basin, and shallow marine hydrothermal vents. DNA G+C
content (mol%): 69–72.
Spanevello, M. D. and Patel, B. K. C. 2015. Thermaerobacter. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 76.57

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

LD02-09272017

# of Total ID's:

Sample ID: LD02-09272017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 18

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24051

Sample ID: LD02-09272017

419

0
71.86

0
28.14

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized

Page 200 of 210

200 of 307910405043

aaron.peacock
Typewritten Text



Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: LD02-09272017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 23.71
Anaerobic: 6.79
Varied: 46.07
Not Characterized: 23.43

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: LD02-09272017

rhodoferax Varied Negative44.64
pseudomonas Aerobic Negative9.07
methylocystis Aerobic MOB --4.71
hyphomicrobium Aerobic/NRB Negative2.02
nitrospira Aerobic/NOB Negative1.86
anaerophaga Anaerobic/Fermentative Negative1.75
hydrogenophaga Varied Negative1.43
desulfobacterium Anaerobic/SRB Negative1.39
mesorhizobium Aerobic Negative1.34
methylobacter Aerobic Negative1.06
pelobacter Anaerobic Negative1.00
ectothiorhodospira Anaerobic Negative0.99
polaromonas Aerobic Negative0.97
sulfuritalea Aerobic/Falculative Negative0.95
thalassobius Aerobic Negative0.88
acidobacterium Aerobic Negative0.85
holophaga Anaerobic Negative0.85
syntrophus Anaerobic Negative0.81
Total Abundant Phylotypes: 76.57
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Anaerophaga
Bacteroidetes / Bacteroidia / Bacteroidales / Marinilabiliaceae / Anaerophaga. Slender flexible rods with rounded
ends. Strictly anaerobic. Chemoorganotrophic. Nonphotosynthetic. Have a fermentative type of metabolism, using
organic compounds as substrates. Inorganic electron acceptors are not used. Media containing a reductant, e.g.,
cysteine, are necessary for growth. Catalase-negative. Isolated from oil-contaminated sediment in an oil
separation tank. Type species: Anaerophaga thermohalophila Denger, Warthmann, Ludwig and Schink 2002,
177VP. DNA G+C content (mol%): 42.
Schink, B. 2015. Anaerophaga . Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Ectothiorhodospira
Proteobacteria / Gammaproteobacteria / Chromatiales / Ectothiorhodospiraceae / Ectothiorhodospira. Cells rod-
shaped or vibrioid, also appearing as true spirals, 0.7–1.5 µm in diameter, motile by a polar tuft of flagella,
multiply by binary fission, and may contain gas vesicles. Gram-negative and belong to the Gammaproteobacteria.
Internal photosynthetic membranes are lamellar stacks that are continuous with the cytoplasmic membrane.
Photosynthetic pigments are bacteriochlorophyll a and carotenoids. The mol% G + C of the DNA is: 61.4–68.4.
Imhoff, J. F. 2015. Ectothiorhodospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.

Holophaga
Acidobacteria / Holophagae / Holophagales / Holophagaceae / Holophaga. Rod-shaped cells, 0.5–0.7 µm × 1–3
µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Anaerobic, having strictly anaerobic metabolism
that is obligately fermentative. Ferments trimethoxybenzoate and syringate to dimethylsulfide and methanediol.
Ferments pyruvate and trihydroxybenzenes such as pyrogallol and gallate, as well as methylated derivatives of
hydroxybenzene including 3,4,5-trimethoxybenzoate (TMB). Aromatics are fermented to acetate. Optimal growth
is at 28–32°C. No growth below 10°C or above 35°C. Optimum growth from pH 6.8 to 7.5. No growth below pH 5.5
or above pH 8.0. Growth with NaCl from 0.1 to 1.5%. Nonmotile. Contains c-type cytochromes. DNA G+C content
(mol%): 62.5.
Thrash, J. C. and Coates, J. D. 2015. Holophaga . Bergey's Manual of Systematics of Archaea and Bacteria. 1–2.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: LD02-09272017

Pelobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Pelobacter. Rod-shaped cells,
0.5–1.0 × 1.5–6.0 µm, with rounded ends, single, in pairs, or in chains. Motile forms may occur in some species;
other species are nonmotile. Gram negative. Endospores not formed. Anaerobic. Have a chemoorganotrophic,
fermentative type of metabolism, using few simple organic compounds as substrates. Carbohydrates not utilized.
Media containing a reductant, e.g., sulfide, are necessary for growth. Catalase negative. Isolated from sediments
of limnic or marine origin. The mol% G + C of the DNA is: 50–58. Schink, B. 2015. Pelobacter. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–6.

Polaromonas
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Polaromonas. Cigar-shaped rods, 0.8
× 2.0–3.0 µm. Gram negative and encapsulated. Motile by a polar flagellum. Aerobic. Chemoorganotrophic,
catalase and oxidase positive. Require amino acids, but not vitamins for growth. Cellular fatty acids predominantly
(74–79%) C16:1 ω7c, and C16:0 (14–17%), and some (7–9%) C18:1 ω7c, C18:1 ω9t, or C18:1 ω12t. Organisms may
contain gas vesicles. Psychrophilic; growth temperature maximum of known strains is 15°C. 16S rDNA-based
phylogeny shows this is a member of the Comamonadaceae in the Betaproteobacteria. The mol% G + C of the
DNA is: 52–57.
Gosink, J. J. 2015. Polaromonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Phylotype Descriptions 220 William Pitt Way
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Rhodoferax
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Rhodoferax. Cells are curved or
vibrioid rods, motile by means of polar flagella, that multiply by binary fission and do not form endospores and
capsules. Gram negative, belonging to the Betaproteobacteria. Internal membrane systems are poorly developed
or absent. Photosynthetic pigments are bacteriochlorophyll a and carotenoids of the spheroidene series. Contain
ubiquinones and rhodoquinones with eight isoprene units (Q-8 and RQ-8). Straight-chain C16:1 and C16:0 acids
are the major components of cellular fatty acids. C8:0 3OH acid is present. Membrane-bound fumarate reductase
activity occurs with FMNH2 as the electron donor. The mol% G + C of the DNA is: 59.8–61.5.
Hiraishi, A. and Imhoff, J. F. 2015. Rhodoferax. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Sulfuritalea
Grows chemolithoautotrophically under anoxic conditions by the oxidation of reduced sulfur compounds and
hydrogen. Heterotrophic growth occurs on organic acids. The major fatty acids are C 16 : 0 and summed feature 3
(C 16 : 1ω7 c and/or iso-C 15 : 0 2-OH). Phylogenetically affiliated with the class Betaproteobacteria based on 16S
rRNA gene sequence analysis. The type species is Sulfuritalea hydrogenivorans.
Kojima, H., & Fukui, M. (2011). Sulfuritalea hydrogenivorans gen. nov., sp. nov., a facultative autotroph isolated
from a freshwater lake. International journal of systematic and evolutionary microbiology, 61(7), 1651-1655.

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Thalassobius
Gram-negative, strictly aerobic, chemo-organotrophic bacteria. Oxidase- and catalase-positive. Cells are coccoid to
rod-shaped. Cells divide by binary fission. Gas vesicles not observed. Accumulate PHB. Slightly halophilic; no
growth can be obtained without sea water or the addition of combined marine salts to the medium. Mesophilic.
Do not ferment carbohydrates. Preferred carbon sources are organic acids and amino acids. DNA G+C content
ranges from 57 to 59 mol%. The genus is affiliated to the ‘ Alphaproteobacteria’, order ‘ Rhodobacterales’ and
currently contains two species. The type species is Thalassobius mediterraneus.
Arahal, D. R., Macián, M. C., Garay, E., & Pujalte, M. J. (2005). Thalassobius mediterraneus gen. nov., sp. nov., and
reclassification of Ruegeria gelatinovorans as Thalassobius gelatinovorus comb. nov. International journal of
systematic and evolutionary microbiology, 55(6), 2371-2376.
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November 29, 2017

LIMS USE: FR - KYLE SMITH

LIMS OBJECT ID: 10403701

10403701
Project:
Pace Project No.:

RE:

Kyle Smith
Lowham-Walsh Engineering
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory between September 19,
2017 and September 28, 2017. The results relate only to the samples included in this report. Results
reported herein conform to the most current, applicable TNI/NELAC standards and the laboratory's
Quality Assurance Manual, where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Suite 200, Minneapolis, MN  55414-
2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #:MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064

Michigan Certification #: 9909
Minnesota Certification #: 027-053-137
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10403701001 PGDW14-09182017 Water 09/18/17 10:55 09/19/17 09:45

10403701002 PGDW44-09182017 Water 09/18/17 14:05 09/19/17 09:45

10403701003 Trip Blank-09182017 Water 09/18/17 16:00 09/19/17 09:45

10403701004 PGDW44-09182017-PRE Water 09/18/17 09:00 09/28/17 12:23

10403701005 PGDW14-09182017-PRE Water 09/18/17 09:44 09/28/17 12:23
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10403701001 PGDW14-09182017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10403701002 PGDW44-09182017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MSTB

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10403701003 Trip Blank-09182017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Parameters AnalyzedResult

Lab Sample ID 

Report Limit QualifiersUnitsMethod

Client Sample ID

10403701001 PGDW14-09182017

Calcium 140000 ug/L 09/26/17 20:50500EPA 6010C
Magnesium 18000 ug/L 09/26/17 20:50500EPA 6010C
Potassium 4650 ug/L 09/26/17 20:502500EPA 6010C
Sodium 699000 ug/L 09/27/17 11:345000EPA 6010C
Strontium 1670 ug/L 09/26/17 12:085.0EPA 6020A
Acenaphthene 0.16 ug/L 09/28/17 22:020.041EPA 8270D by SIM
Fluorene 0.16 ug/L 09/28/17 22:020.041EPA 8270D by SIM
Phenanthrene 0.10 ug/L 09/28/17 22:020.041EPA 8270D by SIM
Alkalinity, Total as CaCO3 156 mg/L 09/27/17 11:275.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 156 mg/L 09/27/17 11:275.0SM 2320B
Total Dissolved Solids 2830 mg/L 09/22/17 09:28100SM 2540C
Chloride 27.4 mg/L 09/19/17 16:10 M11.2EPA 300.0
Fluoride 0.45 mg/L 09/19/17 16:10 M10.050EPA 300.0
Nitrate as N 0.41 mg/L 09/19/17 16:100.10EPA 300.0
Sulfate 1720 mg/L 09/19/17 20:06 M660.0EPA 300.0
Total Organic Carbon 0.91 mg/L 09/21/17 12:290.84SM 5310C

10403701002 PGDW44-09182017

Calcium 258000 ug/L 09/26/17 20:53500EPA 6010C
Iron 3540 ug/L 09/26/17 20:5350.0EPA 6010C
Magnesium 19400 ug/L 09/26/17 20:53500EPA 6010C
Manganese 318 ug/L 09/26/17 20:535.0EPA 6010C
Potassium 3400 ug/L 09/26/17 20:532500EPA 6010C
Sodium 1070000 ug/L 09/27/17 11:375000EPA 6010C
Strontium 2970 ug/L 09/26/17 12:1710.0EPA 6020A
Alkalinity, Total as CaCO3 79.9 mg/L 09/27/17 11:315.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 79.9 mg/L 09/27/17 11:315.0SM 2320B
Total Dissolved Solids 4160 mg/L 09/22/17 09:28200SM 2540C
Bromide 0.089 mg/L 09/19/17 17:130.080EPA 300.0
Chloride 41.6 mg/L 09/19/17 17:131.2EPA 300.0
Fluoride 0.37 mg/L 09/19/17 17:130.050EPA 300.0
Sulfate 2690 mg/L 09/19/17 21:0860.0EPA 300.0
Total Organic Carbon 0.85 mg/L 09/21/17 13:320.84SM 5310C

10403701003 Trip Blank-09182017

2-Propanol 111 ug/L 09/26/17 15:07100EPA 8260B

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 5 of 366

5 of 317310403701



#=NA#

PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: November 29, 2017

Description: 6010C MET ICP

General Information:

2 samples were analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: November 29, 2017

Description: 6020A MET ICPMS

General Information:

2 samples were analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: November 29, 2017

Description: 8270D MSSV

General Information:

2 samples were analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW14-09182017  (Lab ID: 10403701001)
• PGDW44-09182017  (Lab ID: 10403701002)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

H5: Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.
• PGDW14-09182017  (Lab ID: 10403701001)
• PGDW44-09182017  (Lab ID: 10403701002)

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

QC Batch: 497841

SS: This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

• LCS  (Lab ID: 2706786)
• bis(2-Chloroisopropyl) ether

• MS  (Lab ID: 2707163)
• bis(2-Chloroisopropyl) ether

• MSD  (Lab ID: 2707164)
• bis(2-Chloroisopropyl) ether

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: November 29, 2017

Description: 8270D MSSV

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497841

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• Pyridine

• MSD  (Lab ID: 2707164)
• Hexachlorocyclopentadiene
• Pyridine

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2707164)

• 1,2,4-Trichlorobenzene
• 1,2-Dichlorobenzene
• 1,3-Dichlorobenzene
• 1,4-Dichlorobenzene
• Hexachloroethane

Additional Comments:

Analyte Comments:

QC Batch: 497841

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2706786)

• Hexachlorocyclopentadiene
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• MSD  (Lab ID: 2707164)

• Hexachlorocyclopentadiene
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: November 29, 2017

Description: 8270D MSSV PAH by SIM

General Information:

2 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: November 29, 2017

Description: 8270D MSSV PCP by SIM

General Information:

2 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: November 29, 2017

Description: 8260B MSV Low Level

General Information:

3 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.

QC Batch: 498839

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: November 29, 2017

Description: 8260B MSV LLW by SIMSCAN

General Information:

3 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW14-09182017  (Lab ID: 10403701001)

• 1,2-Dichloroethane-d4 (S)
• PGDW44-09182017  (Lab ID: 10403701002)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank-09182017  (Lab ID: 10403701003)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 13 of 366

13 of 317310403701



#=NA#

PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: November 29, 2017

Description: 2320B Alkalinity

General Information:

2 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: November 29, 2017

Description: 2540C Total Dissolved Solids

General Information:

2 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: November 29, 2017

Description: 300.0 IC Anions

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497582

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403701001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2705377)

• Bromide
• Chloride
• Fluoride

• MSD  (Lab ID: 2705378)
• Bromide
• Chloride
• Fluoride

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2705377)

• Sulfate
• MSD  (Lab ID: 2705378)

• Sulfate

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: November 29, 2017

Description: 5310C TOC

General Information:

2 samples were analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW14-09182017 Lab ID: 10403701001 Collected: 09/18/17 10:55 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 140000 ug/L 09/26/17 20:50 7440-70-209/22/17 09:10500 24.7 1
Iron ND ug/L 09/26/17 20:50 7439-89-609/22/17 09:1050.0 16.7 1
Magnesium 18000 ug/L 09/26/17 20:50 7439-95-409/22/17 09:10500 2.6 1
Manganese ND ug/L 09/26/17 20:50 7439-96-509/22/17 09:105.0 0.38 1
Potassium 4650 ug/L 09/26/17 20:50 7440-09-709/22/17 09:102500 126 1
Sodium 699000 ug/L 09/27/17 11:34 7440-23-509/22/17 09:105000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 1670 ug/L 09/26/17 12:08 7440-24-609/25/17 14:405.0 0.75 10

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 09/25/17 20:16 65-85-0 L209/20/17 17:2452.1 1.6 1
Benzyl alcohol ND ug/L 09/25/17 20:16 100-51-609/20/17 17:2410.4 1.4 1
4-Bromophenylphenyl ether ND ug/L 09/25/17 20:16 101-55-309/20/17 17:2410.4 2.4 1
Butylbenzylphthalate ND ug/L 09/25/17 20:16 85-68-709/20/17 17:2410.4 1.9 1
Carbazole ND ug/L 09/25/17 20:16 86-74-809/20/17 17:2410.4 1.1 1
4-Chloro-3-methylphenol ND ug/L 09/25/17 20:16 59-50-709/20/17 17:2410.4 1.6 1
4-Chloroaniline ND ug/L 09/25/17 20:16 106-47-809/20/17 17:2452.1 2.0 1
bis(2-Chloroethoxy)methane ND ug/L 09/25/17 20:16 111-91-109/20/17 17:2410.4 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/25/17 20:16 111-44-409/20/17 17:2410.4 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/25/17 20:16 108-60-109/20/17 17:2410.4 1.4 1
2-Chloronaphthalene ND ug/L 09/25/17 20:16 91-58-709/20/17 17:2410.4 2.3 1
2-Chlorophenol ND ug/L 09/25/17 20:16 95-57-809/20/17 17:2410.4 1.2 1
4-Chlorophenylphenyl ether ND ug/L 09/25/17 20:16 7005-72-309/20/17 17:2410.4 1.6 1
Dibenzofuran ND ug/L 09/25/17 20:16 132-64-909/20/17 17:2410.4 1.7 1
1,2-Dichlorobenzene ND ug/L 09/25/17 20:16 95-50-109/20/17 17:2410.4 3.7 1
1,3-Dichlorobenzene ND ug/L 09/25/17 20:16 541-73-109/20/17 17:2410.4 4.3 1
1,4-Dichlorobenzene ND ug/L 09/25/17 20:16 106-46-709/20/17 17:2410.4 3.6 1
3,3'-Dichlorobenzidine ND ug/L 09/25/17 20:16 91-94-109/20/17 17:2452.1 1.3 1
2,4-Dichlorophenol ND ug/L 09/25/17 20:16 120-83-209/20/17 17:2410.4 1.6 1
Diethylphthalate ND ug/L 09/25/17 20:16 84-66-209/20/17 17:2410.4 1.5 1
2,4-Dimethylphenol ND ug/L 09/25/17 20:16 105-67-909/20/17 17:2452.1 3.0 1
Dimethylphthalate ND ug/L 09/25/17 20:16 131-11-309/20/17 17:2410.4 1.3 1
Di-n-butylphthalate ND ug/L 09/25/17 20:16 84-74-209/20/17 17:2410.4 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 09/25/17 20:16 534-52-109/20/17 17:2410.4 1.6 1
2,4-Dinitrophenol ND ug/L 09/25/17 20:16 51-28-5 L209/20/17 17:2410.4 2.6 1
2,4-Dinitrotoluene ND ug/L 09/25/17 20:16 121-14-209/20/17 17:2410.4 1.4 1
2,6-Dinitrotoluene ND ug/L 09/25/17 20:16 606-20-209/20/17 17:2410.4 0.67 1
Di-n-octylphthalate ND ug/L 09/25/17 20:16 117-84-009/20/17 17:2410.4 2.1 1
1,2-Diphenylhydrazine ND ug/L 09/25/17 20:16 122-66-709/20/17 17:2410.4 1.3 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/25/17 20:16 117-81-709/20/17 17:2410.4 4.8 1
Hexachloro-1,3-butadiene ND ug/L 09/25/17 20:16 87-68-309/20/17 17:2410.4 3.3 1
Hexachlorobenzene ND ug/L 09/25/17 20:16 118-74-109/20/17 17:2410.4 2.3 1
Hexachlorocyclopentadiene ND ug/L 09/25/17 20:16 77-47-4 L209/20/17 17:2452.1 19.6 1
Hexachloroethane ND ug/L 09/25/17 20:16 67-72-109/20/17 17:2410.4 3.6 1
Isophorone ND ug/L 09/25/17 20:16 78-59-109/20/17 17:2410.4 1.2 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW14-09182017 Lab ID: 10403701001 Collected: 09/18/17 10:55 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 09/25/17 20:16 90-12-009/20/17 17:2410.4 2.2 1
2-Methylnaphthalene ND ug/L 09/25/17 20:16 91-57-609/20/17 17:2410.4 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/25/17 20:16 95-48-709/20/17 17:2410.4 2.0 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/25/17 20:1609/20/17 17:2420.8 1.1 1
2-Nitroaniline ND ug/L 09/25/17 20:16 88-74-409/20/17 17:2410.4 1.6 1
3-Nitroaniline ND ug/L 09/25/17 20:16 99-09-209/20/17 17:2410.4 1.3 1
4-Nitroaniline ND ug/L 09/25/17 20:16 100-01-609/20/17 17:2410.4 2.1 1
Nitrobenzene ND ug/L 09/25/17 20:16 98-95-309/20/17 17:2410.4 1.3 1
2-Nitrophenol ND ug/L 09/25/17 20:16 88-75-509/20/17 17:2410.4 1.8 1
4-Nitrophenol ND ug/L 09/25/17 20:16 100-02-7 L209/20/17 17:2410.4 2.7 1
N-Nitrosodimethylamine ND ug/L 09/25/17 20:16 62-75-909/20/17 17:2410.4 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 09/25/17 20:16 621-64-709/20/17 17:2410.4 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/25/17 20:16 86-30-609/20/17 17:2410.4 1.1 1
Phenol ND ug/L 09/25/17 20:16 108-95-209/20/17 17:2410.4 1.2 1
Pyridine ND ug/L 09/25/17 20:16 110-86-1 L209/20/17 17:2410.4 2.6 1
1,2,4-Trichlorobenzene ND ug/L 09/25/17 20:16 120-82-109/20/17 17:2410.4 4.4 1
2,4,5-Trichlorophenol ND ug/L 09/25/17 20:16 95-95-409/20/17 17:2410.4 1.1 1
2,4,6-Trichlorophenol ND ug/L 09/25/17 20:16 88-06-209/20/17 17:2410.4 1.1 1
Surrogates
Nitrobenzene-d5 (S) 71 %. 09/25/17 20:16 4165-60-0 H509/20/17 17:2444-125 1
2-Fluorobiphenyl (S) 64 %. 09/25/17 20:16 321-60-809/20/17 17:2430-125 1
p-Terphenyl-d14 (S) 86 %. 09/25/17 20:16 1718-51-009/20/17 17:2431-125 1
Phenol-d6 (S) 81 %. 09/25/17 20:16 13127-88-309/20/17 17:2459-125 1
2-Fluorophenol (S) 81 %. 09/25/17 20:16 367-12-409/20/17 17:2449-125 1
2,4,6-Tribromophenol (S) 96 %. 09/25/17 20:16 118-79-609/20/17 17:2466-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene 0.16 ug/L 09/28/17 22:02 83-32-909/19/17 13:480.041 0.0058 1
Acenaphthylene ND ug/L 09/28/17 22:02 208-96-809/19/17 13:480.041 0.0068 1
Anthracene ND ug/L 09/28/17 22:02 120-12-709/19/17 13:480.041 0.0081 1
Benzo(a)anthracene ND ug/L 09/28/17 22:02 56-55-309/19/17 13:480.041 0.0080 1
Benzo(a)pyrene ND ug/L 09/28/17 22:02 50-32-809/19/17 13:480.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 09/28/17 22:02 205-99-209/19/17 13:480.041 0.0049 1
Benzo(e)pyrene ND ug/L 09/28/17 22:02 192-97-209/19/17 13:480.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 09/28/17 22:02 191-24-209/19/17 13:480.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 09/28/17 22:02 207-08-909/19/17 13:480.041 0.0049 1
Chrysene ND ug/L 09/28/17 22:02 218-01-909/19/17 13:480.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 09/28/17 22:02 53-70-309/19/17 13:480.041 0.011 1
Fluoranthene ND ug/L 09/28/17 22:02 206-44-009/19/17 13:480.041 0.0073 1
Fluorene 0.16 ug/L 09/28/17 22:02 86-73-709/19/17 13:480.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/28/17 22:02 193-39-509/19/17 13:480.041 0.0037 1
Naphthalene ND ug/L 09/28/17 22:02 91-20-309/19/17 13:480.041 0.0077 1
Phenanthrene 0.10 ug/L 09/28/17 22:02 85-01-809/19/17 13:480.041 0.0091 1
Pyrene ND ug/L 09/28/17 22:02 129-00-009/19/17 13:480.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 70 %. 09/28/17 22:02 321-60-809/19/17 13:4855-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW14-09182017 Lab ID: 10403701001 Collected: 09/18/17 10:55 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 76 %. 09/28/17 22:02 1718-51-009/19/17 13:4864-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 19:48 87-86-509/19/17 19:340.61 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 69 %. 09/27/17 19:48 118-79-609/19/17 19:3430-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/26/17 19:25 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/26/17 19:25 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/26/17 19:25 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/26/17 19:25 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/26/17 19:25 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/26/17 19:25 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/26/17 19:25 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/26/17 19:25 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/26/17 19:25 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/26/17 19:25 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/26/17 19:25 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/26/17 19:25 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/26/17 19:25 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/26/17 19:25 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/26/17 19:25 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/26/17 19:25 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/26/17 19:25 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/26/17 19:25 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/26/17 19:25 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/26/17 19:25 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/26/17 19:25 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/26/17 19:25 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/26/17 19:25 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/26/17 19:25 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/26/17 19:25 108-10-15.0 0.55 1
Acetone ND ug/L 09/26/17 19:25 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/26/17 19:25 107-05-14.0 1.0 1
Benzene ND ug/L 09/26/17 19:25 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/26/17 19:25 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/26/17 19:25 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/26/17 19:25 75-27-40.50 0.20 1
Bromoform ND ug/L 09/26/17 19:25 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/26/17 19:25 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/26/17 19:25 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/26/17 19:25 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/26/17 19:25 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/26/17 19:25 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW14-09182017 Lab ID: 10403701001 Collected: 09/18/17 10:55 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/26/17 19:25 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/26/17 19:25 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/26/17 19:25 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/26/17 19:25 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/26/17 19:25 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/26/17 19:25 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/26/17 19:25 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/26/17 19:25 108-20-31.0 0.12 1
Ethanol ND ug/L 09/26/17 19:25 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/26/17 19:25 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/26/17 19:25 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 19:25 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/26/17 19:25 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/26/17 19:25 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/26/17 19:25 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/26/17 19:25 91-20-31.0 0.42 1
Styrene ND ug/L 09/26/17 19:25 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/26/17 19:25 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/26/17 19:25 109-99-910.0 4.3 1
Toluene ND ug/L 09/26/17 19:25 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/26/17 19:25 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/26/17 19:25 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/26/17 19:25 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/26/17 19:25 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/26/17 19:25 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/26/17 19:25 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/26/17 19:25 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/26/17 19:25 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/26/17 19:25 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/26/17 19:25 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/26/17 19:25 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/26/17 19:25 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/26/17 19:25 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/26/17 19:25 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/26/17 19:25 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/26/17 19:25 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 109 %. 09/26/17 19:25 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/26/17 19:25 2037-26-575-125 1
4-Bromofluorobenzene (S) 100 %. 09/26/17 19:25 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 21:03 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 21:03 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 21:03 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW14-09182017 Lab ID: 10403701001 Collected: 09/18/17 10:55 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 141 %. 09/27/17 21:03 17060-07-0 S370-130 1
Toluene-d8 (S) 109 %. 09/27/17 21:03 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/27/17 21:03 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 09/27/17 11:275.0 1.4 1
Alkalinity, Total as CaCO3 156 mg/L 09/27/17 11:275.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 156 mg/L 09/27/17 11:275.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 09/27/17 11:275.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 2830 mg/L 09/22/17 09:28100 50.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide ND mg/L 09/19/17 16:10 24959-67-9 M10.080 0.0070 1
Chloride 27.4 mg/L 09/19/17 16:10 16887-00-6 M11.2 0.14 1
Fluoride 0.45 mg/L 09/19/17 16:10 16984-48-8 M10.050 0.0028 1
Nitrate as N 0.41 mg/L 09/19/17 16:10 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/19/17 16:10 14797-65-00.10 0.016 1
Sulfate 1720 mg/L 09/19/17 20:06 14808-79-8 M660.0 13.5 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.91 mg/L 09/21/17 12:29 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW44-09182017 Lab ID: 10403701002 Collected: 09/18/17 14:05 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 258000 ug/L 09/26/17 20:53 7440-70-209/22/17 09:10500 24.7 1
Iron 3540 ug/L 09/26/17 20:53 7439-89-609/22/17 09:1050.0 16.7 1
Magnesium 19400 ug/L 09/26/17 20:53 7439-95-409/22/17 09:10500 2.6 1
Manganese 318 ug/L 09/26/17 20:53 7439-96-509/22/17 09:105.0 0.38 1
Potassium 3400 ug/L 09/26/17 20:53 7440-09-709/22/17 09:102500 126 1
Sodium 1070000 ug/L 09/27/17 11:37 7440-23-509/22/17 09:105000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 2970 ug/L 09/26/17 12:17 7440-24-609/25/17 14:4010.0 1.5 20

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 09/25/17 20:44 65-85-0 L209/20/17 17:2452.1 1.6 1
Benzyl alcohol ND ug/L 09/25/17 20:44 100-51-609/20/17 17:2410.4 1.4 1
4-Bromophenylphenyl ether ND ug/L 09/25/17 20:44 101-55-309/20/17 17:2410.4 2.4 1
Butylbenzylphthalate ND ug/L 09/25/17 20:44 85-68-709/20/17 17:2410.4 1.9 1
Carbazole ND ug/L 09/25/17 20:44 86-74-809/20/17 17:2410.4 1.1 1
4-Chloro-3-methylphenol ND ug/L 09/25/17 20:44 59-50-709/20/17 17:2410.4 1.6 1
4-Chloroaniline ND ug/L 09/25/17 20:44 106-47-809/20/17 17:2452.1 2.0 1
bis(2-Chloroethoxy)methane ND ug/L 09/25/17 20:44 111-91-109/20/17 17:2410.4 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/25/17 20:44 111-44-409/20/17 17:2410.4 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/25/17 20:44 108-60-109/20/17 17:2410.4 1.4 1
2-Chloronaphthalene ND ug/L 09/25/17 20:44 91-58-709/20/17 17:2410.4 2.3 1
2-Chlorophenol ND ug/L 09/25/17 20:44 95-57-809/20/17 17:2410.4 1.2 1
4-Chlorophenylphenyl ether ND ug/L 09/25/17 20:44 7005-72-309/20/17 17:2410.4 1.6 1
Dibenzofuran ND ug/L 09/25/17 20:44 132-64-909/20/17 17:2410.4 1.7 1
1,2-Dichlorobenzene ND ug/L 09/25/17 20:44 95-50-109/20/17 17:2410.4 3.7 1
1,3-Dichlorobenzene ND ug/L 09/25/17 20:44 541-73-109/20/17 17:2410.4 4.3 1
1,4-Dichlorobenzene ND ug/L 09/25/17 20:44 106-46-709/20/17 17:2410.4 3.6 1
3,3'-Dichlorobenzidine ND ug/L 09/25/17 20:44 91-94-109/20/17 17:2452.1 1.3 1
2,4-Dichlorophenol ND ug/L 09/25/17 20:44 120-83-209/20/17 17:2410.4 1.6 1
Diethylphthalate ND ug/L 09/25/17 20:44 84-66-209/20/17 17:2410.4 1.5 1
2,4-Dimethylphenol ND ug/L 09/25/17 20:44 105-67-909/20/17 17:2452.1 3.0 1
Dimethylphthalate ND ug/L 09/25/17 20:44 131-11-309/20/17 17:2410.4 1.3 1
Di-n-butylphthalate ND ug/L 09/25/17 20:44 84-74-209/20/17 17:2410.4 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 09/25/17 20:44 534-52-109/20/17 17:2410.4 1.6 1
2,4-Dinitrophenol ND ug/L 09/25/17 20:44 51-28-5 L209/20/17 17:2410.4 2.6 1
2,4-Dinitrotoluene ND ug/L 09/25/17 20:44 121-14-209/20/17 17:2410.4 1.4 1
2,6-Dinitrotoluene ND ug/L 09/25/17 20:44 606-20-209/20/17 17:2410.4 0.67 1
Di-n-octylphthalate ND ug/L 09/25/17 20:44 117-84-009/20/17 17:2410.4 2.1 1
1,2-Diphenylhydrazine ND ug/L 09/25/17 20:44 122-66-709/20/17 17:2410.4 1.3 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/25/17 20:44 117-81-709/20/17 17:2410.4 4.8 1
Hexachloro-1,3-butadiene ND ug/L 09/25/17 20:44 87-68-309/20/17 17:2410.4 3.3 1
Hexachlorobenzene ND ug/L 09/25/17 20:44 118-74-109/20/17 17:2410.4 2.3 1
Hexachlorocyclopentadiene ND ug/L 09/25/17 20:44 77-47-4 L209/20/17 17:2452.1 19.6 1
Hexachloroethane ND ug/L 09/25/17 20:44 67-72-109/20/17 17:2410.4 3.6 1
Isophorone ND ug/L 09/25/17 20:44 78-59-109/20/17 17:2410.4 1.2 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW44-09182017 Lab ID: 10403701002 Collected: 09/18/17 14:05 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 09/25/17 20:44 90-12-009/20/17 17:2410.4 2.2 1
2-Methylnaphthalene ND ug/L 09/25/17 20:44 91-57-609/20/17 17:2410.4 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/25/17 20:44 95-48-709/20/17 17:2410.4 2.0 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/25/17 20:4409/20/17 17:2420.8 1.1 1
2-Nitroaniline ND ug/L 09/25/17 20:44 88-74-409/20/17 17:2410.4 1.6 1
3-Nitroaniline ND ug/L 09/25/17 20:44 99-09-209/20/17 17:2410.4 1.3 1
4-Nitroaniline ND ug/L 09/25/17 20:44 100-01-609/20/17 17:2410.4 2.1 1
Nitrobenzene ND ug/L 09/25/17 20:44 98-95-309/20/17 17:2410.4 1.3 1
2-Nitrophenol ND ug/L 09/25/17 20:44 88-75-509/20/17 17:2410.4 1.8 1
4-Nitrophenol ND ug/L 09/25/17 20:44 100-02-7 L209/20/17 17:2410.4 2.7 1
N-Nitrosodimethylamine ND ug/L 09/25/17 20:44 62-75-909/20/17 17:2410.4 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 09/25/17 20:44 621-64-709/20/17 17:2410.4 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/25/17 20:44 86-30-609/20/17 17:2410.4 1.1 1
Phenol ND ug/L 09/25/17 20:44 108-95-209/20/17 17:2410.4 1.2 1
Pyridine ND ug/L 09/25/17 20:44 110-86-1 L209/20/17 17:2410.4 2.6 1
1,2,4-Trichlorobenzene ND ug/L 09/25/17 20:44 120-82-109/20/17 17:2410.4 4.4 1
2,4,5-Trichlorophenol ND ug/L 09/25/17 20:44 95-95-409/20/17 17:2410.4 1.1 1
2,4,6-Trichlorophenol ND ug/L 09/25/17 20:44 88-06-209/20/17 17:2410.4 1.1 1
Surrogates
Nitrobenzene-d5 (S) 63 %. 09/25/17 20:44 4165-60-0 H509/20/17 17:2444-125 1
2-Fluorobiphenyl (S) 53 %. 09/25/17 20:44 321-60-809/20/17 17:2430-125 1
p-Terphenyl-d14 (S) 77 %. 09/25/17 20:44 1718-51-009/20/17 17:2431-125 1
Phenol-d6 (S) 72 %. 09/25/17 20:44 13127-88-309/20/17 17:2459-125 1
2-Fluorophenol (S) 71 %. 09/25/17 20:44 367-12-409/20/17 17:2449-125 1
2,4,6-Tribromophenol (S) 88 %. 09/25/17 20:44 118-79-609/20/17 17:2466-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/29/17 13:17 83-32-909/19/17 13:480.041 0.0058 1
Acenaphthylene ND ug/L 09/29/17 13:17 208-96-809/19/17 13:480.041 0.0068 1
Anthracene ND ug/L 09/29/17 13:17 120-12-709/19/17 13:480.041 0.0081 1
Benzo(a)anthracene ND ug/L 09/29/17 13:17 56-55-309/19/17 13:480.041 0.0080 1
Benzo(a)pyrene ND ug/L 09/29/17 13:17 50-32-809/19/17 13:480.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 09/29/17 13:17 205-99-209/19/17 13:480.041 0.0049 1
Benzo(e)pyrene ND ug/L 09/29/17 13:17 192-97-209/19/17 13:480.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 09/29/17 13:17 191-24-209/19/17 13:480.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 09/29/17 13:17 207-08-909/19/17 13:480.041 0.0049 1
Chrysene ND ug/L 09/29/17 13:17 218-01-909/19/17 13:480.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 09/29/17 13:17 53-70-309/19/17 13:480.041 0.011 1
Fluoranthene ND ug/L 09/29/17 13:17 206-44-009/19/17 13:480.041 0.0073 1
Fluorene ND ug/L 09/29/17 13:17 86-73-709/19/17 13:480.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/29/17 13:17 193-39-509/19/17 13:480.041 0.0037 1
Naphthalene ND ug/L 09/29/17 13:17 91-20-309/19/17 13:480.041 0.0077 1
Phenanthrene ND ug/L 09/29/17 13:17 85-01-809/19/17 13:480.041 0.0091 1
Pyrene ND ug/L 09/29/17 13:17 129-00-009/19/17 13:480.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 81 %. 09/29/17 13:17 321-60-809/19/17 13:4855-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW44-09182017 Lab ID: 10403701002 Collected: 09/18/17 14:05 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 93 %. 09/29/17 13:17 1718-51-009/19/17 13:4864-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 20:08 87-86-509/19/17 19:340.62 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 74 %. 09/27/17 20:08 118-79-609/19/17 19:3430-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/26/17 19:48 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/26/17 19:48 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/26/17 19:48 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/26/17 19:48 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/26/17 19:48 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/26/17 19:48 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/26/17 19:48 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/26/17 19:48 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/26/17 19:48 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/26/17 19:48 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/26/17 19:48 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/26/17 19:48 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/26/17 19:48 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/26/17 19:48 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/26/17 19:48 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/26/17 19:48 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/26/17 19:48 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/26/17 19:48 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/26/17 19:48 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/26/17 19:48 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/26/17 19:48 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/26/17 19:48 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/26/17 19:48 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/26/17 19:48 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/26/17 19:48 108-10-15.0 0.55 1
Acetone ND ug/L 09/26/17 19:48 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/26/17 19:48 107-05-14.0 1.0 1
Benzene ND ug/L 09/26/17 19:48 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/26/17 19:48 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/26/17 19:48 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/26/17 19:48 75-27-40.50 0.20 1
Bromoform ND ug/L 09/26/17 19:48 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/26/17 19:48 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/26/17 19:48 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/26/17 19:48 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/26/17 19:48 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/26/17 19:48 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW44-09182017 Lab ID: 10403701002 Collected: 09/18/17 14:05 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/26/17 19:48 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/26/17 19:48 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/26/17 19:48 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/26/17 19:48 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/26/17 19:48 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/26/17 19:48 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/26/17 19:48 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/26/17 19:48 108-20-31.0 0.12 1
Ethanol ND ug/L 09/26/17 19:48 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/26/17 19:48 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/26/17 19:48 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 19:48 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/26/17 19:48 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/26/17 19:48 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/26/17 19:48 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/26/17 19:48 91-20-31.0 0.42 1
Styrene ND ug/L 09/26/17 19:48 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/26/17 19:48 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/26/17 19:48 109-99-910.0 4.3 1
Toluene ND ug/L 09/26/17 19:48 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/26/17 19:48 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/26/17 19:48 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/26/17 19:48 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/26/17 19:48 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/26/17 19:48 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/26/17 19:48 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/26/17 19:48 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/26/17 19:48 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/26/17 19:48 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/26/17 19:48 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/26/17 19:48 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/26/17 19:48 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/26/17 19:48 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/26/17 19:48 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/26/17 19:48 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/26/17 19:48 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 110 %. 09/26/17 19:48 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/26/17 19:48 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 09/26/17 19:48 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 21:23 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 21:23 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 21:23 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: PGDW44-09182017 Lab ID: 10403701002 Collected: 09/18/17 14:05 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 142 %. 09/27/17 21:23 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 21:23 2037-26-570-130 1
4-Bromofluorobenzene (S) 108 %. 09/27/17 21:23 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 09/27/17 11:315.0 1.4 1
Alkalinity, Total as CaCO3 79.9 mg/L 09/27/17 11:315.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 79.9 mg/L 09/27/17 11:315.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 09/27/17 11:315.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 4160 mg/L 09/22/17 09:28200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.089 mg/L 09/19/17 17:13 24959-67-90.080 0.0070 1
Chloride 41.6 mg/L 09/19/17 17:13 16887-00-61.2 0.14 1
Fluoride 0.37 mg/L 09/19/17 17:13 16984-48-80.050 0.0028 1
Nitrate as N ND mg/L 09/19/17 17:13 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/19/17 17:13 14797-65-00.10 0.016 1
Sulfate 2690 mg/L 09/19/17 21:08 14808-79-860.0 13.5 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.85 mg/L 09/21/17 13:32 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:
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Sample: Trip Blank-09182017 Lab ID: 10403701003 Collected: 09/18/17 16:00 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/26/17 15:07 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/26/17 15:07 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/26/17 15:07 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/26/17 15:07 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/26/17 15:07 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/26/17 15:07 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/26/17 15:07 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/26/17 15:07 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/26/17 15:07 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/26/17 15:07 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/26/17 15:07 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/26/17 15:07 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/26/17 15:07 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/26/17 15:07 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/26/17 15:07 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/26/17 15:07 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/26/17 15:07 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/26/17 15:07 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/26/17 15:07 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/26/17 15:07 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/26/17 15:07 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/26/17 15:07 591-78-65.0 2.5 1
2-Propanol 111 ug/L 09/26/17 15:07 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/26/17 15:07 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/26/17 15:07 108-10-15.0 0.55 1
Acetone ND ug/L 09/26/17 15:07 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/26/17 15:07 107-05-14.0 1.0 1
Benzene ND ug/L 09/26/17 15:07 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/26/17 15:07 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/26/17 15:07 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/26/17 15:07 75-27-40.50 0.20 1
Bromoform ND ug/L 09/26/17 15:07 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/26/17 15:07 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/26/17 15:07 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/26/17 15:07 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/26/17 15:07 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/26/17 15:07 75-00-31.0 0.44 1
Chloroform ND ug/L 09/26/17 15:07 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/26/17 15:07 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/26/17 15:07 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/26/17 15:07 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/26/17 15:07 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/26/17 15:07 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/26/17 15:07 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/26/17 15:07 108-20-31.0 0.12 1
Ethanol ND ug/L 09/26/17 15:07 64-17-580.0 26.4 1
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#=AR#

ANALYTICAL RESULTS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Sample: Trip Blank-09182017 Lab ID: 10403701003 Collected: 09/18/17 16:00 Received: 09/19/17 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 09/26/17 15:07 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/26/17 15:07 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 15:07 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/26/17 15:07 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/26/17 15:07 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/26/17 15:07 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/26/17 15:07 91-20-31.0 0.42 1
Styrene ND ug/L 09/26/17 15:07 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/26/17 15:07 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/26/17 15:07 109-99-910.0 4.3 1
Toluene ND ug/L 09/26/17 15:07 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/26/17 15:07 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/26/17 15:07 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/26/17 15:07 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/26/17 15:07 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/26/17 15:07 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/26/17 15:07 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/26/17 15:07 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/26/17 15:07 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/26/17 15:07 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/26/17 15:07 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/26/17 15:07 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/26/17 15:07 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/26/17 15:07 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/26/17 15:07 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/26/17 15:07 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/26/17 15:07 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 108 %. 09/26/17 15:07 17060-07-075-137 1
Toluene-d8 (S) 103 %. 09/26/17 15:07 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 09/26/17 15:07 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 18:38 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 18:38 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 18:38 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 146 %. 09/27/17 18:38 17060-07-0 S370-130 1
Toluene-d8 (S) 109 %. 09/27/17 18:38 2037-26-570-130 1
4-Bromofluorobenzene (S) 109 %. 09/27/17 18:38 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497164

EPA 3010

EPA 6010C

6010C Water

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2703627

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/26/17 20:2224.7
Iron ug/L ND 50.0 09/26/17 20:2216.7
Magnesium ug/L ND 500 09/26/17 20:222.6
Manganese ug/L ND 5.0 09/26/17 20:220.38
Potassium ug/L ND 2500 09/26/17 20:22126
Sodium ug/L ND 1000 09/26/17 20:2244.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2703628LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1970020000 99 80-120
Magnesium ug/L 2020020000 101 80-120
Manganese ug/L 10001000 100 80-120
Potassium ug/L 2040020000 102 80-120
Sodium ug/L 2050020000 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2703629MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2703630

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 96 75-12598 1 20200006010 25300 25600
Iron ug/L 20000 99 75-125100 1 2020000ND 19900 20100
Magnesium ug/L 20000 101 75-125102 1 2020000ND 20200 20400
Manganese ug/L 1000 101 75-125102 1 201000ND 1010 1020
Potassium ug/L 20000 113 75-125115 1 2020000ND 23300 23500
Sodium ug/L 20000 81 75-12596 1 2020000205000 221000 224000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 11/29/2017 11:35 AM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 30 of 366

30 of 317310403701



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498322

EPA 3020

EPA 6020A

6020A Water UPD4

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709168

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/26/17 14:110.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709169LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 102100 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709170MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709171

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-125103 0 2010082.0 186 185
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498839

EPA 8260B

EPA 8260B

8260 MSV LL Water

Associated Lab Samples: 10403701001, 10403701002, 10403701003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712331

Associated Lab Samples: 10403701001, 10403701002, 10403701003

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 09/26/17 12:000.14
1,1,1-Trichloroethane ug/L ND 0.50 09/26/17 12:000.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/26/17 12:000.19
1,1,2-Trichloroethane ug/L ND 0.50 09/26/17 12:000.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/26/17 12:000.28
1,1-Dichloroethane ug/L ND 0.50 09/26/17 12:000.14
1,1-Dichloroethene ug/L ND 0.50 09/26/17 12:000.18
1,1-Dichloropropene ug/L ND 0.50 09/26/17 12:000.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/26/17 12:000.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/26/17 12:000.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/26/17 12:000.098
1,2-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.21
1,2-Dichloroethane ug/L ND 0.50 09/26/17 12:000.15
1,2-Dichloropropane ug/L ND 4.0 09/26/17 12:000.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/26/17 12:000.18
1,3-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.16
1,3-Dichloropropane ug/L ND 0.50 09/26/17 12:000.13
1,4-Dichlorobenzene ug/L ND 0.50 09/26/17 12:000.10
2,2-Dichloropropane ug/L ND 1.0 09/26/17 12:000.40
2-Butanone (MEK) ug/L ND 5.0 09/26/17 12:002.4
2-Chlorotoluene ug/L ND 0.50 09/26/17 12:000.20
2-Hexanone ug/L ND 5.0 09/26/17 12:002.5
2-Propanol ug/L ND 100 09/26/17 12:0020.6
4-Chlorotoluene ug/L ND 0.50 09/26/17 12:000.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/26/17 12:000.55
Acetone ug/L ND 20.0 09/26/17 12:008.8
Allyl chloride ug/L ND 4.0 09/26/17 12:001.0
Benzene ug/L ND 0.50 09/26/17 12:000.13
Bromobenzene ug/L ND 0.50 09/26/17 12:000.16
Bromochloromethane ug/L ND 1.0 09/26/17 12:000.38
Bromodichloromethane ug/L ND 0.50 09/26/17 12:000.20
Bromoform ug/L ND 4.0 09/26/17 12:001.0
Bromomethane ug/L ND 4.0 09/26/17 12:001.5
Carbon disulfide ug/L ND 1.0 09/26/17 12:000.37
Carbon tetrachloride ug/L ND 0.50 09/26/17 12:000.20
Chlorobenzene ug/L ND 0.50 09/26/17 12:000.14
Chloroethane ug/L ND 1.0 09/26/17 12:000.44
Chloroform ug/L ND 1.0 09/26/17 12:000.46
Chloromethane ug/L ND 4.0 09/26/17 12:001.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/26/17 12:000.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/26/17 12:000.12
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712331

Associated Lab Samples: 10403701001, 10403701002, 10403701003

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 09/26/17 12:000.13
Dibromomethane ug/L ND 1.0 09/26/17 12:000.50
Dichlorodifluoromethane ug/L ND 1.0 09/26/17 12:000.31
Dichlorofluoromethane ug/L ND 1.0 09/26/17 12:000.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/26/17 12:001.3
Diisopropyl ether ug/L ND 1.0 09/26/17 12:000.12
Ethanol ug/L ND 80.0 09/26/17 12:0026.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/26/17 12:000.13
Ethylbenzene ug/L ND 0.50 09/26/17 12:000.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/26/17 12:000.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/26/17 12:000.14
m&p-Xylene ug/L ND 1.0 09/26/17 12:000.24
Methyl-tert-butyl ether ug/L ND 0.50 09/26/17 12:000.14
Methylene Chloride ug/L ND 4.0 09/26/17 12:001.2
n-Butylbenzene ug/L ND 0.50 09/26/17 12:000.13
n-Propylbenzene ug/L ND 0.50 09/26/17 12:000.12
Naphthalene ug/L ND 1.0 09/26/17 12:000.42
o-Xylene ug/L ND 0.50 09/26/17 12:000.11
p-Isopropyltoluene ug/L ND 0.50 09/26/17 12:000.14
sec-Butylbenzene ug/L ND 0.50 09/26/17 12:000.12
Styrene ug/L ND 0.50 09/26/17 12:000.14
tert-Amylmethyl ether ug/L ND 0.50 09/26/17 12:000.12
tert-Butyl Alcohol ug/L ND 10.0 09/26/17 12:002.2
tert-Butylbenzene ug/L ND 0.50 09/26/17 12:000.15
Tetrachloroethene ug/L ND 0.50 09/26/17 12:000.16
Tetrahydrofuran ug/L ND 10.0 09/26/17 12:004.3
Toluene ug/L ND 0.50 09/26/17 12:000.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/26/17 12:000.21
trans-1,3-Dichloropropene ug/L ND 0.50 09/26/17 12:000.14
Trichloroethene ug/L ND 0.40 09/26/17 12:000.18
Trichlorofluoromethane ug/L ND 0.50 09/26/17 12:000.13
Vinyl chloride ug/L ND 0.20 09/26/17 12:000.096
1,2-Dichloroethane-d4 (S) %. 107 75-137 09/26/17 12:00
4-Bromofluorobenzene (S) %. 101 75-125 09/26/17 12:00
Toluene-d8 (S) %. 106 75-125 09/26/17 12:00

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

1,1,1,2-Tetrachloroethane ug/L 20.420 102 75-1369919.8 3 30
1,1,1-Trichloroethane ug/L 20.220 101 75-1299719.3 5 30
1,1,2,2-Tetrachloroethane ug/L 20.820 104 71-13810320.7 1 30
1,1,2-Trichloroethane ug/L 20.920 105 75-12510220.4 3 30
1,1,2-Trichlorotrifluoroethane ug/L 20.020 100 69-1269619.1 4 30
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

1,1-Dichloroethane ug/L 20.020 100 75-1259919.7 2 30
1,1-Dichloroethene ug/L 20.320 101 75-1259619.2 6 30
1,1-Dichloropropene ug/L 20.020 100 75-1259519.0 5 30
1,2,3-Trichlorobenzene ug/L 20.820 104 75-12510821.7 4 30
1,2,4-Trichlorobenzene ug/L 19.820 99 75-1259919.8 0 30
1,2,4-Trimethylbenzene ug/L 21.120 105 75-12510420.7 2 30
1,2-Dichlorobenzene ug/L 20.320 102 75-12510120.2 0 30
1,2-Dichloroethane ug/L 18.520 93 70-1259118.1 2 30
1,2-Dichloropropane ug/L 19.320 97 75-1259418.8 2 30
1,3,5-Trimethylbenzene ug/L 21.720 109 75-12510621.2 2 30
1,3-Dichlorobenzene ug/L 21.020 105 75-12510220.4 3 30
1,3-Dichloropropane ug/L 20.620 103 75-12510320.6 0 30
1,4-Dichlorobenzene ug/L 20.620 103 75-12510020.0 3 30
2,2-Dichloropropane ug/L 20.420 102 70-1319919.8 3 30
2-Butanone (MEK) ug/L 91.8100 92 69-1259594.5 3 30
2-Chlorotoluene ug/L 21.720 109 75-12510621.2 3 30
2-Hexanone ug/L 108100 108 73-129106106 2 30
2-Propanol ug/L 188200 94 50-15089178 6 30
4-Chlorotoluene ug/L 21.920 109 75-12510420.8 5 30
4-Methyl-2-pentanone (MIBK) ug/L 106100 106 73-125104104 2 30
Acetone ug/L 97.1100 97 66-1269292.1 5 30
Allyl chloride ug/L 19.520 97 71-1259418.8 4 30
Benzene ug/L 19.220 96 75-1259318.6 3 30
Bromobenzene ug/L 21.220 106 75-12510420.7 3 30
Bromochloromethane ug/L 19.720 99 75-1269619.1 3 30
Bromodichloromethane ug/L 20.120 100 75-1339519.1 5 30
Bromoform ug/L 19.120 95 62-1429218.5 3 30
Bromomethane ug/L 14.420 72 34-1438216.3 13 30
Carbon disulfide ug/L 19.120 95 71-1259218.3 4 30
Carbon tetrachloride ug/L 20.120 101 71-1459719.4 4 30
Chlorobenzene ug/L 20.520 102 75-1259919.9 3 30
Chloroethane ug/L 20.620 103 75-12510019.9 4 30
Chloroform ug/L 19.020 95 75-1259218.4 4 30
Chloromethane ug/L 18.120 91 54-1258416.7 8 30
cis-1,2-Dichloroethene ug/L 19.920 99 75-1259518.9 5 30
cis-1,3-Dichloropropene ug/L 19.420 97 75-1259518.9 2 30
Dibromochloromethane ug/L 20.620 103 74-1419919.9 3 30
Dibromomethane ug/L 20.120 101 75-1259819.5 3 30
Dichlorodifluoromethane ug/L 18.720 93 59-1309018.1 4 30
Dichlorofluoromethane ug/L 19.520 98 75-1259518.9 3 30
Diethyl ether (Ethyl ether) ug/L 19.620 98 75-1259919.9 1 30
Diisopropyl ether ug/L 19.020 95 69-1259518.9 1 30
Ethanol ug/L 450400 112 49-150105420 7 30
Ethyl-tert-butyl ether ug/L 19.420 97 73-1259719.4 0 30
Ethylbenzene ug/L 21.020 105 75-12510020.0 5 30
Hexachloro-1,3-butadiene ug/L 20.720 104 75-13110721.4 3 30
Isopropylbenzene (Cumene) ug/L 21.220 106 75-1259919.8 7 30
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712332LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2712333

m&p-Xylene ug/L 42.840 107 75-12510241.0 4 30
Methyl-tert-butyl ether ug/L 19.020 95 75-1259619.1 0 30
Methylene Chloride ug/L 18.720 93 73-1259318.6 0 30
n-Butylbenzene ug/L 21.620 108 75-12510420.8 4 30
n-Propylbenzene ug/L 21.520 108 75-12510420.9 3 30
Naphthalene ug/L 18.320 92 74-1259719.5 6 30
o-Xylene ug/L 20.920 105 75-12510019.9 5 30
p-Isopropyltoluene ug/L 20.720 104 75-1259819.6 5 30
sec-Butylbenzene ug/L 21.420 107 75-12510320.7 3 30
Styrene ug/L 19.220 96 75-1259318.7 3 30
tert-Amylmethyl ether ug/L 19.320 96 71-1269619.2 1 30
tert-Butyl Alcohol ug/L 204200 102 69-131102204 0 30
tert-Butylbenzene ug/L 21.220 106 75-12510320.6 3 30
Tetrachloroethene ug/L 20.620 103 75-1259919.7 4 30
Tetrahydrofuran ug/L 194200 97 65-12790180 8 30
Toluene ug/L 20.120 100 75-1259619.1 5 30
trans-1,2-Dichloroethene ug/L 19.720 98 75-1259518.9 4 30
trans-1,3-Dichloropropene ug/L 19.320 97 75-1259418.8 3 30
Trichloroethene ug/L 19.820 99 75-1259519.1 4 30
Trichlorofluoromethane ug/L 20.520 102 71-14010020.0 3 30
Vinyl chloride ug/L 20.120 100 70-1259619.2 4 30
1,2-Dichloroethane-d4 (S) %. 103 75-137104
4-Bromofluorobenzene (S) %. 98 75-125101
Toluene-d8 (S) %. 106 75-125105

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

1,1,1,2-Tetrachloroethane ug/L 20.320 101 75-137<0.14
1,1,1-Trichloroethane ug/L 21.420 107 75-139<0.15
1,1,2,2-Tetrachloroethane ug/L 20.620 103 60-142<0.19
1,1,2-Trichloroethane ug/L 20.520 102 75-128<0.22
1,1,2-Trichlorotrifluoroethane ug/L 22.920 114 62-150<0.28
1,1-Dichloroethane ug/L 20.820 104 70-129<0.14
1,1-Dichloroethene ug/L 21.520 108 67-141<0.18
1,1-Dichloropropene ug/L 21.320 106 64-144<0.18
1,2,3-Trichlorobenzene ug/L 22.920 114 66-139<0.14
1,2,4-Trichlorobenzene ug/L 21.220 106 65-138<0.18
1,2,4-Trimethylbenzene ug/L 21.220 106 65-143<0.098
1,2-Dichlorobenzene ug/L 20.020 100 68-135<0.21
1,2-Dichloroethane ug/L 18.320 91 73-125<0.15
1,2-Dichloropropane ug/L 19.620 98 64-130<0.62
1,3,5-Trimethylbenzene ug/L 21.920 109 64-146<0.18
1,3-Dichlorobenzene ug/L 20.620 103 69-135<0.16
1,3-Dichloropropane ug/L 20.520 102 67-128<0.13
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

1,4-Dichlorobenzene ug/L 20.320 102 66-134<0.10
2,2-Dichloropropane ug/L 21.420 107 50-150<0.40
2-Butanone (MEK) ug/L 89.9100 90 58-125<2.4
2-Chlorotoluene ug/L 20.520 103 65-138<0.20
2-Hexanone ug/L 105100 105 61-134<2.5
2-Propanol ug/L 381 M1200 45 51-150291
4-Chlorotoluene ug/L 21.320 107 68-135<0.13
4-Methyl-2-pentanone (MIBK) ug/L 104100 104 61-130<0.55
Acetone ug/L 162100 115 51-14046.8
Allyl chloride ug/L 20.420 102 61-125<1.0
Benzene ug/L 19.920 98 63-1320.34J
Bromobenzene ug/L 20.520 103 67-138<0.16
Bromochloromethane ug/L 19.620 98 66-138<0.38
Bromodichloromethane ug/L 20.120 101 75-137<0.20
Bromoform ug/L 18.320 91 65-129<1.0
Bromomethane ug/L 17.120 86 41-150<1.5
Carbon disulfide ug/L 21.020 104 72-132<0.37
Carbon tetrachloride ug/L 21.220 106 75-150<0.20
Chlorobenzene ug/L 20.520 102 73-127<0.14
Chloroethane ug/L 21.220 106 74-138<0.44
Chloroform ug/L 18.820 94 74-125<0.46
Chloromethane ug/L 19.120 94 58-129<1.1
cis-1,2-Dichloroethene ug/L 19.920 99 63-135<0.20
cis-1,3-Dichloropropene ug/L 19.320 96 66-129<0.12
Dibromochloromethane ug/L 20.420 102 75-133<0.13
Dibromomethane ug/L 19.520 97 68-134<0.50
Dichlorodifluoromethane ug/L 22.020 110 72-150<0.31
Dichlorofluoromethane ug/L 20.320 102 75-129<0.38
Diethyl ether (Ethyl ether) ug/L 19.820 99 73-125<1.3
Diisopropyl ether ug/L 19.520 98 62-128<0.12
Ethanol ug/L 402400 101 43-150<26.4
Ethyl-tert-butyl ether ug/L 19.520 98 63-132<0.13
Ethylbenzene ug/L 20.820 103 72-130<0.14
Hexachloro-1,3-butadiene ug/L 28.820 144 71-150<0.48
Isopropylbenzene (Cumene) ug/L 21.020 105 70-136<0.14
m&p-Xylene ug/L 41.940 104 64-142<0.24
Methyl-tert-butyl ether ug/L 19.520 97 72-125<0.14
Methylene Chloride ug/L 19.120 95 60-132<1.2
n-Butylbenzene ug/L 23.920 119 60-150<0.13
n-Propylbenzene ug/L 21.520 108 63-142<0.12
Naphthalene ug/L 19.020 95 67-125<0.42
o-Xylene ug/L 20.920 104 60-143<0.11
p-Isopropyltoluene ug/L 21.820 109 64-146<0.14
sec-Butylbenzene ug/L 22.920 114 67-144<0.12
Styrene ug/L 19.020 95 67-136<0.14
tert-Amylmethyl ether ug/L 19.120 96 60-134<0.12
tert-Butyl Alcohol ug/L 203200 100 56-1462.3J
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2712364MATRIX SPIKE SAMPLE:
MSSpike

Result
10403566001

tert-Butylbenzene ug/L 21.820 109 68-135<0.15
Tetrachloroethene ug/L 21.020 105 67-148<0.16
Tetrahydrofuran ug/L 251200 126 51-141<4.3
Toluene ug/L 20.220 100 61-1400.35J
trans-1,2-Dichloroethene ug/L 21.020 105 62-138<0.21
trans-1,3-Dichloropropene ug/L 19.420 97 67-134<0.14
Trichloroethene ug/L 20.420 102 64-149<0.18
Trichlorofluoromethane ug/L 23.120 116 75-150<0.13
Vinyl chloride ug/L 22.020 110 75-133<0.096
1,2-Dichloroethane-d4 (S) %. 101 75-137
4-Bromofluorobenzene (S) %. 100 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403566002
2712365SAMPLE DUPLICATE:

1,1,1,2-Tetrachloroethane ug/L ND 30<0.14
1,1,1-Trichloroethane ug/L ND 30<0.15
1,1,2,2-Tetrachloroethane ug/L ND 30<0.19
1,1,2-Trichloroethane ug/L ND 30<0.22
1,1,2-Trichlorotrifluoroethane ug/L ND 30<0.28
1,1-Dichloroethane ug/L ND 30<0.14
1,1-Dichloroethene ug/L ND 30<0.18
1,1-Dichloropropene ug/L ND 30<0.18
1,2,3-Trichlorobenzene ug/L ND 30<0.14
1,2,4-Trichlorobenzene ug/L ND 30<0.18
1,2,4-Trimethylbenzene ug/L ND 30<0.098
1,2-Dichlorobenzene ug/L ND 30<0.21
1,2-Dichloroethane ug/L ND 30<0.15
1,2-Dichloropropane ug/L ND 30<0.62
1,3,5-Trimethylbenzene ug/L ND 30<0.18
1,3-Dichlorobenzene ug/L ND 30<0.16
1,3-Dichloropropane ug/L ND 30<0.13
1,4-Dichlorobenzene ug/L ND 30<0.10
2,2-Dichloropropane ug/L ND 30<0.40
2-Butanone (MEK) ug/L ND 30<2.4
2-Chlorotoluene ug/L ND 30<0.20
2-Hexanone ug/L ND 30<2.5
2-Propanol ug/L 154 3076.7J
4-Chlorotoluene ug/L ND 30<0.13
4-Methyl-2-pentanone (MIBK) ug/L ND 30<0.55
Acetone ug/L 18.2J 30<8.8
Allyl chloride ug/L ND 30<1.0
Benzene ug/L ND 30<0.13
Bromobenzene ug/L ND 30<0.16
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403566002
2712365SAMPLE DUPLICATE:

Bromochloromethane ug/L ND 30<0.38
Bromodichloromethane ug/L ND 30<0.20
Bromoform ug/L ND 30<1.0
Bromomethane ug/L ND 30<1.5
Carbon disulfide ug/L ND 30<0.37
Carbon tetrachloride ug/L ND 30<0.20
Chlorobenzene ug/L ND 30<0.14
Chloroethane ug/L ND 30<0.44
Chloroform ug/L ND 30<0.46
Chloromethane ug/L ND 30<1.1
cis-1,2-Dichloroethene ug/L ND 30<0.20
cis-1,3-Dichloropropene ug/L ND 30<0.12
Dibromochloromethane ug/L ND 30<0.13
Dibromomethane ug/L ND 30<0.50
Dichlorodifluoromethane ug/L ND 30<0.31
Dichlorofluoromethane ug/L ND 30<0.38
Diethyl ether (Ethyl ether) ug/L ND 30<1.3
Diisopropyl ether ug/L ND 30<0.12
Ethanol ug/L ND 30<26.4
Ethyl-tert-butyl ether ug/L ND 30<0.13
Ethylbenzene ug/L ND 30<0.14
Hexachloro-1,3-butadiene ug/L ND 30<0.48
Isopropylbenzene (Cumene) ug/L ND 30<0.14
m&p-Xylene ug/L ND 30<0.24
Methyl-tert-butyl ether ug/L ND 30<0.14
Methylene Chloride ug/L ND 30<1.2
n-Butylbenzene ug/L ND 30<0.13
n-Propylbenzene ug/L ND 30<0.12
Naphthalene ug/L ND 30<0.42
o-Xylene ug/L ND 30<0.11
p-Isopropyltoluene ug/L ND 30<0.14
sec-Butylbenzene ug/L ND 30<0.12
Styrene ug/L ND 30<0.14
tert-Amylmethyl ether ug/L ND 30<0.12
tert-Butyl Alcohol ug/L ND 30<2.2
tert-Butylbenzene ug/L ND 30<0.15
Tetrachloroethene ug/L ND 30<0.16
Tetrahydrofuran ug/L ND 30<4.3
Toluene ug/L ND 30<0.17
trans-1,2-Dichloroethene ug/L ND 30<0.21
trans-1,3-Dichloropropene ug/L ND 30<0.14
Trichloroethene ug/L ND 30<0.18
Trichlorofluoromethane ug/L ND 30<0.13
Vinyl chloride ug/L ND 30<0.096
1,2-Dichloroethane-d4 (S) %. 107 1108
4-Bromofluorobenzene (S) %. 102 2100
Toluene-d8 (S) %. 104 1103
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499246

EPA 8260B

EPA 8260B

8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10403701001, 10403701002, 10403701003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216

Associated Lab Samples: 10403701001, 10403701002, 10403701003

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497841

EPA 3520

EPA 8270D

8270D Water MSSV

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,2-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/25/17 16:301.3
1,3-Dichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,4-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.4
1-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4-Dichlorophenol ug/L ND 10.0 09/25/17 16:301.6
2,4-Dimethylphenol ug/L ND 50.0 09/25/17 16:302.8
2,4-Dinitrophenol ug/L ND 10.0 09/25/17 16:302.5
2,4-Dinitrotoluene ug/L ND 10.0 09/25/17 16:301.3
2,6-Dinitrotoluene ug/L ND 10.0 09/25/17 16:300.64
2-Chloronaphthalene ug/L ND 10.0 09/25/17 16:302.2
2-Chlorophenol ug/L ND 10.0 09/25/17 16:301.1
2-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/25/17 16:301.9
2-Nitroaniline ug/L ND 10.0 09/25/17 16:301.5
2-Nitrophenol ug/L ND 10.0 09/25/17 16:301.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/25/17 16:301.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/25/17 16:301.2
3-Nitroaniline ug/L ND 10.0 09/25/17 16:301.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/25/17 16:302.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Chloroaniline ug/L ND 50.0 09/25/17 16:301.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/25/17 16:301.5
4-Nitroaniline ug/L ND 10.0 09/25/17 16:302.0
4-Nitrophenol ug/L ND 10.0 09/25/17 16:302.6
Benzoic acid ug/L ND 50.0 09/25/17 16:301.6
Benzyl alcohol ug/L ND 10.0 09/25/17 16:301.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/25/17 16:301.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/25/17 16:301.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 09/25/17 16:301.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/25/17 16:304.6
Butylbenzylphthalate ug/L ND 10.0 09/25/17 16:301.8
Carbazole ug/L ND 10.0 09/25/17 16:301.1
Di-n-butylphthalate ug/L ND 10.0 09/25/17 16:301.4
Di-n-octylphthalate ug/L ND 10.0 09/25/17 16:302.0
Dibenzofuran ug/L ND 10.0 09/25/17 16:301.6
Diethylphthalate ug/L ND 10.0 09/25/17 16:301.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/25/17 16:301.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/25/17 16:303.2
Hexachlorobenzene ug/L ND 10.0 09/25/17 16:302.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/25/17 16:3018.8
Hexachloroethane ug/L ND 10.0 09/25/17 16:303.4
Isophorone ug/L ND 10.0 09/25/17 16:301.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodimethylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/25/17 16:301.1
Nitrobenzene ug/L ND 10.0 09/25/17 16:301.3
Phenol ug/L ND 10.0 09/25/17 16:301.2
Pyridine ug/L ND 10.0 09/25/17 16:302.5
2,4,6-Tribromophenol (S) %. 85 66-125 09/25/17 16:30
2-Fluorobiphenyl (S) %. 65 30-125 09/25/17 16:30
2-Fluorophenol (S) %. 79 49-125 09/25/17 16:30
Nitrobenzene-d5 (S) %. 73 44-125 09/25/17 16:30
p-Terphenyl-d14 (S) %. 76 31-125 09/25/17 16:30
Phenol-d6 (S) %. 78 59-125 09/25/17 16:30

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,4-Trichlorobenzene ug/L 28.050 56 50-125
1,2-Dichlorobenzene ug/L 24.350 49 40-125
1,2-Diphenylhydrazine ug/L 43.850 88 66-125
1,3-Dichlorobenzene ug/L 21.650 43 37-125
1,4-Dichlorobenzene ug/L 22.950 46 38-125
1-Methylnaphthalene ug/L 36.450 73 64-125
2,4,5-Trichlorophenol ug/L 40.250 80 72-125
2,4,6-Trichlorophenol ug/L 40.550 81 70-125
2,4-Dichlorophenol ug/L 37.950 76 66-125
2,4-Dimethylphenol ug/L 25.5J50 51 30-125
2,4-Dinitrophenol ug/L 13.6 L250 27 30-125
2,4-Dinitrotoluene ug/L 43.250 86 74-125
2,6-Dinitrotoluene ug/L 41.450 83 75-125
2-Chloronaphthalene ug/L 37.450 75 68-125
2-Chlorophenol ug/L 35.550 71 59-125
2-Methylnaphthalene ug/L 35.950 72 63-125
2-Methylphenol(o-Cresol) ug/L 35.450 71 59-125
2-Nitroaniline ug/L 44.450 89 71-125
2-Nitrophenol ug/L 37.050 74 64-125
3&4-Methylphenol(m&p Cresol) ug/L 36.950 74 62-125
3,3'-Dichlorobenzidine ug/L 38.8J50 78 61-125
3-Nitroaniline ug/L 45.550 91 60-125
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

4,6-Dinitro-2-methylphenol ug/L 23.950 48 30-136
4-Bromophenylphenyl ether ug/L 40.350 81 73-125
4-Chloro-3-methylphenol ug/L 40.650 81 71-125
4-Chloroaniline ug/L 40.6J50 81 50-125
4-Chlorophenylphenyl ether ug/L 40.650 81 72-125
4-Nitroaniline ug/L 39.750 79 63-125
4-Nitrophenol ug/L 30.0 L250 60 66-125
Benzoic acid ug/L ND L250 0 30-125
Benzyl alcohol ug/L 38.250 76 63-125
bis(2-Chloroethoxy)methane ug/L 38.350 77 66-125
bis(2-Chloroethyl) ether ug/L 34.750 69 58-125
bis(2-Chloroisopropyl) ether ug/L 32.4 SS50 65 53-125
bis(2-Ethylhexyl)phthalate ug/L 44.850 90 73-125
Butylbenzylphthalate ug/L 42.150 84 73-125
Carbazole ug/L 41.250 82 75-125
Di-n-butylphthalate ug/L 42.750 85 75-125
Di-n-octylphthalate ug/L 43.550 87 75-125
Dibenzofuran ug/L 41.850 84 72-125
Diethylphthalate ug/L 43.350 87 75-125
Dimethylphthalate ug/L 43.250 86 75-125
Hexachloro-1,3-butadiene ug/L 23.350 47 39-125
Hexachlorobenzene ug/L 41.250 82 75-125
Hexachlorocyclopentadiene ug/L ND 1M,L250 0 30-125
Hexachloroethane ug/L 18.750 37 30-125
Isophorone ug/L 41.050 82 70-125
N-Nitroso-di-n-propylamine ug/L 38.250 76 65-125
N-Nitrosodimethylamine ug/L 33.850 68 46-125
N-Nitrosodiphenylamine ug/L 40.650 81 72-125
Nitrobenzene ug/L 36.550 73 65-125
Phenol ug/L 33.550 67 60-125
Pyridine ug/L ND L250 0 30-125
2,4,6-Tribromophenol (S) %. 91 66-125
2-Fluorobiphenyl (S) %. 69 30-125
2-Fluorophenol (S) %. 69 49-125
Nitrobenzene-d5 (S) %. 64 44-125
p-Terphenyl-d14 (S) %. 77 31-125
Phenol-d6 (S) %. 72 59-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,4-Trichlorobenzene ug/L M152.1 63 58-12556 11 3052.1ND 32.6 29.1
1,2-Dichlorobenzene ug/L M152.1 56 55-12547 18 3052.1ND 29.3 24.5
1,2-Diphenylhydrazine ug/L 52.1 98 64-12593 5 3052.1ND 50.9 48.6
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichlorobenzene ug/L M152.1 55 52-12545 20 3052.1ND 28.7 23.5
1,4-Dichlorobenzene ug/L M152.1 56 53-12546 21 3052.1ND 29.3 23.8
1-Methylnaphthalene ug/L 52.1 81 64-12572 11 3052.1ND 42.0 37.7
2,4,5-Trichlorophenol ug/L 52.1 93 70-12585 9 3052.1ND 48.4 44.0
2,4,6-Trichlorophenol ug/L 52.1 94 70-12583 12 3052.1ND 48.7 43.3
2,4-Dichlorophenol ug/L 52.1 90 60-12579 13 3052.1ND 46.8 41.1
2,4-Dimethylphenol ug/L 52.1 79 30-15064 3052.1ND 40.9J 33.4J
2,4-Dinitrophenol ug/L 52.1 92 30-14383 11 3052.1ND 47.9 43.1
2,4-Dinitrotoluene ug/L 52.1 99 75-12594 5 3052.1ND 51.5 49.0
2,6-Dinitrotoluene ug/L 52.1 94 73-12590 5 3052.1ND 49.2 46.6
2-Chloronaphthalene ug/L 52.1 85 69-12576 10 3052.1ND 44.1 39.8
2-Chlorophenol ug/L 52.1 85 54-12573 15 3052.1ND 44.3 37.9
2-Methylnaphthalene ug/L 52.1 79 63-12569 14 3052.1ND 41.0 35.7
2-Methylphenol(o-Cresol) ug/L 52.1 88 54-12576 14 3052.1ND 45.7 39.7
2-Nitroaniline ug/L 52.1 97 62-12593 4 3052.1ND 50.5 48.6
2-Nitrophenol ug/L 52.1 84 61-12576 10 3052.1ND 43.6 39.4
3&4-Methylphenol(m&p
Cresol)

ug/L 52.1 88 57-12578 12 3052.1ND 45.7 40.6

3,3'-Dichlorobenzidine ug/L 52.1 75 30-12586 3052.1ND 39.1J 44.9J
3-Nitroaniline ug/L 52.1 97 30-14093 4 3052.1ND 50.4 48.6
4,6-Dinitro-2-methylphenol ug/L 52.1 96 30-13589 8 3052.1ND 50.2 46.5
4-Bromophenylphenyl ether ug/L 52.1 96 54-12592 4 3052.1ND 49.9 47.9
4-Chloro-3-methylphenol ug/L 52.1 98 73-12587 11 3052.1ND 50.8 45.5
4-Chloroaniline ug/L 52.1 84 30-12884 3052.1ND 43.6J 43.5J
4-Chlorophenylphenyl ether ug/L 52.1 96 57-12587 10 3052.1ND 50.1 45.3
4-Nitroaniline ug/L 52.1 92 30-13888 4 3052.1ND 47.8 45.8
4-Nitrophenol ug/L 52.1 79 69-12580 1 3052.1ND 41.2 41.7
Benzoic acid ug/L 52.1 90 30-12565 3052.1ND 46.7J 34J
Benzyl alcohol ug/L 52.1 91 63-12582 10 3052.1ND 47.5 42.8
bis(2-Chloroethoxy)methane ug/L 52.1 87 68-12579 10 3052.1ND 45.4 40.9
bis(2-Chloroethyl) ether ug/L 52.1 82 58-12571 14 3052.1ND 42.6 36.9
bis(2-Chloroisopropyl) ether ug/L SS52.1 72 56-12563 13 3052.1ND 37.3 32.6
bis(2-Ethylhexyl)phthalate ug/L 52.1 104 75-125100 4 3052.1ND 54.1 52.1
Butylbenzylphthalate ug/L 52.1 103 54-12599 3 3052.1ND 53.5 51.7
Carbazole ug/L 52.1 98 72-12593 4 3052.1ND 50.8 48.7
Di-n-butylphthalate ug/L 52.1 101 75-12595 6 3052.1ND 52.6 49.7
Di-n-octylphthalate ug/L 52.1 103 57-12599 4 3052.1ND 53.6 51.7
Dibenzofuran ug/L 52.1 94 63-12587 8 3052.1ND 49.1 45.2
Diethylphthalate ug/L 52.1 100 75-12596 5 3052.1ND 52.3 49.8
Dimethylphthalate ug/L 52.1 99 75-12593 6 3052.1ND 51.5 48.5
Hexachloro-1,3-butadiene ug/L 52.1 57 47-12549 16 3052.1ND 29.8 25.4
Hexachlorobenzene ug/L 52.1 99 75-12592 7 3052.1ND 51.5 48.0
Hexachlorocyclopentadiene ug/L 1M,M052.1 14 30-1250 3052.1ND ND ND
Hexachloroethane ug/L M152.1 55 46-12542 26 3052.1ND 28.5 21.9
Isophorone ug/L 52.1 93 72-12583 11 3052.1ND 48.3 43.3
N-Nitroso-di-n-propylamine ug/L 52.1 85 73-12575 13 3052.1ND 44.4 39.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

N-Nitrosodimethylamine ug/L 52.1 78 59-12572 9 3052.1ND 40.7 37.3
N-Nitrosodiphenylamine ug/L 52.1 93 55-12588 6 3052.1ND 48.7 45.9
Nitrobenzene ug/L 52.1 85 55-12574 14 3052.1ND 44.4 38.8
Phenol ug/L 52.1 79 39-12970 12 3052.1ND 41.1 36.4
Pyridine ug/L M052.1 0 30-1252 3052.1ND ND ND
2,4,6-Tribromophenol (S) %. 107 66-12597
2-Fluorobiphenyl (S) %. 68 30-12560
2-Fluorophenol (S) %. 86 49-12575
Nitrobenzene-d5 (S) %. 76 44-12567
p-Terphenyl-d14 (S) %. 87 31-12584
Phenol-d6 (S) %. 87 59-12579
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497601

EPA Mod. 3510C

EPA 8270D by SIM

8270D PAH by SIM MSSV

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705475

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 09/28/17 10:470.0056
Acenaphthylene ug/L ND 0.040 09/28/17 10:470.0066
Anthracene ug/L ND 0.040 09/28/17 10:470.0079
Benzo(a)anthracene ug/L ND 0.040 09/28/17 10:470.0078
Benzo(a)pyrene ug/L ND 0.040 09/28/17 10:470.0043
Benzo(b)fluoranthene ug/L ND 0.040 09/28/17 10:470.0048
Benzo(e)pyrene ug/L ND 0.040 09/28/17 10:470.0055
Benzo(g,h,i)perylene ug/L ND 0.040 09/28/17 10:470.0075
Benzo(k)fluoranthene ug/L ND 0.040 09/28/17 10:470.0048
Chrysene ug/L ND 0.040 09/28/17 10:470.0058
Dibenz(a,h)anthracene ug/L ND 0.040 09/28/17 10:470.011
Fluoranthene ug/L ND 0.040 09/28/17 10:470.0072
Fluorene ug/L ND 0.040 09/28/17 10:470.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 09/28/17 10:470.0036
Naphthalene ug/L ND 0.040 09/28/17 10:470.0075
Phenanthrene ug/L ND 0.040 09/28/17 10:470.0088
Pyrene ug/L ND 0.040 09/28/17 10:470.0084
2-Fluorobiphenyl (S) %. 81 55-125 09/28/17 10:47
p-Terphenyl-d14 (S) %. 94 64-125 09/28/17 10:47

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705476LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.731 73 51-125
Acenaphthylene ug/L 0.701 70 54-125
Anthracene ug/L 0.851 85 64-125
Benzo(a)anthracene ug/L 0.851 85 63-125
Benzo(a)pyrene ug/L 0.921 92 72-125
Benzo(b)fluoranthene ug/L 0.911 91 60-125
Benzo(e)pyrene ug/L 0.861 86 69-125
Benzo(g,h,i)perylene ug/L 0.851 85 52-125
Benzo(k)fluoranthene ug/L 0.871 87 71-125
Chrysene ug/L 0.871 87 72-125
Dibenz(a,h)anthracene ug/L 0.801 80 49-125
Fluoranthene ug/L 0.941 94 71-125
Fluorene ug/L 0.751 75 56-125
Indeno(1,2,3-cd)pyrene ug/L 0.891 89 59-125
Naphthalene ug/L 0.691 69 41-125
Phenanthrene ug/L 0.811 81 57-125
Pyrene ug/L 0.841 84 71-125
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705476LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 78 55-125
p-Terphenyl-d14 (S) %. 90 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705477MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403528005

2705478

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 68 43-12569 2 301ND 0.69 0.71
Acenaphthylene ug/L 1 65 42-12566 3 301ND 0.66 0.68
Anthracene ug/L 1 84 59-12583 1 301ND 0.86 0.85
Benzo(a)anthracene ug/L 1 84 56-12580 4 301ND 0.86 0.82
Benzo(a)pyrene ug/L 1 89 66-12589 1 301ND 0.90 0.91
Benzo(b)fluoranthene ug/L 1 90 56-12587 3 301ND 0.92 0.89
Benzo(e)pyrene ug/L 1 89 61-12585 4 301ND 0.91 0.87
Benzo(g,h,i)perylene ug/L 1 92 58-12589 2 301ND 0.94 0.92
Benzo(k)fluoranthene ug/L 1 85 64-12583 2 301ND 0.86 0.85
Chrysene ug/L 1 89 61-12587 1 301ND 0.90 0.90
Dibenz(a,h)anthracene ug/L 1 86 56-12588 3 301ND 0.87 0.90
Fluoranthene ug/L 1 99 64-12595 4 301ND 1.0 0.97
Fluorene ug/L 1 74 53-12569 6 301ND 0.75 0.71
Indeno(1,2,3-cd)pyrene ug/L 1 93 57-12590 3 301ND 0.95 0.92
Naphthalene ug/L 1 57 30-12564 11 301ND 0.59 0.66
Phenanthrene ug/L 1 82 52-12580 3 301ND 0.84 0.82
Pyrene ug/L 1 77 58-12578 1 301ND 0.79 0.80
2-Fluorobiphenyl (S) %. 71 55-12571
p-Terphenyl-d14 (S) %. 81 64-12580

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 11/29/2017 11:35 AM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 46 of 366

46 of 317310403701



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497630

EPA Mod. 3510C

EPA 8270D by SIM

8270D PCP MSSV

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705623

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 17:270.28
2,4,6-Tribromophenol (S) %. 84 30-132 09/27/17 17:27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705624LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 78 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705625MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403515004

2705626

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L 10 33 30-12533 3010ND 3.3J 3.3J
2,4,6-Tribromophenol (S) %. 68 30-13270
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499086

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2713610

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 09/27/17 09:221.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 09/27/17 09:221.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 09/27/17 09:221.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 09/27/17 09:221.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2713611LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2713612

Alkalinity, Total as CaCO3 mg/L 43.140 108 90-11010843.1 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2713613MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403809027

2713614

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 107 80-120111 1 304089.3 132 134

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2713615MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403701002

2713616

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 105 80-120103 0 304079.9 122 121
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

498256

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709013

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/22/17 09:285.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709014LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9601000 96 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403716005
2709015SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 279 3 10271

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403716006
2709016SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 305 3 10296
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

497582

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705375

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/19/17 15:310.0070
Chloride mg/L ND 1.2 09/19/17 15:310.14
Fluoride mg/L ND 0.050 09/19/17 15:310.0028
Nitrate as N mg/L ND 0.10 09/19/17 15:310.0079
Nitrite as N mg/L ND 0.10 09/19/17 15:310.016
Sulfate mg/L ND 1.2 09/19/17 15:310.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705376LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.412.5 99 90-110
Fluoride mg/L 0.921 92 90-110
Nitrate as N mg/L 0.951 95 90-110
Nitrite as N mg/L 0.981 98 90-110
Sulfate mg/L 11.612.5 93 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705377MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403701001

2705378

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L M11 37 90-11037 2 201ND 0.43 0.42
Chloride mg/L M112.5 69 90-11069 0 2012.527.4 36.0 36.0
Fluoride mg/L M11 87 90-11086 0 2010.45 1.3 1.3
Nitrate as N mg/L 1 92 90-11093 0 2010.41 1.3 1.3
Nitrite as N mg/L 1 97 90-11097 0 201ND 0.97 0.97
Sulfate mg/L M6625 78 90-11079 0 206251720 2210 2210
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

268254

SM 5310C

SM 5310C

5310C Total Organic Carbon

Associated Lab Samples: 10403701001, 10403701002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1575741

Associated Lab Samples: 10403701001, 10403701002

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L ND 0.84 09/21/17 11:270.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1575742LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 99 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1575743MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403701001

1575744

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 98 80-120108 5 1010.91 1.9 2.0
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#=QL#

QUALIFIERS

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G

Pace Analytical Services - MinneapolisPASI-M

BATCH QUALIFIERS

Batch: 498839

A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M

Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.H5
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1

Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6

Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3
This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

SS

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

10403701

1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10403701001 497164 498458PGDW14-09182017 EPA 3010 EPA 6010C
10403701002 497164 498458PGDW44-09182017 EPA 3010 EPA 6010C

10403701001 498322 498798PGDW14-09182017 EPA 3020 EPA 6020A
10403701002 498322 498798PGDW44-09182017 EPA 3020 EPA 6020A

10403701001 497841 498606PGDW14-09182017 EPA 3520 EPA 8270D
10403701002 497841 498606PGDW44-09182017 EPA 3520 EPA 8270D

10403701001 497601 499409PGDW14-09182017 EPA Mod. 3510C EPA 8270D by SIM
10403701002 497601 499409PGDW44-09182017 EPA Mod. 3510C EPA 8270D by SIM

10403701001 497630 498604PGDW14-09182017 EPA Mod. 3510C EPA 8270D by SIM
10403701002 497630 498604PGDW44-09182017 EPA Mod. 3510C EPA 8270D by SIM

10403701001 498839PGDW14-09182017 EPA 8260B
10403701002 498839PGDW44-09182017 EPA 8260B
10403701003 498839Trip Blank-09182017 EPA 8260B

10403701001 499246PGDW14-09182017 EPA 8260B
10403701002 499246PGDW44-09182017 EPA 8260B
10403701003 499246Trip Blank-09182017 EPA 8260B

10403701001 499086PGDW14-09182017 SM 2320B
10403701002 499086PGDW44-09182017 SM 2320B

10403701001 498256PGDW14-09182017 SM 2540C
10403701002 498256PGDW44-09182017 SM 2540C

10403701001 497582PGDW14-09182017 EPA 300.0
10403701002 497582PGDW44-09182017 EPA 300.0

10403701001 268254PGDW14-09182017 SM 5310C
10403701002 268254PGDW44-09182017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 11/29/2017 11:35 AM

Pace Analytical Services, LLC
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Lab Smp Id: 10403701001
Inj Date : 26-SEP-2017 19:25
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701001
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 196050 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1239158 632.062011 632 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Lab Smp Id: 10403701001
Inj Date : 26-SEP-2017 19:25
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701001
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 1.925 1.925 (0.386) 3769 10.8611 10.9(Q)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 126378 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 214335 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 189080 54.4263 54.4(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 370196 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.985 (1.000) 47417 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 456201 52.3874 52.4

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 340736 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 157955 50.1257 50.1

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 164699 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Lab Smp Id: 10403701001
Inj Date : 26-SEP-2017 19:25
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701001
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 196050 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1239158 632.062011 632 0 0 20

Page 65 of 366

65 of 317310403701



Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269027.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10403701001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 26-SEP-2017 19:25

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.871| 632| _J__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Lab Smp Id: 10403701002
Inj Date : 26-SEP-2017 19:48
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701002
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

9.656 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Lab Smp Id: 10403701002
Inj Date : 26-SEP-2017 19:48
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701002
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.925 (0.231) 1810 0.27330 0.27(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected.

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 124037 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 215082 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 191485 54.9272 54.9(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 373174 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.986 4.985 (1.000) 52644 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 453191 52.5825 52.6

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 337232 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 154458 50.2705 50.3

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 160589 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Lab Smp Id: 10403701002
Inj Date : 26-SEP-2017 19:48
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701002
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 02-Oct-2017 17:11 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

9.656 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269028.D
Report Date: 02-Oct-2017 17:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10403701002
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 26-SEP-2017 19:48

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 9.656| 0.00| ____|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Lab Smp Id: 10403701003
Inj Date : 26-SEP-2017 15:07
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701003,,tb
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 27-Sep-2017 08:24 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 16
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.386) 39428 110.562 110

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 121097 100.000

21 Acetone 58 1.998 1.998 (1.019) 2607 0.51716 0.52(aQ)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 215557 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 189439 54.2205 54.2(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 377917 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.985 (1.000) 48728 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 460726 51.6476 51.6

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.

Page 76 of 366

76 of 317310403701



Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 349045 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 161784 50.4437 50.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 167628 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Lab Smp Id: 10403701003
Inj Date : 26-SEP-2017 15:07
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403701003,,tb
Misc Info : 41566
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092617A.b\V617-41553.m
Meth Date : 27-Sep-2017 08:24 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 16
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.386) 39428 110.562 110

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 121097 100.000

21 Acetone 58 1.998 1.998 (1.019) 2607 0.51716 0.52(aQ)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 215557 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 189439 54.2205 54.2(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 377917 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.985 (1.000) 48728 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 460726 51.6476 51.6

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092617A.b\269016.D
Report Date: 27-Sep-2017 08:46

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.290 (1.000) 349045 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 161784 50.4437 50.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 167628 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D
Lab Smp Id: 10403701001 Client Smp ID: PGDW14-09182017
Inj Date : 25-SEP-2017 20:16
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 12
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 495524 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Toluene CAS #: 108-88-3

2.336 54711 4.41638047 4.6 46 NIST05.L 2395 9
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 1
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D
Lab Smp Id: 10403701001 Client Smp ID: PGDW14-09182017
Inj Date : 25-SEP-2017 20:16
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 12
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.164 3.169 (0.715) 190238 81.3089 84.7

$ 4 Phenol-d6 (S) 99 4.034 4.045 (0.912) 226587 80.7355 84.1

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.424 4.430 (1.000) 75576 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.039 5.044 (0.860) 158551 53.4272 55.6

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 2
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.861 5.867 (1.000) 271300 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.165 7.170 (0.896) 254309 47.6274 49.6

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.998 8.009 (1.000) 131658 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.987 8.992 (1.124) 67960 96.1037 100

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.852 9.858 (1.000) 255641 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.839 11.845 (0.900) 364535 64.3309 67.0

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.154 13.164 (1.000) 236149 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 3
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.863 14.874 (1.000) 250031 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D
Lab Smp Id: 10403701001 Client Smp ID: PGDW14-09182017
Inj Date : 25-SEP-2017 20:16
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 12
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 495524 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Toluene CAS #: 108-88-3

2.336 54711 4.41638047 4.6 46 NIST05.L 2395 9
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251712.D Page 5
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092517
Lab Smp Id: 10403701001 Client Smp ID: PGDW14-09182017
Operator : AT1 Sample Date: 18-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:19-SEP-2017 09:45
Analysis Type: SV Level: LOW
Inj Date: 25-SEP-2017 20:16

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 108-88-3 |Toluene | 2.336| 4.6| NJ__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D
Lab Smp Id: 10403701002 Client Smp ID: PGDW44-09182017
Inj Date : 25-SEP-2017 20:44
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701002,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 13
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 474735 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Toluene CAS #: 108-88-3

2.336 64949 5.47241386 5.7 86 NIST05.L 2397 9
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 1
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D
Lab Smp Id: 10403701002 Client Smp ID: PGDW44-09182017
Inj Date : 25-SEP-2017 20:44
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701002,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 13
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.164 3.169 (0.715) 158863 71.0188 74.0

$ 4 Phenol-d6 (S) 99 4.035 4.045 (0.912) 191991 71.5517 74.5

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.425 4.430 (1.000) 72256 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.039 5.044 (0.860) 133335 47.4807 49.4

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 2
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.862 5.867 (1.000) 256726 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected. (D)

34 1-Methylnaphthalene 142 6.845 6.845 (1.168) 1156 0.28766 0.30

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.165 7.170 (0.896) 197208 39.8991 41.6

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.999 8.009 (1.000) 121872 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.987 8.992 (1.124) 57462 87.7830 91.4

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.852 9.858 (1.000) 239234 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.840 11.845 (0.900) 315936 57.4290 59.8

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.154 13.164 (1.000) 229263 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 3
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.863 14.874 (1.000) 238679 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D
Lab Smp Id: 10403701002 Client Smp ID: PGDW44-09182017
Inj Date : 25-SEP-2017 20:44
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403701002,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 13
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 474735 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Toluene CAS #: 108-88-3

2.336 64949 5.47241386 5.7 86 NIST05.L 2397 9
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251713.D Page 5
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092517
Lab Smp Id: 10403701002 Client Smp ID: PGDW44-09182017
Operator : AT1 Sample Date: 18-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:19-SEP-2017 09:45
Analysis Type: SV Level: LOW
Inj Date: 25-SEP-2017 20:44

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 108-88-3 |Toluene | 2.336| 5.7| NJ__|
|________________|___________________________|________|_____________|_____|
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29-Sep-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion Wellfield Work Order: 17091107

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 2 samples on 20-Sep-2017 09:30 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 9.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion Wellfield

Client: Pace Analytical

Work Order: 17091107
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091107-01 PGDW14-09182017 Water 9/18/2017 10:55 9/20/2017 09:30
17091107-02 PGDW44-09182017 Water 9/18/2017 14:05 9/20/2017 09:30

Sample Summary Page 1 of  1

Page 97 of 366

97 of 317310403701



Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion Wellfield

Client: Pace Analytical

Work Order: 17091107
Case Narrative

Samples for the above noted Work Order were received on 09/20/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 29-Sep-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion Wellfield

Client: Pace Analytical

WorkOrder: 17091107

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion Wellfield
Sample ID: PGDW14-09182017
Collection Date: 9/18/2017 10:55 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit 

Client: Pace Analytical
Work Order: 17091107

Dilution 
Factor

Lab ID: 17091107-01

ALS Group, USA Date: 29-Sep-17

MDL 

ACRYLAMIDE BY HPLC SW8316 Analyst: KYMMethod:
Acrylamide 9/22/2017 15:230.10 mg/L 1U 0.015

AR Page 1 of  2

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Project: 1209662 Pavillion Wellfield
Sample ID: PGDW44-09182017
Collection Date: 9/18/2017 02:05 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit 

Client: Pace Analytical
Work Order: 17091107

Dilution 
Factor

Lab ID: 17091107-02

ALS Group, USA Date: 29-Sep-17

MDL 

ACRYLAMIDE BY HPLC SW8316 Analyst: KYMMethod:
Acrylamide 9/22/2017 15:320.10 mg/L 1U 0.015

AR Page 2 of  2

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 29-Sep-17ALS Group, USA

Project: 1209662 Pavillion Wellfield

Client: Pace Analytical

Work Order: 17091107
QC BATCH REPORT

Batch ID: R220724 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:28 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655944

MBLK

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MBLKW1-R220724

Acrylamide 0.10U

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:37 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655945

LCS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCSW1-R220724

0025Acrylamide 104  50-1500.1025.89

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:46 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655946

MS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MS

0050Acrylamide 96.5  50-1500.2048.23

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:55 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655947

MSD

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MSD

48.23050Acrylamide 95.9  50-150 300.20 0.56147.96

The following samples were analyzed in this batch: 17091107-
01A

17091107-
02A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091107

Date/Time Received: 20-Sep-17 09:30

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.6/4.6 c

Login Notes:

SR2

Cooler(s)/Kit(s):

20-Sep-17 20-Sep-17 Diane Shaw  Alex Csaszar

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/20/2017 11:12:26 AM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1733396

Pace Analytical Services

10403701

1209662 PAVILLION WY WELLFIELD

Client:

Project Name:

Project Number:

10/05/17

Eight Walkup Drive, Westborough, MA  01581-1019

Lab Number:

Report Date:

508-898-9220  (Fax) 508-898-9193  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10051715:02

Page 1 of 22
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L1733396-01

L1733396-02

Alpha 
Sample ID

PGDW14-09182017

PGDW44-09182017

Client ID

WY

WY

Sample 
Location

1209662 PAVILLION WY WELLFIELD

10403701

Project Name:
Project Number:

Lab Number: 
Report Date:

L1733396
10/05/17

09/18/17 10:55

09/18/17 14:05

Collection 
Date/TimeMatrix Receive Date

WATER

WATER

09/20/17

09/20/17

Serial_No:10051715:02

Page 2 of 22
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1209662 PAVILLION WY WELLFIELD

10403701

Project Name:

Project Number:

Lab Number:

Report Date:
L1733396

10/05/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/05/17                  

Serial_No:10051715:02
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ORGANICS

Serial_No:10051715:02
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PESTICIDES

Serial_No:10051715:02
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0248

0.0248

10/05/17

PGDW14-09182017Client ID:
09/18/17 10:55Date Collected:
09/20/17Date Received:

WYSample Location:

L1733396-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 06:04
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:02
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

64

81

66

81

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW14-09182017Client ID:
09/18/17 10:55Date Collected:
09/20/17Date Received:

WYSample Location:

L1733396-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:02
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0248

0.0248

10/05/17

PGDW44-09182017Client ID:
09/18/17 14:05Date Collected:
09/20/17Date Received:

WYSample Location:

L1733396-02Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 06:38
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:02
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

59

78

59

78

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW44-09182017Client ID:
09/18/17 14:05Date Collected:
09/20/17Date Received:

WYSample Location:

L1733396-02Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:02
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-02    Batch:   WG1045188-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10051715:02
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-02    Batch:   WG1045188-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

67

69

73

69

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10051715:02
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 69

 74

 83

 91

 75

 76

 82

 77

 81

 78

 78

 83

 88

 76

 80

 82

 84

 83

 85

 72

 87

 84

79

66

71

80

88

72

74

81

75

81

77

78

83

88

76

80

83

85

83

85

69

87

85

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

4

4

4

4

3

5

3

1

2

1

1

1

1

0

0

0

0

0

0

0

5

0

1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

10/05/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10051715:02
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Endrin ketone

Methoxychlor

Mirex

 100

 78

 70

101

80

70

40-140

40-140

40-140

1

2

0

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10051715:02
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Heptachlor epoxide

Oxychlordane

 85

 84

84

82

40-140

40-140

2

3

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELLFIELD

10403701

L1733396

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10051715:02
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*Values in parentheses indicate holding time in days

L1733396-01A

L1733396-01B

L1733396-02A

L1733396-02B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

A

A

7

7

7

7

3.9

3.9

3.9

3.9

Y

Y

Y

Y

Present/Intact

Present/Intact

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELLFIELD

10403701

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1733396Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/05/17

Were project specific reporting limits specified? YES

7

7

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10051715:02
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17333961209662 PAVILLION WY WELLFIELD

10403701 10/05/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:10051715:02
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17333961209662 PAVILLION WY WELLFIELD

10403701 10/05/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:10051715:02
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17333961209662 PAVILLION WY WELLFIELD

10403701

REFERENCES 

10/05/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 1 of 13

Carol Davy
Pace Analytical Services, Inc.
1700 Elm Street
Suite 200
Minneapolis, MN  55414

October 19, 2017

RE:
Pace  Workorder:

1209662 PAVILLION / 10403701

Dear Carol Davy:

23930

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, September 19, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            10/19/2017
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 2 of 13

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water and Solid & Hazardous Waste

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water;  Solid and Chemical Materials

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water; Solid and Hazardous Waste

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 3 of 13

SAMPLE SUMMARY

Workorder: 23930 1209662 PAVILLION / 10403701

Lab ID Sample ID Matrix Date Collected Date Received

239300001 PGDW14-09182017 Water 9/18/2017 10:55 9/19/2017 16:50

239300002 PGDW44-09182017 Water 9/18/2017 14:05 9/19/2017 16:50

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 4 of 13

PROJECT SUMMARY

Workorder: 23930 1209662 PAVILLION / 10403701

Batch Comments

Batch: DISG/6349 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 5 of 13

ANALYTICAL RESULTS

Workorder: 23930 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW14-09182017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239300001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 10:55

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/17/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/17/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane <0.50 ug/l 0.50 1 9/27/2017 14:12 MM n0.016
Ethane <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0030
Ethene <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0040
Propane <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0050
Propene <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 9/27/2017 14:12 MM n0.32
iso-Butane <0.20 ug/l 0.20 1 9/27/2017 14:12 MM n0.019
n-Butane <0.20 ug/l 0.20 1 9/27/2017 14:12 MM n0.012
Oxygen 3.1 mg/l 0.50 1 9/27/2017 14:12 MM n0.12
Nitrogen 29 mg/l 2.0 1 9/27/2017 14:12 MM n0.34
Carbon Monoxide <1.0 mg/l 1.0 1 9/27/2017 14:12 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon <1800 ug/l 1800 3 10/5/2017 10:34 AK d,n1800
Helium <30 ug/l 30 1 9/21/2017 10:17 AK M1,n30
Hydrogen <15 ug/l 15 1 9/21/2017 10:17 AK M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane <5.0 ug/l 5.0 1 9/21/2017 19:58 BW n5.0
Pentane <5.0 ug/l 5.0 1 9/21/2017 19:58 BW M4,M2,n5.0
Hexane Plus <100 ug/l 100 1 9/21/2017 19:58 BW n100

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Sulfur 34 Isotope Complete 1 10/17/2017 00:00 ITL s
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Report ID: 23930 - 981017 Page 6 of 13

ANALYTICAL RESULTS

Workorder: 23930 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW44-09182017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239300002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 14:05

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/17/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/17/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.78 ug/l 0.50 1 9/27/2017 14:24 MM n0.016
Ethane 0.32 ug/l 0.10 1 9/27/2017 14:24 MM n0.0030
Ethene <0.10 ug/l 0.10 1 9/27/2017 14:24 MM n0.0040
Propane 0.34 ug/l 0.10 1 9/27/2017 14:24 MM n0.0050
Propene <0.10 ug/l 0.10 1 9/27/2017 14:24 MM n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 9/27/2017 14:24 MM n0.32
iso-Butane <0.20 ug/l 0.20 1 9/27/2017 14:24 MM n0.019
n-Butane <0.20 ug/l 0.20 1 9/27/2017 14:24 MM n0.012
Oxygen 3.2 mg/l 0.50 1 9/27/2017 14:24 MM n0.12
Nitrogen 29 mg/l 2.0 1 9/27/2017 14:24 MM n0.34
Carbon Monoxide <1.0 mg/l 1.0 1 9/27/2017 14:24 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon <1800 ug/l 1800 3 10/5/2017 11:04 AK d,n1800
Helium <30 ug/l 30 1 9/21/2017 10:27 AK M1,n30
Hydrogen <15 ug/l 15 1 9/21/2017 10:27 AK M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane <5.0 ug/l 5.0 1 9/21/2017 21:01 BW n5.0
Pentane <5.0 ug/l 5.0 1 9/21/2017 21:01 BW M4,M2,n5.0
Hexane Plus <100 ug/l 100 1 9/21/2017 21:01 BW n100

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Sulfur 34 Isotope Complete 1 10/17/2017 00:00 ITL s
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Report ID: 23930 - 981017 Page 7 of 13

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23930 1209662 PAVILLION / 10403701

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4
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Report ID: 23930 - 981017 Page 8 of 13

QUALITY CONTROL DATA

Workorder: 23930 1209662 PAVILLION / 10403701

QC Batch:

QC Batch Method:

DISG/6349

AM30

Analysis Method: AM30

Associated Lab Samples: 239300001, 239300002

METHOD BLANK: 51005

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium <30ug/l 30 M1,n
Hydrogen <15ug/l 15 M2,M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51006

RISK
Helium 570ug/l 680 M1,n119 80-120
Hydrogen 290ug/l 350 M2,M1,n121 80-120
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Report ID: 23930 - 981017 Page 9 of 13

QUALITY CONTROL DATA

Workorder: 23930 1209662 PAVILLION / 10403701

QC Batch:

QC Batch Method:

VAP/1942

AM10

Analysis Method: AM10

Associated Lab Samples: 239300001, 239300002

METHOD BLANK: 51016

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane <5.0ug/l 5.0 n
Pentane <5.0ug/l 5.0 M4,M2,n
Hexane Plus <100ug/l 100 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51017 51018

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l <5.0 n<5.0
Pentane ug/l 20 13 67 70-130 M2,M4,n13 63 6.2 30
Hexane Plus ug/l 20 <100 83 70-130 n<100 94 12 30

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 135 of 366

135 of 317310403701



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23930 - 981017 Page 10 of 13

QUALITY CONTROL DATA

Workorder: 23930 1209662 PAVILLION / 10403701

QC Batch:

QC Batch Method:

DISG/6366

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239300001, 239300002

METHOD BLANK: 51166

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane <0.50ug/l 0.50 n
Ethane <0.10ug/l 0.10 n
Ethene <0.10ug/l 0.10 n
Propane <0.10ug/l 0.10 n
Propene <0.10ug/l 0.10 n
iso-Butane <0.20ug/l 0.20 n
n-Butane <0.20ug/l 0.20 n

METHOD BLANK: 51167

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide <5.0mg/l 5.0 n
Oxygen <0.50mg/l 0.50 n
Nitrogen <2.0mg/l 2.0 n
Carbon Monoxide <1.0mg/l 1.0 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51168 51170

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
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Report ID: 23930 - 981017 Page 11 of 13

QUALITY CONTROL DATA

Workorder: 23930 1209662 PAVILLION / 10403701

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51169 51171

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 n120 101 2 20
Oxygen mg/l 11 11 95 80-120 n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 n2.3 113 8.3 20
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Report ID: 23930 - 981017 Page 12 of 13

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23930 1209662 PAVILLION / 10403701

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23930 1209662 PAVILLION / 10403701

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239300001 PGDW14-09182017 DISG/6349AM30

239300002 PGDW44-09182017 DISG/6349AM30

239300001 PGDW14-09182017 VAP/1942AM10

239300002 PGDW44-09182017 VAP/1942AM10

239300001 PGDW14-09182017 DISG/6366AM20GAX

239300002 PGDW44-09182017 DISG/6366AM20GAX

239300001 PGDW14-09182017 DISG/6390AM30

239300002 PGDW44-09182017 DISG/6390AM30

239300001 PGDW14-09182017 SCIT/1044D18O
Subcontracted to Isotech

239300002 PGDW44-09182017 SCIT/1044D18O
Subcontracted to Isotech

239300001 PGDW14-09182017 CSIA/1673D18O

239300002 PGDW44-09182017 CSIA/1673D18O

239300001 PGDW14-09182017 CSIA/1674AM24

239300002 PGDW44-09182017 CSIA/1674AM24
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Report ID: 23929 - 986704 Page 1 of 15

Carol Davy
Pace Analytical Services, Inc.
1700 Elm Street
Suite 200
Minneapolis, MN  55414

November 2, 2017

RE:
Pace  Workorder:

1209662 PAVILLION / 10403701

Dear Carol Davy:

23929

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, September 19, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            11/02/2017
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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Pittsburgh, PA 15238
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Report ID: 23929 - 986704 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 23929 - 986704 Page 3 of 15

SAMPLE SUMMARY

Workorder: 23929 1209662 PAVILLION / 10403701

Lab ID Sample ID Matrix Date Collected Date Received

239290001 PGDW44-09182017-PRE Water 9/18/2017 09:00 9/19/2017 16:50

239290002 PGDW14-09182017-PRE Water 9/18/2017 09:44 9/19/2017 16:50

239290003 PGDW14-09182017 Water 9/18/2017 10:55 9/19/2017 16:50

239290004 PGDW44-09182017 Water 9/18/2017 14:05 9/19/2017 16:50

239290005 TRIPBLANK-09182017 Water 9/18/2017 16:00 9/19/2017 16:50

220 William Pitt Way

Pittsburgh, PA 15238
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Report ID: 23929 - 986704 Page 4 of 15

PROJECT SUMMARY

Workorder: 23929 1209662 PAVILLION / 10403701

Workorder Comments

The analysis for low level volatile fatty acids, method AM23G, was reported at dilution due to matrix interferences; samples 23929
(0003-0004).
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Report ID: 23929 - 986704 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 23929 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW44-09182017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239290001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 09:00

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/27/2017 00:00 YD n
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Report ID: 23929 - 986704 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 23929 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW14-09182017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239290002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 09:44

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/27/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 23929 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW14-09182017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239290003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 10:55

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid <2.0 mg/l 2.0 10 9/26/2017 16:37 KB d,B0.11
Acetic Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.12
Propionic Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.055
Formic Acid <2.0 mg/l 2.0 10 9/26/2017 16:37 KB d0.33
Butyric Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.055
Pyruvic Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.089
i-Pentanoic Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.098
Pentanoic Acid <1.0 mg/l 1.0 10 9/26/2017 16:37 KB d0.082
i-Hexanoic Acid <2.0 mg/l 2.0 10 9/26/2017 16:37 KB d0.11
Hexanoic Acid <2.0 mg/l 2.0 10 9/26/2017 16:37 KB d0.095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/27/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane <0.50 ug/l 0.50 1 9/27/2017 14:12 MM n0.016
Ethane <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0030
Ethene <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0040
Propane <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.0050
Propene <0.10 ug/l 0.10 1 9/27/2017 14:12 MM n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 9/27/2017 14:12 MM n0.32
iso-Butane <0.20 ug/l 0.20 1 9/27/2017 14:12 MM n0.019
n-Butane <0.20 ug/l 0.20 1 9/27/2017 14:12 MM n0.012
Oxygen 3.1 mg/l 0.50 1 9/27/2017 14:12 MM n0.12
Nitrogen 29 mg/l 2.0 1 9/27/2017 14:12 MM n0.34
Acetylene <0.50 ug/l 0.50 1 9/27/2017 14:12 MM n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 9/27/2017 14:12 MM n0.087
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ANALYTICAL RESULTS

Workorder: 23929 1209662 PAVILLION / 10403701

9/19/2017 16:50

PGDW44-09182017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239290004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 14:05

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid <2.0 mg/l 2.0 10 9/26/2017 17:31 KB d,B0.11
Acetic Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.12
Propionic Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.055
Formic Acid <2.0 mg/l 2.0 10 9/26/2017 17:31 KB d0.33
Butyric Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.055
Pyruvic Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.089
i-Pentanoic Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.098
Pentanoic Acid <1.0 mg/l 1.0 10 9/26/2017 17:31 KB d0.082
i-Hexanoic Acid <2.0 mg/l 2.0 10 9/26/2017 17:31 KB d0.11
Hexanoic Acid <2.0 mg/l 2.0 10 9/26/2017 17:31 KB d0.095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/27/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.78 ug/l 0.50 1 9/27/2017 14:24 MM n0.016
Ethane 0.32 ug/l 0.10 1 9/27/2017 14:24 MM n0.0030
Ethene <0.10 ug/l 0.10 1 9/27/2017 14:24 MM n0.0040
Propane 0.34 ug/l 0.10 1 9/27/2017 14:24 MM n0.0050
Propene <0.10 ug/l 0.10 1 9/27/2017 14:24 MM n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 9/27/2017 14:24 MM n0.32
iso-Butane <0.20 ug/l 0.20 1 9/27/2017 14:24 MM n0.019
n-Butane <0.20 ug/l 0.20 1 9/27/2017 14:24 MM n0.012
Oxygen 3.2 mg/l 0.50 1 9/27/2017 14:24 MM n0.12
Nitrogen 29 mg/l 2.0 1 9/27/2017 14:24 MM n0.34
Acetylene <0.50 ug/l 0.50 1 9/27/2017 14:24 MM n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 9/27/2017 14:24 MM n0.087
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ANALYTICAL RESULTS

Workorder: 23929 1209662 PAVILLION / 10403701

9/19/2017 16:50

TRIPBLANK-09182017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239290005

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/18/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane <0.50 ug/l 0.50 1 9/27/2017 14:37 MM n0.016
Ethane <0.10 ug/l 0.10 1 9/27/2017 14:37 MM n0.0030
Ethene <0.10 ug/l 0.10 1 9/27/2017 14:37 MM n0.0040
Propane <0.10 ug/l 0.10 1 9/27/2017 14:37 MM n0.0050
Propene <0.10 ug/l 0.10 1 9/27/2017 14:37 MM n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 9/27/2017 14:37 MM n0.32
iso-Butane <0.20 ug/l 0.20 1 9/27/2017 14:37 MM n0.019
n-Butane <0.20 ug/l 0.20 1 9/27/2017 14:37 MM n0.012
Oxygen 11 mg/l 0.50 1 9/27/2017 14:37 MM n0.12
Nitrogen 29 mg/l 2.0 1 9/27/2017 14:37 MM n0.34
Acetylene <0.50 ug/l 0.50 1 9/27/2017 14:37 MM n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 9/27/2017 14:37 MM n0.087

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 151 of 366

151 of 317310403701



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23929 - 986704 Page 10 of 15

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23929 1209662 PAVILLION / 10403701

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d
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QUALITY CONTROL DATA

Workorder: 23929 1209662 PAVILLION / 10403701

QC Batch:

QC Batch Method:

DISG/6365

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239290003, 239290004, 239290005

METHOD BLANK: 51160

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane <0.50ug/l 0.50 n
Ethane <0.10ug/l 0.10 n
Ethene <0.10ug/l 0.10 n
Propane <0.10ug/l 0.10 n
Propene <0.10ug/l 0.10 n
iso-Butane <0.20ug/l 0.20 n
n-Butane <0.20ug/l 0.20 n
Acetylene <0.50ug/l 0.50 n

METHOD BLANK: 51161

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide <5.0mg/l 5.0 n
Oxygen <0.50mg/l 0.50 n
Nitrogen <2.0mg/l 2.0 n
Carbon Monoxide <1.0mg/l 1.0 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51162 51164

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
Acetylene ug/l 33 32 96 80-120 n31 94 2.1 20
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QUALITY CONTROL DATA

Workorder: 23929 1209662 PAVILLION / 10403701

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51163 51165

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 n120 101 2 20
Oxygen mg/l 11 11 95 80-120 n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 n2.3 113 8.3 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51182 51183

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Carbon Dioxide mg/l 120 110 96 70-130 n110 97 1 200
Oxygen mg/l 11 16 95 70-130 n14 79 18 204.8
Nitrogen mg/l 140 140 84 70-130 n150 85 1.2 2028
Carbon Monoxide mg/l 2 2.1 104 70-130 n2.1 106 1.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51184 51185

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Methane ug/l 770 810 102 70-130 n830 104 1.9 2028
Ethane ug/l 76 73 97 70-130 n73 96 1 200.029
Ethene ug/l 71 69 98 70-130 n69 98 0 200
Propane ug/l 56 54 97 70-130 n54 96 1 200.012
Propene ug/l 53 47 88 70-130 n47 88 0 200.023
iso-Butane ug/l 73 70 95 70-130 n70 95 0 200.14
n-Butane ug/l 73 69 94 70-130 n68 93 1.1 200
Acetylene ug/l 33 33 99 70-130 n33 99 0 200
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QUALITY CONTROL DATA

Workorder: 23929 1209662 PAVILLION / 10403701

QC Batch:

QC Batch Method:

EDON/3512

AM23G

Analysis Method: AM23G

Associated Lab Samples: 239290003, 239290004

METHOD BLANK: 51172

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid <0.20mg/l 0.20 B
Acetic Acid <0.10mg/l 0.10
Propionic Acid <0.10mg/l 0.10
Formic Acid <0.20mg/l 0.20
Butyric Acid <0.10mg/l 0.10
Pyruvic Acid <0.10mg/l 0.10
i-Pentanoic Acid <0.10mg/l 0.10
Pentanoic Acid <0.10mg/l 0.10
i-Hexanoic Acid <0.20mg/l 0.20
Hexanoic Acid <0.20mg/l 0.20

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51173

EDonors
Lactic Acid 2mg/l 1.9 B97 70-130
Acetic Acid 2mg/l 2.0 103 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.7 86 70-130
Butyric Acid 2mg/l 2.0 99 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 1.9 94 70-130
Pentanoic Acid 2mg/l 1.9 94 70-130
i-Hexanoic Acid 2mg/l 1.8 88 70-130
Hexanoic Acid 2mg/l 1.6 81 70-130
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 23929 1209662 PAVILLION / 10403701

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23929 1209662 PAVILLION / 10403701

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239290003 PGDW14-09182017 DISG/6365AM20GAX

239290004 PGDW44-09182017 DISG/6365AM20GAX

239290005 TRIPBLANK-09182017 DISG/6365AM20GAX

239290003 PGDW14-09182017 EDON/3512AM23G

239290004 PGDW44-09182017 EDON/3512AM23G

239290001 PGDW44-09182017-PRE MOLE/117416S

239290002 PGDW14-09182017-PRE MOLE/117416S

239290003 PGDW14-09182017 MOLE/117416S

239290004 PGDW44-09182017 MOLE/117416S
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October	27,	2017	

23929	Microbial	Genetic	Sequencing	Report	

The	 report	 contains	 three	 parts.	 	 Part	 one	 includes	 a	 summary	 of	 the	 results.	 	 Part	 two	 contains	 the	
biomass	 (qPCR)	 results.	 	 Part	 three	 presents	 the	 microbial	 community	 analysis	 which	 contains	
descriptions	of	all	abundant	(>	~1%)	genus	level	identifications.				

The	purpose	of	this	project	was	to	characterize	the	bacteria	in	the	samples.		The	samples	were	analyzed	
for	 biomass	 using	 quantitative	 a	 polymerase	 chain	 reaction	 (qPCR)	 assay	 in	 the	 first	 step	 which	
essentially	counts	the	bacterial	genes	and	can	be	used	as	a	surrogate	for	total	bacterial	biomass.	Then	
the	following	analysis	was	to	identify	the	bacteria	in	the	samples.	This	was	done	using	next	generation	
genetic	sequencing	of	microbial	DNA.	

Results		

The	eubacterial	biomass	estimates	(as	measured	by	16s	gene	copies)	in	sample	PGDW44-09182017-PRE	
was	2.77E+08	per	 liter	of	water,	 in	sample	PGDW14-09182017-PRE	was	1.10E+07	per	 liter	of	water,	 in	
sample	 PGDW14-09182017	 was	 7.97E+06	 per	 liter	 of	 water	 and	 in	 sample	 PGDW44-09132017	 was	
5.76E+06	per	liter	of	water.	

Microbial	Community	Composition	

PGDW44-09182017-PRE:	 The	 abundant	 phylotypes	 were	 dominated	 by	 Anaerobic	 Gram-Negative	
bacteria.	 	 The	most	 abundant	 phylotype	 identified	 was	 Tindallia	 which	 is	 an	 obligate	 anaerobes	 and	
catalase-negative	bacterium.	It	was	found	in	underground	water,	anaerobic	sediments,	mud	sediments	
of	 the	 hypersaline,	 meromictic,	 alkaline	 lake.	 Dissipotrophs	 and	 chemoorganoheterotrophs	 with	
fermentative	metabolism	or	 respiration	by	 the	Stikland	 reaction.	Halotolerant	alkaliphiles.	Mesophilic.	
Acetogenic	 ammonifiers.	 The	 second	 most	 abundant	 phylotype	 identified	 was	 Pseudoalteromonas	
which	can	be	 found	 in	open	ocean	sea	water	and	coastline	sea	water.	 It	 can	utilize	a	 range	of	carbon	
substrates,	 including	 carbohydrates,	 alcohols,	 organic	 acids,	 and	 amino	 acids.	 It	 has	 reported	 to	 be	
isolated	from	seawater,	sediment,	sea	 ice,	surfaces	of	stones,	marine	algae,	marine	 invertebrates,	and	
salted	 foods.	 Several	 species	 produce	 autotoxic	 antibiotic	 compounds.	 The	 third	 most	 abundant	
phylotype	 identified	 was	 algidimarina.spp	 which	 is	 found	 in	 anoxic	 marine	 sediments.	 It	 can	 oxidize	
monocarboxylic	acids,	such	as	butyric	or	iso-butyric	acid,	and	in	syntrophic	coculture	with	a	H2-utilizing	
methanogens.	

PGDW14-09182017-PRE:	 The	 abundant	 phylotypes	 were	 dominated	 by	 Anaerobic	 Gram-Negative	
bacteria.	 	 The	most	 abundant	 phylotype	 identified	 was	 Pelotomaculum.	 It	 is	 a	 strictly	 anaerobic	 and	
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thermophilic	bacterium.	Organic	compounds	such	as	fumarate	are	used	by	some	species	as	alternative	
electron	acceptors.	Sulfate,	sulfite,	thiosulfite,	elemental	sulfur,	nitrate,	and	ferric	ion	are	not	reduced.	
The	second	most	abundant	phylotype	 identified	was	Nitrospira	which	can	 live	 in	marine	or	nonmarine	
habitats.	It	has	been	isolated	from	ocean	water,	freshwater,	aquarium	water,	deltaic	sediment,	deep-sea	
sediments,	 activated	 sludge,	 soils,	 and	 an	 iron	 pipe	 of	 a	 heating	 system.	 Nitrospira	 is	 part	 of	 a	
nitrification	process.		The	major	source	of	energy	and	reducing	power	is	from	the	oxidation	of	nitrite	to	
nitrate.	 	 The	 third	 most	 abundant	 phylotype	 identified	 was	 Verrucomicrobium.	 It	 is	 an	 obscure	
bacterium	 found	 in	 eutrophic	 ponds,	 lakes	 fresh	 water,	 soil	 environments	 and	 human	 faeces.		
verrucomicrobia	 is	 abundant	 within	 the	 environment.	 It	 is	 facultatively	 anaerobic	 and	 can	 ferment	
sugars.	It	cannot	reduce	nitrate	anaerobically.	

PGDW14-09182017:	The	abundant	phylotypes	were	dominated	by	Anaerobic	Gram-Negative	bacteria.		
The	most	abundant	phylotype	identified	was	also	Pelotomaculum.	The	second	most	abundant	phylotype	
identified	was	 also	Verrucomicrobium.	 The	 third	most	 abundant	 phylotype	 identified	was	Pelobacter.	
Pelobacter	 ecotype	 is	aquatic	and	 it	 is	 commonly	 found	 in	marine	and	 freshwater	debris,	 and	sewage	
sludge.		This	organism	is	an	iron	and	sulfur-reducing	anaerobic	organism.	It	plays	an	integral	role	in	the	
snytrophic	 relationships	 occurring	 in	 anoxic	 freshwater	 and	 sewage	habitats.	 It	was	 found	 to	 ferment	
butanediol,	 acetoin,	 ethanol,	 lactate,	 and	 pyruvate	 in	 the	 presence	 of	 bacteria	 that	 use	 hydrogen	 by	
using	interspecies	hydrogen	transfer.	It	can	also	grow	by	using	iron	and	sulfur	as	electron	acceptors.	

PGDW44-09182017:	The	abundant	phylotypes	were	dominated	by	Anaerobic	Gram-Negative	bacteria.		
The	most	abundant	phylotype	identified	was	Desulfobulbus	which	can	be	found	in	freshwater,	brackish	
water,	 and	 marine	 habitats;	 also	 isolated	 from	 rumen	 contents,	 animal	 dung,	 and	 sewage	 sludge.	
Desulfobulbus	is	an	anaerobic	chemoorganotroph.	It	utilizes	propionate,	lactate,	pyruvate,	and	alcohols	
from	the	environment	as	not	only	electron	sources,	but	for	carbon	sources	as	well.	Hydrogen	gas	(H2)	is	
only	 utilized	 as	 an	 electron	 donor	 in	 the	 presence	 of	 carbon	 dioxide	 and	 acetate.	 As	 assumed	 by	 its	
name,	Desulfobulbus	 reduces	 sulfate,	 sulfite,	 and	 thiosulfate	 to	 hydrogen	 sulfide	 (H2S),	 but	 does	 not	
reduce	 elemental	 sulfur,	 malate,	 and	 fumarate.	 When	 sulfate	 is	 absent	 ethanol	 is	 fermented	 to	
propionate	 and	 acetate.	 In	 the	 absence	 of	 an	 electron	 acceptor,	 desulfobulbus	 produces	 sulfate	 and	
sulfide	 from	 elemental	 sulfur	 and	 water.	 The	 second	 most	 abundant	 phylotype	 identified	 was	
Desulfatibacillum.	It	is	found	in	oil	polluted	sediments	and	estuarine	sediments.	It	is	mesophilic,	sulfate-
reducing	 bacteria.	 Sulfate,	 sulfite	 and	 thiosulfate	 are	 used	 as	 electron	 acceptors.	 H2,	 pyruvate,	 C4	
dicarboxylic	acids,	acetate,	propionate,	C4	to	C18	fatty	acids	and	butanol	serve	as	electron	donors.	Able	
to	 grow	 autotrophically.	 The	 third	 most	 abundant	 phylotype	 identified	 was	 Syntrophus	 which	 is	 a	
benzoate-degrading	 bacterium	 able	 to	 degrade	 fatty	 acid	 chains	 in	 a	 symbiotic	 relationship	 with	
methanogens.	 It	 has	 been	 previously	 isolated	 from	 sewage	 sludge	 and	 can	 be	 found	 in	 anaerobic	
environments.		
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Molecular Detection 
Quantitative Polymerase 
Chain Reaction Assay
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Analyst: Y. Diao
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Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/18/2017
Job Number: PAVILLION / 1209662 Date Received: 9/19/2017
Project Name: Date Reported: 10/27/2017

Pace Energy ID: 239290001 Matrix: Water
Sample ID: PGDW44-09182017-PRE
Description: gene copies per liter of water

Total Eubacteria: 2.77E+08

Pace Energy ID: 239290002 Matrix: Water
Sample ID: PGDW14-09182017-PRE
Description: gene copies per liter of water

Total Eubacteria: 1.10E+07

Pace Energy ID: 239290003 Matrix: Water
Sample ID: PGDW14-09182017
Description: gene copies per liter of water

Total Eubacteria: 7.97E+06
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Molecular Detection 
Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 23929
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/18/2017
Job Number: PAVILLION / 1209662 Date Received: 9/19/2017
Project Name: 0 Date Reported: 10/27/2017

Pace Energy ID: 239290004 Matrix: Water
Sample ID: PGDW44-09182017
Description: gene copies per liter of water

Total Eubacteria: 5.76E+06

QA/QC NIC UNC UPC
Pass Pass Pass
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Page 163 of 366

163 of 317310403701



�*9-0591'��/(03.#5+0/

$D�C?9HE8?EBE=O	�7�F>OBEJOF;�?I�7D�;DL?HEDC;DJ7B��)��I;GK;D9;�EH�=HEKF�E<�I;GK;D9;I�I>7H?D=�CEH;

J>7D�7D�7H8?JH7H?BO�9>EI;D�B;L;B�E<�I?C?B7H?JO�E<�7�F7HJ?9KB7H�=;D;�C7A;H����8KD:7DJ�F>OBEJOF;I�7H;

:;<?D;:�7I�7DO�?:;DJ?<?;:�F>OBEJOF;�J>7J�9ECFH?I;:�Q���EH�CEH;�E<�J>;�JEJ7B�FHE<?B;���/>;�H;IKBJI�J>7J�7H;

FH;I;DJ;:�8;BEM�7H;�:;H?L;:�<HEC�J>;�F>OBEJOF;I�7D:�7H;�H;FEHJ;:�7J�J>;�=;DKI�B;L;B��9BEI;IJ�C7J9>����/78B;��

I>EMI�M>7J�F;H9;DJ7=;�E<�J>;�JEJ7B�FHE<?B;�9EDI?IJ;:�E<�78KD:7DJ�F>OBEJOF;I�

 #$-'�
��'3%'/5#)'�0(��30(+-'��'13'4'/5'&�$9��$6/&#/5��*9-0591'4

�#.1-'����

��0(��30(+-'� ����

�3#.	�5#+/��+453+$65+0/

"H7C�IJ7?D?D=�?I�7�9ECCED�C;J>E:�KI;:�JE�:?IJ?D=K?I>�JME�B7H=;�=HEKFI�E<�879J;H?7�87I;:�ED�J>;�FHEF;HJ?;I

E<�J>;?H�9;BB�M7BB���/>;�JME�97J;=EH?;I�?D�"H7C
IJ7?D�7H;�FEI?J?L;�7D:�D;=7J?L;���"H7C
D;=7J?L;�879J;H?7�J;D:�JE

8;�<7IJ�=HEM?D=�7D:�;7HBO�9EBED?P;HI�E<�:?IJKH8;:�;DL?HEDC;DJI���"H7C
D;=7J?L;�879J;H?7�97D�7BIE�8;�CEH;

I;DI?J?L;�JE�F;HJKH87J?ED�7D:�;DL?HEDC;DJ7B�IJH;II���"H7C
FEI?J?L;�879J;H?7�ED�J>;�EJ>;H�>7D:�J;D:�JE�=HEM

CEH;�IBEMBO�8KJ�97D�8;�CEH;�H;I?B?;DJ�JE�;DL?HEDC;DJ7B�IJH;II���/>;�<EBBEM?D=�J78B;�7D:�=H7F>�H;FEHJI�J>;

:?IJH?8KJ?ED�E<�"H7C
FEI?J?L;�7D:�D;=7J?L;�879J;H?7�<HEC�J>;�I7CFB;I�

�'46-54�

�6..#39�

+"�2��
������
+- 

��0(� 05#-����4�

�#.1-'���� +"�2��
������
+- 

�+)63'�
��3#.��5#+/��+453+$65+0/�0(��*9-0591'4���0(��30(+-'� #$-'�#/&��3#1*

��0(��$6/&#/5����4� ��

+79;��D7BOJ?97B� D;H=O�.;HL?9;I

�'/0.+%��'26'/%+/)��'1035

���2?BB?7C�+?JJ�27O

+?JJI8KH=>	�+�������

���������
����

�30,'%5� ��������+�1$''$*)��

�#.1-'���� +"�2��
������
+

���

����

�����



�����

�')#5+7'�

�04+5+7'�

!#3+'&�

�05��*#3#%5'3+:'&�

�')#5+7'

�04+5+7'

!#3+'&

�05�*#3#%5'3+:'&

Page 164 of 366

164 of 317310403701

Yiwei Diao


Yiwei Diao
PGDW44-09182017-PRE
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Yiwei Diao
PGDW44-09182017-PRE

Yiwei Diao


Yiwei Diao
PGDW44-09182017-PRE

Yiwei Diao
1209662
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December 11, 2017

LIMS USE: FR - KYLE SMITH

LIMS OBJECT ID: 10404846

10404846
Project:
Pace Project No.:

RE:

Kyle Smith
Lowham-Walsh Engineering
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 27, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on December 11, 2017 to correct MS/MSD data for sample 10404666001.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
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Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 1 of 209

1 of 279510404846



#=CP#

CERTIFICATIONS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Suite 200, Minneapolis, MN  55414-
2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #:MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064

Michigan Certification #: 9909
Minnesota Certification #: 027-053-137
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10404846001 PGDW20-09262017-Q Water 09/26/17 11:30 09/27/17 09:50

10404846002 PGDW20-09262017 Water 09/26/17 11:30 09/27/17 09:50

10404846003 Trip Blank-09262017 Water 09/26/17 16:00 09/27/17 09:50

10404846004 PDGW20-09262017-PRE-Q Water 09/26/17 08:00 09/27/17 09:50

10404846005 PDGW20-09262017-PRE Water 09/26/17 08:00 09/27/17 09:50
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10404846001 PGDW20-09262017-Q EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MSTB

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404846002 PGDW20-09262017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404846003 Trip Blank-09262017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult

Lab Sample ID 

Report Limit QualifiersUnitsMethod

Client Sample ID

10404846001 PGDW20-09262017-Q

Calcium 74400 ug/L 10/06/17 13:12500EPA 6010C
Iron 2560 ug/L 10/06/17 13:1250.0EPA 6010C
Magnesium 8200 ug/L 10/06/17 13:12500EPA 6010C
Manganese 55.3 ug/L 10/06/17 13:125.0EPA 6010C
Sodium 519000 ug/L 10/06/17 13:53 P65000EPA 6010C
Strontium 1290 ug/L 10/06/17 01:365.0EPA 6020A
bis(2-Ethylhexyl)phthalate 18.0 ug/L 10/05/17 17:2510.3EPA 8270D
Alkalinity, Total as CaCO3 68.9 mg/L 10/05/17 13:565.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 64.9 mg/L 10/05/17 13:565.0SM 2320B
Total Dissolved Solids 1640 mg/L 10/02/17 13:2966.7SM 2540C
Chloride 33.3 mg/L 09/27/17 22:14 M11.2EPA 300.0
Fluoride 0.93 mg/L 09/27/17 22:14 M10.050EPA 300.0
Sulfate 1180 mg/L 09/28/17 01:42 M160.0EPA 300.0

10404846002 PGDW20-09262017

Calcium 76800 ug/L 10/06/17 13:26500EPA 6010C
Iron 2670 ug/L 10/06/17 13:2650.0EPA 6010C
Magnesium 8420 ug/L 10/06/17 13:26500EPA 6010C
Manganese 59.6 ug/L 10/06/17 13:265.0EPA 6010C
Sodium 515000 ug/L 10/06/17 14:075000EPA 6010C
Strontium 1330 ug/L 10/06/17 01:395.0EPA 6020A
Alkalinity, Total as CaCO3 67.3 mg/L 10/05/17 14:015.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 59.6 mg/L 10/05/17 14:015.0SM 2320B
Alkalinity,Carbonate (CaCO3) 7.7 mg/L 10/05/17 14:015.0SM 2320B
Total Dissolved Solids 1710 mg/L 10/02/17 13:2966.7SM 2540C
Chloride 33.2 mg/L 09/27/17 22:291.2EPA 300.0
Fluoride 0.91 mg/L 09/27/17 22:290.050EPA 300.0
Sulfate 1200 mg/L 09/27/17 22:4524.0EPA 300.0

10404846003 Trip Blank-09262017

2-Propanol 195 ug/L 10/07/17 04:03100EPA 8260B
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010C

Date: December 11, 2017

Description: 6010C MET ICP

General Information:

2 samples were analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499862

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2717999)
• Sodium

• MSD  (Lab ID: 2718000)
• Sodium

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020A

Date: December 11, 2017

Description: 6020A MET ICPMS

General Information:

2 samples were analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499870

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404666001

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2718031)

• Strontium
• MSD  (Lab ID: 2718032)

• Strontium

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D

Date: December 11, 2017

Description: 8270D MSSV

General Information:

2 samples were analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW20-09262017  (Lab ID: 10404846002)
• PGDW20-09262017-Q  (Lab ID: 10404846001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 499994

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2718510)

• Hexachlorocyclopentadiene
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D

Date: December 11, 2017

Description: 8270D MSSV

Analyte Comments:

QC Batch: 499994

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCSD  (Lab ID: 2718511)

• Hexachlorocyclopentadiene
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: December 11, 2017

Description: 8270D MSSV PAH by SIM

General Information:

2 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: December 11, 2017

Description: 8270D MSSV PCP by SIM

General Information:

2 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: December 11, 2017

Description: 8260B MSV Low Level

General Information:

3 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 501186

P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2724446)
• Naphthalene
• Toluene

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

QC Batch: 501186

L1: Analyte recovery in the laboratory control sample (LCS) was above QC limits.  Results for this analyte in associated samples
may be biased high.

• LCS  (Lab ID: 2724447)
• Tetrahydrofuran

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 501186

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 2724448)
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: December 11, 2017

Description: 8260B MSV Low Level

QC Batch: 501186

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404846001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• Tetrahydrofuran

• MSD  (Lab ID: 2724449)
• Tetrahydrofuran

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2724448)

• Acetone
• Naphthalene

• MSD  (Lab ID: 2724449)
• Acetone
• Naphthalene

Additional Comments:

Analyte Comments:

QC Batch: 501186

P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2724446)
• Naphthalene
• Toluene
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: December 11, 2017

Description: 8260B MSV LLW by SIMSCAN

General Information:

3 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW20-09262017  (Lab ID: 10404846002)

• 1,2-Dichloroethane-d4 (S)
• PGDW20-09262017-Q  (Lab ID: 10404846001)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank-09262017  (Lab ID: 10404846003)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: December 11, 2017

Description: 2320B Alkalinity

General Information:

2 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: December 11, 2017

Description: 2540C Total Dissolved Solids

General Information:

2 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: December 11, 2017

Description: 300.0 IC Anions

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499289

A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404194015,10404846001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2714627)

• Chloride
• Fluoride
• Sulfate

• MS  (Lab ID: 2714629)
• Bromide
• Chloride
• Fluoride
• Sulfate

• MSD  (Lab ID: 2714628)
• Chloride
• Fluoride
• Sulfate

• MSD  (Lab ID: 2714630)
• Bromide
• Chloride
• Fluoride
• Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: December 11, 2017

Description: 5310C TOC

General Information:

2 samples were analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017-Q Lab ID: 10404846001 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 74400 ug/L 10/06/17 13:12 7440-70-210/02/17 12:33500 24.7 1
Iron 2560 ug/L 10/06/17 13:12 7439-89-610/02/17 12:3350.0 16.7 1
Magnesium 8200 ug/L 10/06/17 13:12 7439-95-410/02/17 12:33500 2.6 1
Manganese 55.3 ug/L 10/06/17 13:12 7439-96-510/02/17 12:335.0 0.38 1
Potassium ND ug/L 10/06/17 13:12 7440-09-710/02/17 12:332500 126 1
Sodium 519000 ug/L 10/06/17 13:53 7440-23-5 P610/02/17 12:335000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 1290 ug/L 10/06/17 01:36 7440-24-610/02/17 14:105.0 0.75 10

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 10/05/17 17:25 120-82-110/02/17 17:3910.3 4.3 1
1,2-Dichlorobenzene ND ug/L 10/05/17 17:25 95-50-110/02/17 17:3910.3 3.6 1
1,2-Diphenylhydrazine ND ug/L 10/05/17 17:25 122-66-710/02/17 17:3910.3 1.3 1
1,3-Dichlorobenzene ND ug/L 10/05/17 17:25 541-73-110/02/17 17:3910.3 4.3 1
1,4-Dichlorobenzene ND ug/L 10/05/17 17:25 106-46-710/02/17 17:3910.3 3.5 1
1-Methylnaphthalene ND ug/L 10/05/17 17:25 90-12-010/02/17 17:3910.3 2.2 1
2,4,5-Trichlorophenol ND ug/L 10/05/17 17:25 95-95-410/02/17 17:3910.3 1.1 1
2,4,6-Trichlorophenol ND ug/L 10/05/17 17:25 88-06-210/02/17 17:3910.3 1.1 1
2,4-Dichlorophenol ND ug/L 10/05/17 17:25 120-83-210/02/17 17:3910.3 1.6 1
2,4-Dimethylphenol ND ug/L 10/05/17 17:25 105-67-910/02/17 17:3951.5 2.9 1
2,4-Dinitrophenol ND ug/L 10/05/17 17:25 51-28-510/02/17 17:3910.3 2.5 1
2,4-Dinitrotoluene ND ug/L 10/05/17 17:25 121-14-210/02/17 17:3910.3 1.4 1
2,6-Dinitrotoluene ND ug/L 10/05/17 17:25 606-20-210/02/17 17:3910.3 0.66 1
2-Chloronaphthalene ND ug/L 10/05/17 17:25 91-58-710/02/17 17:3910.3 2.3 1
2-Chlorophenol ND ug/L 10/05/17 17:25 95-57-810/02/17 17:3910.3 1.2 1
2-Methylnaphthalene ND ug/L 10/05/17 17:25 91-57-610/02/17 17:3910.3 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 10/05/17 17:25 95-48-710/02/17 17:3910.3 2.0 1
2-Nitroaniline ND ug/L 10/05/17 17:25 88-74-410/02/17 17:3910.3 1.6 1
2-Nitrophenol ND ug/L 10/05/17 17:25 88-75-510/02/17 17:3910.3 1.7 1
3&4-Methylphenol(m&p Cresol) ND ug/L 10/05/17 17:2510/02/17 17:3920.6 1.1 1
3,3'-Dichlorobenzidine ND ug/L 10/05/17 17:25 91-94-110/02/17 17:3951.5 1.2 1
3-Nitroaniline ND ug/L 10/05/17 17:25 99-09-210/02/17 17:3910.3 1.2 1
4,6-Dinitro-2-methylphenol ND ug/L 10/05/17 17:25 534-52-110/02/17 17:3910.3 1.6 1
4-Bromophenylphenyl ether ND ug/L 10/05/17 17:25 101-55-310/02/17 17:3910.3 2.4 1
4-Chloro-3-methylphenol ND ug/L 10/05/17 17:25 59-50-710/02/17 17:3910.3 1.5 1
4-Chloroaniline ND ug/L 10/05/17 17:25 106-47-810/02/17 17:3951.5 2.0 1
4-Chlorophenylphenyl ether ND ug/L 10/05/17 17:25 7005-72-310/02/17 17:3910.3 1.6 1
4-Nitroaniline ND ug/L 10/05/17 17:25 100-01-610/02/17 17:3910.3 2.1 1
4-Nitrophenol ND ug/L 10/05/17 17:25 100-02-710/02/17 17:3910.3 2.7 1
Benzoic acid ND ug/L 10/05/17 17:25 65-85-010/02/17 17:3951.5 1.6 1
Benzyl alcohol ND ug/L 10/05/17 17:25 100-51-610/02/17 17:3910.3 1.4 1
Butylbenzylphthalate ND ug/L 10/05/17 17:25 85-68-710/02/17 17:3910.3 1.8 1
Carbazole ND ug/L 10/05/17 17:25 86-74-810/02/17 17:3910.3 1.1 1
Di-n-butylphthalate ND ug/L 10/05/17 17:25 84-74-210/02/17 17:3910.3 1.4 1
Di-n-octylphthalate ND ug/L 10/05/17 17:25 117-84-010/02/17 17:3910.3 2.1 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017-Q Lab ID: 10404846001 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 10/05/17 17:25 132-64-910/02/17 17:3910.3 1.7 1
Diethylphthalate ND ug/L 10/05/17 17:25 84-66-210/02/17 17:3910.3 1.5 1
Dimethylphthalate ND ug/L 10/05/17 17:25 131-11-310/02/17 17:3910.3 1.3 1
Hexachloro-1,3-butadiene ND ug/L 10/05/17 17:25 87-68-310/02/17 17:3910.3 3.3 1
Hexachlorobenzene ND ug/L 10/05/17 17:25 118-74-110/02/17 17:3910.3 2.2 1
Hexachlorocyclopentadiene ND ug/L 10/05/17 17:25 77-47-4 L210/02/17 17:3951.5 19.4 1
Hexachloroethane ND ug/L 10/05/17 17:25 67-72-110/02/17 17:3910.3 3.5 1
Isophorone ND ug/L 10/05/17 17:25 78-59-110/02/17 17:3910.3 1.2 1
N-Nitroso-di-n-propylamine ND ug/L 10/05/17 17:25 621-64-710/02/17 17:3910.3 1.0 1
N-Nitrosodimethylamine ND ug/L 10/05/17 17:25 62-75-910/02/17 17:3910.3 1.1 1
N-Nitrosodiphenylamine ND ug/L 10/05/17 17:25 86-30-610/02/17 17:3910.3 1.1 1
Nitrobenzene ND ug/L 10/05/17 17:25 98-95-310/02/17 17:3910.3 1.3 1
Phenol ND ug/L 10/05/17 17:25 108-95-210/02/17 17:3910.3 1.2 1
Pyridine ND ug/L 10/05/17 17:25 110-86-1 L210/02/17 17:3910.3 2.6 1
bis(2-Chloroethoxy)methane ND ug/L 10/05/17 17:25 111-91-110/02/17 17:3910.3 1.4 1
bis(2-Chloroethyl) ether ND ug/L 10/05/17 17:25 111-44-410/02/17 17:3910.3 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 10/05/17 17:25 108-60-110/02/17 17:3910.3 1.4 1
bis(2-Ethylhexyl)phthalate 18.0 ug/L 10/05/17 17:25 117-81-710/02/17 17:3910.3 4.7 1
Surrogates
Nitrobenzene-d5 (S) 63 %. 10/05/17 17:25 4165-60-010/02/17 17:3944-125 1
2-Fluorobiphenyl (S) 62 %. 10/05/17 17:25 321-60-810/02/17 17:3930-125 1
p-Terphenyl-d14 (S) 90 %. 10/05/17 17:25 1718-51-010/02/17 17:3931-125 1
Phenol-d6 (S) 68 %. 10/05/17 17:25 13127-88-310/02/17 17:3959-125 1
2-Fluorophenol (S) 69 %. 10/05/17 17:25 367-12-410/02/17 17:3949-125 1
2,4,6-Tribromophenol (S) 77 %. 10/05/17 17:25 118-79-610/02/17 17:3966-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 10/05/17 14:07 83-32-910/02/17 13:270.041 0.0058 1
Acenaphthylene ND ug/L 10/05/17 14:07 208-96-810/02/17 13:270.041 0.0068 1
Anthracene ND ug/L 10/05/17 14:07 120-12-710/02/17 13:270.041 0.0081 1
Benzo(a)anthracene ND ug/L 10/05/17 14:07 56-55-310/02/17 13:270.041 0.0080 1
Benzo(a)pyrene ND ug/L 10/05/17 14:07 50-32-810/02/17 13:270.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 10/05/17 14:07 205-99-210/02/17 13:270.041 0.0049 1
Benzo(e)pyrene ND ug/L 10/05/17 14:07 192-97-210/02/17 13:270.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 10/05/17 14:07 191-24-210/02/17 13:270.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 10/05/17 14:07 207-08-910/02/17 13:270.041 0.0049 1
Chrysene ND ug/L 10/05/17 14:07 218-01-910/02/17 13:270.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 10/05/17 14:07 53-70-310/02/17 13:270.041 0.011 1
Fluoranthene ND ug/L 10/05/17 14:07 206-44-010/02/17 13:270.041 0.0073 1
Fluorene ND ug/L 10/05/17 14:07 86-73-710/02/17 13:270.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 10/05/17 14:07 193-39-510/02/17 13:270.041 0.0037 1
Naphthalene ND ug/L 10/05/17 14:07 91-20-310/02/17 13:270.041 0.0077 1
Phenanthrene ND ug/L 10/05/17 14:07 85-01-810/02/17 13:270.041 0.0091 1
Pyrene ND ug/L 10/05/17 14:07 129-00-010/02/17 13:270.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 75 %. 10/05/17 14:07 321-60-810/02/17 13:2755-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017-Q Lab ID: 10404846001 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 95 %. 10/05/17 14:07 1718-51-010/02/17 13:2764-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 10/03/17 19:34 87-86-509/29/17 12:110.63 0.30 1
Surrogates
2,4,6-Tribromophenol (S) 48 %. 10/03/17 19:34 118-79-609/29/17 12:1130-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

Acetone ND ug/L 10/07/17 06:47 67-64-1 M120.0 8.8 1
Allyl chloride ND ug/L 10/07/17 06:47 107-05-14.0 1.0 1
tert-Amylmethyl ether ND ug/L 10/07/17 06:47 994-05-81.0 0.12 1
Benzene ND ug/L 10/07/17 06:47 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/07/17 06:47 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/07/17 06:47 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/07/17 06:47 75-27-40.50 0.20 1
Bromoform ND ug/L 10/07/17 06:47 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/07/17 06:47 74-83-94.0 1.5 1
2-Butanone (MEK) ND ug/L 10/07/17 06:47 78-93-35.0 2.4 1
tert-Butyl Alcohol ND ug/L 10/07/17 06:47 75-65-010.0 2.2 1
n-Butylbenzene ND ug/L 10/07/17 06:47 104-51-81.0 0.13 1
sec-Butylbenzene ND ug/L 10/07/17 06:47 135-98-80.50 0.12 1
tert-Butylbenzene ND ug/L 10/07/17 06:47 98-06-60.50 0.15 1
Carbon disulfide ND ug/L 10/07/17 06:47 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/07/17 06:47 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/07/17 06:47 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/07/17 06:47 75-00-31.0 0.44 1
Chloroform ND ug/L 10/07/17 06:47 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/07/17 06:47 74-87-34.0 1.1 1
2-Chlorotoluene ND ug/L 10/07/17 06:47 95-49-80.50 0.20 1
4-Chlorotoluene ND ug/L 10/07/17 06:47 106-43-41.0 0.13 1
Dibromochloromethane ND ug/L 10/07/17 06:47 124-48-11.0 0.13 1
Dibromomethane ND ug/L 10/07/17 06:47 74-95-31.0 0.50 1
1,2-Dichlorobenzene ND ug/L 10/07/17 06:47 95-50-10.50 0.21 1
1,3-Dichlorobenzene ND ug/L 10/07/17 06:47 541-73-11.0 0.16 1
1,4-Dichlorobenzene ND ug/L 10/07/17 06:47 106-46-70.50 0.10 1
Dichlorodifluoromethane ND ug/L 10/07/17 06:47 75-71-81.0 0.31 1
1,1-Dichloroethane ND ug/L 10/07/17 06:47 75-34-30.50 0.14 1
1,2-Dichloroethane ND ug/L 10/07/17 06:47 107-06-20.50 0.15 1
1,1-Dichloroethene ND ug/L 10/07/17 06:47 75-35-40.50 0.18 1
cis-1,2-Dichloroethene ND ug/L 10/07/17 06:47 156-59-20.50 0.20 1
trans-1,2-Dichloroethene ND ug/L 10/07/17 06:47 156-60-50.50 0.21 1
Dichlorofluoromethane ND ug/L 10/07/17 06:47 75-43-41.0 0.38 1
1,2-Dichloropropane ND ug/L 10/07/17 06:47 78-87-54.0 0.62 1
1,3-Dichloropropane ND ug/L 10/07/17 06:47 142-28-90.50 0.13 1
2,2-Dichloropropane ND ug/L 10/07/17 06:47 594-20-71.0 0.40 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017-Q Lab ID: 10404846001 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

1,1-Dichloropropene ND ug/L 10/07/17 06:47 563-58-60.50 0.18 1
cis-1,3-Dichloropropene ND ug/L 10/07/17 06:47 10061-01-51.0 0.12 1
trans-1,3-Dichloropropene ND ug/L 10/07/17 06:47 10061-02-61.0 0.14 1
Diethyl ether (Ethyl ether) ND ug/L 10/07/17 06:47 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/07/17 06:47 108-20-31.0 0.12 1
Ethanol ND ug/L 10/07/17 06:47 64-17-580.0 26.4 1
Ethylbenzene ND ug/L 10/07/17 06:47 100-41-40.50 0.14 1
Ethyl-tert-butyl ether ND ug/L 10/07/17 06:47 637-92-30.50 0.13 1
Hexachloro-1,3-butadiene ND ug/L 10/07/17 06:47 87-68-31.0 0.48 1
2-Hexanone ND ug/L 10/07/17 06:47 591-78-65.0 2.5 1
Isopropylbenzene (Cumene) ND ug/L 10/07/17 06:47 98-82-81.0 0.14 1
p-Isopropyltoluene ND ug/L 10/07/17 06:47 99-87-61.0 0.14 1
Methylene Chloride ND ug/L 10/07/17 06:47 75-09-24.0 1.2 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/07/17 06:47 108-10-15.0 0.55 1
Methyl-tert-butyl ether ND ug/L 10/07/17 06:47 1634-04-40.50 0.14 1
Naphthalene ND ug/L 10/07/17 06:47 91-20-3 M11.0 0.42 1
2-Propanol ND ug/L 10/07/17 06:47 67-63-0100 20.6 1
n-Propylbenzene ND ug/L 10/07/17 06:47 103-65-10.50 0.12 1
Styrene ND ug/L 10/07/17 06:47 100-42-50.50 0.14 1
1,1,1,2-Tetrachloroethane ND ug/L 10/07/17 06:47 630-20-61.0 0.14 1
1,1,2,2-Tetrachloroethane ND ug/L 10/07/17 06:47 79-34-50.50 0.19 1
Tetrachloroethene ND ug/L 10/07/17 06:47 127-18-41.0 0.16 1
Tetrahydrofuran ND ug/L 10/07/17 06:47 109-99-9 L3,M010.0 4.3 1
Toluene ND ug/L 10/07/17 06:47 108-88-30.50 0.17 1
1,2,3-Trichlorobenzene ND ug/L 10/07/17 06:47 87-61-61.0 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/07/17 06:47 120-82-11.0 0.18 1
1,1,1-Trichloroethane ND ug/L 10/07/17 06:47 71-55-60.50 0.15 1
1,1,2-Trichloroethane ND ug/L 10/07/17 06:47 79-00-50.50 0.22 1
Trichloroethene ND ug/L 10/07/17 06:47 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/07/17 06:47 75-69-40.50 0.13 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/07/17 06:47 76-13-11.0 0.28 1
1,2,4-Trimethylbenzene ND ug/L 10/07/17 06:47 95-63-61.0 0.098 1
1,3,5-Trimethylbenzene ND ug/L 10/07/17 06:47 108-67-81.0 0.18 1
Vinyl chloride ND ug/L 10/07/17 06:47 75-01-40.20 0.096 1
m&p-Xylene ND ug/L 10/07/17 06:47 179601-23-12.0 0.24 1
o-Xylene ND ug/L 10/07/17 06:47 95-47-60.50 0.11 1
Surrogates
1,2-Dichloroethane-d4 (S) 100 %. 10/07/17 06:47 17060-07-075-137 1
Toluene-d8 (S) 97 %. 10/07/17 06:47 2037-26-575-125 1
4-Bromofluorobenzene (S) 104 %. 10/07/17 06:47 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 23:27 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 23:27 106-93-40.050 0.0071 1
1,2,3-Trichloropropane ND ug/L 09/27/17 23:27 96-18-40.010 0.0045 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017-Q Lab ID: 10404846001 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 132 %. 09/27/17 23:27 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 23:27 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/27/17 23:27 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/05/17 13:565.0 1.4 1
Alkalinity, Total as CaCO3 68.9 mg/L 10/05/17 13:565.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 64.9 mg/L 10/05/17 13:565.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 10/05/17 13:565.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 1640 mg/L 10/02/17 13:2966.7 33.3 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide ND mg/L 09/27/17 22:14 24959-67-9 M10.080 0.0070 1
Chloride 33.3 mg/L 09/27/17 22:14 16887-00-6 M11.2 0.14 1
Fluoride 0.93 mg/L 09/27/17 22:14 16984-48-8 M10.050 0.0028 1
Nitrate as N ND mg/L 09/27/17 22:14 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/27/17 22:14 14797-65-00.10 0.016 1
Sulfate 1180 mg/L 09/28/17 01:42 14808-79-8 M160.0 13.5 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon ND mg/L 09/29/17 14:54 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017 Lab ID: 10404846002 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 76800 ug/L 10/06/17 13:26 7440-70-210/02/17 12:33500 24.7 1
Iron 2670 ug/L 10/06/17 13:26 7439-89-610/02/17 12:3350.0 16.7 1
Magnesium 8420 ug/L 10/06/17 13:26 7439-95-410/02/17 12:33500 2.6 1
Manganese 59.6 ug/L 10/06/17 13:26 7439-96-510/02/17 12:335.0 0.38 1
Potassium ND ug/L 10/06/17 13:26 7440-09-710/02/17 12:332500 126 1
Sodium 515000 ug/L 10/06/17 14:07 7440-23-510/02/17 12:335000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 1330 ug/L 10/06/17 01:39 7440-24-610/02/17 14:105.0 0.75 10

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 10/05/17 17:52 65-85-010/02/17 17:3951.3 1.6 1
Benzyl alcohol ND ug/L 10/05/17 17:52 100-51-610/02/17 17:3910.3 1.4 1
4-Bromophenylphenyl ether ND ug/L 10/05/17 17:52 101-55-310/02/17 17:3910.3 2.4 1
Butylbenzylphthalate ND ug/L 10/05/17 17:52 85-68-710/02/17 17:3910.3 1.8 1
Carbazole ND ug/L 10/05/17 17:52 86-74-810/02/17 17:3910.3 1.1 1
4-Chloro-3-methylphenol ND ug/L 10/05/17 17:52 59-50-710/02/17 17:3910.3 1.5 1
4-Chloroaniline ND ug/L 10/05/17 17:52 106-47-810/02/17 17:3951.3 2.0 1
bis(2-Chloroethoxy)methane ND ug/L 10/05/17 17:52 111-91-110/02/17 17:3910.3 1.4 1
bis(2-Chloroethyl) ether ND ug/L 10/05/17 17:52 111-44-410/02/17 17:3910.3 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 10/05/17 17:52 108-60-110/02/17 17:3910.3 1.4 1
2-Chloronaphthalene ND ug/L 10/05/17 17:52 91-58-710/02/17 17:3910.3 2.3 1
2-Chlorophenol ND ug/L 10/05/17 17:52 95-57-810/02/17 17:3910.3 1.2 1
4-Chlorophenylphenyl ether ND ug/L 10/05/17 17:52 7005-72-310/02/17 17:3910.3 1.6 1
Dibenzofuran ND ug/L 10/05/17 17:52 132-64-910/02/17 17:3910.3 1.7 1
1,2-Dichlorobenzene ND ug/L 10/05/17 17:52 95-50-110/02/17 17:3910.3 3.6 1
1,3-Dichlorobenzene ND ug/L 10/05/17 17:52 541-73-110/02/17 17:3910.3 4.3 1
1,4-Dichlorobenzene ND ug/L 10/05/17 17:52 106-46-710/02/17 17:3910.3 3.5 1
3,3'-Dichlorobenzidine ND ug/L 10/05/17 17:52 91-94-110/02/17 17:3951.3 1.2 1
2,4-Dichlorophenol ND ug/L 10/05/17 17:52 120-83-210/02/17 17:3910.3 1.6 1
Diethylphthalate ND ug/L 10/05/17 17:52 84-66-210/02/17 17:3910.3 1.4 1
2,4-Dimethylphenol ND ug/L 10/05/17 17:52 105-67-910/02/17 17:3951.3 2.9 1
Dimethylphthalate ND ug/L 10/05/17 17:52 131-11-310/02/17 17:3910.3 1.3 1
Di-n-butylphthalate ND ug/L 10/05/17 17:52 84-74-210/02/17 17:3910.3 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 10/05/17 17:52 534-52-110/02/17 17:3910.3 1.6 1
2,4-Dinitrophenol ND ug/L 10/05/17 17:52 51-28-510/02/17 17:3910.3 2.5 1
2,4-Dinitrotoluene ND ug/L 10/05/17 17:52 121-14-210/02/17 17:3910.3 1.4 1
2,6-Dinitrotoluene ND ug/L 10/05/17 17:52 606-20-210/02/17 17:3910.3 0.66 1
Di-n-octylphthalate ND ug/L 10/05/17 17:52 117-84-010/02/17 17:3910.3 2.1 1
1,2-Diphenylhydrazine ND ug/L 10/05/17 17:52 122-66-710/02/17 17:3910.3 1.3 1
bis(2-Ethylhexyl)phthalate ND ug/L 10/05/17 17:52 117-81-710/02/17 17:3910.3 4.7 1
Hexachloro-1,3-butadiene ND ug/L 10/05/17 17:52 87-68-310/02/17 17:3910.3 3.3 1
Hexachlorobenzene ND ug/L 10/05/17 17:52 118-74-110/02/17 17:3910.3 2.2 1
Hexachlorocyclopentadiene ND ug/L 10/05/17 17:52 77-47-4 L210/02/17 17:3951.3 19.3 1
Hexachloroethane ND ug/L 10/05/17 17:52 67-72-110/02/17 17:3910.3 3.5 1
Isophorone ND ug/L 10/05/17 17:52 78-59-110/02/17 17:3910.3 1.2 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017 Lab ID: 10404846002 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 10/05/17 17:52 90-12-010/02/17 17:3910.3 2.2 1
2-Methylnaphthalene ND ug/L 10/05/17 17:52 91-57-610/02/17 17:3910.3 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 10/05/17 17:52 95-48-710/02/17 17:3910.3 1.9 1
3&4-Methylphenol(m&p Cresol) ND ug/L 10/05/17 17:5210/02/17 17:3920.5 1.1 1
2-Nitroaniline ND ug/L 10/05/17 17:52 88-74-410/02/17 17:3910.3 1.6 1
3-Nitroaniline ND ug/L 10/05/17 17:52 99-09-210/02/17 17:3910.3 1.2 1
4-Nitroaniline ND ug/L 10/05/17 17:52 100-01-610/02/17 17:3910.3 2.1 1
Nitrobenzene ND ug/L 10/05/17 17:52 98-95-310/02/17 17:3910.3 1.3 1
2-Nitrophenol ND ug/L 10/05/17 17:52 88-75-510/02/17 17:3910.3 1.7 1
4-Nitrophenol ND ug/L 10/05/17 17:52 100-02-710/02/17 17:3910.3 2.6 1
N-Nitrosodimethylamine ND ug/L 10/05/17 17:52 62-75-910/02/17 17:3910.3 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 10/05/17 17:52 621-64-710/02/17 17:3910.3 1.0 1
N-Nitrosodiphenylamine ND ug/L 10/05/17 17:52 86-30-610/02/17 17:3910.3 1.1 1
Phenol ND ug/L 10/05/17 17:52 108-95-210/02/17 17:3910.3 1.2 1
Pyridine ND ug/L 10/05/17 17:52 110-86-1 L210/02/17 17:3910.3 2.6 1
1,2,4-Trichlorobenzene ND ug/L 10/05/17 17:52 120-82-110/02/17 17:3910.3 4.3 1
2,4,5-Trichlorophenol ND ug/L 10/05/17 17:52 95-95-410/02/17 17:3910.3 1.1 1
2,4,6-Trichlorophenol ND ug/L 10/05/17 17:52 88-06-210/02/17 17:3910.3 1.1 1
Surrogates
Nitrobenzene-d5 (S) 65 %. 10/05/17 17:52 4165-60-010/02/17 17:3944-125 1
2-Fluorobiphenyl (S) 63 %. 10/05/17 17:52 321-60-810/02/17 17:3930-125 1
p-Terphenyl-d14 (S) 92 %. 10/05/17 17:52 1718-51-010/02/17 17:3931-125 1
Phenol-d6 (S) 68 %. 10/05/17 17:52 13127-88-310/02/17 17:3959-125 1
2-Fluorophenol (S) 69 %. 10/05/17 17:52 367-12-410/02/17 17:3949-125 1
2,4,6-Tribromophenol (S) 76 %. 10/05/17 17:52 118-79-610/02/17 17:3966-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 10/02/17 20:42 83-32-909/28/17 11:170.041 0.0058 1
Acenaphthylene ND ug/L 10/02/17 20:42 208-96-809/28/17 11:170.041 0.0069 1
Anthracene ND ug/L 10/02/17 20:42 120-12-709/28/17 11:170.041 0.0082 1
Benzo(a)anthracene ND ug/L 10/02/17 20:42 56-55-309/28/17 11:170.041 0.0080 1
Benzo(a)pyrene ND ug/L 10/02/17 20:42 50-32-809/28/17 11:170.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 10/02/17 20:42 205-99-209/28/17 11:170.041 0.0050 1
Benzo(e)pyrene ND ug/L 10/02/17 20:42 192-97-209/28/17 11:170.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 10/02/17 20:42 191-24-209/28/17 11:170.041 0.0078 1
Benzo(k)fluoranthene ND ug/L 10/02/17 20:42 207-08-909/28/17 11:170.041 0.0050 1
Chrysene ND ug/L 10/02/17 20:42 218-01-909/28/17 11:170.041 0.0060 1
Dibenz(a,h)anthracene ND ug/L 10/02/17 20:42 53-70-309/28/17 11:170.041 0.011 1
Fluoranthene ND ug/L 10/02/17 20:42 206-44-009/28/17 11:170.041 0.0074 1
Fluorene ND ug/L 10/02/17 20:42 86-73-709/28/17 11:170.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 10/02/17 20:42 193-39-509/28/17 11:170.041 0.0038 1
Naphthalene ND ug/L 10/02/17 20:42 91-20-309/28/17 11:170.041 0.0077 1
Phenanthrene ND ug/L 10/02/17 20:42 85-01-809/28/17 11:170.041 0.0092 1
Pyrene ND ug/L 10/02/17 20:42 129-00-009/28/17 11:170.041 0.0088 1
Surrogates
2-Fluorobiphenyl (S) 76 %. 10/02/17 20:42 321-60-809/28/17 11:1755-125 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017 Lab ID: 10404846002 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 96 %. 10/02/17 20:42 1718-51-009/28/17 11:1764-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 10/03/17 19:54 87-86-509/29/17 12:110.63 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 49 %. 10/03/17 19:54 118-79-609/29/17 12:1130-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

Acetone ND ug/L 10/07/17 07:10 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/07/17 07:10 107-05-14.0 1.0 1
tert-Amylmethyl ether ND ug/L 10/07/17 07:10 994-05-81.0 0.12 1
Benzene ND ug/L 10/07/17 07:10 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/07/17 07:10 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/07/17 07:10 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/07/17 07:10 75-27-40.50 0.20 1
Bromoform ND ug/L 10/07/17 07:10 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/07/17 07:10 74-83-94.0 1.5 1
2-Butanone (MEK) ND ug/L 10/07/17 07:10 78-93-35.0 2.4 1
tert-Butyl Alcohol ND ug/L 10/07/17 07:10 75-65-010.0 2.2 1
n-Butylbenzene ND ug/L 10/07/17 07:10 104-51-81.0 0.13 1
sec-Butylbenzene ND ug/L 10/07/17 07:10 135-98-80.50 0.12 1
tert-Butylbenzene ND ug/L 10/07/17 07:10 98-06-60.50 0.15 1
Carbon disulfide ND ug/L 10/07/17 07:10 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/07/17 07:10 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/07/17 07:10 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/07/17 07:10 75-00-31.0 0.44 1
Chloroform ND ug/L 10/07/17 07:10 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/07/17 07:10 74-87-34.0 1.1 1
2-Chlorotoluene ND ug/L 10/07/17 07:10 95-49-80.50 0.20 1
4-Chlorotoluene ND ug/L 10/07/17 07:10 106-43-41.0 0.13 1
Dibromochloromethane ND ug/L 10/07/17 07:10 124-48-11.0 0.13 1
Dibromomethane ND ug/L 10/07/17 07:10 74-95-31.0 0.50 1
1,2-Dichlorobenzene ND ug/L 10/07/17 07:10 95-50-10.50 0.21 1
1,3-Dichlorobenzene ND ug/L 10/07/17 07:10 541-73-11.0 0.16 1
1,4-Dichlorobenzene ND ug/L 10/07/17 07:10 106-46-70.50 0.10 1
Dichlorodifluoromethane ND ug/L 10/07/17 07:10 75-71-81.0 0.31 1
1,1-Dichloroethane ND ug/L 10/07/17 07:10 75-34-30.50 0.14 1
1,2-Dichloroethane ND ug/L 10/07/17 07:10 107-06-20.50 0.15 1
1,1-Dichloroethene ND ug/L 10/07/17 07:10 75-35-40.50 0.18 1
cis-1,2-Dichloroethene ND ug/L 10/07/17 07:10 156-59-20.50 0.20 1
trans-1,2-Dichloroethene ND ug/L 10/07/17 07:10 156-60-50.50 0.21 1
Dichlorofluoromethane ND ug/L 10/07/17 07:10 75-43-41.0 0.38 1
1,2-Dichloropropane ND ug/L 10/07/17 07:10 78-87-54.0 0.62 1
1,3-Dichloropropane ND ug/L 10/07/17 07:10 142-28-90.50 0.13 1
2,2-Dichloropropane ND ug/L 10/07/17 07:10 594-20-71.0 0.40 1
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Sample: PGDW20-09262017 Lab ID: 10404846002 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

1,1-Dichloropropene ND ug/L 10/07/17 07:10 563-58-60.50 0.18 1
cis-1,3-Dichloropropene ND ug/L 10/07/17 07:10 10061-01-51.0 0.12 1
trans-1,3-Dichloropropene ND ug/L 10/07/17 07:10 10061-02-61.0 0.14 1
Diethyl ether (Ethyl ether) ND ug/L 10/07/17 07:10 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/07/17 07:10 108-20-31.0 0.12 1
Ethanol ND ug/L 10/07/17 07:10 64-17-580.0 26.4 1
Ethylbenzene ND ug/L 10/07/17 07:10 100-41-40.50 0.14 1
Ethyl-tert-butyl ether ND ug/L 10/07/17 07:10 637-92-30.50 0.13 1
Hexachloro-1,3-butadiene ND ug/L 10/07/17 07:10 87-68-31.0 0.48 1
2-Hexanone ND ug/L 10/07/17 07:10 591-78-65.0 2.5 1
Isopropylbenzene (Cumene) ND ug/L 10/07/17 07:10 98-82-81.0 0.14 1
p-Isopropyltoluene ND ug/L 10/07/17 07:10 99-87-61.0 0.14 1
Methylene Chloride ND ug/L 10/07/17 07:10 75-09-24.0 1.2 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/07/17 07:10 108-10-15.0 0.55 1
Methyl-tert-butyl ether ND ug/L 10/07/17 07:10 1634-04-40.50 0.14 1
Naphthalene ND ug/L 10/07/17 07:10 91-20-31.0 0.42 1
2-Propanol ND ug/L 10/07/17 07:10 67-63-0100 20.6 1
n-Propylbenzene ND ug/L 10/07/17 07:10 103-65-10.50 0.12 1
Styrene ND ug/L 10/07/17 07:10 100-42-50.50 0.14 1
1,1,1,2-Tetrachloroethane ND ug/L 10/07/17 07:10 630-20-61.0 0.14 1
1,1,2,2-Tetrachloroethane ND ug/L 10/07/17 07:10 79-34-50.50 0.19 1
Tetrachloroethene ND ug/L 10/07/17 07:10 127-18-41.0 0.16 1
Tetrahydrofuran ND ug/L 10/07/17 07:10 109-99-9 L310.0 4.3 1
Toluene ND ug/L 10/07/17 07:10 108-88-30.50 0.17 1
1,2,3-Trichlorobenzene ND ug/L 10/07/17 07:10 87-61-61.0 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/07/17 07:10 120-82-11.0 0.18 1
1,1,1-Trichloroethane ND ug/L 10/07/17 07:10 71-55-60.50 0.15 1
1,1,2-Trichloroethane ND ug/L 10/07/17 07:10 79-00-50.50 0.22 1
Trichloroethene ND ug/L 10/07/17 07:10 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/07/17 07:10 75-69-40.50 0.13 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/07/17 07:10 76-13-11.0 0.28 1
1,2,4-Trimethylbenzene ND ug/L 10/07/17 07:10 95-63-61.0 0.098 1
1,3,5-Trimethylbenzene ND ug/L 10/07/17 07:10 108-67-81.0 0.18 1
Vinyl chloride ND ug/L 10/07/17 07:10 75-01-40.20 0.096 1
m&p-Xylene ND ug/L 10/07/17 07:10 179601-23-12.0 0.24 1
o-Xylene ND ug/L 10/07/17 07:10 95-47-60.50 0.11 1
Surrogates
1,2-Dichloroethane-d4 (S) 101 %. 10/07/17 07:10 17060-07-075-137 1
Toluene-d8 (S) 99 %. 10/07/17 07:10 2037-26-575-125 1
4-Bromofluorobenzene (S) 102 %. 10/07/17 07:10 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 23:47 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 23:47 106-93-40.050 0.0071 1
1,2,3-Trichloropropane ND ug/L 09/27/17 23:47 96-18-40.010 0.0045 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-09262017 Lab ID: 10404846002 Collected: 09/26/17 11:30 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 131 %. 09/27/17 23:47 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 23:47 2037-26-570-130 1
4-Bromofluorobenzene (S) 108 %. 09/27/17 23:47 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/05/17 14:015.0 1.4 1
Alkalinity, Total as CaCO3 67.3 mg/L 10/05/17 14:015.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 59.6 mg/L 10/05/17 14:015.0 1.4 1
Alkalinity,Carbonate (CaCO3) 7.7 mg/L 10/05/17 14:015.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 1710 mg/L 10/02/17 13:2966.7 33.3 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide ND mg/L 09/27/17 22:29 24959-67-90.080 0.0070 1
Chloride 33.2 mg/L 09/27/17 22:29 16887-00-61.2 0.14 1
Fluoride 0.91 mg/L 09/27/17 22:29 16984-48-80.050 0.0028 1
Nitrate as N ND mg/L 09/27/17 22:29 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/27/17 22:29 14797-65-00.10 0.016 1
Sulfate 1200 mg/L 09/27/17 22:45 14808-79-824.0 5.4 20

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon ND mg/L 09/29/17 15:15 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: Trip Blank-09262017 Lab ID: 10404846003 Collected: 09/26/17 16:00 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

Acetone ND ug/L 10/07/17 04:03 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/07/17 04:03 107-05-14.0 1.0 1
tert-Amylmethyl ether ND ug/L 10/07/17 04:03 994-05-81.0 0.12 1
Benzene ND ug/L 10/07/17 04:03 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/07/17 04:03 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/07/17 04:03 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/07/17 04:03 75-27-40.50 0.20 1
Bromoform ND ug/L 10/07/17 04:03 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/07/17 04:03 74-83-94.0 1.5 1
2-Butanone (MEK) ND ug/L 10/07/17 04:03 78-93-35.0 2.4 1
tert-Butyl Alcohol ND ug/L 10/07/17 04:03 75-65-010.0 2.2 1
n-Butylbenzene ND ug/L 10/07/17 04:03 104-51-81.0 0.13 1
sec-Butylbenzene ND ug/L 10/07/17 04:03 135-98-80.50 0.12 1
tert-Butylbenzene ND ug/L 10/07/17 04:03 98-06-60.50 0.15 1
Carbon disulfide ND ug/L 10/07/17 04:03 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/07/17 04:03 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/07/17 04:03 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/07/17 04:03 75-00-31.0 0.44 1
Chloroform ND ug/L 10/07/17 04:03 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/07/17 04:03 74-87-34.0 1.1 1
2-Chlorotoluene ND ug/L 10/07/17 04:03 95-49-80.50 0.20 1
4-Chlorotoluene ND ug/L 10/07/17 04:03 106-43-41.0 0.13 1
Dibromochloromethane ND ug/L 10/07/17 04:03 124-48-11.0 0.13 1
Dibromomethane ND ug/L 10/07/17 04:03 74-95-31.0 0.50 1
1,2-Dichlorobenzene ND ug/L 10/07/17 04:03 95-50-10.50 0.21 1
1,3-Dichlorobenzene ND ug/L 10/07/17 04:03 541-73-11.0 0.16 1
1,4-Dichlorobenzene ND ug/L 10/07/17 04:03 106-46-70.50 0.10 1
Dichlorodifluoromethane ND ug/L 10/07/17 04:03 75-71-81.0 0.31 1
1,1-Dichloroethane ND ug/L 10/07/17 04:03 75-34-30.50 0.14 1
1,2-Dichloroethane ND ug/L 10/07/17 04:03 107-06-20.50 0.15 1
1,1-Dichloroethene ND ug/L 10/07/17 04:03 75-35-40.50 0.18 1
cis-1,2-Dichloroethene ND ug/L 10/07/17 04:03 156-59-20.50 0.20 1
trans-1,2-Dichloroethene ND ug/L 10/07/17 04:03 156-60-50.50 0.21 1
Dichlorofluoromethane ND ug/L 10/07/17 04:03 75-43-41.0 0.38 1
1,2-Dichloropropane ND ug/L 10/07/17 04:03 78-87-54.0 0.62 1
1,3-Dichloropropane ND ug/L 10/07/17 04:03 142-28-90.50 0.13 1
2,2-Dichloropropane ND ug/L 10/07/17 04:03 594-20-71.0 0.40 1
1,1-Dichloropropene ND ug/L 10/07/17 04:03 563-58-60.50 0.18 1
cis-1,3-Dichloropropene ND ug/L 10/07/17 04:03 10061-01-51.0 0.12 1
trans-1,3-Dichloropropene ND ug/L 10/07/17 04:03 10061-02-61.0 0.14 1
Diethyl ether (Ethyl ether) ND ug/L 10/07/17 04:03 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/07/17 04:03 108-20-31.0 0.12 1
Ethanol ND ug/L 10/07/17 04:03 64-17-580.0 26.4 1
Ethylbenzene ND ug/L 10/07/17 04:03 100-41-40.50 0.14 1
Ethyl-tert-butyl ether ND ug/L 10/07/17 04:03 637-92-30.50 0.13 1
Hexachloro-1,3-butadiene ND ug/L 10/07/17 04:03 87-68-31.0 0.48 1
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ANALYTICAL RESULTS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Sample: Trip Blank-09262017 Lab ID: 10404846003 Collected: 09/26/17 16:00 Received: 09/27/17 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 8260B8260B MSV Low Level

2-Hexanone ND ug/L 10/07/17 04:03 591-78-65.0 2.5 1
Isopropylbenzene (Cumene) ND ug/L 10/07/17 04:03 98-82-81.0 0.14 1
p-Isopropyltoluene ND ug/L 10/07/17 04:03 99-87-61.0 0.14 1
Methylene Chloride ND ug/L 10/07/17 04:03 75-09-24.0 1.2 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/07/17 04:03 108-10-15.0 0.55 1
Methyl-tert-butyl ether ND ug/L 10/07/17 04:03 1634-04-40.50 0.14 1
Naphthalene ND ug/L 10/07/17 04:03 91-20-31.0 0.42 1
2-Propanol 195 ug/L 10/07/17 04:03 67-63-0100 20.6 1
n-Propylbenzene ND ug/L 10/07/17 04:03 103-65-10.50 0.12 1
Styrene ND ug/L 10/07/17 04:03 100-42-50.50 0.14 1
1,1,1,2-Tetrachloroethane ND ug/L 10/07/17 04:03 630-20-61.0 0.14 1
1,1,2,2-Tetrachloroethane ND ug/L 10/07/17 04:03 79-34-50.50 0.19 1
Tetrachloroethene ND ug/L 10/07/17 04:03 127-18-41.0 0.16 1
Tetrahydrofuran ND ug/L 10/07/17 04:03 109-99-9 L310.0 4.3 1
Toluene ND ug/L 10/07/17 04:03 108-88-30.50 0.17 1
1,2,3-Trichlorobenzene ND ug/L 10/07/17 04:03 87-61-61.0 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/07/17 04:03 120-82-11.0 0.18 1
1,1,1-Trichloroethane ND ug/L 10/07/17 04:03 71-55-60.50 0.15 1
1,1,2-Trichloroethane ND ug/L 10/07/17 04:03 79-00-50.50 0.22 1
Trichloroethene ND ug/L 10/07/17 04:03 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/07/17 04:03 75-69-40.50 0.13 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/07/17 04:03 76-13-11.0 0.28 1
1,2,4-Trimethylbenzene ND ug/L 10/07/17 04:03 95-63-61.0 0.098 1
1,3,5-Trimethylbenzene ND ug/L 10/07/17 04:03 108-67-81.0 0.18 1
Vinyl chloride ND ug/L 10/07/17 04:03 75-01-40.20 0.096 1
m&p-Xylene ND ug/L 10/07/17 04:03 179601-23-12.0 0.24 1
o-Xylene ND ug/L 10/07/17 04:03 95-47-60.50 0.11 1
Surrogates
1,2-Dichloroethane-d4 (S) 96 %. 10/07/17 04:03 17060-07-075-137 1
Toluene-d8 (S) 97 %. 10/07/17 04:03 2037-26-575-125 1
4-Bromofluorobenzene (S) 108 %. 10/07/17 04:03 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 20:22 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 20:22 106-93-40.050 0.0071 1
1,2,3-Trichloropropane ND ug/L 09/27/17 20:22 96-18-40.010 0.0045 1
Surrogates
1,2-Dichloroethane-d4 (S) 146 %. 09/27/17 20:22 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 20:22 2037-26-570-130 1
4-Bromofluorobenzene (S) 106 %. 09/27/17 20:22 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499862

EPA 3010

EPA 6010C

6010C Water

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2717997

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 10/06/17 13:0724.7
Iron ug/L ND 50.0 10/06/17 13:0716.7
Magnesium ug/L ND 500 10/06/17 13:072.6
Manganese ug/L ND 5.0 10/06/17 13:070.38
Potassium ug/L ND 2500 10/06/17 13:07126
Sodium ug/L ND 1000 10/06/17 13:0744.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2717998LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1940020000 97 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 1990020000 100 80-120
Manganese ug/L 10101000 101 80-120
Potassium ug/L 1960020000 98 80-120
Sodium ug/L 1950020000 98 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2717999MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2718000

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 100 75-125108 2 202000074400 94400 95900
Iron ug/L 20000 98 75-125100 2 20200002560 22100 22500
Magnesium ug/L 20000 98 75-125101 2 20200008200 27800 28300
Manganese ug/L 1000 99 75-125101 2 20100055.3 1050 1070
Potassium ug/L 20000 118 75-125120 2 2020000ND 24600 25000
Sodium ug/L P620000 20 75-1259 0 2020000519000 523000 521000
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499870

EPA 3020

EPA 6020A

6020A Water UPD4

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718029

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 10/06/17 01:000.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718030LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 110100 110 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718031MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2718032

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L M6100 135 75-125212 2 201004840 4980 5060
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

501186

EPA 8260B

EPA 8260B

8260 MSV LL Water

Associated Lab Samples: 10404846001, 10404846002, 10404846003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2724446

Associated Lab Samples: 10404846001, 10404846002, 10404846003

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 1.0 MN10/07/17 03:160.14
1,1,1-Trichloroethane ug/L ND 0.50 10/07/17 03:160.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 10/07/17 03:160.19
1,1,2-Trichloroethane ug/L ND 0.50 10/07/17 03:160.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 10/07/17 03:160.28
1,1-Dichloroethane ug/L ND 0.50 10/07/17 03:160.14
1,1-Dichloroethene ug/L ND 0.50 10/07/17 03:160.18
1,1-Dichloropropene ug/L ND 0.50 10/07/17 03:160.18
1,2,3-Trichlorobenzene ug/L ND 1.0 MN10/07/17 03:160.14
1,2,4-Trichlorobenzene ug/L ND 1.0 MN10/07/17 03:160.18
1,2,4-Trimethylbenzene ug/L ND 1.0 MN10/07/17 03:160.098
1,2-Dichlorobenzene ug/L ND 0.50 10/07/17 03:160.21
1,2-Dichloroethane ug/L ND 0.50 10/07/17 03:160.15
1,2-Dichloropropane ug/L ND 4.0 10/07/17 03:160.62
1,3,5-Trimethylbenzene ug/L ND 1.0 MN10/07/17 03:160.18
1,3-Dichlorobenzene ug/L ND 1.0 MN10/07/17 03:160.16
1,3-Dichloropropane ug/L ND 0.50 10/07/17 03:160.13
1,4-Dichlorobenzene ug/L ND 0.50 10/07/17 03:160.10
2,2-Dichloropropane ug/L ND 1.0 10/07/17 03:160.40
2-Butanone (MEK) ug/L ND 5.0 10/07/17 03:162.4
2-Chlorotoluene ug/L ND 0.50 10/07/17 03:160.20
2-Hexanone ug/L ND 5.0 10/07/17 03:162.5
2-Propanol ug/L ND 100 10/07/17 03:1620.6
4-Chlorotoluene ug/L ND 1.0 MN10/07/17 03:160.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 10/07/17 03:160.55
Acetone ug/L ND 20.0 10/07/17 03:168.8
Allyl chloride ug/L ND 4.0 10/07/17 03:161.0
Benzene ug/L ND 0.50 10/07/17 03:160.13
Bromobenzene ug/L ND 0.50 10/07/17 03:160.16
Bromochloromethane ug/L ND 1.0 10/07/17 03:160.38
Bromodichloromethane ug/L ND 0.50 10/07/17 03:160.20
Bromoform ug/L ND 4.0 10/07/17 03:161.0
Bromomethane ug/L ND 4.0 10/07/17 03:161.5
Carbon disulfide ug/L ND 1.0 10/07/17 03:160.37
Carbon tetrachloride ug/L ND 0.50 10/07/17 03:160.20
Chlorobenzene ug/L ND 0.50 10/07/17 03:160.14
Chloroethane ug/L ND 1.0 10/07/17 03:160.44
Chloroform ug/L ND 1.0 10/07/17 03:160.46
Chloromethane ug/L ND 4.0 10/07/17 03:161.1
cis-1,2-Dichloroethene ug/L ND 0.50 10/07/17 03:160.20
cis-1,3-Dichloropropene ug/L ND 1.0 MN10/07/17 03:160.12
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QUALITY CONTROL DATA

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2724446

Associated Lab Samples: 10404846001, 10404846002, 10404846003

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 1.0 MN10/07/17 03:160.13
Dibromomethane ug/L ND 1.0 10/07/17 03:160.50
Dichlorodifluoromethane ug/L ND 1.0 10/07/17 03:160.31
Dichlorofluoromethane ug/L ND 1.0 10/07/17 03:160.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 10/07/17 03:161.3
Diisopropyl ether ug/L ND 1.0 10/07/17 03:160.12
Ethanol ug/L ND 80.0 10/07/17 03:1626.4
Ethyl-tert-butyl ether ug/L ND 0.50 10/07/17 03:160.13
Ethylbenzene ug/L ND 0.50 10/07/17 03:160.14
Hexachloro-1,3-butadiene ug/L ND 1.0 10/07/17 03:160.48
Isopropylbenzene (Cumene) ug/L ND 1.0 MN10/07/17 03:160.14
m&p-Xylene ug/L ND 2.0 MN10/07/17 03:160.24
Methyl-tert-butyl ether ug/L ND 0.50 10/07/17 03:160.14
Methylene Chloride ug/L ND 4.0 10/07/17 03:161.2
n-Butylbenzene ug/L ND 1.0 MN10/07/17 03:160.13
n-Propylbenzene ug/L ND 0.50 10/07/17 03:160.12
Naphthalene ug/L 1.1 1.0 P810/07/17 03:160.42
o-Xylene ug/L ND 0.50 10/07/17 03:160.11
p-Isopropyltoluene ug/L ND 1.0 MN10/07/17 03:160.14
sec-Butylbenzene ug/L ND 0.50 10/07/17 03:160.12
Styrene ug/L ND 0.50 10/07/17 03:160.14
tert-Amylmethyl ether ug/L ND 1.0 MN10/07/17 03:160.12
tert-Butyl Alcohol ug/L ND 10.0 10/07/17 03:162.2
tert-Butylbenzene ug/L ND 0.50 10/07/17 03:160.15
Tetrachloroethene ug/L ND 1.0 MN10/07/17 03:160.16
Tetrahydrofuran ug/L ND 10.0 10/07/17 03:164.3
Toluene ug/L 0.50 0.50 P810/07/17 03:160.17
trans-1,2-Dichloroethene ug/L ND 0.50 10/07/17 03:160.21
trans-1,3-Dichloropropene ug/L ND 1.0 MN10/07/17 03:160.14
Trichloroethene ug/L ND 0.40 10/07/17 03:160.18
Trichlorofluoromethane ug/L ND 0.50 10/07/17 03:160.13
Vinyl chloride ug/L ND 0.20 10/07/17 03:160.096
1,2-Dichloroethane-d4 (S) %. 96 75-137 10/07/17 03:16
4-Bromofluorobenzene (S) %. 104 75-125 10/07/17 03:16
Toluene-d8 (S) %. 99 75-125 10/07/17 03:16

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.220 101 75-136
1,1,1-Trichloroethane ug/L 22.420 112 75-129
1,1,2,2-Tetrachloroethane ug/L 21.720 108 71-138
1,1,2-Trichloroethane ug/L 21.420 107 75-125
1,1,2-Trichlorotrifluoroethane ug/L 19.320 97 69-126
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 21.020 105 75-125
1,1-Dichloroethene ug/L 21.320 107 75-125
1,1-Dichloropropene ug/L 22.920 114 75-125
1,2,3-Trichlorobenzene ug/L 18.020 90 75-125
1,2,4-Trichlorobenzene ug/L 20.420 102 75-125
1,2,4-Trimethylbenzene ug/L 20.920 104 75-125
1,2-Dichlorobenzene ug/L 21.820 109 75-125
1,2-Dichloroethane ug/L 20.220 101 70-125
1,2-Dichloropropane ug/L 20.920 105 75-125
1,3,5-Trimethylbenzene ug/L 20.920 104 75-125
1,3-Dichlorobenzene ug/L 22.120 110 75-125
1,3-Dichloropropane ug/L 21.820 109 75-125
1,4-Dichlorobenzene ug/L 22.520 113 75-125
2,2-Dichloropropane ug/L 20.820 104 70-131
2-Butanone (MEK) ug/L 91.7100 92 69-125
2-Chlorotoluene ug/L 22.720 113 75-125
2-Hexanone ug/L 109100 109 73-129
2-Propanol ug/L 187200 93 50-150
4-Chlorotoluene ug/L 20.520 102 75-125
4-Methyl-2-pentanone (MIBK) ug/L 105100 105 73-125
Acetone ug/L 121100 121 66-126
Allyl chloride ug/L 19.720 98 71-125
Benzene ug/L 22.420 112 75-125
Bromobenzene ug/L 21.920 110 75-125
Bromochloromethane ug/L 21.420 107 75-126
Bromodichloromethane ug/L 20.720 103 75-133
Bromoform ug/L 19.220 96 62-142
Bromomethane ug/L 17.220 86 34-143
Carbon disulfide ug/L 20.720 103 71-125
Carbon tetrachloride ug/L 20.320 102 71-145
Chlorobenzene ug/L 22.520 112 75-125
Chloroethane ug/L 19.720 98 75-125
Chloroform ug/L 20.420 102 75-125
Chloromethane ug/L 17.220 86 54-125
cis-1,2-Dichloroethene ug/L 22.120 111 75-125
cis-1,3-Dichloropropene ug/L 18.820 94 75-125
Dibromochloromethane ug/L 19.220 96 74-141
Dibromomethane ug/L 21.620 108 75-125
Dichlorodifluoromethane ug/L 20.120 100 59-130
Dichlorofluoromethane ug/L 21.220 106 75-125
Diethyl ether (Ethyl ether) ug/L 21.120 106 75-125
Diisopropyl ether ug/L 20.120 100 69-125
Ethanol ug/L 364400 91 49-150
Ethyl-tert-butyl ether ug/L 21.620 108 73-125
Ethylbenzene ug/L 23.120 116 75-125
Hexachloro-1,3-butadiene ug/L 18.220 91 75-131
Isopropylbenzene (Cumene) ug/L 20.220 101 75-125
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2724447LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 42.640 107 75-125
Methyl-tert-butyl ether ug/L 22.320 112 75-125
Methylene Chloride ug/L 20.120 101 73-125
n-Butylbenzene ug/L 20.320 101 75-125
n-Propylbenzene ug/L 20.820 104 75-125
Naphthalene ug/L 22.920 115 74-125
o-Xylene ug/L 21.620 108 75-125
p-Isopropyltoluene ug/L 20.520 102 75-125
sec-Butylbenzene ug/L 21.020 105 75-125
Styrene ug/L 20.320 101 75-125
tert-Amylmethyl ether ug/L 19.620 98 71-126
tert-Butyl Alcohol ug/L 202200 101 69-131
tert-Butylbenzene ug/L 21.420 107 75-125
Tetrachloroethene ug/L 20.120 100 75-125
Tetrahydrofuran ug/L 272 L1200 136 65-127
Toluene ug/L 22.820 114 75-125
trans-1,2-Dichloroethene ug/L 21.620 108 75-125
trans-1,3-Dichloropropene ug/L 19.220 96 75-125
Trichloroethene ug/L 22.120 110 75-125
Trichlorofluoromethane ug/L 21.120 106 71-140
Vinyl chloride ug/L 20.220 101 70-125
1,2-Dichloroethane-d4 (S) %. 94 75-137
4-Bromofluorobenzene (S) %. 103 75-125
Toluene-d8 (S) %. 100 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 97 75-13797 0 3020ND 19.3 19.4
1,1,1-Trichloroethane ug/L 20 114 75-139111 3 3020ND 22.7 22.1
1,1,2,2-Tetrachloroethane ug/L 20 105 60-142102 3 3020ND 21.0 20.4
1,1,2-Trichloroethane ug/L 20 103 75-128100 3 3020ND 20.7 20.1
1,1,2-Trichlorotrifluoroethane ug/L 20 106 62-150102 4 3020ND 21.3 20.4
1,1-Dichloroethane ug/L 20 108 70-129108 1 3020ND 21.6 21.7
1,1-Dichloroethene ug/L 20 114 67-141110 4 3020ND 22.8 22.0
1,1-Dichloropropene ug/L 20 112 64-144107 4 3020ND 22.3 21.4
1,2,3-Trichlorobenzene ug/L 20 109 66-139110 1 3020ND 21.8 22.0
1,2,4-Trichlorobenzene ug/L 20 108 65-138106 2 3020ND 21.6 21.1
1,2,4-Trimethylbenzene ug/L 20 101 65-14393 8 3020ND 20.1 18.6
1,2-Dichlorobenzene ug/L 20 109 68-135104 4 3020ND 21.8 20.8
1,2-Dichloroethane ug/L 20 97 73-12597 0 3020ND 19.4 19.3
1,2-Dichloropropane ug/L 20 101 64-130101 0 3020ND 20.1 20.2
1,3,5-Trimethylbenzene ug/L 20 102 64-14696 6 3020ND 20.3 19.1
1,3-Dichlorobenzene ug/L 20 107 69-135101 6 3020ND 21.3 20.1
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Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 104 67-128101 2 3020ND 20.7 20.3
1,4-Dichlorobenzene ug/L 20 111 66-134103 7 3020ND 22.1 20.6
2,2-Dichloropropane ug/L 20 101 50-150104 3 3020ND 20.1 20.7
2-Butanone (MEK) ug/L 100 83 58-12583 1 30100ND 83.3 82.8
2-Chlorotoluene ug/L 20 112 65-138104 7 3020ND 22.3 20.9
2-Hexanone ug/L 100 103 61-134107 4 30100ND 103 107
2-Propanol ug/L 200 92 51-150109 15 30200ND 206 240
4-Chlorotoluene ug/L 20 100 68-13594 6 3020ND 20.0 18.7
4-Methyl-2-pentanone
(MIBK)

ug/L 100 99 61-130101 2 30100ND 99.1 101

Acetone ug/L M1100 179 51-140173 3 30100ND 179 173
Allyl chloride ug/L 20 95 61-12594 2 3020ND 19.1 18.8
Benzene ug/L 20 111 63-132109 2 3020ND 22.2 21.8
Bromobenzene ug/L 20 108 67-138104 3 3020ND 21.6 20.9
Bromochloromethane ug/L 20 105 66-138105 0 3020ND 21.0 21.0
Bromodichloromethane ug/L 20 100 75-13798 2 3020ND 20.0 19.6
Bromoform ug/L 20 91 65-12988 3 3020ND 18.1 17.7
Bromomethane ug/L 20 91 41-15092 1 3020ND 18.2 18.3
Carbon disulfide ug/L 20 107 72-132103 4 3020ND 21.5 20.7
Carbon tetrachloride ug/L 20 102 75-150100 2 3020ND 20.4 20.0
Chlorobenzene ug/L 20 110 73-127108 2 3020ND 22.0 21.6
Chloroethane ug/L 20 102 74-13899 3 3020ND 20.4 19.9
Chloroform ug/L 20 94 74-12598 4 3020ND 18.8 19.6
Chloromethane ug/L 20 87 58-12987 0 3020ND 17.4 17.4
cis-1,2-Dichloroethene ug/L 20 105 63-135109 4 3020ND 21.1 21.8
cis-1,3-Dichloropropene ug/L 20 87 66-12984 3 3020ND 17.3 16.8
Dibromochloromethane ug/L 20 93 75-13391 2 3020ND 18.7 18.3
Dibromomethane ug/L 20 99 68-134102 3 3020ND 19.9 20.5
Dichlorodifluoromethane ug/L 20 111 72-150107 4 3020ND 22.2 21.4
Dichlorofluoromethane ug/L 20 108 75-129108 0 3020ND 21.6 21.6
Diethyl ether (Ethyl ether) ug/L 20 103 73-125103 1 3020ND 20.7 20.5
Diisopropyl ether ug/L 20 98 62-12896 1 3020ND 19.5 19.3
Ethanol ug/L 400 78 43-15072 7 30400ND 312 290
Ethyl-tert-butyl ether ug/L 20 102 63-132107 5 3020ND 20.3 21.3
Ethylbenzene ug/L 20 114 72-130110 4 3020ND 22.9 22.0
Hexachloro-1,3-butadiene ug/L 20 99 71-15094 6 3020ND 19.8 18.7
Isopropylbenzene (Cumene) ug/L 20 101 70-13696 5 3020ND 20.2 19.2
m&p-Xylene ug/L 40 100 64-14295 5 3040ND 41.4 39.4
Methyl-tert-butyl ether ug/L 20 104 72-125105 1 3020ND 20.8 21.0
Methylene Chloride ug/L 20 98 60-13299 1 3020ND 19.7 19.9
n-Butylbenzene ug/L 20 103 60-15096 8 3020ND 20.6 19.1
n-Propylbenzene ug/L 20 104 63-14296 9 3020ND 20.9 19.2
Naphthalene ug/L M120 127 67-125128 1 3020ND 25.3 25.6
o-Xylene ug/L 20 105 60-143104 1 3020ND 21.0 20.8
p-Isopropyltoluene ug/L 20 102 64-14694 9 3020ND 20.4 18.7
sec-Butylbenzene ug/L 20 108 67-14497 11 3020ND 21.5 19.4
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Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2724448MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2724449

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 97 67-13693 4 3020ND 19.4 18.5
tert-Amylmethyl ether ug/L 20 94 60-13495 1 3020ND 18.8 18.9
tert-Butyl Alcohol ug/L 200 100 56-14697 3 30200ND 200 194
tert-Butylbenzene ug/L 20 107 68-13598 9 3020ND 21.4 19.6
Tetrachloroethene ug/L 20 102 67-14897 5 3020ND 20.4 19.4
Tetrahydrofuran ug/L M0200 194 51-141197 2 30200ND 389 395
Toluene ug/L 20 110 61-140105 5 3020ND 22.3 21.2
trans-1,2-Dichloroethene ug/L 20 109 62-138109 0 3020ND 21.9 21.8
trans-1,3-Dichloropropene ug/L 20 91 67-13486 5 3020ND 18.2 17.2
Trichloroethene ug/L 20 107 64-149107 0 3020ND 21.5 21.4
Trichlorofluoromethane ug/L 20 113 75-150111 2 3020ND 22.7 22.2
Vinyl chloride ug/L 20 106 75-133107 1 3020ND 21.1 21.4
1,2-Dichloroethane-d4 (S) %. 95 75-13795
4-Bromofluorobenzene (S) %. 103 75-125102
Toluene-d8 (S) %. 101 75-125101
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499246

EPA 8260B

EPA 8260B

8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10404846001, 10404846002, 10404846003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216

Associated Lab Samples: 10404846001, 10404846002, 10404846003

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499994

EPA 3520

EPA 8270D

8270D Water MSSV

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,2-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.5
1,2-Diphenylhydrazine ug/L ND 10.0 10/05/17 15:361.3
1,3-Dichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,4-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.4
1-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.1
2,4,5-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4,6-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4-Dichlorophenol ug/L ND 10.0 10/05/17 15:361.6
2,4-Dimethylphenol ug/L ND 50.0 10/05/17 15:362.8
2,4-Dinitrophenol ug/L ND 10.0 10/05/17 15:362.5
2,4-Dinitrotoluene ug/L ND 10.0 10/05/17 15:361.3
2,6-Dinitrotoluene ug/L ND 10.0 10/05/17 15:360.64
2-Chloronaphthalene ug/L ND 10.0 10/05/17 15:362.2
2-Chlorophenol ug/L ND 10.0 10/05/17 15:361.1
2-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 10/05/17 15:361.9
2-Nitroaniline ug/L ND 10.0 10/05/17 15:361.5
2-Nitrophenol ug/L ND 10.0 10/05/17 15:361.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 10/05/17 15:361.0
3,3'-Dichlorobenzidine ug/L ND 50.0 10/05/17 15:361.2
3-Nitroaniline ug/L ND 10.0 10/05/17 15:361.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Bromophenylphenyl ether ug/L ND 10.0 10/05/17 15:362.3
4-Chloro-3-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Chloroaniline ug/L ND 50.0 10/05/17 15:361.9
4-Chlorophenylphenyl ether ug/L ND 10.0 10/05/17 15:361.5
4-Nitroaniline ug/L ND 10.0 10/05/17 15:362.0
4-Nitrophenol ug/L ND 10.0 10/05/17 15:362.6
Benzoic acid ug/L ND 50.0 10/05/17 15:361.6
Benzyl alcohol ug/L ND 10.0 10/05/17 15:361.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 10/05/17 15:361.4
bis(2-Chloroethyl) ether ug/L ND 10.0 10/05/17 15:361.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 10/05/17 15:361.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 10/05/17 15:364.6
Butylbenzylphthalate ug/L ND 10.0 10/05/17 15:361.8
Carbazole ug/L ND 10.0 10/05/17 15:361.1
Di-n-butylphthalate ug/L ND 10.0 10/05/17 15:361.4
Di-n-octylphthalate ug/L ND 10.0 10/05/17 15:362.0
Dibenzofuran ug/L ND 10.0 10/05/17 15:361.6
Diethylphthalate ug/L ND 10.0 10/05/17 15:361.4

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 12/11/2017 03:37 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

Page 40 of 209

40 of 279510404846



#=QC#

QUALITY CONTROL DATA

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 10/05/17 15:361.3
Hexachloro-1,3-butadiene ug/L ND 10.0 10/05/17 15:363.2
Hexachlorobenzene ug/L ND 10.0 10/05/17 15:362.2
Hexachlorocyclopentadiene ug/L ND 50.0 10/05/17 15:3618.8
Hexachloroethane ug/L ND 10.0 10/05/17 15:363.4
Isophorone ug/L ND 10.0 10/05/17 15:361.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodimethylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodiphenylamine ug/L ND 10.0 10/05/17 15:361.1
Nitrobenzene ug/L ND 10.0 10/05/17 15:361.3
Phenol ug/L ND 10.0 10/05/17 15:361.2
Pyridine ug/L ND 10.0 10/05/17 15:362.5
2,4,6-Tribromophenol (S) %. 89 66-125 10/05/17 15:36
2-Fluorobiphenyl (S) %. 78 30-125 10/05/17 15:36
2-Fluorophenol (S) %. 93 49-125 10/05/17 15:36
Nitrobenzene-d5 (S) %. 83 44-125 10/05/17 15:36
p-Terphenyl-d14 (S) %. 98 31-125 10/05/17 15:36
Phenol-d6 (S) %. 90 59-125 10/05/17 15:36

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

1,2,4-Trichlorobenzene ug/L 46.050 92 50-1258542.5 8 20
1,2-Dichlorobenzene ug/L 42.050 84 40-1258040.1 5 20
1,2-Diphenylhydrazine ug/L 48.750 97 66-1259446.8 4 20
1,3-Dichlorobenzene ug/L 40.950 82 37-1258040.1 2 20
1,4-Dichlorobenzene ug/L 40.650 81 38-1258039.9 2 20
1-Methylnaphthalene ug/L 47.450 95 64-1259145.3 5 20
2,4,5-Trichlorophenol ug/L 50.850 102 72-1259848.9 4 20
2,4,6-Trichlorophenol ug/L 49.450 99 70-1259547.4 4 20
2,4-Dichlorophenol ug/L 47.550 95 66-1259045.0 5 20
2,4-Dimethylphenol ug/L 32.6J50 65 30-1256432J 20
2,4-Dinitrophenol ug/L 47.450 95 30-1259848.8 3 20
2,4-Dinitrotoluene ug/L 52.750 105 74-12510050.1 5 20
2,6-Dinitrotoluene ug/L 49.850 100 75-1259748.7 2 20
2-Chloronaphthalene ug/L 48.450 97 68-1259346.7 4 20
2-Chlorophenol ug/L 44.650 89 59-1258341.4 7 20
2-Methylnaphthalene ug/L 46.350 93 63-1259045.1 3 20
2-Methylphenol(o-Cresol) ug/L 44.050 88 59-1258441.8 5 20
2-Nitroaniline ug/L 50.450 101 71-1259648.1 5 20
2-Nitrophenol ug/L 49.450 99 64-1259145.6 8 20
3&4-Methylphenol(m&p Cresol) ug/L 45.950 92 62-1258743.7 5 20
3,3'-Dichlorobenzidine ug/L 50.850 102 61-1259748.3J 20
3-Nitroaniline ug/L 52.550 105 60-1259748.3 8 20
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

4,6-Dinitro-2-methylphenol ug/L 45.250 90 30-1369045.1 0 20
4-Bromophenylphenyl ether ug/L 50.050 100 73-1259949.4 1 20
4-Chloro-3-methylphenol ug/L 48.950 98 71-1259647.9 2 20
4-Chloroaniline ug/L 44.5J50 89 50-1258441.8J 20
4-Chlorophenylphenyl ether ug/L 49.250 98 72-1259848.8 1 20
4-Nitroaniline ug/L 49.250 98 63-1259045.2 8 20
4-Nitrophenol ug/L 47.150 94 66-1259145.7 3 20
Benzoic acid ug/L 34.6J50 69 30-1257839.2J 20
Benzyl alcohol ug/L 47.850 96 63-1259246.1 4 20
bis(2-Chloroethoxy)methane ug/L 46.850 94 66-1259045.0 4 20
bis(2-Chloroethyl) ether ug/L 43.050 86 58-1258240.8 5 20
bis(2-Chloroisopropyl) ether ug/L 40.950 82 53-1257738.5 6 20
bis(2-Ethylhexyl)phthalate ug/L 54.150 108 73-12510854.1 0 20
Butylbenzylphthalate ug/L 54.550 109 73-12510853.8 1 20
Carbazole ug/L 49.550 99 75-1259647.9 3 20
Di-n-butylphthalate ug/L 49.650 99 75-1259949.4 1 20
Di-n-octylphthalate ug/L 53.750 107 75-12510753.7 0 20
Dibenzofuran ug/L 49.150 98 72-1259447.1 4 20
Diethylphthalate ug/L 50.450 101 75-1259648.2 4 20
Dimethylphthalate ug/L 49.950 100 75-1259547.4 5 20
Hexachloro-1,3-butadiene ug/L 43.150 86 39-1258341.6 3 20
Hexachlorobenzene ug/L 46.350 93 75-1259447.2 2 20
Hexachlorocyclopentadiene ug/L ND 1M,L250 0 30-1250ND 20
Hexachloroethane ug/L 40.950 82 30-1257638.2 7 20
Isophorone ug/L 47.550 95 70-1259145.6 4 20
N-Nitroso-di-n-propylamine ug/L 44.150 88 65-1258542.6 3 20
N-Nitrosodimethylamine ug/L 43.350 87 46-1258140.5 7 20
N-Nitrosodiphenylamine ug/L 48.850 98 72-1259447.1 4 20
Nitrobenzene ug/L 46.250 92 65-1258843.8 5 20
Phenol ug/L 44.750 89 60-1258542.6 5 20
Pyridine ug/L ND L250 1 30-1252ND 20
2,4,6-Tribromophenol (S) %. 93 66-12590
2-Fluorobiphenyl (S) %. 80 30-12576
2-Fluorophenol (S) %. 84 49-12579
Nitrobenzene-d5 (S) %. 79 44-12574
p-Terphenyl-d14 (S) %. 95 31-12590
Phenol-d6 (S) %. 82 59-12578
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499398

EPA Mod. 3510C

EPA 8270D by SIM

8270D PAH by SIM MSSV

Associated Lab Samples: 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2715086

Associated Lab Samples: 10404846002

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 10/02/17 15:150.0056
Acenaphthylene ug/L ND 0.040 10/02/17 15:150.0066
Anthracene ug/L ND 0.040 10/02/17 15:150.0079
Benzo(a)anthracene ug/L ND 0.040 10/02/17 15:150.0078
Benzo(a)pyrene ug/L ND 0.040 10/02/17 15:150.0043
Benzo(b)fluoranthene ug/L ND 0.040 10/02/17 15:150.0048
Benzo(e)pyrene ug/L ND 0.040 10/02/17 15:150.0055
Benzo(g,h,i)perylene ug/L ND 0.040 10/02/17 15:150.0075
Benzo(k)fluoranthene ug/L ND 0.040 10/02/17 15:150.0048
Chrysene ug/L ND 0.040 10/02/17 15:150.0058
Dibenz(a,h)anthracene ug/L ND 0.040 10/02/17 15:150.011
Fluoranthene ug/L ND 0.040 10/02/17 15:150.0072
Fluorene ug/L ND 0.040 10/02/17 15:150.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 10/02/17 15:150.0036
Naphthalene ug/L ND 0.040 10/02/17 15:150.0075
Phenanthrene ug/L ND 0.040 10/02/17 15:150.0088
Pyrene ug/L ND 0.040 10/02/17 15:150.0084
2-Fluorobiphenyl (S) %. 82 55-125 10/02/17 15:15
p-Terphenyl-d14 (S) %. 96 64-125 10/02/17 15:15

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715087LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2715088

Acenaphthene ug/L 0.721 72 51-125640.64 12 20
Acenaphthylene ug/L 0.721 72 54-125650.65 10 20
Anthracene ug/L 0.921 92 64-125860.86 6 20
Benzo(a)anthracene ug/L 0.961 96 63-125990.99 3 20
Benzo(a)pyrene ug/L 1.01 101 72-125990.99 3 20
Benzo(b)fluoranthene ug/L 1.01 100 60-125960.96 4 20
Benzo(e)pyrene ug/L 0.931 93 69-125890.89 5 20
Benzo(g,h,i)perylene ug/L 0.921 92 52-125860.86 7 20
Benzo(k)fluoranthene ug/L 0.921 92 71-125890.89 3 20
Chrysene ug/L 0.961 96 72-125900.90 6 20
Dibenz(a,h)anthracene ug/L 0.951 95 49-125810.81 16 20
Fluoranthene ug/L 1.01 102 71-125970.97 5 20
Fluorene ug/L 0.801 80 56-125700.70 14 20
Indeno(1,2,3-cd)pyrene ug/L 0.951 95 59-125920.92 4 20
Naphthalene ug/L 0.651 65 41-125640.64 2 20
Phenanthrene ug/L 0.861 86 57-125810.81 6 20
Pyrene ug/L 0.891 89 71-125860.86 3 20
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715087LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2715088

2-Fluorobiphenyl (S) %. 78 55-12572
p-Terphenyl-d14 (S) %. 95 64-12594
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

500020

EPA Mod. 3510C

EPA 8270D by SIM

8270D PAH by SIM MSSV

Associated Lab Samples: 10404846001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718775

Associated Lab Samples: 10404846001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 10/04/17 16:080.0056
Acenaphthylene ug/L ND 0.040 10/04/17 16:080.0066
Anthracene ug/L ND 0.040 10/04/17 16:080.0079
Benzo(a)anthracene ug/L ND 0.040 10/04/17 16:080.0078
Benzo(a)pyrene ug/L ND 0.040 10/04/17 16:080.0043
Benzo(b)fluoranthene ug/L ND 0.040 10/04/17 16:080.0048
Benzo(e)pyrene ug/L ND 0.040 10/04/17 16:080.0055
Benzo(g,h,i)perylene ug/L ND 0.040 10/04/17 16:080.0075
Benzo(k)fluoranthene ug/L ND 0.040 10/04/17 16:080.0048
Chrysene ug/L ND 0.040 10/04/17 16:080.0058
Dibenz(a,h)anthracene ug/L ND 0.040 10/04/17 16:080.011
Fluoranthene ug/L ND 0.040 10/04/17 16:080.0072
Fluorene ug/L ND 0.040 10/04/17 16:080.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 10/04/17 16:080.0036
Naphthalene ug/L ND 0.040 10/04/17 16:080.0075
Phenanthrene ug/L ND 0.040 10/04/17 16:080.0088
Pyrene ug/L ND 0.040 10/04/17 16:080.0084
2-Fluorobiphenyl (S) %. 81 55-125 10/04/17 16:08
p-Terphenyl-d14 (S) %. 96 64-125 10/04/17 16:08

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718776LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.821 82 51-125
Acenaphthylene ug/L 0.841 84 54-125
Anthracene ug/L 0.971 97 64-125
Benzo(a)anthracene ug/L 1.01 104 63-125
Benzo(a)pyrene ug/L 1.11 109 72-125
Benzo(b)fluoranthene ug/L 1.01 103 60-125
Benzo(e)pyrene ug/L 1.01 101 69-125
Benzo(g,h,i)perylene ug/L 0.991 99 52-125
Benzo(k)fluoranthene ug/L 1.01 102 71-125
Chrysene ug/L 0.951 95 72-125
Dibenz(a,h)anthracene ug/L 0.891 89 49-125
Fluoranthene ug/L 1.11 105 71-125
Fluorene ug/L 0.851 85 56-125
Indeno(1,2,3-cd)pyrene ug/L 1.01 103 59-125
Naphthalene ug/L 0.801 80 41-125
Phenanthrene ug/L 0.891 89 57-125
Pyrene ug/L 0.951 95 71-125
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Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718776LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 87 55-125
p-Terphenyl-d14 (S) %. 97 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718777MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405313002

2718778

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 75 43-12572 4 301ND 0.75 0.72
Acenaphthylene ug/L 1 75 42-12572 4 301ND 0.75 0.72
Anthracene ug/L 1 95 59-12594 0 301ND 0.95 0.94
Benzo(a)anthracene ug/L 1 94 56-12599 5 301ND 0.94 0.99
Benzo(a)pyrene ug/L 1 93 66-125102 10 301ND 0.93 1.0
Benzo(b)fluoranthene ug/L 1 87 56-125100 14 301ND 0.87 1.0
Benzo(e)pyrene ug/L 1 86 61-12593 8 301ND 0.86 0.93
Benzo(g,h,i)perylene ug/L 1 91 58-12596 6 301ND 0.91 0.96
Benzo(k)fluoranthene ug/L 1 88 64-12594 7 301ND 0.88 0.94
Chrysene ug/L 1 88 61-12591 3 301ND 0.88 0.91
Dibenz(a,h)anthracene ug/L 1 93 56-12599 7 301ND 0.93 0.99
Fluoranthene ug/L 1 101 64-125102 1 301ND 1.0 1.0
Fluorene ug/L 1 79 53-12580 1 301ND 0.79 0.80
Indeno(1,2,3-cd)pyrene ug/L 1 91 57-12599 8 301ND 0.91 0.99
Naphthalene ug/L 1 64 30-12563 1 301ND 0.64 0.63
Phenanthrene ug/L 1 86 52-12587 1 301ND 0.86 0.87
Pyrene ug/L 1 90 58-12592 3 301ND 0.90 0.92
2-Fluorobiphenyl (S) %. 70 55-12567
p-Terphenyl-d14 (S) %. 85 64-12588
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499665

EPA Mod. 3510C

EPA 8270D by SIM

8270D PCP MSSV

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716537

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 10/03/17 18:140.28
2,4,6-Tribromophenol (S) %. 77 30-132 10/03/17 18:14

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716538LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2716539

Pentachlorophenol ug/L .47J1 47 30-12739.39J 20
2,4,6-Tribromophenol (S) %. 69 30-13266
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

500792

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2722533

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/05/17 12:031.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/05/17 12:031.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/05/17 12:031.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/05/17 12:031.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2722534LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2722535

Alkalinity, Total as CaCO3 mg/L 42.640 106 90-11010140.3 6 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2722536MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405069007

2722537

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 105 80-120104 1 30404.6J 46.5 46.3

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2722538MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405273003

2722539

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 93 80-12094 1 304011.3 48.6 49.0
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499927

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718215

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 10/02/17 13:295.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718216LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9601000 96 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10405243004
2718817SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 166 1 10165

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10405243005
2718818SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 145 1 10144
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

499289

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714625

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/27/17 21:350.0070
Chloride mg/L ND 1.2 09/27/17 21:350.14
Fluoride mg/L ND 0.050 09/27/17 21:350.0028
Nitrate as N mg/L ND 0.10 09/27/17 21:350.0079
Nitrite as N mg/L ND 0.10 09/27/17 21:350.016
Sulfate mg/L ND 1.2 09/27/17 21:350.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714626LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.931 93 90-110
Chloride mg/L 12.212.5 98 90-110
Fluoride mg/L 0.971 97 90-110
Nitrate as N mg/L 0.941 94 90-110
Nitrite as N mg/L 0.961 96 90-110
Sulfate mg/L 11.512.5 92 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714627MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404194015

2714628

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 92 90-11092 0 201ND 0.98 0.98
Chloride mg/L M112.5 77 90-11077 0 2012.521.3 30.9 31.0
Fluoride mg/L M11 80 90-11081 0 2010.62 1.4 1.4
Nitrate as N mg/L 1 92 90-11092 0 201ND 1.0 1.0
Nitrite as N mg/L 1 92 90-11092 0 201ND 0.92 0.92
Sulfate mg/L M112.5 84 90-11085 0 2012.513.3 23.8 23.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714629MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2714630

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L M11 18 90-11018 0 201ND 0.24 0.24
Chloride mg/L M112.5 67 90-11068 0 2012.533.3 41.7 41.7
Fluoride mg/L M11 76 90-11076 0 2010.93 1.7 1.7
Nitrate as N mg/L 1 92 90-11091 0 201ND 0.92 0.91
Nitrite as N mg/L 1 96 90-11096 0 201ND 0.96 0.96
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Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714629MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404846001

2714630

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M1625 87 90-11084 1 206251180 1720 1700
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QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

269010

SM 5310C

SM 5310C

5310C Total Organic Carbon

Associated Lab Samples: 10404846001, 10404846002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1580546

Associated Lab Samples: 10404846001, 10404846002

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L ND 0.84 09/29/17 14:120.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1580547LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 100 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1580548MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157549001

1580549

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 3 93 80-12093 0 1034.8 7.6 7.6

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1580550MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157549002

1580551

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 3 106 80-120106 0 1034.2 7.3 7.3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 12/11/2017 03:37 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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#=QL#

QUALIFIERS

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G

Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte recovery in the laboratory control sample (LCS) was above QC limits.  Results for this analyte in associated
samples may be biased high.

L1

Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

L3

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1

Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
The reporting limit has been raised in accordance with Minnesota Statutes 4740.2100 Subpart 8. C, D. Reporting Limit
Evaluation Rule.

MN

Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than
the blank or were below the reporting limit.

P8

Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 12/11/2017 03:37 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

10404846

1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10404846001 499862 500467PGDW20-09262017-Q EPA 3010 EPA 6010C
10404846002 499862 500467PGDW20-09262017 EPA 3010 EPA 6010C

10404846001 499870 500666PGDW20-09262017-Q EPA 3020 EPA 6020A
10404846002 499870 500666PGDW20-09262017 EPA 3020 EPA 6020A

10404846001 499994 500868PGDW20-09262017-Q EPA 3520 EPA 8270D
10404846002 499994 500868PGDW20-09262017 EPA 3520 EPA 8270D

10404846001 500020 500657PGDW20-09262017-Q EPA Mod. 3510C EPA 8270D by SIM

10404846002 499398 499983PGDW20-09262017 EPA Mod. 3510C EPA 8270D by SIM

10404846001 499665 500289PGDW20-09262017-Q EPA Mod. 3510C EPA 8270D by SIM
10404846002 499665 500289PGDW20-09262017 EPA Mod. 3510C EPA 8270D by SIM

10404846001 501186PGDW20-09262017-Q EPA 8260B
10404846002 501186PGDW20-09262017 EPA 8260B
10404846003 501186Trip Blank-09262017 EPA 8260B

10404846001 499246PGDW20-09262017-Q EPA 8260B
10404846002 499246PGDW20-09262017 EPA 8260B
10404846003 499246Trip Blank-09262017 EPA 8260B

10404846001 500792PGDW20-09262017-Q SM 2320B
10404846002 500792PGDW20-09262017 SM 2320B

10404846001 499927PGDW20-09262017-Q SM 2540C
10404846002 499927PGDW20-09262017 SM 2540C

10404846001 499289PGDW20-09262017-Q EPA 300.0
10404846002 499289PGDW20-09262017 EPA 300.0

10404846001 269010PGDW20-09262017-Q SM 5310C
10404846002 269010PGDW20-09262017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 12/11/2017 03:37 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Lab Smp Id: 10404846001
Inj Date : 07-OCT-2017 06:47
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846001,,msp
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 61
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 157945 100.000

* 66 1,4-Dioxane-d8 (IS) 4.974 106947 2000.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Butane, 2-bromo- CAS #: 78-76-2

1.078 78715 49.8367330 49.8 33 NIST05.L 15443 20

Unknown CAS #:

2.706 0 0.00000000 0.00 0 0 9

Acetic acid CAS #: 64-19-7

5.279 17745 331.837583 332 64 NIST05.L 258 66

Unknown CAS #:

9.656 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Lab Smp Id: 10404846001
Inj Date : 07-OCT-2017 06:47
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846001,,msp
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 61
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.925 0.925 (0.233) 3435 0.64450 0.64(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected. (D)

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.386) 6501 22.8569 22.8(Q)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 86449 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected. (D)

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.980 (1.000) 198954 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 150574 49.9979 50.0(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 317089 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.973 4.979 (1.000) 35207 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 399875 48.5038 48.5

72 Toluene 92 5.406 5.406 (0.859) 1870 0.20816 0.21(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 314008 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 1742 1.26276 1.3

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 149624 52.2170 52.2

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 152025 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected. (D)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Lab Smp Id: 10404846001
Inj Date : 07-OCT-2017 06:47
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846001,,msp
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 61
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 157945 100.000

* 66 1,4-Dioxane-d8 (IS) 4.974 106947 2000.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Butane, 2-bromo- CAS #: 78-76-2

1.078 78715 49.8367330 49.8 33 NIST05.L 15443 20

Unknown CAS #:

2.706 0 0.00000000 0.00 0 0 9

Acetic acid CAS #: 64-19-7

5.279 17745 331.837583 332 64 NIST05.L 258 66

Unknown CAS #:

9.656 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279061.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404846001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 07-OCT-2017 06:47

CONCENTRATION UNITS:
Number TICs found: 4 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 78-76-2 |Butane, 2-bromo- | 1.078| 49.8| NJ__|
| 2. |Unknown | 2.706| 0.00| ____|
| 3. 64-19-7 |Acetic acid | 5.279| 332| NJ__|
| 4. |Unknown | 9.656| 0.00| ____|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Lab Smp Id: 10404846002
Inj Date : 07-OCT-2017 07:10
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846002
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 62
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 189034 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.987 31242 16.5273598 16.5 0 0 20

Neopentane CAS #: 463-82-1

1.078 105996 56.0725125 56.1 40 NIST05.L 696 20
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Lab Smp Id: 10404846002
Inj Date : 07-OCT-2017 07:10
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846002
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 62
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.925 0.925 (0.233) 3216 0.61574 0.62(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected. (D)

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.386) 19522 70.8511 70.8(Q)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 83583 100.000

21 Acetone 58 1.992 1.998 (1.012) 1405 6.19467 6.2(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 3.852 3.852 (0.968) 1172 0.09566 0.096(a)

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.980 (1.000) 194971 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 149765 50.7451 50.7(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 318377 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.973 4.979 (1.000) 34107 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 397871 49.2977 49.3

72 Toluene 92 5.406 5.406 (0.859) 1889 0.21479 0.21(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 307403 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 1574 1.24436 1.2

89 o-Xylene 106 6.632 6.631 (1.054) 646 0.21842 0.22(a)

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 148119 51.2235 51.2

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 153415 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected. (D)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Lab Smp Id: 10404846002
Inj Date : 07-OCT-2017 07:10
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846002
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 19-Oct-2017 13:53 dbroz Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 62
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 189034 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.987 31242 16.5273598 16.5 0 0 20

Neopentane CAS #: 463-82-1

1.078 105996 56.0725125 56.1 40 NIST05.L 696 20

Page 72 of 209

72 of 279510404846



Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279062.D
Report Date: 19-Oct-2017 13:55

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404846002
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 07-OCT-2017 07:10

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.987| 16.5| _J__|
| 2. 463-82-1 |Neopentane | 1.078| 56.1| NJ__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Lab Smp Id: 10404846003
Inj Date : 07-OCT-2017 04:03
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846003,,tb
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 09-Oct-2017 16:25 10msv6.i Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 54
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.385) 58996 195.152 195

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 85654 100.000

21 Acetone 58 1.998 1.998 (1.015) 4128 17.7604 17.8

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected. (D)

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected. (D)

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.980 (1.000) 221826 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 161518 48.1020 48.1(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 349886 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.979 4.979 (1.000) 37421 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 424797 48.5787 48.6

72 Toluene 92 5.406 5.406 (0.859) 3935 0.41296 0.41(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected. (D)

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 333064 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 6.314 6.314 (1.004) 1729 0.10599 0.10(a)

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 3551 1.48305 1.5

89 o-Xylene 106 6.631 6.631 (1.054) 1464 0.32617 0.33(a)

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 162437 53.7589 53.8

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 7.339 7.339 (0.969) 1168 0.79596 0.80(a)

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 160310 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 9.009 9.003 (1.189) 4395 0.90266 0.90(a)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Lab Smp Id: 10404846003
Inj Date : 07-OCT-2017 04:03
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404846003,,tb
Misc Info : 41716
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100617C.B\V617-41708.m
Meth Date : 09-Oct-2017 16:25 10msv6.i Quant Type: ISTD
Cal Date : 06-OCT-2017 11:16 Cal File: 279011.D
Als bottle: 54
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected. (D)

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.385) 58996 195.152 195

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 85654 100.000

21 Acetone 58 1.998 1.998 (1.015) 4128 17.7604 17.8

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected. (D)

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected. (D)

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.980 (1.000) 221826 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 161518 48.1020 48.1(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 349886 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.979 4.979 (1.000) 37421 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 424797 48.5787 48.6

72 Toluene 92 5.406 5.406 (0.859) 3935 0.41296 0.41(a)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100617C.B\279054.D
Report Date: 09-Oct-2017 16:43

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected. (D)

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 333064 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 6.314 6.314 (1.004) 1729 0.10599 0.10(a)

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 6.400 6.400 (1.017) 3551 1.48305 1.5

89 o-Xylene 106 6.631 6.631 (1.054) 1464 0.32617 0.33(a)

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 162437 53.7589 53.8

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected. (D)

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 7.339 7.339 (0.969) 1168 0.79596 0.80(a)

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 160310 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 9.009 9.003 (1.189) 4395 0.90266 0.90(a)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected. (D)

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D
Lab Smp Id: 10404846001 Client Smp ID: PGDW20-09262017-Q
Inj Date : 05-OCT-2017 17:25
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 7
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1029651 40.000

* 76 Chrysene-d12 (IS) 14.077 1202756 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

2.540 323311 12.5600298 12.9 72 NIST05.L 2488 9

Cyclopentane, 1,2,4-trimethyl- CAS #: 2815-58-9

14.837 122387 4.07021716 4.2 43 NIST05.L 6612 76
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 1
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D
Lab Smp Id: 10404846001 Client Smp ID: PGDW20-09262017-Q
Inj Date : 05-OCT-2017 17:25
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 7
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.963 3.963 (0.750) 364465 69.0509 71.2

$ 4 Phenol-d6 (S) 99 4.850 4.856 (0.918) 500869 68.3061 70.4

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 5.284 5.284 (1.000) 155942 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.899 5.904 (0.873) 354230 47.1449 48.6

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 2
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 6.755 6.760 (1.000) 528544 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 8.049 8.054 (0.903) 478147 46.6415 48.1

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 8.915 8.921 (1.000) 260755 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 9.900 9.905 (1.110) 71777 77.2815 79.7

60 4-Bromophenylphenyl ether 248 Compound Not Detected. (D)

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 10.777 10.777 (1.000) 437939 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 12.740 12.740 (0.905) 528785 67.8751 70.0

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 13.991 13.997 (0.994) 127181 17.5033 18.0

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 14.077 14.088 (1.000) 354613 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 3
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected. (D)

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 16.120 16.125 (1.000) 356772 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D
Lab Smp Id: 10404846001 Client Smp ID: PGDW20-09262017-Q
Inj Date : 05-OCT-2017 17:25
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 7
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1029651 40.000

* 76 Chrysene-d12 (IS) 14.077 1202756 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

2.540 323311 12.5600298 12.9 72 NIST05.L 2488 9

Cyclopentane, 1,2,4-trimethyl- CAS #: 2815-58-9

14.837 122387 4.07021716 4.2 43 NIST05.L 6612 76
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051715.D Page 5
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSSD-100517C
Lab Smp Id: 10404846001 Client Smp ID: PGDW20-09262017-Q
Operator : AT1 Sample Date: 26-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:27-SEP-2017 09:50
Analysis Type: SV Level: LOW
Inj Date: 05-OCT-2017 17:25

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 127-00-4 |2-Propanol, 1-chloro- | 2.540| 12.9| NJ__|
| 2. 2815-58-9 |Cyclopentane, 1,2,4-trimeth| 14.837| 4.2| NJ__|
|________________|___________________________|________|_____________|_____|

Page 87 of 209

87 of 279510404846



Page 88 of 209

88 of 279510404846



Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D
Lab Smp Id: 10404846002 Client Smp ID: PGDW20-09262017
Inj Date : 05-OCT-2017 17:52
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846002,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 8
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 975.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1078586 40.000

* 76 Chrysene-d12 (IS) 14.077 1221442 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 310609 11.5191015 11.8 64 NIST05.L 1031 9

Cyclobutane, 1,2:3,4-bis(propaneboronate CAS #: 1000159-70-4

14.837 127954 4.19025316 4.3 17 NIST05.L 73862 76
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 1
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D
Lab Smp Id: 10404846002 Client Smp ID: PGDW20-09262017
Inj Date : 05-OCT-2017 17:52
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846002,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 8
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 975.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.962 3.963 (0.750) 382049 68.9799 70.7

$ 4 Phenol-d6 (S) 99 4.850 4.856 (0.918) 521839 67.8205 69.6

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 5.284 5.284 (1.000) 163634 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.899 5.904 (0.873) 373493 48.4170 49.6

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 2
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 6.754 6.760 (1.000) 542644 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 8.049 8.054 (0.903) 497323 47.5856 48.8

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 8.915 8.921 (1.000) 265832 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected. (D)

58 1,2-Diphenylhydrazine 77 Compound Not Detected. (D)

$ 59 2,4,6-Tribromophenol (S) 330 9.899 9.905 (1.110) 72410 76.4741 78.4

60 4-Bromophenylphenyl ether 248 Compound Not Detected. (D)

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 10.777 10.777 (1.000) 447681 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 12.740 12.740 (0.905) 546043 68.6429 70.4

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected. (D)

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected. (D)

* 76 Chrysene-d12 (IS) 240 14.077 14.088 (1.000) 362091 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 3
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected. (D)

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 16.120 16.125 (1.000) 367638 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D
Lab Smp Id: 10404846002 Client Smp ID: PGDW20-09262017
Inj Date : 05-OCT-2017 17:52
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404846002,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 8
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 975.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 1078586 40.000

* 76 Chrysene-d12 (IS) 14.077 1221442 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 310609 11.5191015 11.8 64 NIST05.L 1031 9

Cyclobutane, 1,2:3,4-bis(propaneboronate CAS #: 1000159-70-4

14.837 127954 4.19025316 4.3 17 NIST05.L 73862 76
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051716.D Page 5
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSSD-100517C
Lab Smp Id: 10404846002 Client Smp ID: PGDW20-09262017
Operator : AT1 Sample Date: 26-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:27-SEP-2017 09:50
Analysis Type: SV Level: LOW
Inj Date: 05-OCT-2017 17:52

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 107-30-2 |Methane, chloromethoxy- | 2.540| 11.8| NJ__|
| 2. 1000159-70-|Cyclobutane, 1,2:3,4-bis(pr| 14.837| 4.3| NJ__|
|________________|___________________________|________|_____________|_____|
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11-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091743

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 2 samples on 28-Sep-2017 10:00 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 9.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 11-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091743
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091743-01 PGDW20-09262017-Q Water 9/26/2017 11:30 9/28/2017 10:00
17091743-02 PGDW20-09262017 Water 9/26/2017 11:30 9/28/2017 10:00

Sample Summary Page 1 of  1
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Date: 11-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091743
Case Narrative

Samples for the above noted Work Order were received on 09/28/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 11-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091743

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW20-09262017-Q

Collection Date: 9/26/2017 11:30 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091743

Dilution
Factor

Lab ID: 17091743-01

ALS Group, USA Date: 11-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 10/2/2017 02:23 PM0.10 mg/L 1ND

Analytical Results Page 1 of  2

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW20-09262017

Collection Date: 9/26/2017 11:30 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091743

Dilution
Factor

Lab ID: 17091743-02

ALS Group, USA Date: 11-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 10/2/2017 02:32 PM0.10 mg/L 1ND

Analytical Results Page 2 of  2

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 11-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091743
QC BATCH REPORT

Batch ID: R221422 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:17 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676204

MBLK

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221422-R221422

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:46 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676205

LCS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221422-R221422

0025Acrylamide 97  50-1500.1024.26

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:55 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676222

MS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MS

0050Acrylamide 105  50-1500.2052.72

Qual
RPD 
Limit

Analysis Date: 10/2/2017 02:04 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676227

MSD

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MSD

52.72050Acrylamide 106  50-150 300.20 0.68453.08

The following samples were analyzed in this batch: 17091743-
01A

17091743-
02A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091743

Date/Time Received: 28-Sep-17 10:00

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 3.6/3.6 c

Login Notes:

SR2

Cooler(s)/Kit(s):

28-Sep-17 29-Sep-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/28/2017 3:23:34 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1734713

Pace Analytical Services

10404846

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/12/17

Eight Walkup Drive, Westborough, MA  01581-1019

Lab Number:

Report Date:

508-898-9220  (Fax) 508-898-9193  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10121714:03

Page 1 of 22
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L1734713-01

L1734713-02

Alpha 
Sample ID

PGDW20-09262017-Q

PGDW20-09262017

Client ID

WY

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10404846

Project Name:
Project Number:

Lab Number: 
Report Date:

L1734713
10/12/17

09/26/17 11:30

09/26/17 11:30

Collection 
Date/TimeMatrix Receive Date

WATER

WATER

09/28/17

09/28/17

Serial_No:10121714:03

Page 2 of 22
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1209662 PAVILLION WY WELL FLD

10404846

Project Name:

Project Number:

Lab Number:

Report Date:
L1734713

10/12/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/12/17                  

Serial_No:10121714:03
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ORGANICS

Serial_No:10121714:03
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PESTICIDES

Serial_No:10121714:03
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404846

L1734713

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

10/12/17

PGDW20-09262017-QClient ID:
09/26/17 11:30Date Collected:
09/28/17Date Received:

WYSample Location:

L1734713-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/04/17 00:49
DP

EPA 3510C
Extraction Date: 09/29/17 10:30

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10121714:03
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404846

L1734713

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

71

82

73

83

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/12/17

PGDW20-09262017-QClient ID:
09/26/17 11:30Date Collected:
09/28/17Date Received:

WYSample Location:

L1734713-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10121714:03
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404846

L1734713

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

10/12/17

PGDW20-09262017Client ID:
09/26/17 11:30Date Collected:
09/28/17Date Received:

WYSample Location:

L1734713-02Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/04/17 01:23
DP

EPA 3510C
Extraction Date: 09/29/17 10:30

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404846

L1734713

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

73

81

77

85

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/12/17

PGDW20-09262017Client ID:
09/26/17 11:30Date Collected:
09/28/17Date Received:

WYSample Location:

L1734713-02Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10121714:03
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404846

L1734713

10/03/17 21:25
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/29/17 10:30

10/12/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-02    Batch:   WG1047074-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10121714:03
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404846

L1734713

10/03/17 21:25
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/29/17 10:30

10/12/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-02    Batch:   WG1047074-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

72

77

76

77

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10121714:03
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 86

 73

 77

 86

 93

 79

 81

 86

 80

 85

 81

 82

 87

 92

 80

 83

 86

 88

 88

 89

 74

 89

 90

83

72

75

84

92

76

79

84

78

83

80

80

85

91

78

83

86

87

86

88

75

90

88

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

3

2

3

3

1

3

2

2

2

1

2

2

2

1

2

1

0

2

2

2

1

0

1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1047074-2   WG1047074-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404846

L1734713

10/12/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10121714:03
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Endrin ketone

Methoxychlor

Mirex

 104

 82

 75

104

82

73

40-140

40-140

40-140

0

0

2

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1047074-2   WG1047074-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404846

L1734713

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

75
80
81
81

30-150
30-150
30-150
30-150

A
A
B
B

72
78
79
79

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/12/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10121714:03
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Heptachlor epoxide

Oxychlordane

 87

 87

86

85

40-140

40-140

2

2

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-02    Batch:   WG1047074-2   WG1047074-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404846

L1734713

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

75
80
81
81

30-150
30-150
30-150
30-150

A
A
B
B

72
78
79
79

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/12/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10121714:03
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*Values in parentheses indicate holding time in days

L1734713-01A

L1734713-01B

L1734713-02A

L1734713-02B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

A

A

7

7

7

7

5.0

5.0

5.0

5.0

Y

Y

Y

Y

Absent

Absent

Absent

Absent

A Absent
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10404846

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1734713Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/12/17

Were project specific reporting limits specified? YES

7

7

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10121714:03
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17347131209662 PAVILLION WY WELL FLD

10404846 10/12/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:10121714:03
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17347131209662 PAVILLION WY WELL FLD

10404846 10/12/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:10121714:03
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17347131209662 PAVILLION WY WELL FLD

10404846

REFERENCES 

10/12/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	

Serial_No:10121714:03

Page 19 of 22
Page 123 of 209

123 of 279510404846



Serial_No:10121714:03

Page 20 of 22
Page 124 of 209

124 of 279510404846



Serial_No:10121714:03

Page 21 of 22
Page 125 of 209

125 of 279510404846



Serial_No:10121714:03

Page 22 of 22
Page 126 of 209

126 of 279510404846



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24043 - 984229 Page 1 of 13

Carol Davy
Pace Analytical Services, Inc.
1700 Elm Street
Suite 200
Minneapolis, MN  55414

October 27, 2017

RE:
Pace  Workorder:

PAVILLION / 1209662/10404846

Dear Carol Davy:

24043

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, September 27,
2017.  Results reported herein conform to the most current NELAC standards, where applicable, unless
otherwise narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            10/27/2017
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24043 - 984229 Page 2 of 13

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 24043 - 984229 Page 3 of 13

SAMPLE SUMMARY

Workorder: 24043 PAVILLION / 1209662/10404846

Lab ID Sample ID Matrix Date Collected Date Received

240430001 PGDW20-09262017-Q Water 9/26/2017 11:30 9/27/2017 11:30

240430002 PGDW20-09262017 Water 9/26/2017 11:30 9/27/2017 11:30
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Report ID: 24043 - 984229 Page 4 of 13

PROJECT SUMMARY

Workorder: 24043 PAVILLION / 1209662/10404846

Batch Comments

Batch: DISG/6391 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

The percent recovery for the laboratory control sample was above laboratory control limits.  Analytes Helium and Hydrogen.
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Report ID: 24043 - 984229 Page 5 of 13

ANALYTICAL RESULTS

Workorder: 24043 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240430001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/15/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/15/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 62 ug/l 0.50 1 10/4/2017 10:14 TD n0.016
Ethane 2.4 ug/l 0.10 1 10/4/2017 10:14 TD n0.0030
Ethene <0.10 ug/l 0.10 1 10/4/2017 10:14 TD n0.0040
Propane 0.32 ug/l 0.10 1 10/4/2017 10:14 TD n0.0050
Propene <0.10 ug/l 0.10 1 10/4/2017 10:14 TD n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 10/4/2017 10:14 TD n0.32
iso-Butane <0.20 ug/l 0.20 1 10/4/2017 10:14 TD n0.019
n-Butane <0.20 ug/l 0.20 1 10/4/2017 10:14 TD n0.012
Oxygen 4.1 mg/l 0.50 1 10/4/2017 10:14 TD n0.12
Nitrogen 20 mg/l 2.0 1 10/4/2017 10:14 TD n0.34
Carbon Monoxide <1.0 mg/l 1.0 1 10/4/2017 10:14 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon <1800 ug/l 1800 3 10/6/2017 10:47 AK d,n1800
Helium <30 ug/l 30 1 10/5/2017 15:20 MM M2,M1,n30
Hydrogen <15 ug/l 15 1 10/5/2017 15:20 MM M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane <5.0 ug/l 5.0 1 10/10/2017 15:23 BW n5.0
Pentane <5.0 ug/l 5.0 1 10/10/2017 15:23 BW n5.0
Hexane Plus <100 ug/l 100 1 10/10/2017 15:23 BW n100

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/25/2017 00:00 ITL s
Sulfur 34 Isotope Complete 1 10/25/2017 00:00 ITL s
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Report ID: 24043 - 984229 Page 6 of 13

ANALYTICAL RESULTS

Workorder: 24043 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240430002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/15/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/15/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 57 ug/l 0.50 1 10/4/2017 10:26 TD n0.016
Ethane 2.3 ug/l 0.10 1 10/4/2017 10:26 TD n0.0030
Ethene <0.10 ug/l 0.10 1 10/4/2017 10:26 TD n0.0040
Propane 0.30 ug/l 0.10 1 10/4/2017 10:26 TD n0.0050
Propene <0.10 ug/l 0.10 1 10/4/2017 10:26 TD n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 10/4/2017 10:26 TD n0.32
iso-Butane <0.20 ug/l 0.20 1 10/4/2017 10:26 TD n0.019
n-Butane <0.20 ug/l 0.20 1 10/4/2017 10:26 TD n0.012
Oxygen 3.5 mg/l 0.50 1 10/4/2017 10:26 TD n0.12
Nitrogen 17 mg/l 2.0 1 10/4/2017 10:26 TD n0.34
Carbon Monoxide <1.0 mg/l 1.0 1 10/4/2017 10:26 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon <1800 ug/l 1800 3 10/6/2017 11:17 AK d,n1800
Helium <30 ug/l 30 1 10/5/2017 15:34 MM M2,M1,n30
Hydrogen <15 ug/l 15 1 10/5/2017 15:34 MM M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane <5.0 ug/l 5.0 1 10/10/2017 16:27 BW n5.0
Pentane <5.0 ug/l 5.0 1 10/10/2017 16:27 BW n5.0
Hexane Plus <100 ug/l 100 1 10/10/2017 16:27 BW n100

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/25/2017 00:00 ITL s
Sulfur 34 Isotope Complete 1 10/25/2017 00:00 ITL s

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 132 of 209

132 of 279510404846



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24043 - 984229 Page 7 of 13

ANALYTICAL RESULTS QUALIFIERS

Workorder: 24043 PAVILLION / 1209662/10404846

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The laboratory control sample recovery was outside laboratory control limits.M2

The continuing calibration verification recovery was outside laboratory control limits.M1
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Report ID: 24043 - 984229 Page 8 of 13

QUALITY CONTROL DATA

Workorder: 24043 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

DISG/6391

AM30

Analysis Method: AM30

Associated Lab Samples: 240430001, 240430002

METHOD BLANK: 51425

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium <30ug/l 30 M2,M1,n
Hydrogen <15ug/l 15 M2,M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51426

RISK
Helium 1100ug/l 1400 M2,M1,n122 80-120
Hydrogen 590ug/l 720 M2,M1,n123 80-120
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Report ID: 24043 - 984229 Page 9 of 13

QUALITY CONTROL DATA

Workorder: 24043 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

DISG/6394

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240430001, 240430002

METHOD BLANK: 51445

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane <0.50ug/l 0.50 n
Ethane <0.10ug/l 0.10 n
Ethene <0.10ug/l 0.10 n
Propane <0.10ug/l 0.10 n
Propene <0.10ug/l 0.10 n
iso-Butane <0.20ug/l 0.20 n
n-Butane <0.20ug/l 0.20 n

METHOD BLANK: 51446

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide <5.0mg/l 5.0 n
Oxygen <0.50mg/l 0.50 n
Nitrogen <2.0mg/l 2.0 n
Carbon Monoxide <1.0mg/l 1.0 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51447 51449

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 115 80-120 n860 111 3.5 20
Ethane ug/l 76 79 105 80-120 n80 105 0 20
Ethene ug/l 71 74 105 80-120 n75 107 1.9 20
Propane ug/l 56 60 109 80-120 n61 109 0 20
Propene ug/l 53 52 98 80-120 n53 100 2 20
iso-Butane ug/l 73 78 107 80-120 n79 108 0.93 20
n-Butane ug/l 73 77 105 80-120 n77 105 0 20
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QUALITY CONTROL DATA

Workorder: 24043 PAVILLION / 1209662/10404846

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51448 51450

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 114 5.4 20
Oxygen mg/l 11 11 94 80-120 n11 97 3.1 20
Nitrogen mg/l 140 130 93 80-120 n130 94 1.1 20
Carbon Monoxide mg/l 2 2.2 111 80-120 n2.2 112 0.9 20
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QUALITY CONTROL DATA

Workorder: 24043 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

VAP/1953

AM10

Analysis Method: AM10

Associated Lab Samples: 240430001, 240430002

METHOD BLANK: 51508

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane <5.0ug/l 5.0 n
Pentane <5.0ug/l 5.0 n
Hexane Plus <100ug/l 100 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51509 51510

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l <5.0 n<5.0
Pentane ug/l 20 14 71 70-130 n14 72 1.4 30
Hexane Plus ug/l 20 <100 82 70-130 n<100 83 1.2 30
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 24043 PAVILLION / 1209662/10404846

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24043 PAVILLION / 1209662/10404846

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240430001 PGDW20-09262017-Q DISG/6391AM30

240430002 PGDW20-09262017 DISG/6391AM30

240430001 PGDW20-09262017-Q DISG/6394AM20GAX

240430002 PGDW20-09262017 DISG/6394AM20GAX

240430001 PGDW20-09262017-Q VAP/1953AM10

240430002 PGDW20-09262017 VAP/1953AM10

240430001 PGDW20-09262017-Q DISG/6402AM30

240430002 PGDW20-09262017 DISG/6402AM30

240430001 PGDW20-09262017-Q SCIT/1046D18O
Subcontracted to Isotech

240430002 PGDW20-09262017 SCIT/1046D18O
Subcontracted to Isotech

240430001 PGDW20-09262017-Q CSIA/1686D18O

240430002 PGDW20-09262017 CSIA/1686D18O

240430001 PGDW20-09262017-Q CSIA/1687AM24

240430002 PGDW20-09262017 CSIA/1687AM24
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Carol Davy
Pace Analytical Services, Inc.
1700 Elm Street
Suite 200
Minneapolis, MN  55414

November 21, 2017

RE:
Pace  Workorder:

PAVILLION / 1209662/10404846

Dear Carol Davy:

24042

Enclosed are the analytical results for sample(s) received by the laboratory between Wednesday, September
27, 2017 and Friday, September 29, 2017.  Results reported herein conform to the most current NELAC
standards, where applicable, unless otherwise narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            11/21/2017
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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SAMPLE SUMMARY

Workorder: 24042 PAVILLION / 1209662/10404846

Lab ID Sample ID Matrix Date Collected Date Received

240420001 PGDW20-09262017-Q Water 9/26/2017 11:30 9/27/2017 11:30

240420002 PGDW20-09262017 Water 9/26/2017 11:30 9/27/2017 11:30

240420003 PGDW20-09262017-PRE Water 9/26/2017 08:00 9/27/2017 11:30

240420004 PGDW20-09262017-PRE-Q Water 9/26/2017 08:00 9/27/2017 11:30

240420005 TRIPBLANK-09262017 Water 9/26/2017 16:00 9/29/2017 09:25
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PROJECT SUMMARY

Workorder: 24042 PAVILLION / 1209662/10404846

Batch Comments

Batch: EDON/3527 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pentanoic, iso-Hexanoic
and Hexanoic acids.  Results associated to the analytes in samples may be biased high.
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ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid <0.20 mg/l 0.20 1 10/5/2017 23:18 KB B0.020
Acetic Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB0.020
Propionic Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB0.0061
Formic Acid <0.20 mg/l 0.20 1 10/5/2017 23:18 KB0.069
Butyric Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB0.014
Pyruvic Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB0.016
i-Pentanoic Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB0.0055
Pentanoic Acid <0.10 mg/l 0.10 1 10/5/2017 23:18 KB M2,M3,M1,M50.012
i-Hexanoic Acid <0.20 mg/l 0.20 1 10/5/2017 23:18 KB M10.041
Hexanoic Acid <0.20 mg/l 0.20 1 10/5/2017 23:18 KB M10.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 62 ug/l 0.50 1 10/4/2017 10:14 TD n0.016
Ethane 2.4 ug/l 0.10 1 10/4/2017 10:14 TD n0.0030
Ethene <0.10 ug/l 0.10 1 10/4/2017 10:14 TD n0.0040
Propane 0.32 ug/l 0.10 1 10/4/2017 10:14 TD n0.0050
Propene <0.10 ug/l 0.10 1 10/4/2017 10:14 TD n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 10/4/2017 10:14 TD n0.32
iso-Butane <0.20 ug/l 0.20 1 10/4/2017 10:14 TD n0.019
n-Butane <0.20 ug/l 0.20 1 10/4/2017 10:14 TD n0.012
Oxygen 4.1 mg/l 0.50 1 10/4/2017 10:14 TD n0.12
Nitrogen 20 mg/l 2.0 1 10/4/2017 10:14 TD n0.34
Acetylene <0.50 ug/l 0.50 1 10/4/2017 10:14 TD n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 10/4/2017 10:14 TD n0.087
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Report ID: 24042 - 994225 Page 6 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid <0.20 mg/l 0.20 1 10/6/2017 01:58 KB B0.020
Acetic Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB0.020
Propionic Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB0.0061
Formic Acid <0.20 mg/l 0.20 1 10/6/2017 01:58 KB0.069
Butyric Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB0.014
Pyruvic Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB0.016
i-Pentanoic Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB0.0055
Pentanoic Acid <0.10 mg/l 0.10 1 10/6/2017 01:58 KB M2,M3,M1,M50.012
i-Hexanoic Acid <0.20 mg/l 0.20 1 10/6/2017 01:58 KB M10.041
Hexanoic Acid <0.20 mg/l 0.20 1 10/6/2017 01:58 KB M10.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 57 ug/l 0.50 1 10/4/2017 10:26 TD n0.016
Ethane 2.3 ug/l 0.10 1 10/4/2017 10:26 TD n0.0030
Ethene <0.10 ug/l 0.10 1 10/4/2017 10:26 TD n0.0040
Propane 0.30 ug/l 0.10 1 10/4/2017 10:26 TD n0.0050
Propene <0.10 ug/l 0.10 1 10/4/2017 10:26 TD n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 10/4/2017 10:26 TD n0.32
iso-Butane <0.20 ug/l 0.20 1 10/4/2017 10:26 TD n0.019
n-Butane <0.20 ug/l 0.20 1 10/4/2017 10:26 TD n0.012
Oxygen 3.5 mg/l 0.50 1 10/4/2017 10:26 TD n0.12
Nitrogen 17 mg/l 2.0 1 10/4/2017 10:26 TD n0.34
Acetylene <0.50 ug/l 0.50 1 10/4/2017 10:26 TD n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 10/4/2017 10:26 TD n0.087

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 24042 - 994225 Page 7 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 08:00

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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Report ID: 24042 - 994225 Page 8 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-PRE-Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 08:00

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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Report ID: 24042 - 994225 Page 9 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/29/2017 09:25

TRIPBLANK-09262017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420005

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane <0.50 ug/l 0.50 1 10/4/2017 10:39 TD n0.016
Ethane <0.10 ug/l 0.10 1 10/4/2017 10:39 TD n0.0030
Ethene <0.10 ug/l 0.10 1 10/4/2017 10:39 TD n0.0040
Propane <0.10 ug/l 0.10 1 10/4/2017 10:39 TD n0.0050
Propene <0.10 ug/l 0.10 1 10/4/2017 10:39 TD n0.012
Carbon Dioxide <5.0 mg/l 5.0 1 10/4/2017 10:39 TD n0.32
iso-Butane <0.20 ug/l 0.20 1 10/4/2017 10:39 TD n0.019
n-Butane <0.20 ug/l 0.20 1 10/4/2017 10:39 TD n0.012
Oxygen 8.3 mg/l 0.50 1 10/4/2017 10:39 TD n0.12
Nitrogen 16 mg/l 2.0 1 10/4/2017 10:39 TD n0.34
Acetylene <0.50 ug/l 0.50 1 10/4/2017 10:39 TD n0.022
Carbon Monoxide <1.0 mg/l 1.0 1 10/4/2017 10:39 TD n0.087
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Report ID: 24042 - 994225 Page 10 of 16

ANALYTICAL RESULTS QUALIFIERS

Workorder: 24042 PAVILLION / 1209662/10404846

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3
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Report ID: 24042 - 994225 Page 11 of 16

QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

DISG/6386

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240420001, 240420002, 240420005

METHOD BLANK: 51376

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane <0.50ug/l 0.50 n
Ethane <0.10ug/l 0.10 n
Ethene <0.10ug/l 0.10 n
Propane <0.10ug/l 0.10 n
Propene <0.10ug/l 0.10 n
iso-Butane <0.20ug/l 0.20 n
n-Butane <0.20ug/l 0.20 n
Acetylene <0.50ug/l 0.50 n

METHOD BLANK: 51377

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide <5.0mg/l 5.0 n
Oxygen <0.50mg/l 0.50 n
Nitrogen <2.0mg/l 2.0 n
Carbon Monoxide <1.0mg/l 1.0 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51378 51380

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 115 80-120 n860 111 3.5 20
Ethane ug/l 76 79 105 80-120 n80 105 0 20
Ethene ug/l 71 74 105 80-120 n75 107 1.9 20
Propane ug/l 56 60 109 80-120 n61 109 0 20
Propene ug/l 53 52 98 80-120 n53 100 2 20
iso-Butane ug/l 73 78 107 80-120 n79 108 0.93 20
n-Butane ug/l 73 77 105 80-120 n77 105 0 20
Acetylene ug/l 33 32 96 80-120 n33 102 6.1 20
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Report ID: 24042 - 994225 Page 12 of 16

QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51379 51381

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 114 5.4 20
Oxygen mg/l 11 11 94 80-120 n11 97 3.1 20
Nitrogen mg/l 140 130 93 80-120 n130 94 1.1 20
Carbon Monoxide mg/l 2 2.2 111 80-120 n2.2 112 0.9 20
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Report ID: 24042 - 994225 Page 13 of 16

QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

EDON/3527

AM23G

Analysis Method: AM23G

Associated Lab Samples: 240420001, 240420002

METHOD BLANK: 51427

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid <0.20mg/l 0.20 B
Acetic Acid <0.10mg/l 0.10
Propionic Acid <0.10mg/l 0.10
Formic Acid <0.20mg/l 0.20
Butyric Acid <0.10mg/l 0.10
Pyruvic Acid <0.10mg/l 0.10
i-Pentanoic Acid <0.10mg/l 0.10
Pentanoic Acid <0.10mg/l 0.10 M2,M3,M1,M5
i-Hexanoic Acid <0.20mg/l 0.20 M1
Hexanoic Acid <0.20mg/l 0.20 M1

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51428

EDonors
Lactic Acid 2mg/l 2.0 B101 70-130
Acetic Acid 2mg/l 1.9 95 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.8 91 70-130
Butyric Acid 2mg/l 2.0 101 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 2.0 99 70-130
Pentanoic Acid 2mg/l 2.6 M2,M3,M1,M5132 70-130
i-Hexanoic Acid 2mg/l 2.3 M1114 70-130
Hexanoic Acid 2mg/l 2.2 M1109 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51429 51430

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240420001Original:

EDonors
Lactic Acid mg/l 2 2.2 105 70-130 B2.0 97 7.9 300.1
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Report ID: 24042 - 994225 Page 14 of 16

QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51429 51430

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240420001Original:

Acetic Acid mg/l 2 2.0 102 70-1302.1 103 0.98 300.014
Propionic Acid mg/l 2 2.1 106 70-1302.1 107 0.94 300.0012
Formic Acid mg/l 2 1.8 88 70-1301.8 89 1.1 300.074
Butyric Acid mg/l 2 2.1 107 70-1302.1 105 1.9 300.0019
Pyruvic Acid mg/l 2 2.1 107 70-1302.1 106 0.94 300
i-Pentanoic Acid mg/l 2 2.1 106 70-1302.0 103 2.9 300
Pentanoic Acid mg/l 2 3.0 150 70-130 M2,M3,M1,M52.7 137 9.1 300
i-Hexanoic Acid mg/l 2 2.6 130 70-130 M12.2 112 15 300
Hexanoic Acid mg/l 2 2.6 129 70-130 M12.1 104 21 300.0054

220 William Pitt Way

Pittsburgh, PA 15238

Phone: (412) 826-5245

Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 157 of 209

157 of 279510404846



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24042 - 994225 Page 15 of 16

QUALITY CONTROL DATA QUALIFIERS

Workorder: 24042 PAVILLION / 1209662/10404846

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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Report ID: 24042 - 994225 Page 16 of 16

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24042 PAVILLION / 1209662/10404846

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240420001 PGDW20-09262017-Q DISG/6386AM20GAX

240420002 PGDW20-09262017 DISG/6386AM20GAX

240420005 TRIPBLANK-09262017 DISG/6386AM20GAX

240420001 PGDW20-09262017-Q EDON/3527AM23G

240420002 PGDW20-09262017 EDON/3527AM23G

240420001 PGDW20-09262017-Q MOLE/118116S

240420002 PGDW20-09262017 MOLE/118116S

240420003 PGDW20-09262017-PRE MOLE/118116S

240420004 PGDW20-09262017-PRE-Q MOLE/118116S
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November 20,  2017 

24042 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW20-09262017-Q 

was 3.62E+07 per liter of water, in sample PGDW20-09262017 was 2.08E+07 per liter of water, in 

sample PGDW20-09262017-PRE was 3.67E+0.9 per liter of water and in sample PGDW20-09262017-

PREQ was 7.34E+10 per liter of water. 

Microbial Community Composition 

PGDW26-09262017-Q: The profile consisted of a mix of aerobic and anaerobic bacteria. Most of the 

profile was identified as Gram-negative.  The dominant phylotypes included Nitrospira spp. a genus 

know as nitrite oxidizing bacteria and candidatus desulforudis a genus thought to consist of sulfate 

reducers. Several other sulfate reducing genera were identified. 

 PGDW20-09262017: The profile consisted of a mix of aerobic and anaerobic bacteria. Most of the 

profile was identified as Gram-negative. The dominant phylotypes included Nitrospira spp. a genus know 

as nitrite oxidizing and candidatus desulforudis a genus thought to consist of sulfte reducers.  Sereral 

other sulfate reducing genera were identified.  

PGDW20-09262017-PRE: The profile consisted of a mix of aerobic and anaerobic bacteria and was 

mostly gram-negative. The dominant phylotypes included Nitrospira spp. a genus known as nitrite 

oxidizers and candidatus desulforudis a genus thought to consist of sulfate reducers. Other sulfate 

reducers and oxidizers were identified.  

PGDW20-09262017-PREQ: The profile consisted of mostly anaerobic gram-positive bacteria. The most 

abundant phylotype was candidatus desulforudis spp. which consists of sulfate reducers. Other 
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dominant phylotypes included Georgfuschia spp. a nitrate/metal reducer and Nitrospira spp. a nitrite 

reducer.  
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 24042
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/26/2017
Job Number: PAVILLION / 1209662 Date Received: 9/27/2017
Project Name: Date Reported: 11/16/2017

Pace Energy ID: 240420001 Matrix: Water
Sample ID: PGDW20-09262017-Q
Description: gene copies per liter of water

Total Eubacteria: 3.62E+07

Pace Energy ID: 240420002 Matrix: Water
Sample ID: PGDW20-09262017
Description: gene copies per liter of water

Total Eubacteria: 2.08E+07

Pace Energy ID: 240420003 Matrix: Water
Sample ID: PGDW20-09262017-PRE
Description: gene copies per liter of water

Total Eubacteria: 3.67E+09
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 24042
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/26/2017
Job Number: PAVILLION / 1209662 Date Received: 9/27/2017
Project Name: 0 Date Reported: 11/16/2017

Pace Energy ID: 240420004 Matrix: Water
Sample ID: PGDW20-09262017-PRE-Q
Description: gene copies per liter of water

Total Eubacteria: 7.34E+10

QA/QC NIC UNC UPC

Pass Pass Pass
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 82.24

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-Q

# of Total ID's:

Sample ID: PGDW20-09262017-Q

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 15

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW20-09262017-Q

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 38.33
Anaerobic: 42.01
Varied: 1.9
Not Characterized: 17.76

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-Q

nitrospira Aerobic/NOB Negative28.34
candidatus desulforudis Anaerobic/SRB Positive23.60
georgfuchsia Anaerobic/Nitrate/MRB Negative4.74
desulfuromonas Anaerobic/SRB Negative4.24
desulfovibrio Anaerobic/SRB Positive3.18
thiobacillus Aerobic/SOX Negative3.15
desulfobacterium Anaerobic/SRB Negative2.45
mesorhizobium Aerobic Negative2.38
desulforegula Anaerobic/SRB Negative2.05
hyphomicrobium Aerobic/NRB Negative1.88
ignavibacterium Anaerobic Negative1.75
planctomyces Aerobic Negative1.48
sphingomonas Aerobic Negative1.10
ralstonia Varied Negative1.04
candidatus magnetobacterium Varied --0.86
Total Abundant Phylotypes: 82.24
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Candidatus Magnetobacterium
The genus ‘Candidatus Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of
hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell. These bacteria are
worldwide distributed in aquatic environments and have important roles in the biogeochemical cycles of iron and
sulfur. The genome sequence indicates an autotrophic lifestyle using the Wood–Ljungdahl pathway for CO2
fixation, which has not been described in any previously known MTB or Nitrospirae organisms. Pathways involved
in the denitrification, sulfur oxidation and sulfate reduction have been predicted, indicating its considerable
capacity for adaptation to variable geochemical conditions and roles in local biogeochemical cycles.
Lin, W., Deng, A., Wang, Z., Li, Y., Wen, T., Wu, L. F., ... & Pan, Y. (2014). Genomic insights into the uncultured
genus ‘Candidatus Magnetobacterium’in the phylum Nitrospirae. The ISME journal, 8(12), 2463-2477.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 81.32

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017

# of Total ID's:

Sample ID: PGDW20-09262017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 16
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Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW20-09262017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 37.87
Anaerobic: 40.39
Varied: 3.06
Not Characterized: 18.68

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017

nitrospira Aerobic/NOB Negative27.14
candidatus desulforudis Anaerobic/SRB Positive22.96
georgfuchsia Anaerobic/Nitrate/MRB Negative4.82
desulfuromonas Anaerobic/SRB Negative4.00
thiobacillus Aerobic/SOX Negative3.45
desulfovibrio Anaerobic/SRB Positive2.90
hyphomicrobium Aerobic/NRB Negative2.71
desulfobacterium Anaerobic/SRB Negative2.64
desulforegula Anaerobic/SRB Negative2.27
mesorhizobium Aerobic Negative2.06
sphingomonas Aerobic Negative1.31
planctomyces Aerobic Negative1.20
ralstonia Varied Negative1.11
hydrogenophaga Varied Negative1.05
candidatus magnetobacterium Varied --0.90
ignavibacterium Anaerobic Negative0.80
Total Abundant Phylotypes: 81.32
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Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Candidatus Magnetobacterium
The genus ‘Candidatus Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of
hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell. These bacteria are
worldwide distributed in aquatic environments and have important roles in the biogeochemical cycles of iron and
sulfur. The genome sequence indicates an autotrophic lifestyle using the Wood–Ljungdahl pathway for CO2
fixation, which has not been described in any previously known MTB or Nitrospirae organisms. Pathways involved
in the denitrification, sulfur oxidation and sulfate reduction have been predicted, indicating its considerable
capacity for adaptation to variable geochemical conditions and roles in local biogeochemical cycles.
Lin, W., Deng, A., Wang, Z., Li, Y., Wen, T., Wu, L. F., ... & Pan, Y. (2014). Genomic insights into the uncultured
genus ‘Candidatus Magnetobacterium’in the phylum Nitrospirae. The ISME journal, 8(12), 2463-2477.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.
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Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 81.01

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-PRE

# of Total ID's:

Sample ID: PGDW20-09262017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 14

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-P

443

21.92
59.09

0
18.99

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW20-09262017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 45.28
Anaerobic: 34.45
Varied: 1.28
Not Characterized: 18.99

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-PRE

nitrospira Aerobic/NOB Negative35.71
candidatus desulforudis Anaerobic/SRB Positive18.46
georgfuchsia Anaerobic/Nitrate/MRB Negative4.54
desulfuromonas Anaerobic/SRB Negative3.87
desulfovibrio Anaerobic/SRB Positive3.46
thiobacillus Aerobic/SOX Negative3.11
hyphomicrobium Aerobic/NRB Negative2.12
desulfobacterium Anaerobic/SRB Negative2.10
desulforegula Anaerobic/SRB Negative2.02
mesorhizobium Aerobic Negative1.62
hydrogenophaga Varied Negative1.28
sphingomonas Aerobic Negative1.00
acinetobacter Aerobic Negative0.88
planctomyces Aerobic Negative0.84
Total Abundant Phylotypes: 81.01
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Acinetobacter
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Moraxellaceae / Acinetobacter. Rods 0.9–1.6 ×
1.5–2.5 μm, becoming spherical in the stationary phase of growth. Colonies are generally nonpigmented and are
mucoid when the cells are encapsulated. Cells commonly occur in pairs and in chains of variable length. Do not
form spores. Gram negative but occasionally difficult to destain. Swimming motility does not occur but the cells
display “twitching motility”, presumably because of the presence of fimbriae. Aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. Most strains do not reduce nitrate to nitrite.
Most strains grow between 20 and 37°C, having temperature optima of 33–35°C. Some strains cannot grow at
37°C. Oxidase negative. Catalase positive. Grow well on most complex media. Most strains grow in defined media
containing a single carbon and energy source, such as acetate or lactate, using ammonium or nitrate salts, or one
of several common amino acids, as a supply of nitrogen. Frequently amino acids such as glutamic acid or aspartic
acid can serve as a single source of carbon, energy, and nitrogen in a defined mineral medium. With rare
exceptions, they display no growth factor requirements. Most frequently saprophytic, occurring naturally in soil,
water, sewage, and foods such as raw vegetables. Can also reside, possibly indigenously, on the human skin and in
the human respiratory tract. Can cause nosocomial infections such as bacteremia, secondary meningitis,
pneumonia, and urinary tract infections in humans. The mol% G + C of the DNA is: 38–47. Ref: Juni, E. 2015.
Acinetobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–26.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495
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Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.
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Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.
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Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.
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Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 87.96

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-PRE-Q

# of Total ID's:

Sample ID:PGDW20-09262017-PRE-Q

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 9

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-P

363

54.16
33.8

0
12.04

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW20-09262017-PRE-Q

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 18.23
Anaerobic: 69.73
Varied: 0
Not Characterized: 12.04

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-PRE-Q

candidatus desulforudis Anaerobic/SRB Positive51.04
georgfuchsia Anaerobic/Nitrate/MRB Negative13.28
nitrospira Aerobic/NOB Negative12.67
desulfovibrio Anaerobic/SRB Positive3.12
thiobacillus Aerobic/SOX Negative2.64
pseudoalteromonas Aerobic Negative1.64
algidimarina Aerobic Negative1.28
desulfobacterium Anaerobic/SRB Negative1.27
desulfuromonas Anaerobic/SRB Negative1.02
Total Abundant Phylotypes: 87.96
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Algidimarina
Cells are rods occurring singly or in short chains. Motile with polar flagella. Cells grow by oxidizing monocarboxylic
acids, such as butyric or iso-butyric acid, and in syntrophic coculture with a H2-utilizing methanogens. The type
species is A. butyrica.
Kendall, M.M., Liu, Y. and Boone, D.R., 2006. Butyrate-and propionate-degrading syntrophs from permanently cold
marine sediments in Skan Bay, Alaska, and description of Algorimarina butyrica gen. nov et al, sp. nov. FEMS
microbiology letters, 262(1), pp.107-114.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.
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Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Pseudoalteromonas
Proteobacteria / Gammaproteobacteria / Alteromonadales / Alteromonadaceae / Pseudoalteromonas. Straight
rods, approximately 1 × 2–3 µm, occurring singly or in pairs. Do not form spores or cysts. Do not accumulate poly-β
-hydroxybutyrate. Nonbioluminescent. Gram negative. Motile by means of a single polar flagellum, either
unsheathed or sheathed. Colonies are nonpigmented or pigmented. Chemoheterotrophic. Aerobic, possessing a
strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. No growth occurs
anaerobically. A constitutive arginine dihydrolase system is usually absent. One species (P. denitrificans) is able to
denitrify. Utilize a range of carbon substrates, including carbohydrates, alcohols, organic acids, and amino acids.
Form gelatinase and lipase. Ammonia serves as a nitrogen source. Amino acids may be required by some strains
for growth. Requires Na+ ions for growth. Mostly psychrotolerant, with growth occurring between 0 and 40°C.
Several species produce autotoxic antibiotic compounds. Isolated from seawater, sediment, sea ice, surfaces of
stones, marine algae, marine invertebrates, and salted foods. The major quinone is ubiquinone-8 (Q-8). Major
fatty acids are C16:0, C16:1 ω7c, C17:1 ω8c, and C18:1 ω7c. Member of the order Alteromonadales, family
Alteromonadaceae, in the Gammaproteobacteria. The mol% G + C of the DNA is: 38–48 (Tm).
Bowman, J. P. and McMeekin, T. A. 2015. Pseudoalteromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–22.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10404274

10404274
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 22, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10404274001 PGDW23-09212017 Water 09/21/17 12:30 09/22/17 09:55

10404274002 Trip Blank-09212017 Water 09/21/17 16:00 09/22/17 09:55

10404274003 PGDW23-09212017-PRE Water 09/21/17 00:00 09/22/17 09:55

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10404274001 PGDW23-09212017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MRJS

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404274002 Trip Blank-09212017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10404274001 PGDW23-09212017

Calcium 7290 ug/L 09/26/17 23:37500EPA 6010C
Magnesium 86.0J ug/L 09/26/17 23:37 B500EPA 6010C
Manganese 2.4J ug/L 09/26/17 23:375.0EPA 6010C
Potassium 422J ug/L 09/26/17 23:372500EPA 6010C
Sodium 226000 ug/L 09/26/17 23:371000EPA 6010C
Strontium 93.8 ug/L 09/27/17 12:482.5EPA 6020A
Fluoranthene 0.011J ug/L 10/03/17 20:210.041EPA 8270D by SIM
Naphthalene 0.013J ug/L 10/03/17 20:210.041EPA 8270D by SIM
Phenanthrene 0.0099J ug/L 10/03/17 20:210.041EPA 8270D by SIM
Alkalinity, Total as CaCO3 68.6 mg/L 10/03/17 13:325.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 68.6 mg/L 10/03/17 13:325.0SM 2320B
Total Dissolved Solids 708 mg/L 09/28/17 13:5920.0SM 2540C
Bromide 0.13 mg/L 09/22/17 18:470.080EPA 300.0
Chloride 19.9 mg/L 09/22/17 18:471.2EPA 300.0
Fluoride 1.0 mg/L 09/22/17 18:470.050EPA 300.0
Sulfate 389 mg/L 09/23/17 02:3812.0EPA 300.0
Total Organic Carbon 0.52J mg/L 09/26/17 18:270.84SM 5310C

10404274002 Trip Blank-09212017

2-Propanol 156 ug/L 09/29/17 13:59100EPA 8260B

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 498519

B: Analyte was detected in the associated method blank.
• BLANK for HBN 498519 [MPRP/756  (Lab ID: 2710691)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW23-09212017  (Lab ID: 10404274001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

QC Batch: 498351
SS: This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

• BLANK  (Lab ID: 2709301)
• bis(2-Chloroisopropyl) ether

• LCS  (Lab ID: 2709302)
• bis(2-Chloroisopropyl) ether

• LCSD  (Lab ID: 2709303)
• bis(2-Chloroisopropyl) ether

• PGDW23-09212017  (Lab ID: 10404274001)
• bis(2-Chloroisopropyl) ether

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 498351

S0: Surrogate recovery outside laboratory control limits.
• BLANK  (Lab ID: 2709301)

• Phenol-d6 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 498351

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2709302)

• Benzoic acid
• LCSD  (Lab ID: 2709303)

• Benzoic acid

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 10 of 161

10 of 266610404274



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498353
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2709311)

• Pentachlorophenol
• MSD  (Lab ID: 2709312)

• Pentachlorophenol

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

QC Batch: 499620
L3: Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

• LCS  (Lab ID: 2716396)
• Tetrahydrofuran

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW23-09212017  (Lab ID: 10404274001)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank-09212017  (Lab ID: 10404274002)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498391
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403539002,10403539007

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2709554)

• Sulfate
• MSD  (Lab ID: 2709555)

• Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: PGDW23-09212017 Lab ID: 10404274001 Collected: 09/21/17 12:30 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 7290 ug/L 09/26/17 23:37 7440-70-209/25/17 13:00500 24.7 1
Iron ND ug/L 09/26/17 23:37 7439-89-609/25/17 13:0050.0 16.7 1
Magnesium 86.0J ug/L 09/26/17 23:37 7439-95-4 B09/25/17 13:00500 2.6 1
Manganese 2.4J ug/L 09/26/17 23:37 7439-96-509/25/17 13:005.0 0.38 1
Potassium 422J ug/L 09/26/17 23:37 7440-09-709/25/17 13:002500 126 1
Sodium 226000 ug/L 09/26/17 23:37 7440-23-509/25/17 13:001000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 93.8 ug/L 09/27/17 12:48 7440-24-609/26/17 09:232.5 0.37 5

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 09/29/17 20:30 65-85-009/22/17 10:5553.8 1.7 1
Benzyl alcohol ND ug/L 09/29/17 20:30 100-51-609/22/17 10:5510.8 1.4 1
4-Bromophenylphenyl ether ND ug/L 09/29/17 20:30 101-55-309/22/17 10:5510.8 2.5 1
Butylbenzylphthalate ND ug/L 09/29/17 20:30 85-68-709/22/17 10:5510.8 1.9 1
Carbazole ND ug/L 09/29/17 20:30 86-74-809/22/17 10:5510.8 1.2 1
4-Chloro-3-methylphenol ND ug/L 09/29/17 20:30 59-50-709/22/17 10:5510.8 1.6 1
4-Chloroaniline ND ug/L 09/29/17 20:30 106-47-809/22/17 10:5553.8 2.1 1
bis(2-Chloroethoxy)methane ND ug/L 09/29/17 20:30 111-91-109/22/17 10:5510.8 1.5 1
bis(2-Chloroethyl) ether ND ug/L 09/29/17 20:30 111-44-409/22/17 10:5510.8 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/29/17 20:30 108-60-1 SS09/22/17 10:5510.8 1.5 1
2-Chloronaphthalene ND ug/L 09/29/17 20:30 91-58-709/22/17 10:5510.8 2.4 1
2-Chlorophenol ND ug/L 09/29/17 20:30 95-57-809/22/17 10:5510.8 1.2 1
4-Chlorophenylphenyl ether ND ug/L 09/29/17 20:30 7005-72-309/22/17 10:5510.8 1.6 1
Dibenzofuran ND ug/L 09/29/17 20:30 132-64-909/22/17 10:5510.8 1.7 1
1,2-Dichlorobenzene ND ug/L 09/29/17 20:30 95-50-109/22/17 10:5510.8 3.8 1
1,3-Dichlorobenzene ND ug/L 09/29/17 20:30 541-73-109/22/17 10:5510.8 4.5 1
1,4-Dichlorobenzene ND ug/L 09/29/17 20:30 106-46-709/22/17 10:5510.8 3.7 1
3,3'-Dichlorobenzidine ND ug/L 09/29/17 20:30 91-94-109/22/17 10:5553.8 1.3 1
2,4-Dichlorophenol ND ug/L 09/29/17 20:30 120-83-209/22/17 10:5510.8 1.7 1
Diethylphthalate ND ug/L 09/29/17 20:30 84-66-209/22/17 10:5510.8 1.5 1
2,4-Dimethylphenol ND ug/L 09/29/17 20:30 105-67-909/22/17 10:5553.8 3.1 1
Dimethylphthalate ND ug/L 09/29/17 20:30 131-11-309/22/17 10:5510.8 1.4 1
Di-n-butylphthalate ND ug/L 09/29/17 20:30 84-74-209/22/17 10:5510.8 1.5 1
4,6-Dinitro-2-methylphenol ND ug/L 09/29/17 20:30 534-52-109/22/17 10:5510.8 1.6 1
2,4-Dinitrophenol ND ug/L 09/29/17 20:30 51-28-509/22/17 10:5510.8 2.6 1
2,4-Dinitrotoluene ND ug/L 09/29/17 20:30 121-14-209/22/17 10:5510.8 1.4 1
2,6-Dinitrotoluene ND ug/L 09/29/17 20:30 606-20-209/22/17 10:5510.8 0.69 1
Di-n-octylphthalate ND ug/L 09/29/17 20:30 117-84-009/22/17 10:5510.8 2.2 1
1,2-Diphenylhydrazine ND ug/L 09/29/17 20:30 122-66-709/22/17 10:5510.8 1.4 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/29/17 20:30 117-81-709/22/17 10:5510.8 4.9 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 20:30 87-68-309/22/17 10:5510.8 3.4 1
Hexachlorobenzene ND ug/L 09/29/17 20:30 118-74-109/22/17 10:5510.8 2.3 1
Hexachlorocyclopentadiene ND ug/L 09/29/17 20:30 77-47-409/22/17 10:5553.8 20.2 1
Hexachloroethane ND ug/L 09/29/17 20:30 67-72-109/22/17 10:5510.8 3.7 1
Isophorone ND ug/L 09/29/17 20:30 78-59-109/22/17 10:5510.8 1.2 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: PGDW23-09212017 Lab ID: 10404274001 Collected: 09/21/17 12:30 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 09/29/17 20:30 90-12-009/22/17 10:5510.8 2.3 1
2-Methylnaphthalene ND ug/L 09/29/17 20:30 91-57-609/22/17 10:5510.8 2.7 1
2-Methylphenol(o-Cresol) ND ug/L 09/29/17 20:30 95-48-709/22/17 10:5510.8 2.0 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/29/17 20:3009/22/17 10:5521.5 1.1 1
2-Nitroaniline ND ug/L 09/29/17 20:30 88-74-409/22/17 10:5510.8 1.6 1
3-Nitroaniline ND ug/L 09/29/17 20:30 99-09-209/22/17 10:5510.8 1.3 1
4-Nitroaniline ND ug/L 09/29/17 20:30 100-01-609/22/17 10:5510.8 2.2 1
Nitrobenzene ND ug/L 09/29/17 20:30 98-95-309/22/17 10:5510.8 1.4 1
2-Nitrophenol ND ug/L 09/29/17 20:30 88-75-509/22/17 10:5510.8 1.8 1
4-Nitrophenol ND ug/L 09/29/17 20:30 100-02-709/22/17 10:5510.8 2.8 1
N-Nitrosodimethylamine ND ug/L 09/29/17 20:30 62-75-909/22/17 10:5510.8 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 09/29/17 20:30 621-64-709/22/17 10:5510.8 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/29/17 20:30 86-30-609/22/17 10:5510.8 1.2 1
Phenol ND ug/L 09/29/17 20:30 108-95-209/22/17 10:5510.8 1.2 1
Pyridine ND ug/L 09/29/17 20:30 110-86-1 L209/22/17 10:5510.8 2.7 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 20:30 120-82-109/22/17 10:5510.8 4.5 1
2,4,5-Trichlorophenol ND ug/L 09/29/17 20:30 95-95-409/22/17 10:5510.8 1.2 1
2,4,6-Trichlorophenol ND ug/L 09/29/17 20:30 88-06-209/22/17 10:5510.8 1.2 1
Surrogates
Nitrobenzene-d5 (S) 67 %. 09/29/17 20:30 4165-60-009/22/17 10:5544-125 1
2-Fluorobiphenyl (S) 67 %. 09/29/17 20:30 321-60-809/22/17 10:5530-125 1
p-Terphenyl-d14 (S) 82 %. 09/29/17 20:30 1718-51-009/22/17 10:5531-125 1
Phenol-d6 (S) 74 %. 09/29/17 20:30 13127-88-309/22/17 10:5559-125 1
2-Fluorophenol (S) 75 %. 09/29/17 20:30 367-12-409/22/17 10:5549-125 1
2,4,6-Tribromophenol (S) 92 %. 09/29/17 20:30 118-79-609/22/17 10:5566-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 10/03/17 20:21 83-32-909/22/17 14:430.041 0.0058 1
Acenaphthylene ND ug/L 10/03/17 20:21 208-96-809/22/17 14:430.041 0.0069 1
Anthracene ND ug/L 10/03/17 20:21 120-12-709/22/17 14:430.041 0.0082 1
Benzo(a)anthracene ND ug/L 10/03/17 20:21 56-55-309/22/17 14:430.041 0.0080 1
Benzo(a)pyrene ND ug/L 10/03/17 20:21 50-32-809/22/17 14:430.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 10/03/17 20:21 205-99-209/22/17 14:430.041 0.0050 1
Benzo(e)pyrene ND ug/L 10/03/17 20:21 192-97-209/22/17 14:430.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 10/03/17 20:21 191-24-209/22/17 14:430.041 0.0078 1
Benzo(k)fluoranthene ND ug/L 10/03/17 20:21 207-08-909/22/17 14:430.041 0.0050 1
Chrysene ND ug/L 10/03/17 20:21 218-01-909/22/17 14:430.041 0.0060 1
Dibenz(a,h)anthracene ND ug/L 10/03/17 20:21 53-70-309/22/17 14:430.041 0.011 1
Fluoranthene 0.011J ug/L 10/03/17 20:21 206-44-009/22/17 14:430.041 0.0074 1
Fluorene ND ug/L 10/03/17 20:21 86-73-709/22/17 14:430.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 10/03/17 20:21 193-39-509/22/17 14:430.041 0.0038 1
Naphthalene 0.013J ug/L 10/03/17 20:21 91-20-309/22/17 14:430.041 0.0077 1
Phenanthrene 0.0099J ug/L 10/03/17 20:21 85-01-809/22/17 14:430.041 0.0092 1
Pyrene ND ug/L 10/03/17 20:21 129-00-009/22/17 14:430.041 0.0088 1
Surrogates
2-Fluorobiphenyl (S) 79 %. 10/03/17 20:21 321-60-809/22/17 14:4355-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: PGDW23-09212017 Lab ID: 10404274001 Collected: 09/21/17 12:30 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 89 %. 10/03/17 20:21 1718-51-009/22/17 14:4364-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 10/02/17 18:02 87-86-509/22/17 12:370.64 0.30 1
Surrogates
2,4,6-Tribromophenol (S) 32 %. 10/02/17 18:02 118-79-609/22/17 12:3730-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 19:50 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 19:50 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 19:50 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 19:50 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 19:50 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 19:50 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 19:50 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 19:50 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 19:50 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 19:50 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 19:50 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 19:50 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 19:50 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 19:50 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 19:50 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 19:50 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 19:50 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 19:50 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 19:50 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 19:50 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 19:50 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 19:50 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/29/17 19:50 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 19:50 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 19:50 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 19:50 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 19:50 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 19:50 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 19:50 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 19:50 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 19:50 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 19:50 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 19:50 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 19:50 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 19:50 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 19:50 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 19:50 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: PGDW23-09212017 Lab ID: 10404274001 Collected: 09/21/17 12:30 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/29/17 19:50 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 19:50 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 19:50 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 19:50 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 19:50 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 19:50 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 19:50 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 19:50 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 19:50 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 19:50 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 19:50 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 19:50 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 19:50 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 19:50 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 19:50 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 19:50 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 19:50 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 19:50 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 19:50 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 19:50 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 19:50 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 19:50 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 19:50 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 19:50 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 19:50 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 19:50 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 19:50 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 19:50 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 19:50 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 19:50 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 19:50 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 19:50 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 19:50 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 19:50 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 19:50 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 19:50 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 109 %. 09/29/17 19:50 17060-07-075-137 1
Toluene-d8 (S) 104 %. 09/29/17 19:50 2037-26-575-125 1
4-Bromofluorobenzene (S) 99 %. 09/29/17 19:50 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 22:45 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 22:45 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 22:45 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: PGDW23-09212017 Lab ID: 10404274001 Collected: 09/21/17 12:30 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 134 %. 09/27/17 22:45 17060-07-0 S370-130 1
Toluene-d8 (S) 110 %. 09/27/17 22:45 2037-26-570-130 1
4-Bromofluorobenzene (S) 108 %. 09/27/17 22:45 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/03/17 13:325.0 1.4 1
Alkalinity, Total as CaCO3 68.6 mg/L 10/03/17 13:325.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 68.6 mg/L 10/03/17 13:325.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 10/03/17 13:325.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 708 mg/L 09/28/17 13:5920.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.13 mg/L 09/22/17 18:47 24959-67-90.080 0.0070 1
Chloride 19.9 mg/L 09/22/17 18:47 16887-00-61.2 0.14 1
Fluoride 1.0 mg/L 09/22/17 18:47 16984-48-80.050 0.0028 1
Nitrate as N ND mg/L 09/22/17 18:47 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/22/17 18:47 14797-65-00.10 0.016 1
Sulfate 389 mg/L 09/23/17 02:38 14808-79-812.0 2.7 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.52J mg/L 09/26/17 18:27 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: Trip Blank-09212017 Lab ID: 10404274002 Collected: 09/21/17 16:00 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Acetone ND ug/L 09/29/17 13:59 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 13:59 107-05-14.0 1.0 1
tert-Amylmethyl ether ND ug/L 09/29/17 13:59 994-05-80.50 0.12 1
Benzene ND ug/L 09/29/17 13:59 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 13:59 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 13:59 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 13:59 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 13:59 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 13:59 74-83-94.0 1.5 1
2-Butanone (MEK) ND ug/L 09/29/17 13:59 78-93-35.0 2.4 1
tert-Butyl Alcohol ND ug/L 09/29/17 13:59 75-65-010.0 2.2 1
n-Butylbenzene ND ug/L 09/29/17 13:59 104-51-80.50 0.13 1
sec-Butylbenzene ND ug/L 09/29/17 13:59 135-98-80.50 0.12 1
tert-Butylbenzene ND ug/L 09/29/17 13:59 98-06-60.50 0.15 1
Carbon disulfide ND ug/L 09/29/17 13:59 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 13:59 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 13:59 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 13:59 75-00-31.0 0.44 1
Chloroform ND ug/L 09/29/17 13:59 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 13:59 74-87-34.0 1.1 1
2-Chlorotoluene ND ug/L 09/29/17 13:59 95-49-80.50 0.20 1
4-Chlorotoluene ND ug/L 09/29/17 13:59 106-43-40.50 0.13 1
Dibromochloromethane ND ug/L 09/29/17 13:59 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 13:59 74-95-31.0 0.50 1
1,2-Dichlorobenzene ND ug/L 09/29/17 13:59 95-50-10.50 0.21 1
1,3-Dichlorobenzene ND ug/L 09/29/17 13:59 541-73-10.50 0.16 1
1,4-Dichlorobenzene ND ug/L 09/29/17 13:59 106-46-70.50 0.10 1
Dichlorodifluoromethane ND ug/L 09/29/17 13:59 75-71-81.0 0.31 1
1,1-Dichloroethane ND ug/L 09/29/17 13:59 75-34-30.50 0.14 1
1,2-Dichloroethane ND ug/L 09/29/17 13:59 107-06-20.50 0.15 1
1,1-Dichloroethene ND ug/L 09/29/17 13:59 75-35-40.50 0.18 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 13:59 156-59-20.50 0.20 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 13:59 156-60-50.50 0.21 1
Dichlorofluoromethane ND ug/L 09/29/17 13:59 75-43-41.0 0.38 1
1,2-Dichloropropane ND ug/L 09/29/17 13:59 78-87-54.0 0.62 1
1,3-Dichloropropane ND ug/L 09/29/17 13:59 142-28-90.50 0.13 1
2,2-Dichloropropane ND ug/L 09/29/17 13:59 594-20-71.0 0.40 1
1,1-Dichloropropene ND ug/L 09/29/17 13:59 563-58-60.50 0.18 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 13:59 10061-01-50.50 0.12 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 13:59 10061-02-60.50 0.14 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 13:59 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 13:59 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 13:59 64-17-580.0 26.4 1
Ethylbenzene ND ug/L 09/29/17 13:59 100-41-40.50 0.14 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 13:59 637-92-30.50 0.13 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 13:59 87-68-31.0 0.48 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Sample: Trip Blank-09212017 Lab ID: 10404274002 Collected: 09/21/17 16:00 Received: 09/22/17 09:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

2-Hexanone ND ug/L 09/29/17 13:59 591-78-65.0 2.5 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 13:59 98-82-80.50 0.14 1
p-Isopropyltoluene ND ug/L 09/29/17 13:59 99-87-60.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 13:59 75-09-24.0 1.2 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 13:59 108-10-15.0 0.55 1
Methyl-tert-butyl ether ND ug/L 09/29/17 13:59 1634-04-40.50 0.14 1
Naphthalene ND ug/L 09/29/17 13:59 91-20-31.0 0.42 1
2-Propanol 156 ug/L 09/29/17 13:59 67-63-0100 20.6 1
n-Propylbenzene ND ug/L 09/29/17 13:59 103-65-10.50 0.12 1
Styrene ND ug/L 09/29/17 13:59 100-42-50.50 0.14 1
1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 13:59 630-20-60.50 0.14 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 13:59 79-34-50.50 0.19 1
Tetrachloroethene ND ug/L 09/29/17 13:59 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 13:59 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 13:59 108-88-30.50 0.17 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 13:59 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 13:59 120-82-10.50 0.18 1
1,1,1-Trichloroethane ND ug/L 09/29/17 13:59 71-55-60.50 0.15 1
1,1,2-Trichloroethane ND ug/L 09/29/17 13:59 79-00-50.50 0.22 1
Trichloroethene ND ug/L 09/29/17 13:59 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 13:59 75-69-40.50 0.13 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 13:59 76-13-11.0 0.28 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 13:59 95-63-60.50 0.098 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 13:59 108-67-80.50 0.18 1
Vinyl chloride ND ug/L 09/29/17 13:59 75-01-40.20 0.096 1
m&p-Xylene ND ug/L 09/29/17 13:59 179601-23-11.0 0.24 1
o-Xylene ND ug/L 09/29/17 13:59 95-47-60.50 0.11 1
Surrogates
1,2-Dichloroethane-d4 (S) 108 %. 09/29/17 13:59 17060-07-075-137 1
Toluene-d8 (S) 104 %. 09/29/17 13:59 2037-26-575-125 1
4-Bromofluorobenzene (S) 100 %. 09/29/17 13:59 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 19:40 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 19:40 106-93-40.050 0.0071 1
1,2,3-Trichloropropane ND ug/L 09/27/17 19:40 96-18-40.010 0.0045 1
Surrogates
1,2-Dichloroethane-d4 (S) 148 %. 09/27/17 19:40 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 19:40 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/27/17 19:40 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498519
EPA 3010

EPA 6010C
6010C Water

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2710691
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/26/17 23:0024.7
Iron ug/L ND 50.0 09/26/17 23:0016.7
Magnesium ug/L 6.4J 500 09/26/17 23:002.6
Manganese ug/L ND 5.0 09/26/17 23:000.38
Potassium ug/L ND 2500 09/26/17 23:00126
Sodium ug/L ND 1000 09/26/17 23:0044.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2710692LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1930020000 96 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 2050020000 102 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 2060020000 103 80-120
Sodium ug/L 2070020000 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2710693MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404337001

2710694

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 102 75-125103 0 2020000117000 138000 138000
Iron ug/L 20000 101 75-125101 0 20200002170 22300 22300
Magnesium ug/L 20000 104 75-125103 0 202000035000 55800 55600
Manganese ug/L 1000 103 75-125102 0 201000486 1510 1510
Potassium ug/L 20000 114 75-125114 0 20200003170 26100 26000
Sodium ug/L 20000 111 75-125110 0 202000059600 81900 81600
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498756
EPA 3020

EPA 6020A
6020A Water UPD4

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712113
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/27/17 12:170.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712114LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 97.3100 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712115MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404441001

2712116

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 80 75-12587 3 20100171 250 258
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499620
EPA 8260B

EPA 8260B
8260 MSV LL Water

Associated Lab Samples: 10404274001, 10404274002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10404274001, 10404274002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1,1-Trichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.19
1,1,2-Trichloroethane ug/L ND 0.50 09/29/17 12:020.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/29/17 12:020.28
1,1-Dichloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1-Dichloroethene ug/L ND 0.50 09/29/17 12:020.18
1,1-Dichloropropene ug/L ND 0.50 09/29/17 12:020.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.098
1,2-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.21
1,2-Dichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,2-Dichloropropane ug/L ND 4.0 09/29/17 12:020.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.18
1,3-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.16
1,3-Dichloropropane ug/L ND 0.50 09/29/17 12:020.13
1,4-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.10
2,2-Dichloropropane ug/L ND 1.0 09/29/17 12:020.40
2-Butanone (MEK) ug/L ND 5.0 09/29/17 12:022.4
2-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.20
2-Hexanone ug/L ND 5.0 09/29/17 12:022.5
2-Propanol ug/L ND 100 09/29/17 12:0220.6
4-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/29/17 12:020.55
Acetone ug/L ND 20.0 09/29/17 12:028.8
Allyl chloride ug/L ND 4.0 09/29/17 12:021.0
Benzene ug/L ND 0.50 09/29/17 12:020.13
Bromobenzene ug/L ND 0.50 09/29/17 12:020.16
Bromochloromethane ug/L ND 1.0 09/29/17 12:020.38
Bromodichloromethane ug/L ND 0.50 09/29/17 12:020.20
Bromoform ug/L ND 4.0 09/29/17 12:021.0
Bromomethane ug/L ND 4.0 09/29/17 12:021.5
Carbon disulfide ug/L ND 1.0 09/29/17 12:020.37
Carbon tetrachloride ug/L ND 0.50 09/29/17 12:020.20
Chlorobenzene ug/L ND 0.50 09/29/17 12:020.14
Chloroethane ug/L ND 1.0 09/29/17 12:020.44
Chloroform ug/L ND 1.0 09/29/17 12:020.46
Chloromethane ug/L ND 4.0 09/29/17 12:021.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.12
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10404274001, 10404274002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 09/29/17 12:020.13
Dibromomethane ug/L ND 1.0 09/29/17 12:020.50
Dichlorodifluoromethane ug/L ND 1.0 09/29/17 12:020.31
Dichlorofluoromethane ug/L ND 1.0 09/29/17 12:020.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/29/17 12:021.3
Diisopropyl ether ug/L ND 1.0 09/29/17 12:020.12
Ethanol ug/L ND 80.0 09/29/17 12:0226.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.13
Ethylbenzene ug/L ND 0.50 09/29/17 12:020.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/29/17 12:020.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/29/17 12:020.14
m&p-Xylene ug/L ND 1.0 09/29/17 12:020.24
Methyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.14
Methylene Chloride ug/L ND 4.0 09/29/17 12:021.2
n-Butylbenzene ug/L ND 0.50 09/29/17 12:020.13
n-Propylbenzene ug/L ND 0.50 09/29/17 12:020.12
Naphthalene ug/L ND 1.0 09/29/17 12:020.42
o-Xylene ug/L ND 0.50 09/29/17 12:020.11
p-Isopropyltoluene ug/L ND 0.50 09/29/17 12:020.14
sec-Butylbenzene ug/L ND 0.50 09/29/17 12:020.12
Styrene ug/L ND 0.50 09/29/17 12:020.14
tert-Amylmethyl ether ug/L ND 0.50 09/29/17 12:020.12
tert-Butyl Alcohol ug/L ND 10.0 09/29/17 12:022.2
tert-Butylbenzene ug/L ND 0.50 09/29/17 12:020.15
Tetrachloroethene ug/L ND 0.50 09/29/17 12:020.16
Tetrahydrofuran ug/L ND 10.0 09/29/17 12:024.3
Toluene ug/L ND 0.50 09/29/17 12:020.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.21
trans-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.14
Trichloroethene ug/L ND 0.40 09/29/17 12:020.18
Trichlorofluoromethane ug/L ND 0.50 09/29/17 12:020.13
Vinyl chloride ug/L ND 0.20 09/29/17 12:020.096
1,2-Dichloroethane-d4 (S) %. 106 75-137 09/29/17 12:02
4-Bromofluorobenzene (S) %. 101 75-125 09/29/17 12:02
Toluene-d8 (S) %. 104 75-125 09/29/17 12:02

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.220 101 75-136
1,1,1-Trichloroethane ug/L 20.720 104 75-129
1,1,2,2-Tetrachloroethane ug/L 21.620 108 71-138
1,1,2-Trichloroethane ug/L 21.620 108 75-125
1,1,2-Trichlorotrifluoroethane ug/L 20.020 100 69-126
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 20.620 103 75-125
1,1-Dichloroethene ug/L 19.920 99 75-125
1,1-Dichloropropene ug/L 19.720 99 75-125
1,2,3-Trichlorobenzene ug/L 20.920 104 75-125
1,2,4-Trichlorobenzene ug/L 18.720 93 75-125
1,2,4-Trimethylbenzene ug/L 21.820 109 75-125
1,2-Dichlorobenzene ug/L 21.020 105 75-125
1,2-Dichloroethane ug/L 19.420 97 70-125
1,2-Dichloropropane ug/L 20.120 100 75-125
1,3,5-Trimethylbenzene ug/L 22.020 110 75-125
1,3-Dichlorobenzene ug/L 21.420 107 75-125
1,3-Dichloropropane ug/L 21.020 105 75-125
1,4-Dichlorobenzene ug/L 21.120 105 75-125
2,2-Dichloropropane ug/L 21.020 105 70-131
2-Butanone (MEK) ug/L 96.7100 97 69-125
2-Chlorotoluene ug/L 21.620 108 75-125
2-Hexanone ug/L 113100 113 73-129
2-Propanol ug/L 193200 97 50-150
4-Chlorotoluene ug/L 21.920 110 75-125
4-Methyl-2-pentanone (MIBK) ug/L 111100 111 73-125
Acetone ug/L 125100 125 66-126
Allyl chloride ug/L 19.620 98 71-125
Benzene ug/L 19.920 100 75-125
Bromobenzene ug/L 21.320 107 75-125
Bromochloromethane ug/L 20.920 104 75-126
Bromodichloromethane ug/L 20.020 100 75-133
Bromoform ug/L 17.420 87 62-142
Bromomethane ug/L 15.020 75 34-143
Carbon disulfide ug/L 18.120 91 71-125
Carbon tetrachloride ug/L 20.620 103 71-145
Chlorobenzene ug/L 20.820 104 75-125
Chloroethane ug/L 21.520 108 75-125
Chloroform ug/L 19.720 98 75-125
Chloromethane ug/L 19.220 96 54-125
cis-1,2-Dichloroethene ug/L 21.220 106 75-125
cis-1,3-Dichloropropene ug/L 19.620 98 75-125
Dibromochloromethane ug/L 20.020 100 74-141
Dibromomethane ug/L 20.120 101 75-125
Dichlorodifluoromethane ug/L 19.520 97 59-130
Dichlorofluoromethane ug/L 20.320 102 75-125
Diethyl ether (Ethyl ether) ug/L 20.620 103 75-125
Diisopropyl ether ug/L 19.420 97 69-125
Ethanol ug/L 414400 104 49-150
Ethyl-tert-butyl ether ug/L 20.220 101 73-125
Ethylbenzene ug/L 21.020 105 75-125
Hexachloro-1,3-butadiene ug/L 19.620 98 75-131
Isopropylbenzene (Cumene) ug/L 20.720 103 75-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 42.440 106 75-125
Methyl-tert-butyl ether ug/L 20.220 101 75-125
Methylene Chloride ug/L 19.220 96 73-125
n-Butylbenzene ug/L 20.920 105 75-125
n-Propylbenzene ug/L 21.520 108 75-125
Naphthalene ug/L 18.520 92 74-125
o-Xylene ug/L 20.620 103 75-125
p-Isopropyltoluene ug/L 20.520 103 75-125
sec-Butylbenzene ug/L 21.420 107 75-125
Styrene ug/L 19.220 96 75-125
tert-Amylmethyl ether ug/L 19.920 99 71-126
tert-Butyl Alcohol ug/L 219200 110 69-131
tert-Butylbenzene ug/L 21.520 107 75-125
Tetrachloroethene ug/L 20.920 104 75-125
Tetrahydrofuran ug/L 256 L3200 128 65-127
Toluene ug/L 20.320 102 75-125
trans-1,2-Dichloroethene ug/L 19.520 98 75-125
trans-1,3-Dichloropropene ug/L 19.620 98 75-125
Trichloroethene ug/L 20.520 103 75-125
Trichlorofluoromethane ug/L 21.120 106 71-140
Vinyl chloride ug/L 20.920 105 70-125
1,2-Dichloroethane-d4 (S) %. 106 75-137
4-Bromofluorobenzene (S) %. 99 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 101 75-137100 1 3020ND 20.1 20.0
1,1,1-Trichloroethane ug/L 20 103 75-139102 2 3020ND 20.7 20.3
1,1,2,2-Tetrachloroethane ug/L 20 103 60-14299 3 3020ND 20.5 19.8
1,1,2-Trichloroethane ug/L 20 102 75-128103 1 3020ND 20.3 20.6
1,1,2-Trichlorotrifluoroethane ug/L 20 111 62-150109 2 3020ND 22.2 21.8
1,1-Dichloroethane ug/L 20 99 70-12998 1 3020ND 19.9 19.6
1,1-Dichloroethene ug/L 20 102 67-141102 1 3020ND 20.4 20.5
1,1-Dichloropropene ug/L 20 103 64-144100 3 3020ND 20.6 20.0
1,2,3-Trichlorobenzene ug/L 20 113 66-139105 8 3020ND 22.6 20.9
1,2,4-Trichlorobenzene ug/L 20 99 65-13892 7 3020ND 19.9 18.5
1,2,4-Trimethylbenzene ug/L 20 105 65-143102 2 3020ND 20.9 20.4
1,2-Dichlorobenzene ug/L 20 104 68-13597 7 3020ND 20.8 19.4
1,2-Dichloroethane ug/L 20 91 73-12587 4 3020ND 18.3 17.5
1,2-Dichloropropane ug/L 20 96 64-13094 2 3020ND 19.1 18.7
1,3,5-Trimethylbenzene ug/L 20 108 64-146104 4 3020ND 21.5 20.8
1,3-Dichlorobenzene ug/L 20 104 69-135101 3 3020ND 20.9 20.1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 101 67-12899 1 3020ND 20.1 19.9
1,4-Dichlorobenzene ug/L 20 103 66-13498 5 3020ND 20.6 19.6
2,2-Dichloropropane ug/L 20 104 50-150102 2 3020ND 20.7 20.3
2-Butanone (MEK) ug/L 100 88 58-12587 1 30100ND 87.9 86.9
2-Chlorotoluene ug/L 20 103 65-138101 2 3020ND 20.6 20.2
2-Hexanone ug/L 100 105 61-134104 0 30100ND 105 104
2-Propanol ug/L 200 97 51-150100 3 30200ND 193 200
4-Chlorotoluene ug/L 20 108 68-135103 5 3020ND 21.7 20.7
4-Methyl-2-pentanone
(MIBK)

ug/L 100 104 61-130104 0 30100ND 104 104

Acetone ug/L 100 125 51-140126 1 30100ND 125 126
Allyl chloride ug/L 20 95 61-12594 1 3020ND 19.1 18.9
Benzene ug/L 20 97 63-13294 3 3020ND 19.4 18.9
Bromobenzene ug/L 20 103 67-138100 3 3020ND 20.7 20.0
Bromochloromethane ug/L 20 95 66-13893 2 3020ND 19.0 18.6
Bromodichloromethane ug/L 20 97 75-13794 3 3020ND 19.3 18.7
Bromoform ug/L 20 87 65-12986 1 3020ND 17.3 17.2
Bromomethane ug/L 20 81 41-15095 16 3020ND 16.2 19.0
Carbon disulfide ug/L 20 95 72-13293 2 3020ND 19.0 18.6
Carbon tetrachloride ug/L 20 106 75-150102 3 3020ND 21.1 20.4
Chlorobenzene ug/L 20 100 73-12797 3 3020ND 20.1 19.5
Chloroethane ug/L 20 104 74-138106 1 3020ND 20.9 21.1
Chloroform ug/L 20 94 74-12588 6 3020ND 18.7 17.6
Chloromethane ug/L 20 91 58-12992 1 3020ND 18.1 18.4
cis-1,2-Dichloroethene ug/L 20 98 63-13595 3 3020ND 19.5 19.0
cis-1,3-Dichloropropene ug/L 20 89 66-12988 2 3020ND 17.8 17.6
Dibromochloromethane ug/L 20 96 75-13394 3 3020ND 19.3 18.7
Dibromomethane ug/L 20 95 68-13493 3 3020ND 19.1 18.6
Dichlorodifluoromethane ug/L 20 109 72-150111 1 3020ND 21.8 22.1
Dichlorofluoromethane ug/L 20 99 75-129101 2 3020ND 19.8 20.2
Diethyl ether (Ethyl ether) ug/L 20 97 73-12594 3 3020ND 19.4 18.7
Diisopropyl ether ug/L 20 91 62-12890 1 3020ND 18.1 17.9
Ethanol ug/L 400 88 43-15092 5 30400ND 351 368
Ethyl-tert-butyl ether ug/L 20 92 63-13292 0 3020ND 18.4 18.4
Ethylbenzene ug/L 20 103 72-130103 0 3020ND 20.6 20.5
Hexachloro-1,3-butadiene ug/L 20 115 71-150113 1 3020ND 23.0 22.7
Isopropylbenzene (Cumene) ug/L 20 102 70-136100 2 3020ND 20.3 19.9
m&p-Xylene ug/L 40 104 64-142102 2 3040ND 41.6 40.7
Methyl-tert-butyl ether ug/L 20 93 72-12593 0 3020ND 18.7 18.6
Methylene Chloride ug/L 20 92 60-13289 3 3020ND 18.4 17.8
n-Butylbenzene ug/L 20 109 60-150105 4 3020ND 21.8 21.0
n-Propylbenzene ug/L 20 109 63-142103 6 3020ND 21.8 20.6
Naphthalene ug/L 20 92 67-12590 2 3020ND 18.5 18.0
o-Xylene ug/L 20 102 60-14398 4 3020ND 20.4 19.6
p-Isopropyltoluene ug/L 20 102 64-14699 3 3020ND 20.4 19.7
sec-Butylbenzene ug/L 20 110 67-144105 5 3020ND 22.0 20.9
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 91 67-13690 1 3020ND 18.3 18.0
tert-Amylmethyl ether ug/L 20 95 60-13492 3 3020ND 18.9 18.4
tert-Butyl Alcohol ug/L 200 95 56-14698 3 30200ND 190 197
tert-Butylbenzene ug/L 20 107 68-135102 5 3020ND 21.5 20.5
Tetrachloroethene ug/L 20 104 67-148100 4 3020ND 20.7 20.0
Tetrahydrofuran ug/L 200 128 51-141120 6 30200ND 256 240
Toluene ug/L 20 100 61-14097 3 3020ND 20.0 19.4
trans-1,2-Dichloroethene ug/L 20 97 62-13896 1 3020ND 19.3 19.2
trans-1,3-Dichloropropene ug/L 20 95 67-13492 2 3020ND 18.9 18.5
Trichloroethene ug/L 20 101 64-14999 2 3020ND 20.2 19.9
Trichlorofluoromethane ug/L 20 112 75-150116 3 3020ND 22.4 23.1
Vinyl chloride ug/L 20 107 75-133109 3 3020ND 21.3 21.9
1,2-Dichloroethane-d4 (S) %. 102 75-137103
4-Bromofluorobenzene (S) %. 100 75-12599
Toluene-d8 (S) %. 105 75-125104
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499246
EPA 8260B

EPA 8260B
8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10404274001, 10404274002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216
Associated Lab Samples: 10404274001, 10404274002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498351
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709301
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/29/17 09:164.2
1,2-Dichlorobenzene ug/L ND 10.0 09/29/17 09:163.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/29/17 09:161.3
1,3-Dichlorobenzene ug/L ND 10.0 09/29/17 09:164.2
1,4-Dichlorobenzene ug/L ND 10.0 09/29/17 09:163.4
1-Methylnaphthalene ug/L ND 10.0 09/29/17 09:162.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/29/17 09:161.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/29/17 09:161.1
2,4-Dichlorophenol ug/L ND 10.0 09/29/17 09:161.6
2,4-Dimethylphenol ug/L ND 50.0 09/29/17 09:162.8
2,4-Dinitrophenol ug/L ND 10.0 09/29/17 09:162.5
2,4-Dinitrotoluene ug/L ND 10.0 09/29/17 09:161.3
2,6-Dinitrotoluene ug/L ND 10.0 09/29/17 09:160.64
2-Chloronaphthalene ug/L ND 10.0 09/29/17 09:162.2
2-Chlorophenol ug/L ND 10.0 09/29/17 09:161.1
2-Methylnaphthalene ug/L ND 10.0 09/29/17 09:162.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/29/17 09:161.9
2-Nitroaniline ug/L ND 10.0 09/29/17 09:161.5
2-Nitrophenol ug/L ND 10.0 09/29/17 09:161.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/29/17 09:161.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/29/17 09:161.2
3-Nitroaniline ug/L ND 10.0 09/29/17 09:161.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/29/17 09:161.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/29/17 09:162.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/29/17 09:161.5
4-Chloroaniline ug/L ND 50.0 09/29/17 09:161.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/29/17 09:161.5
4-Nitroaniline ug/L ND 10.0 09/29/17 09:162.0
4-Nitrophenol ug/L ND 10.0 09/29/17 09:162.6
Benzoic acid ug/L ND 50.0 09/29/17 09:161.6
Benzyl alcohol ug/L ND 10.0 09/29/17 09:161.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/29/17 09:161.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/29/17 09:161.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 SS09/29/17 09:161.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/29/17 09:164.6
Butylbenzylphthalate ug/L ND 10.0 09/29/17 09:161.8
Carbazole ug/L ND 10.0 09/29/17 09:161.1
Di-n-butylphthalate ug/L ND 10.0 09/29/17 09:161.4
Di-n-octylphthalate ug/L ND 10.0 09/29/17 09:162.0
Dibenzofuran ug/L ND 10.0 09/29/17 09:161.6
Diethylphthalate ug/L ND 10.0 09/29/17 09:161.4
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709301
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/29/17 09:161.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/29/17 09:163.2
Hexachlorobenzene ug/L ND 10.0 09/29/17 09:162.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/29/17 09:1618.8
Hexachloroethane ug/L ND 10.0 09/29/17 09:163.4
Isophorone ug/L ND 10.0 09/29/17 09:161.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/29/17 09:161.0
N-Nitrosodimethylamine ug/L ND 10.0 09/29/17 09:161.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/29/17 09:161.1
Nitrobenzene ug/L ND 10.0 09/29/17 09:161.3
Phenol ug/L ND 10.0 09/29/17 09:161.2
Pyridine ug/L ND 10.0 09/29/17 09:162.5
2,4,6-Tribromophenol (S) %. 72 66-125 09/29/17 09:16
2-Fluorobiphenyl (S) %. 49 30-125 09/29/17 09:16
2-Fluorophenol (S) %. 58 49-125 09/29/17 09:16
Nitrobenzene-d5 (S) %. 54 44-125 09/29/17 09:16
p-Terphenyl-d14 (S) %. 69 31-125 09/29/17 09:16
Phenol-d6 (S) %. 58 59-125 S009/29/17 09:16

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709302LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709303

1,2,4-Trichlorobenzene ug/L 36.250 72 50-1257336.5 1 20
1,2-Dichlorobenzene ug/L 32.950 66 40-1257135.4 7 20
1,2-Diphenylhydrazine ug/L 44.950 90 66-1259045.1 1 20
1,3-Dichlorobenzene ug/L 33.150 66 37-1256733.4 1 20
1,4-Dichlorobenzene ug/L 33.150 66 38-1256833.8 2 20
1-Methylnaphthalene ug/L 42.250 84 64-1258240.9 3 20
2,4,5-Trichlorophenol ug/L 41.950 84 72-1258542.4 1 20
2,4,6-Trichlorophenol ug/L 42.350 85 70-1258442.0 1 20
2,4-Dichlorophenol ug/L 40.650 81 66-1257839.1 4 20
2,4-Dimethylphenol ug/L 35.8J50 72 30-1257236.1J 20
2,4-Dinitrophenol ug/L 34.950 70 30-1256632.9 6 20
2,4-Dinitrotoluene ug/L 45.050 90 74-1259044.8 0 20
2,6-Dinitrotoluene ug/L 44.450 89 75-1258442.2 5 20
2-Chloronaphthalene ug/L 42.450 85 68-1258240.9 4 20
2-Chlorophenol ug/L 36.950 74 59-1257738.7 5 20
2-Methylnaphthalene ug/L 42.050 84 63-1258341.4 1 20
2-Methylphenol(o-Cresol) ug/L 39.150 78 59-1257638.2 2 20
2-Nitroaniline ug/L 44.450 89 71-1259045.0 1 20
2-Nitrophenol ug/L 38.550 77 64-1257839.0 1 20
3&4-Methylphenol(m&p Cresol) ug/L 40.150 80 62-1257838.8 3 20
3,3'-Dichlorobenzidine ug/L 44.4J50 89 61-1259044.8J 20
3-Nitroaniline ug/L 46.650 93 60-1259145.3 3 20
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709302LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709303

4,6-Dinitro-2-methylphenol ug/L 40.550 81 30-1367738.7 5 20
4-Bromophenylphenyl ether ug/L 44.150 88 73-1258643.2 2 20
4-Chloro-3-methylphenol ug/L 43.850 88 71-1258844.0 1 20
4-Chloroaniline ug/L 39.6J50 79 50-1258039.9J 20
4-Chlorophenylphenyl ether ug/L 43.450 87 72-1258642.9 1 20
4-Nitroaniline ug/L 42.650 85 63-1258442.2 1 20
4-Nitrophenol ug/L 42.550 85 66-1258542.6 0 20
Benzoic acid ug/L 26.3J 1M50 53 30-1255628.0J 20
Benzyl alcohol ug/L 40.150 80 63-1258140.4 1 20
bis(2-Chloroethoxy)methane ug/L 40.450 81 66-1257638.2 6 20
bis(2-Chloroethyl) ether ug/L 36.450 73 58-1257437.2 2 20
bis(2-Chloroisopropyl) ether ug/L 33.4 SS50 67 53-1257035.1 5 20
bis(2-Ethylhexyl)phthalate ug/L 50.650 101 73-12510251.1 1 20
Butylbenzylphthalate ug/L 48.650 97 73-1259648.2 1 20
Carbazole ug/L 44.050 88 75-1258944.4 1 20
Di-n-butylphthalate ug/L 47.050 94 75-1259346.6 1 20
Di-n-octylphthalate ug/L 49.650 99 75-12510049.8 0 20
Dibenzofuran ug/L 44.650 89 72-1258743.4 3 20
Diethylphthalate ug/L 45.650 91 75-1259045.1 1 20
Dimethylphthalate ug/L 44.850 90 75-1259044.8 0 20
Hexachloro-1,3-butadiene ug/L 35.950 72 39-1257035.0 3 20
Hexachlorobenzene ug/L 44.450 89 75-1258944.4 0 20
Hexachlorocyclopentadiene ug/L 22.5J50 45 30-1254723.6J 20
Hexachloroethane ug/L 31.850 64 30-1256733.4 5 20
Isophorone ug/L 43.050 86 70-1258442.1 2 20
N-Nitroso-di-n-propylamine ug/L 40.350 81 65-1258241.1 2 20
N-Nitrosodimethylamine ug/L 34.950 70 46-1257537.7 8 20
N-Nitrosodiphenylamine ug/L 42.450 85 72-1258743.5 3 20
Nitrobenzene ug/L 38.750 77 65-1257738.3 1 20
Phenol ug/L 36.950 74 60-1257336.4 1 20
Pyridine ug/L ND L250 2 30-1250ND 20
2,4,6-Tribromophenol (S) %. 96 66-12597
2-Fluorobiphenyl (S) %. 75 30-12572
2-Fluorophenol (S) %. 74 49-12577
Nitrobenzene-d5 (S) %. 71 44-12570
p-Terphenyl-d14 (S) %. 85 31-12584
Phenol-d6 (S) %. 78 59-12578
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498415
EPA Mod. 3510C

EPA 8270D by SIM
8270D PAH by SIM MSSV

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709651
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 10/03/17 16:440.0056
Acenaphthylene ug/L ND 0.040 10/03/17 16:440.0066
Anthracene ug/L ND 0.040 10/03/17 16:440.0079
Benzo(a)anthracene ug/L ND 0.040 10/03/17 16:440.0078
Benzo(a)pyrene ug/L ND 0.040 10/03/17 16:440.0043
Benzo(b)fluoranthene ug/L ND 0.040 10/03/17 16:440.0048
Benzo(e)pyrene ug/L ND 0.040 10/03/17 16:440.0055
Benzo(g,h,i)perylene ug/L ND 0.040 10/03/17 16:440.0075
Benzo(k)fluoranthene ug/L ND 0.040 10/03/17 16:440.0048
Chrysene ug/L ND 0.040 10/03/17 16:440.0058
Dibenz(a,h)anthracene ug/L ND 0.040 10/03/17 16:440.011
Fluoranthene ug/L ND 0.040 10/03/17 16:440.0072
Fluorene ug/L ND 0.040 10/03/17 16:440.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 10/03/17 16:440.0036
Naphthalene ug/L ND 0.040 10/03/17 16:440.0075
Phenanthrene ug/L ND 0.040 10/03/17 16:440.0088
Pyrene ug/L ND 0.040 10/03/17 16:440.0084
2-Fluorobiphenyl (S) %. 67 55-125 10/03/17 16:44
p-Terphenyl-d14 (S) %. 93 64-125 10/03/17 16:44

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709652LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709653

Acenaphthene ug/L 0.651 65 51-125700.70 6 20
Acenaphthylene ug/L 0.631 63 54-125680.68 7 20
Anthracene ug/L 0.861 86 64-125870.87 2 20
Benzo(a)anthracene ug/L 0.891 89 63-125860.86 3 20
Benzo(a)pyrene ug/L 0.961 96 72-125900.90 6 20
Benzo(b)fluoranthene ug/L 0.891 89 60-125930.93 5 20
Benzo(e)pyrene ug/L 0.881 88 69-125870.87 2 20
Benzo(g,h,i)perylene ug/L 0.921 92 52-125890.89 3 20
Benzo(k)fluoranthene ug/L 1.01 101 71-125830.83 20 20
Chrysene ug/L 0.931 93 72-125880.88 6 20
Dibenz(a,h)anthracene ug/L 0.941 94 49-125920.92 2 20
Fluoranthene ug/L 0.951 95 71-125940.94 1 20
Fluorene ug/L 0.711 71 56-125730.73 3 20
Indeno(1,2,3-cd)pyrene ug/L 0.961 96 59-125910.91 5 20
Naphthalene ug/L 0.581 58 41-125660.66 13 20
Phenanthrene ug/L 0.801 80 57-125830.83 3 20
Pyrene ug/L 0.871 87 71-125870.87 0 20
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709652LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709653

2-Fluorobiphenyl (S) %. 70 55-12575
p-Terphenyl-d14 (S) %. 94 64-12587
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498353
EPA Mod. 3510C

EPA 8270D by SIM
8270D PCP MSSV

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709309
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 20:280.28
2,4,6-Tribromophenol (S) %. 88 30-132 09/27/17 20:28

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709310LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 77 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709311MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709312

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L M11.1 8 30-1258 301ND ND ND
2,4,6-Tribromophenol (S) %. 32 30-13230
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500191
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2719380
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/03/17 09:491.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/03/17 09:491.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/03/17 09:491.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/03/17 09:491.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2719381LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2719382

Alkalinity, Total as CaCO3 mg/L 42.140 105 90-11010843.2 3 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719383MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404194006

2719384

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 104 80-120111 1 3040220 262 265

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719385MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404281001

2719386

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 120 80-120107 2 3040286 334 329
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499403
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2715099
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/28/17 13:595.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2715100LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 10201000 102 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10404194003
2715101SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 258 0 10258

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10404701001
2715102SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 1890 2 101930
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498391
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709550
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/25/17 08:510.0070
Chloride mg/L ND 1.2 09/25/17 08:510.14
Fluoride mg/L ND 0.050 09/25/17 08:510.0028
Nitrate as N mg/L ND 0.10 09/25/17 08:510.0079
Nitrite as N mg/L ND 0.10 09/25/17 08:510.016
Sulfate mg/L ND 1.2 09/25/17 08:510.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709551LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.991 99 90-110
Chloride mg/L 12.812.5 103 90-110
Fluoride mg/L 1.01 101 90-110
Nitrate as N mg/L 1.01 100 90-110
Nitrite as N mg/L 1.01 100 90-110
Sulfate mg/L 12.512.5 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709552MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403539002

2709553

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11095 0 2010.10 1.0 1.1
Chloride mg/L 12.5 94 90-11094 0 2012.55.8 17.6 17.6
Fluoride mg/L 1 95 90-11095 0 2010.10 1.1 1.1
Nitrate as N mg/L 1 97 90-11097 0 201ND 0.97 0.97
Nitrite as N mg/L 1 90 90-11090 1 201ND 0.90 0.90
Sulfate mg/L 12.5 95 90-11095 0 2012.52.5 14.3 14.3

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709554MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403539007

2709555

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11098 1 201ND 0.98 0.98
Chloride mg/L 12.5 95 90-11094 0 2012.55.5 17.3 17.3
Fluoride mg/L 1 95 90-11094 1 2010.18 1.1 1.1
Nitrate as N mg/L 1 96 90-11096 0 2010.30 1.3 1.3
Nitrite as N mg/L 1 96 90-11095 1 201ND 0.96 0.95
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709554MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403539007

2709555

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M112.5 89 90-11088 1 2012.510.9 22.0 21.9
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

268529
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10404274001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1577694
Associated Lab Samples: 10404274001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/26/17 13:560.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1577695LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 101 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1577696MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

1577697

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 111 80-120110 0 1010.40J 1.5 1.5

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:10 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 44 of 161

44 of 266610404274



#=QL#

QUALIFIERS

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte was detected in the associated method blank.B
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

L3

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Surrogate recovery outside laboratory control limits.S0
Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3
This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

SS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10404274
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10404274001 498519 498808PGDW23-09212017 EPA 3010 EPA 6010C

10404274001 498756 498978PGDW23-09212017 EPA 3020 EPA 6020A

10404274001 498351 499635PGDW23-09212017 EPA 3520 EPA 8270D

10404274001 498415 500339PGDW23-09212017 EPA Mod. 3510C EPA 8270D by SIM

10404274001 498353 498854PGDW23-09212017 EPA Mod. 3510C EPA 8270D by SIM

10404274001 499620PGDW23-09212017 EPA 8260B
10404274002 499620Trip Blank-09212017 EPA 8260B

10404274001 499246PGDW23-09212017 EPA 8260B
10404274002 499246Trip Blank-09212017 EPA 8260B

10404274001 500191PGDW23-09212017 SM 2320B

10404274001 499403PGDW23-09212017 SM 2540C

10404274001 498391PGDW23-09212017 EPA 300.0

10404274001 268529PGDW23-09212017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:10 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Lab Smp Id: 10404274001
Inj Date : 29-SEP-2017 19:50
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404274001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 191264 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 889480 465.051270 465 0 0 20

Isobutane CAS #: 75-28-5

0.987 51661 27.0102172 27.0 42 NIST05.L 230 20

Propane, 2-bromo-2-methyl- CAS #: 507-19-7

1.078 61786 32.3041083 32.3 39 NIST05.L 15447 20

Unknown CAS #:

2.682 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Lab Smp Id: 10404274001
Inj Date : 29-SEP-2017 19:50
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404274001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected. (D)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 113041 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 199837 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 175779 54.2685 54.3(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 345285 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.980 4.979 (1.000) 44268 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 406969 52.2010 52.2

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 305050 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 141310 49.7249 49.7

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 148531 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Lab Smp Id: 10404274001
Inj Date : 29-SEP-2017 19:50
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404274001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 28
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 191264 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 889480 465.051270 465 0 0 20

Isobutane CAS #: 75-28-5

0.987 51661 27.0102172 27.0 42 NIST05.L 230 20

Propane, 2-bromo-2-methyl- CAS #: 507-19-7

1.078 61786 32.3041083 32.3 39 NIST05.L 15447 20

Unknown CAS #:

2.682 0 0.00000000 0.00 0 0 9
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272028.D
Report Date: 19-Oct-2017 13:51

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404274001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 29-SEP-2017 19:50

CONCENTRATION UNITS:
Number TICs found: 4 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.865| 465| _J__|
| 2. 75-28-5 |Isobutane | 0.987| 27.0| NJ__|
| 3. 507-19-7 |Propane, 2-bromo-2-methyl- | 1.078| 32.3| NJ__|
| 4. |Unknown | 2.682| 0.00| ____|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Lab Smp Id: 10404274002
Inj Date : 29-SEP-2017 13:59
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404274002,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 13
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 878 0.13938 0.14(a)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.919 (0.385) 55261 156.146 156(M)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 120550 100.000

21 Acetone 58 1.998 1.998 (1.019) 3218 2.08653 2.1(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 204577 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 178501 53.8320 53.8(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 352055 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 48358 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 422206 52.2377 52.2

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 316249 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 146426 49.9314 49.9

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 153272 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Lab Smp Id: 10404274002
Inj Date : 29-SEP-2017 13:59
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404274002,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 13
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 878 0.13938 0.14(a)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.919 (0.385) 55261 156.146 156(M)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 120550 100.000

21 Acetone 58 1.998 1.998 (1.019) 3218 2.08653 2.1(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 204577 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 178501 53.8320 53.8(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 352055 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 48358 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 422206 52.2377 52.2

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272013.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 316249 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 146426 49.9314 49.9

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 153272 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 1
Report Date: 05-Oct-2017 14:57

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D
Lab Smp Id: 10404274001 Client Smp ID: PGDW23-09212017
Inj Date : 29-SEP-2017 20:30
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404274001,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:50 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 930.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.170 3.170 (0.718) 166601 74.7522 80.4

$ 4 Phenol-d6 (S) 99 4.046 4.046 (0.916) 197293 73.7984 79.4

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.414 4.415 (1.000) 71991 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.029 5.034 (0.860) 143545 50.3696 54.2

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 2
Report Date: 05-Oct-2017 14:57

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.846 5.852 (1.000) 260533 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.150 7.155 (0.896) 260263 49.9108 53.7

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.983 7.994 (1.000) 128576 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected.

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.977 8.988 (1.124) 63253 91.5915 98.5

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.842 9.842 (1.000) 252820 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.824 11.830 (0.900) 356918 61.5793 66.2

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.144 13.149 (1.000) 241546 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.

Page 69 of 161

69 of 266610404274



Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 3
Report Date: 05-Oct-2017 14:57

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.853 14.859 (1.000) 253562 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 1
Report Date: 05-Oct-2017 14:57

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D
Lab Smp Id: 10404274001 Client Smp ID: PGDW23-09212017
Inj Date : 29-SEP-2017 20:30
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404274001,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:50 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 930.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.170 3.170 (0.718) 166601 74.7522 80.4

$ 4 Phenol-d6 (S) 99 4.046 4.046 (0.916) 197293 73.7984 79.4

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.414 4.415 (1.000) 71991 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.029 5.034 (0.860) 143545 50.3696 54.2

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 2
Report Date: 05-Oct-2017 14:57

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.846 5.852 (1.000) 260533 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.150 7.155 (0.896) 260263 49.9108 53.7

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.983 7.994 (1.000) 128576 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected.

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.977 8.988 (1.124) 63253 91.5915 98.5

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.842 9.842 (1.000) 252820 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.824 11.830 (0.900) 356918 61.5793 66.2

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.144 13.149 (1.000) 241546 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291728.D Page 3
Report Date: 05-Oct-2017 14:57

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.853 14.859 (1.000) 253562 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
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06-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091407

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 23-Sep-2017 09:45 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 06-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091407
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091407-01 PGDW23-09212017 Water 9/21/2017 12:30 9/23/2017 09:45

Sample Summary Page 1 of  1
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Date: 06-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091407
Case Narrative

Samples for the above noted Work Order were received on 09/23/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 06-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091407

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW23-09212017

Collection Date: 9/21/2017 12:30 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091407

Dilution
Factor

Lab ID: 17091407-01

ALS Group, USA Date: 06-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/26/2017 06:27 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 06-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091407
QC BATCH REPORT

Batch ID: R221109 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:41 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667000

MBLK

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221109-R221109

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:50 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667001

LCS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221109-R221109

0025Acrylamide 107  50-1500.1026.64

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:59 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667003

MS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMS

0050Acrylamide 97.2  50-1500.2048.62

Qual
RPD 
Limit

Analysis Date: 9/26/2017 06:08 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667004

MSD

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMSD

48.62050Acrylamide 95.9  50-150 300.20 1.3947.95

The following samples were analyzed in this batch: 17091407-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.

Page 80 of 161

80 of 266610404274



Page 81 of 161

81 of 266610404274



ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091407

Date/Time Received: 23-Sep-17 09:45

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 5.0/5.0 c

Login Notes:

SR2

Cooler(s)/Kit(s):

23-Sep-17 25-Sep-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/23/2017 10:34:12 AM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1734085

Pace Analytical Services

10404274

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/05/17

Eight Walkup Drive, Westborough, MA  01581-1019

Lab Number:

Report Date:

508-898-9220  (Fax) 508-898-9193  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10051715:23

Page 1 of 19
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L1734085-01

Alpha 
Sample ID

PGDW23-09212017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10404274

Project Name:
Project Number:

Lab Number: 
Report Date:

L1734085
10/05/17

09/21/17 12:30

Collection 
Date/TimeMatrix Receive Date

WATER 09/23/17

Serial_No:10051715:23
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1209662 PAVILLION WY WELL FLD

10404274

Project Name:

Project Number:

Lab Number:

Report Date:
L1734085

10/05/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/05/17                  

Serial_No:10051715:23
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ORGANICS

Serial_No:10051715:23
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PESTICIDES

Serial_No:10051715:23
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404274

L1734085

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

10/05/17

PGDW23-09212017Client ID:
09/21/17 12:30Date Collected:
09/23/17Date Received:

WYSample Location:

L1734085-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 08:54
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:23
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404274

L1734085

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

60

75

64

75

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW23-09212017Client ID:
09/21/17 12:30Date Collected:
09/23/17Date Received:

WYSample Location:

L1734085-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:23
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404274

L1734085

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1045188-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10051715:23
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404274

L1734085

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1045188-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

67

69

73

69

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10051715:23
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 69

 74

 83

 91

 75

 76

 82

 77

 81

 78

 78

 83

 88

 76

 80

 82

 84

 83

 85

 72

 87

 84

79

66

71

80

88

72

74

81

75

81

77

78

83

88

76

80

83

85

83

85

69

87

85

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

4

4

4

4

3

5

3

1

2

1

1

1

1

0

0

0

0

0

0

0

5

0

1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404274

L1734085

10/05/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10051715:23
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Endrin ketone

Methoxychlor

Mirex

 100

 78

 70

101

80

70

40-140

40-140

40-140

1

2

0

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404274

L1734085

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10051715:23
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Heptachlor epoxide

Oxychlordane

 85

 84

84

82

40-140

40-140

2

3

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404274

L1734085

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10051715:23
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*Values in parentheses indicate holding time in days

L1734085-01A

L1734085-01B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

7

7

3.0

3.0

Y

Y

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10404274

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1734085Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/05/17

Were project specific reporting limits specified? YES

7

7

Frozen
Date/Time

Final
pH

Initial 
pH
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17340851209662 PAVILLION WY WELL FLD

10404274 10/05/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17340851209662 PAVILLION WY WELL FLD

10404274 10/05/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17340851209662 PAVILLION WY WELL FLD

10404274

REFERENCES 

10/05/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 1 of 12

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

1209662PAVILLION / 10404274

Dear Amanda Albrecht:

23972

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, September 22, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 2 of 12

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 3 of 12

SAMPLE SUMMARY

Workorder: 23972 1209662PAVILLION / 10404274

Lab ID Sample ID Matrix Date Collected Date Received

239720001 PGDW23-09212017 Water 9/21/2017 12:30 9/22/2017 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 4 of 12

PROJECT SUMMARY

Workorder: 23972 1209662PAVILLION / 10404274

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6368 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 5 of 12

ANALYTICAL RESULTS

Workorder: 23972 1209662PAVILLION / 10404274

9/22/2017 10:45

PGDW23-09212017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239720001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/21/2017 12:30

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 11/13/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 11/13/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 200 ug/l 0.50 1 9/27/2017 16:21 MM n0.016
Ethane 0.021J ug/l 0.10 1 9/27/2017 16:21 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 16:21 MM n0.0040
Propane 0.0050U ug/l 0.10 1 9/27/2017 16:21 MM n0.0050
Propene 0.012U ug/l 0.10 1 9/27/2017 16:21 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 16:21 MM n0.32
iso-Butane 0.42 ug/l 0.20 1 9/27/2017 16:21 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 16:21 MM n0.012
Oxygen 4.4 mg/l 0.50 1 9/27/2017 16:21 MM n0.12
Nitrogen 23 mg/l 2.0 1 9/27/2017 16:21 MM n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 16:21 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/6/2017 09:46 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 10:07 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 10:07 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 21:08 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 21:08 BW M4,M2,n5.0
Hexane Plus 45 ug/l 25 1 9/28/2017 21:08 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/17/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 6 of 12

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23972 1209662PAVILLION / 10404274

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 7 of 12

QUALITY CONTROL DATA

Workorder: 23972 1209662PAVILLION / 10404274

QC Batch:

QC Batch Method:

DISG/6366

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239720001

METHOD BLANK: 51166

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 51167

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51168 51170

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 8 of 12

QUALITY CONTROL DATA

Workorder: 23972 1209662PAVILLION / 10404274

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51169 51171

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 n120 101 2 20
Oxygen mg/l 11 11 95 80-120 n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 n2.3 113 8.3 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 9 of 12

QUALITY CONTROL DATA

Workorder: 23972 1209662PAVILLION / 10404274

QC Batch:

QC Batch Method:

DISG/6368

AM30

Analysis Method: AM30

Associated Lab Samples: 239720001

METHOD BLANK: 51208

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51209

RISK
Helium 570ug/l 670 M1,n118 80-120
Hydrogen 290ug/l 340 M1,n115 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23972 - 1073026 Page 10 of 12

QUALITY CONTROL DATA

Workorder: 23972 1209662PAVILLION / 10404274

QC Batch:

QC Batch Method:

VAP/1948

AM10

Analysis Method: AM10

Associated Lab Samples: 239720001

METHOD BLANK: 51210

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51211 51212

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 13 66 70-130 M2,M4,n13 66 0 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 82 1.2 30
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Report ID: 23972 - 1073026 Page 11 of 12

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23972 1209662PAVILLION / 10404274

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23972 1209662PAVILLION / 10404274

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239720001 PGDW23-09212017 DISG/6366AM20GAX

239720001 PGDW23-09212017 DISG/6368AM30

239720001 PGDW23-09212017 VAP/1948AM10

239720001 PGDW23-09212017 DISG/6402AM30

239720001 PGDW23-09212017 SCIT/1048D18O
Subcontracted to Isotech

239720001 PGDW23-09212017 CSIA/1702AM24

239720001 PGDW23-09212017 CSIA/1703D18O
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Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

1209662 PAVILLION / 10404274

Dear Amanda Albrecht:

23962

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, September 22, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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SAMPLE SUMMARY

Workorder: 23962 1209662 PAVILLION / 10404274

Lab ID Sample ID Matrix Date Collected Date Received

239620001 PGDW23-09212017 Water 9/21/2017 12:30 9/22/2017 10:45

239620002 PGDW23-09212017-PRE Water 9/21/2017 08:10 9/22/2017 10:45

239620003 TRIP BLANK-09212017 Water 9/21/2017 16:00 9/22/2017 10:45
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PROJECT SUMMARY

Workorder: 23962 1209662 PAVILLION / 10404274

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3515 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pentanoic, iso-Hexanoic
and Hexanoic acids.  Results associated to the analytes in samples were unaffected by high bias.
The batch matrix spike and/or spike duplicate recovery exceeded laboratory control limits; reference sample 240530001.  Analyte
Pentanoic, iso-Hexanoic and Hexanoic acids.  Batch acceptance based on laboratory control sample recovery.
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ANALYTICAL RESULTS

Workorder: 23962 1209662 PAVILLION / 10404274

9/22/2017 10:45

PGDW23-09212017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239620001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/21/2017 12:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.038J mg/l 0.20 1 9/28/2017 20:25 KB B0.020
Acetic Acid 0.020U mg/l 0.10 1 9/28/2017 20:25 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 9/28/2017 20:25 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 9/28/2017 20:25 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 9/28/2017 20:25 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 9/28/2017 20:25 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 9/28/2017 20:25 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 9/28/2017 20:25 KB M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 9/28/2017 20:25 KB M3,M1,M50.041
Hexanoic Acid 0.038U mg/l 0.20 1 9/28/2017 20:25 KB M3,M1,M50.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 200 ug/l 0.50 1 9/27/2017 16:21 MM n0.016
Ethane 0.021J ug/l 0.10 1 9/27/2017 16:21 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 16:21 MM n0.0040
Propane 0.0050U ug/l 0.10 1 9/27/2017 16:21 MM n0.0050
Propene 0.012U ug/l 0.10 1 9/27/2017 16:21 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 16:21 MM D3,n0.32
iso-Butane 0.42 ug/l 0.20 1 9/27/2017 16:21 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 16:21 MM n0.012
Oxygen 4.4 mg/l 0.50 1 9/27/2017 16:21 MM D3,n0.12
Nitrogen 23 mg/l 2.0 1 9/27/2017 16:21 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 16:21 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 16:21 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23962 1209662 PAVILLION / 10404274

9/22/2017 10:45

PGDW23-09212017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239620002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/21/2017 08:10

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 23962 1209662 PAVILLION / 10404274

9/22/2017 10:45

TRIP BLANK-09212017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239620003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/21/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.089J ug/l 0.50 1 9/27/2017 16:34 MM n0.016
Ethane 0.0062J ug/l 0.10 1 9/27/2017 16:34 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 16:34 MM n0.0040
Propane 0.0050U ug/l 0.10 1 9/27/2017 16:34 MM n0.0050
Propene 0.012U ug/l 0.10 1 9/27/2017 16:34 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 16:34 MM D3,n0.32
iso-Butane 0.019U ug/l 0.20 1 9/27/2017 16:34 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 16:34 MM n0.012
Oxygen 11 mg/l 0.50 1 9/27/2017 16:34 MM D3,n0.12
Nitrogen 20 mg/l 2.0 1 9/27/2017 16:34 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 16:34 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 16:34 MM D3,n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 124 of 161

124 of 266610404274



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23962 - 1073018 Page 8 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23962 1209662 PAVILLION / 10404274

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3
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QUALITY CONTROL DATA

Workorder: 23962 1209662 PAVILLION / 10404274

QC Batch:

QC Batch Method:

DISG/6365

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239620001, 239620003

METHOD BLANK: 51160

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51161

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 D3,n
Oxygen 0.12Umg/l 0.12 D3,n
Nitrogen 0.34Umg/l 0.34 D3,n
Carbon Monoxide 0.087Umg/l 0.087 D3,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51162 51164

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
Acetylene ug/l 33 32 96 80-120 n31 94 2.1 20
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QUALITY CONTROL DATA

Workorder: 23962 1209662 PAVILLION / 10404274

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51163 51165

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 D3,n120 101 2 20
Oxygen mg/l 11 11 95 80-120 D3,n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 D3,n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 D3,n2.3 113 8.3 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51182 51183

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Carbon Dioxide mg/l 120 110 96 70-130 D3,n110 97 1 200
Oxygen mg/l 11 16 95 70-130 D3,n14 79 18 204.8
Nitrogen mg/l 140 140 84 70-130 D3,n150 85 1.2 2028
Carbon Monoxide mg/l 2 2.1 104 70-130 D3,n2.1 106 1.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51184 51185

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Methane ug/l 770 810 102 70-130 n830 104 1.9 2028
Ethane ug/l 76 73 97 70-130 n73 96 1 200.029
Ethene ug/l 71 69 98 70-130 n69 98 0 200
Propane ug/l 56 54 97 70-130 n54 96 1 200.012
Propene ug/l 53 47 88 70-130 n47 88 0 200.023
iso-Butane ug/l 73 70 95 70-130 n70 95 0 200.14
n-Butane ug/l 73 69 94 70-130 n68 93 1.1 200
Acetylene ug/l 33 33 99 70-130 n33 99 0 200
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QUALITY CONTROL DATA

Workorder: 23962 1209662 PAVILLION / 10404274

QC Batch:

QC Batch Method:

EDON/3515

AM23G

Analysis Method: AM23G

Associated Lab Samples: 239620001

METHOD BLANK: 51245

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.021Jmg/l 0.020 B
Acetic Acid 0.020Umg/l 0.020
Propionic Acid 0.0061Umg/l 0.0061
Formic Acid 0.069Umg/l 0.069
Butyric Acid 0.014Umg/l 0.014
Pyruvic Acid 0.016Umg/l 0.016
i-Pentanoic Acid 0.0055Umg/l 0.0055
Pentanoic Acid 0.012Umg/l 0.012 M3,M1,M5
i-Hexanoic Acid 0.041Umg/l 0.041 M3,M1,M5
Hexanoic Acid 0.038Umg/l 0.038 M3,M1,M5

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51246

EDonors
Lactic Acid 2mg/l 2.0 B99 70-130
Acetic Acid 2mg/l 1.9 96 70-130
Propionic Acid 2mg/l 2.0 101 70-130
Formic Acid 2mg/l 1.9 93 70-130
Butyric Acid 2mg/l 2.0 101 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 2.0 99 70-130
Pentanoic Acid 2mg/l 2.6 M3,M1,M5130 70-130
i-Hexanoic Acid 2mg/l 2.2 M3,M1,M5112 70-130
Hexanoic Acid 2mg/l 2.1 M3,M1,M5105 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

EDonors
Lactic Acid mg/l 2 2.0 98 70-130 B2.0 99 1 300.02
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QUALITY CONTROL DATA

Workorder: 23962 1209662 PAVILLION / 10404274

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51247 51248

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240530001Original:

Acetic Acid mg/l 2 2.1 103 70-1302.1 103 0 300.017
Propionic Acid mg/l 2 2.2 108 70-1302.1 107 0.93 300.0012
Formic Acid mg/l 2 2.0 100 70-1302.0 98 2 300.036
Butyric Acid mg/l 2 2.2 110 70-1302.2 108 1.8 300.0013
Pyruvic Acid mg/l 2 2.2 110 70-1302.2 110 0 300.02
i-Pentanoic Acid mg/l 2 2.2 111 70-1302.2 109 1.8 300
Pentanoic Acid mg/l 2 3.1 153 70-130 M3,M1,M53.0 150 2 300
i-Hexanoic Acid mg/l 2 2.6 132 70-130 M3,M1,M52.6 131 0.76 300
Hexanoic Acid mg/l 2 2.8 141 70-130 M3,M1,M52.7 137 2.9 300
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 23962 1209662 PAVILLION / 10404274

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23962 1209662 PAVILLION / 10404274

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239620001 PGDW23-09212017 DISG/6365AM20GAX

239620003 TRIP BLANK-09212017 DISG/6365AM20GAX

239620001 PGDW23-09212017 EDON/3515AM23G

239620001 PGDW23-09212017 MOLE/118116S

239620002 PGDW23-09212017-PRE MOLE/118116S
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November 17, 2017 

23962 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW23-09212017 was 

1.47E+05 per liter of water and in sample PGDW23-09212017-PRE was 1.38E+07 per liter of water. 

Microbial Community Composition 

PGDW23-09212017: The profile contained mostly gram-negative bacteria. 54% of the phylotypes were 

categorized as aerobic while 28% were categorized as anaerobic. The profile was fairly even with a 

diverse set of functions. 

PGDW23-09212017-PRE: The profile was mostly aerobic and gram-negative.  The profile contained two 

major phylotypes, Thiobacillus spp. a genus that oxidizes reduced sulfur species and Methylocystis spp. a 

group of methane oxidizers.  
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Description: gene copies per liter of water

Total Eubacteria: 1.38E+07
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 97.29

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW23-09212017

# of Total ID's:

Sample ID: PGDW23-09212017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 30

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

23962

Sample ID: PGDW23-09212017

234

11.2
82.04

0
6.76

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW23-09212017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW23-09212017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 54.1
Anaerobic: 28.01
Varied: 15.18
Not Characterized: 2.71

Aerobic

Anaerobic

Varied

NotCharacterized

Page 137 of 161

137 of 266610404274



Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW23-09212017

ralstonia Varied Negative12.02
pseudomonas Aerobic Negative7.12
pontibacter Aerobic Negative6.12
opitutus Anaerobic Negative5.98
geothermobacterium Anaerobic Negative5.63
thiohalomonas Aerobic/SOX Negative4.90
levilinea Anaerobic Negative4.70
methylocystis Aerobic MOB --4.05
ideonella Facultatively Anaerobic Negative3.53
acidobacterium Aerobic Negative3.45
knoellia Aerobic/Microaerobic Positive3.19
mitsuaria Aerobic Negative2.95
deinococcus Aerobic Positive2.86
georgfuchsia Anaerobic/Nitrate/MRB Negative2.54
methylobacillus Aerobic Negative2.41
aquincola Aerobic Negative2.40
dehalococcoides Anaerobic Positive2.37
thiobacillus Aerobic/SOX Negative2.19
terrimonas Aerobic Negative2.15
defluviicoccus Varied Negative2.03
bacillus Aerobic/SOX Negative1.97
rhodothermus Aerobic Negative1.88
adhaeribacter Aerobic Negative1.86
cellulosimicrobium Facultatively Anaerobic Positive1.80
rhodanobacter Aerobic Negative1.48
thermodesulfobacterium Anaerobic/SRB Negative1.46
acidovorax Aerobic/IOB Negative1.19
pelomonas Varied Negative1.13
rhodococcus Aerobic Positive0.98
polaromonas Aerobic Negative0.95
Total Abundant Phylotypes: 97.29
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW23-09212017

Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Acidovorax
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Acidovorax. Straight to slightly
curved rods, 0.2–1.2 × 0.8–5.0 µm, occurring singly, in pairs, or in short chains. Gram negative. Motile by means of
one or rarely two or three polar flagella. Aerobic, having a strictly oxidative type of metabolism with O2 as the
terminal electron acceptor; some strains of two species (Acidovorax delafieldii and Acidovorax temperans) are
capable of heterotrophic denitrification of nitrate. Most strains do not produce pigments on nutrient agar, but
some phytopathogenic strains may produce a yellow to slightly brown diffusible pigment. Oxidase positive; urease
activity varies among strains. Chemoorganotrophic, although strains of two species (A. facilis and A. delafieldii) can
grow lithoautotrophically, using the oxidation of H2 as an energy source. Good growth occurs on organic acids,
amino acids, and peptone, but organisms show less versatile growth on carbohydrates. Fatty acids present always
include 3-hydroxyoctanoic acid (C8:0 3OH) and 3-hydroxydecanoic acid (C10:0 3OH); 2-hydroxy-substituted fatty
acids are absent. Acidovorax strains can be isolated from soil, water, clinical samples, activated sludge, and
infected plants. The mol% G + C of the DNA is: 62–70. Ref: Willems, A. and Gillis, M. 2015. Acidovorax. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–16.

Adhaeribacter
Bacteroidetes / Cytophagia / Cytophagales / Cytophagaceae / Adhaeribacter. Rods, about 0.9–1.7 by 2.8–4.1 µm.
In batch culture, mean size is dependent upon the phase of growth. During exponential growth, the rods occur
singly, in aggregates, and in chains of up to approximately 4 cells in length. In the stationary phase, the cells occur
singly. Cells are Gram-stain-negative, non-sporulating, nonflagellated, and nonmotile. Growth occurs in liquid and
on solid interfaces. Strictly aerobic. Chemoheterotrophic. Temperature range for growth, 4–37°C; optimum, 30°C.
Limited NaCl tolerance; growth occurs between 0–4.0% (w/v) NaCl. DNA G+C content (mol%): 40.0.
Gilbert, P. and Rickard, A. H. 2015. Adhaeribacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW23-09212017

Aquincola
Cells are 0.8–1.1 μm wide and 1.2–2.3 μm long. Cells are motile by means of a polar flagellum. Endospores are not
formed. Gram-negative. Obligately aerobic. Oxidase-positive. Catalase activity is weakly positive. Tests for
phototrophic growth, manganese oxidation and chlorate reduction are negative. The major respiratory quinone is
UQ-8. The major cellular fatty acids are 16 : 1 cis-9 and 16 : 0; the only hydroxy fatty acid is 10 : 0 3-OH. The major
phospholipids are PE 16 : 0/16 : 0 and PG 16 : 0/16 : 1. A significant amount of PE 17 : 0 and/or 17 : 0 cyclo/16 : 1 is
present. The DNA G+C content is 69–70.5 mol% (as determined by HPLC). Phylogenetically, the genus belongs to
the class Betaproteobacteria and can be recognized by the 16S rRNA gene sequence. The type species is Aquincola
tertiaricarbonis. Ref: Lechner, Ute, et al. "Aquincola tertiaricarbonis gen. nov., sp. nov., a tertiary butyl moiety-
degrading bacterium." International journal of systematic and evolutionary microbiology 57.6 (2007): 1295-1303.

Bacillus
Firmicutes / “Bacilli” / Bacillales / Bacillaceae / Bacillus. Cells rod-shaped, straight or slightly curved, occurring
singly and in pairs, some in chains, and occasionally as long filaments. Endospores are formed, no more than one
to a cell; these spores are very resistant to many adverse conditions. Gram-positive, or Gram-positive only in early
stages of growth, or Gram-negative. A meso-DAP direct murein cross-linkage type is commonest, but l-Lys-d-Glu,
Orn-d-Glu and l-Orn-d-Asp have occasionally been reported. Motile by means of peritrichous or degenerately
peritrichous flagella, or nonmotile. Aerobes or facultative anaerobes, but a few species are described as strictly
anaerobic. The terminal electron acceptor is oxygen, replaceable by alternatives in some species. Most species will
grow on routine media such as nutrient agar and blood agar. Colony morphology and size very variable between
and within species. A wide diversity of physiological abilities is exhibited, ranging from psychrophilic to
thermophilic, and acidophilic to alkaliphilic; some strains are salt tolerant and some are halophilic. Catalase is
produced by most species. Oxidase-positive or -negative. Chemo-organotrophic; two species are facultative
chemolithotrophs: prototrophs to auxotrophs requiring several growth factors. Mostly isolated from soil, or from
environments that may have been contaminated directly or indirectly by soil, but also found in water, food and
clinical specimens. The resistance of the spores to heat, radiation, disinfectants, and desiccation results in species
being troublesome contaminants in operating rooms, on surgical dressings, in pharmaceutical products and in
foods. Most species have little or no pathogenic potential and are rarely associated with disease in humans or
other animals; an exception is Bacillus anthracis, the agent of anthrax; several other species may cause food
poisoning and opportunistic infections, and strains of Bacillus thuringiensis are pathogenic to invertebrates. DNA G
+ C content (mol%): 32–66 (Tm ).
Logan, N. A. and Vos, P. D. 2015. Bacillus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–163.
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Cellulosimicrobium
Actinobacteria / Actinobacteria / Micrococcales / Promicromonosporaceae / Cellulosimicrobium. Gram-stain-
positive, but cells are very readily decolorized. In young cultures, a substrate mycelium is produced which
fragments later into irregular, curved, and club-shaped rods which may be arranged in V forms. After exhaustion
of the medium, the rods are transformed into shorter rods or even spherical cells. Do not form endospores. Not
acid-fast. Motile or nonmotile. Chemo-organotrophic; metabolism respiratory and facultatively anaerobic. Acid
produced from several carbohydrates. Catalase positive. Nitrate reduction is positive or negative. Cellulolytic.
Peptidoglycan contains l-lysine; the interpeptide bridge consists of d-Ser–d-Asp or l-Thr–d-Asp, type A4α. Major
menaquinone is MK-9(H4), and predominating fatty acids are C15:0 anteiso, C15:0 iso, C16:0 iso, and C17:0
anteiso. Whole-cell sugars are galactose, rhamnose, glucose, fucose, and mannose or galactose and ribose; one
type strain contains only galactose. Phylogenetically, a member of the family Promicromonosporaceae. DNA G+C
content (mol%): 72.9–76.5 (Tm).
Schumann, P. and Stackebrandt, E. 2015. Cellulosimicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–9.

Defluviicoccus
Produces mucoid beige colonies <5 mm in diameter after 3–4 weeks incubation at 25 °C on GS medium. Gram-
negative, chemoheterotrophic, non-spore-forming, non-motile and aerobic cocci/coccobacilli (mean cell diameter
1·5–4·0 μm), which are usually arranged in clusters or tetrads. Cells stain very faintly and appear empty after
staining. Oxidase-negative and catalase-positive. The type species is Defluvicoccus vanus.
Maszenan, A. M., Seviour, R. J., Patel, B. K. C., Janssen, P. H., & Wanner, J. (2005). Defluvicoccus vanus gen. nov.,
sp. nov., a novel Gram-negative coccus/coccobacillus in the ‘Alphaproteobacteria’from activated sludge.
International journal of systematic and evolutionary microbiology, 55(5), 2105-2111.

Dehalococcoides
Genus of bacteria within class Dehalococcoidetes that obtain energy via the oxidation of hydrogen and
subsequent reductive dehalogenation of halogenated organic compounds in a mode of anaerobic respiration
called dehalorespiration.  Representative members can degrade PCE and TCE to ethene (Maymo-Gatell et al.
1997), chlorinated benzenes (Jayachandran et al. 2003, Nelson et al. 2014) and chlorinated phenols (Adrian et al.
2007).
Adrian L, Hansen SK, Fung JM, Görisch H, Zinder SH. Growth of Dehalococcoides  strains with chlorophenols as
electron acceptors. Environ Sci Technol. 2007 Apr 1;41(7):2318-23.
Jayachandran, G., Gorisch, H., Adrian, L., 2003. Dehalorespiration with hexachlorobenzene and
pentachlorobenzene by Dehalococcoides sp strain CBDB1. Arch. Microbiol. 180, 411-416.
Maymó-Gatell X, Chien Y, Gossett JM, Zinder SH. Isolation of a bacterium that  reductively dechlorinates
tetrachloroethene to ethene. Science. 1997 Jun 6;276(5318):1568-71.
Nelson et al. 2014. Dehalogenation of Chlorobenzenes, Dichlorotoluenes, and Tetrachloroethene by Three
Dehalobacter spp.  Environ. Sci. Technol., 2014, 48 (7), pp 3776–3782.
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Deinococcus
“Deinococcus-Thermus” / Deinococci / Deinococcales / Deinococcaceae / Deinococcus. Deinococcus strains form
either spherical cells 0.5–3.5 µm in diameter, or rods 0.6–1.2 µm wide × 1.5–4.0 µm long. Spherical cells form
pairs or tetrads and appear larger than other cocci. Species are mesophilic or thermophilic, with optimum growth
temperatures of 25–35°C or 45–50°C, respectively. With the exception of D. grandis, all species stain Gram-
positive. Nonmotile, without a differentiated resting stage. Aerobic, catalase is produced. Several distinct cell wall
layers are visible by electron microscopy of sections and an outer membrane is included. The peptidoglycan is type
A3β and contains l-ornithine. Menaquinone 8 (MK-8) is the predominant respiratory quinone. The phospholipids
do not include phosphatidylglycerol, diphosphatidylglycerol, or derivatives. Fatty acids are saturated or
monounsaturated. Unbranched 15, 16, and 17 carbon acids predominate in mesophilic species, branched 16 and
17 carbon acids in thermophilic species. Chemoorganotrophic; metabolism is respiratory. May be proteolytic. All
natural isolates are ionizing-radiation resistant. The habitat of the mesophilic species is not defined, thermophilic
species are found in hot springs. The mol% G + C of the DNA is: 62–70.
Battista, J. R. and Rainey, F. A. 2015. Deinococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–13.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Geothermobacterium
Cells are rod shaped, 0.5 by 1.0 to 1.2 μm, occurring singly and in pairs, highly motile (even at room temperature),
by means of a monotrichous flagellum. Cell wall structure typical of a gram-negative bacterium. Strictly anaerobic
chemoautotroph, which conserves energy to support growth, by coupling the oxidation of hydrogen to the
reduction of poorly crystalline Fe(III) oxide. Grows exclusively with hydrogen as the sole electron donor and poorly
crystalline Fe(III) oxide as the sole electron acceptor. The genus Geothermobacterium is in the family
Thermodesulfobacteriaceae within the division δ-Proteobacteria. Habitat, hot springs (Obsidian Pool area) in
Yellowstone National Park.
Kashefi, K., Holmes, D. E., Reysenbach, A. L., & Lovley, D. R. (2002). Use of Fe (III) as an electron acceptor to
recover previously uncultured hyperthermophiles: isolation and characterization of Geothermobacterium
ferrireducens gen. nov., sp. nov. Applied and Environmental Microbiology, 68(4), 1735-1742.
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Ideonella
Cells are motile, Gram-negative, rod-shaped, 0.5–1.0 μm in width and 2–6 μm in length and contain
polyhydroxybutyrate-like granules when grown on dNfb media with mannitol. Cells grown in nutrient broth are
generally smaller (0.5×2.0 μm) and do not contain granules. Able to fix nitrogen. Colonies are 1 mm diameter,
generally round, convex with entire margins, mucoid, shiny and cloudy to opaque when grown on N-free media
with mannitol at 30 °C for 2 days. Positive for oxidase and gelatinase and weakly catalase-positive. Does not
produce urease, arginine dihydrolase, indole or dihydroxyacetone. Growth is strictly aerobic and neither chlorate
nor nitrate can be reduced. Compounds that can be used as sole carbon sources for growth include acetate,
cellobiose, glucose, malate, mannitol, mannose and N-acetylglucosamine, but not cellulose or 2-
hydroxyisobutyrate. Amino acids that can be used as sole carbon sources for growth include glutamic acid, but not
arginine or glycine.
Noar, J. D., & Buckley, D. H. (2009). Ideonella azotifigens sp. nov., an aerobic diazotroph of the Betaproteobacteria
isolated from grass rhizosphere soil, and emended description of the genus Ideonella. International journal of
systematic and evolutionary microbiology, 59(8), 1941-1946.

Knoellia
Actinobacteria / Actinobacteria / Micrococcales / Intrasporangiaceae / Knoellia. Cells are irregular rods (1.5–6.0 ×
0.4–1.2 µm) and cocci (0.6–1.5 µm) (Figure 1). They occur singly, in pairs, short chains, or clusters. A marked
rod–coccus growth cycle may be expressed (Figure 2). Gram-stain-positive, not acid-fast, nonsporeforming.
Nonmotile. Aerobic to microaerobic. Colonies are smooth, circular, convex, opaque with entire margins, and white
to cream in color. Good growth occurs on complex organic media between pH 5–9 and at temperatures of
28–35°C; no growth at 42°C. NaCl in the culture medium is tolerated up to 2 or 4%. Oxidase-negative; catalase-
positive. The peptidoglycan is of the A1γ type based on meso-A2pm, direct cross-linkage, which is in accordance
with type A31. The acyl type is acetyl. No diagnostic whole cell sugars are found. The major menaquinone is MK-
8(H4); MK-7(H4) and MK-6(H4) may occur in traces. The polar lipids are mainly composed of
phosphatidylethanolamine, phosphatidylinositol, diphosphatidylglycerol; phosphatidylglycerol may occur in minor
amounts. The cellular fatty acid profile is characterized by the predominance of iso-branched-chain acids (C15:0
iso, C16:0 iso, C17:0 iso, C17:1 iso). Anteiso-branched (C17:0 anteiso) and straight-chain saturated or
monounsaturated acids may also occur in higher amounts (C17:0, C17:1 ω8c). Mycolic acids are absent. Based on
16S rRNA gene sequence comparison strains of Knoellia are most closely related to members of the genera
Janibacter, Lapillicoccus, and Tetrasphaera. The 16S rRNA gene signature nucleotides that differentiate the genus
from the other genera of the family Intrasporangiaceae are listed in Table 1, chapter Intrasporangiaceae. DNA G+C
content (mol%): 68–73.
Groth, I. 2015. Knoellia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Page 143 of 161

143 of 266610404274



Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW23-09212017

Levilinea
Gram-negative. Cells are non-motile. Multicellular and filamentous morphology with indefinite length. Mesophiles.
Spores are not formed. Grow under strictly anaerobic conditions. No photosynthetic growth is observed. The main
fatty acids are branched C 14 : 0, iso-C 15 : 0, C 16 : 0 and branched C 17 : 0. The G+C content of genomic DNA is
59.5 mol%. The phylogenetic position is in the family Anaerolineaceae. The type species is Levilinea saccharolytica.
Yamada, T., Sekiguchi, Y., Hanada, S., Imachi, H., Ohashi, A., Harada, H., & Kamagata, Y. (2006). Anaerolinea
thermolimosa sp. nov., Levilinea saccharolytica gen. nov., sp. nov. and Leptolinea tardivitalis gen. nov., sp. nov.,
novel filamentous anaerobes, and description of the new classes Anaerolineae classis nov. and Caldilineae classis
nov. in the bacterial phylum Chloroflexi. International journal of systematic and evolutionary microbiology, 56(6),
1331-1340.

Methylobacillus
Proteobacteria / Betaproteobacteria / Methylophilales / Methylophilaceae / Methylobacillus. Rods 0.3–0.6 ×
0.8–2.0 µm. Motile by means of a single polar flagellum or nonmotile. Gram negative. Most strains are obligate
methylotrophs that grow on one-carbon compounds other than methane; however, some strains can also use
fructose. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
The major cellular fatty acids are straight-chain saturated C16:0 and unsaturated C16:1. The major quinone is Q-8;
Q-7 and Q-9 are minor components. The mol% G + C of the DNA is: 50–56.
The Editorial Board 2015. Methylobacillus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.
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Mitsuaria
Cells are 0·7–1·0 μm wide and 2·0–4·0 μm long. Cells are motile by means of a single polar flagellum. Endospores
are not formed. Gram-negative. Obligately aerobic. Oxidase and catalase-positive. The major respiratory quinone
is UQ-8. The major cellular hydroxy fatty acids are 3-OH 10 : 0 and 3-OH 14 : 0. The DNA G+C content of the type
strain is 69·2 mol% (as determined by HPLC). The species is phylogenetically related to members of the ‘
Betaproteobacteria’. The type species is Mitsuaria chitosanitabida.
Amakata, D., Matsuo, Y., Shimono, K., Park, J. K., Yun, C. S., Matsuda, H., ... & Kawamukai, M. (2005). Mitsuaria
chitosanitabida gen. nov., sp. nov., an aerobic, chitosanase-producing member of the ‘Betaproteobacteria’.
International journal of systematic and evolutionary microbiology, 55(5), 1927-1932.

Opitutus
Verrucomicrobia / Opitutae / Opitutales / Opitutaceae / Opitutus. Cocci or coccobacilli. Stain Gram-negative.
Motile with flagellum. No endospores. Anaerobe; media containing a suitable reductant shorten the lag phase.
Chemo-organotrophic metabolism. Monosaccharides, disaccharides, and polysaccharides are fermented, but
alcohols, amino acids, and organic acids are not. Acetate, propionate, CO2, and H2 are the fermentation end
products; the ratios of these are dependent on the partial pressure of H2. Nitrate is reduced to nitrite. Sulfate,
sulfur, thiosulfate, and fumarate are not used as terminal electron acceptors. DNA G+C content (mol%): 65.

Pelomonas
Phylum Proteobacteria, Class Gammaproteobacteria, Order Pseudomonadales, Family Pseudomonadaceae, Genus
Pseudomonas, Pseudomonas saccharophila. Gram negative, 0.5 x 3-4 μm, motile rods with polar monotrichous
flagellation. Can use more than 40 different carbon sources (sucrose, L-arabinose, trehalose, raffinose, cellobiose,
D-galactose, mannose, D-ribose, glucose, fructose, sucrose, D-xylose, rhamnose, glutarate, acetate, pyruvate,
butyrate, lactate, L-malate, citrate, succinate, fumarate, L-proline, isobutanol). Oxidase, catalase, gelatin & starch
hydrolysis positive. Produce 2-keto-3-deoxy-6-phosphogalactonate aldolase, 2-keto-3-deoxy-6-phosphogluconate
aldolase, D-galactose dehydrogenase, mannose isomerase, pullulanase, sucrose phosphorylase & alpha-amylase.
Doudoroff M.: The oxidative assimilation of sugars and related substances by Pseudomonas saccharophila with a
contribution to the problem of the direct respiration of di- and polysaccharides. Enzymologia, 1940, 9, 59-72.
Barraquis WL et al. Nitrogen fixation by Pseudomonas saccharophila Douderoff ATCC 15946. J. Gen. Microbiol.
132: 237-241, 1986. Davis DH, et al. Taxonomic studies on some gram negative polarly flagellated "hydrogen
bacteria" and related species. Arch. Mikrobiol. 70: 1-13, 1970.  Buchanan R.E. & Gibbons N.E. (editors); Bergey’s
Manual of determinative Bacteriology 8th Edition 1974. Xie, Cheng-Hui, Yokota, Akira: Reclassification of
Alcaligenes latus strains IAM 12599T and IAM 12664 and Pseudomonas saccharophila as Azohydromonas lata gen.
nov., comb. nov. Azohydromonas australica sp. nov. and Pelomonas saccharophila gen. nov., comb. nov.,
respectively. Int J Syst Evol Microbiol 2005 55: 2419-2425. N. J. Palleroni and M. Doudoroff: Identity of
Pseudomonas saccharophila. J Bacteriol. 1965 January; 89(1): 264.
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Polaromonas
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Polaromonas. Cigar-shaped rods, 0.8
× 2.0–3.0 µm. Gram negative and encapsulated. Motile by a polar flagellum. Aerobic. Chemoorganotrophic,
catalase and oxidase positive. Require amino acids, but not vitamins for growth. Cellular fatty acids predominantly
(74–79%) C16:1 ω7c, and C16:0 (14–17%), and some (7–9%) C18:1 ω7c, C18:1 ω9t, or C18:1 ω12t. Organisms may
contain gas vesicles. Psychrophilic; growth temperature maximum of known strains is 15°C. 16S rDNA-based
phylogeny shows this is a member of the Comamonadaceae in the Betaproteobacteria. The mol% G + C of the
DNA is: 52–57.
Gosink, J. J. 2015. Polaromonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Pontibacter
Bacteroidetes / Cytophagia / Cytophagales / Cytophagaceae / Pontibacter. Rods usually measuring 0.3–0.7 ×
1.2–1.9 µm. Can move by gliding. Produce non-diffusible pink pigments. No flexirubin-type pigments are formed.
Chemo-organotrophic. Strictly aerobic. Oxidase, catalase, alkaline phosphatase and β-galactosidase-positive.
Esculin, gelatin, and DNA are hydrolyzed. Casein, Tween 80, chitin, and cellulose (CM-cellulose and filter paper) are
not degraded, but agar, starch, and Tweens 20 and 40 may be decomposed. Carbohydrates are utilized. Can grow
without seawater or sodium ions. Nitrate is not reduced to nitrite. Indole and H2S are not produced. The major
respiratory quinone is MK-7. DNA G+C content (mol%): 48–52.
Nedashkovskaya, O. I. and Kim, S. B. 2015. Pontibacter . Bergey's Manual of Systematics of Archaea and Bacteria.
1–4.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Rhodanobacter
Proteobacteria / Gammaproteobacteria / Xanthomonadales / Xanthomonadaceae / Rhodanobacter. Gram-
negative rods. Nonmotile. Colonies on SMA agar plates are yellow with clean edges, 0.2–1 mm in diameter after 3
d at 30°C. Do not form spores. Branching does not occur. Aerobic; chemoorganotrophic. Catalase and oxidase
positive. Optimum growth temperature 30°C. Based on analysis of 16S rDNA sequences, Rhodanobacter belongs in
the class Gammaproteobacteria, order Xanthomonadales, and family Xanthomonadaceae. The mol% G + C of the
DNA is: 63.
The Editorial Board 2015. Rhodanobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Rhodococcus
Actinobacteria / Actinobacteria / Corynebacteriales / Nocardiaceae / Rhodococcus. Aerobic, Gram-stain-positive
to Gram-stain-variable, nonmotile actinomycetes that are usually partially acid–alcohol-fast at some stage of the
growth cycle. Rods to extensively branched substrate mycelium may be formed. In all strains the growth cycle
begins with the coccus or short rod stage, with different organisms showing a succession of more or less complex
morphological stages by which the completion of the cycle is achieved. Cocci may germinate into short rods, form
filaments with side projections, show elementary branching, or, in the most differentiated forms, produce
extensively branched hyphae. The next generation of cocci and short rods are formed by fragmentation of the
rods, filaments, and hyphae. Some strains form sparse microscopically visible aerial hyphae, which may be
branched, or aerial synnemata consisting of unbranched filaments that coalesce and project upwards. Colonies
may be rough, smooth, or mucoid and pigmented buff, cream, orange, red, or yellow, although colorless variants
occur. Chemo-organotrophic with an oxidative type of metabolism. Catalase-positive, arylsulfatase-negative, and
sensitive to lysozyme. Most strains grow well on standard media between 15 and 40°C, and use a wide range of
organic compounds as sole sources of carbon for energy and growth. DNA G+C content (mol%): 63–73 (HPLC, Tm).
Jones, A. L. and Goodfellow, M. 2015. Rhodococcus. Bergey's Manual of Systematics of Archaea and Bacteria.
1–50.

Rhodothermus
Bacteroidetes / Cytophagia / Incertae sedis II / Rhodothermaceae / Rhodothermus. Straight rods about 0.5 ×
2.0–2.5 µm, with curved ends. Occur singly, never in chains or filaments. Nonmotile. Gram-stain-negative. A slime
capsule is formed on carbohydrate-rich medium. Most strains form red colonies, due to a carotenoid pigment.
Colonies are low convex, 3–4 mm in diameter with an entire edge. Aerobic. Thermophilic, growing at 54–77°C.
Neutrophilic. Heterotrophic. Growth is strictly salt-dependent, occurring in the range of 0.6 to >6% NaCl. Catalase-
positive. The oxidase reaction varies among strains. No dissimilatory nitrate reduction occurs. Growth occurs on
most common sugars. The major cellular fatty acids are C15 iso, C15 anteiso, C17 iso and C17 anteiso. The major
quinone is menaquinone 7. The habitat is submarine freshwater alkaline hot springs, marine hot springs,
geothermal sites, and borehole effluents. DNA G+C content (mol%): 64–66 (T m).
The Editorial Board 2015. Rhodothermus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Terrimonas
Bacteroidetes / Sphingobacteriia / Sphingobacteriales / Chitinophagaceae / Terrimonas. Rods, occurring singly.
Nonmotile. No gliding motility. Gram-stain-negative. Aerobic. Growth is inhibited by >1.0% NaCl. Oxidase-positive.
Catalase weakly positive. Positive for gelatin liquefaction, Voges–Proskauer test, and nitrate reduction. Negative
for urease production and chitin degradation. Major cellular fatty acids are C15:0 iso, C15:1 iso, C17:0 iso 3-OH,
and summed feature 3. The predominant menaquinone is MK-7; MK-6 is a minor component. The major cellular
fatty acids are C15:0 iso, C15:1 iso, C17:0 iso 3-OH, and summed feature 3 (comprised of C15:0 iso 2-OH and/or
C16:1 ω7c). Isolated from soil. DNA G+C content (mol%): 47.2–48.9 (HPLC).
The Editorial Board 2015. Terrimonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.
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Thermodesulfobacterium
Thermodesulfobacteria / Thermodesulfobacteria / Thermodesulfobacteriales / Thermodesulfobacteriaceae /
Thermodesulfobacterium. Straight rod-shaped cells, 0.3–0.6 × 0.9–2.0 µm; occur singly, in pairs, or in chains.
Possess an outer wall membrane layer. Gram-negative. Cellular extrusions or blebs form next to the outer
membranous layer. Contain non-phytanyl ether-linked lipids, cytochrome c3, desulfofuscidin, but no
desulfoviridin. Thermophilic. Chemoorganotrophic, strict anaerobe, and dissimilatory sulfate-reducing
metabolism. Lactate and pyruvate are used as electron donors, and sulfate or thiosulfate are used as electron
acceptors for growth. In the presence of sulfate, lactate and pyruvate are incompletely oxidized to acetate. Occur
in thermal environments including hot springs and hot oil reservoirs. The mol % G + C of the DNA is: 31–38.
Hatchikian, E. C. and Ollivier, B. 2015. Thermodesulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.

Thiohalomonas
Cells are non-motile rods or vibrios with a Gram-negative cell wall. Obligately chemolithoautotrophic and
facultatively anaerobic. Utilizes reduced sulfur compounds as electron donors with oxygen or nitrate as electron
acceptors. Moderately halophilic and neutrophilic. Member of the Gammaproteobacteria. Habitat is hypersaline
lakes and salterns. Type species is Thiohalomonas denitrificans.
Sorokin, D. Y., Tourova, T. P., Braker, G., & Muyzer, G. (2007). Thiohalomonas denitrificans gen. nov., sp. nov. and
Thiohalomonas nitratireducens sp. nov., novel obligately chemolithoautotrophic, moderately halophilic,
thiodenitrifying Gammaproteobacteria from hypersaline habitats. International journal of systematic and
evolutionary microbiology, 57(7), 1582-1589.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 81

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW23-09212017-PRE

# of Total ID's:

Sample ID: PGDW23-09212017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 17

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

23962

Sample ID: PGDW23-09212017-P

297

0
60.81

0
39.19

Negative:
Positive:
Varied:
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Negative

Positive

Varied
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW23-09212017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 64.41
Anaerobic: 13.46
Varied: 0.84
Not Characterized: 21.29

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW23-09212017-PRE

thiobacillus Aerobic/SOX Negative22.57
methylocystis Aerobic MOB --20.19
opitutus Anaerobic Negative10.32
phenylobacterium Aerobic Negative4.52
terrimonas Aerobic Negative3.34
aquincola Aerobic Negative2.83
sphingobium Aerobic Negative2.60
sterolibacterium Oxygen/Nitrate Negative2.29
methylobacillus Aerobic Negative2.22
dechloromonas Anaerobic NRB Negative2.12
brevundimonas Aerobic Negative1.83
methylotenera Aerobic Negative1.29
bosea Aerobic/SOX Negative1.04
desulfobacterium Anaerobic/SRB Negative1.02
rhodothermus Aerobic Negative1.00
erythrobacter Aerobic Negative0.98
ralstonia Varied Negative0.84
Total Abundant Phylotypes: 81
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Aquincola
Cells are 0.8–1.1 μm wide and 1.2–2.3 μm long. Cells are motile by means of a polar flagellum. Endospores are not
formed. Gram-negative. Obligately aerobic. Oxidase-positive. Catalase activity is weakly positive. Tests for
phototrophic growth, manganese oxidation and chlorate reduction are negative. The major respiratory quinone is
UQ-8. The major cellular fatty acids are 16 : 1 cis-9 and 16 : 0; the only hydroxy fatty acid is 10 : 0 3-OH. The major
phospholipids are PE 16 : 0/16 : 0 and PG 16 : 0/16 : 1. A significant amount of PE 17 : 0 and/or 17 : 0 cyclo/16 : 1 is
present. The DNA G+C content is 69–70.5 mol% (as determined by HPLC). Phylogenetically, the genus belongs to
the class Betaproteobacteria and can be recognized by the 16S rRNA gene sequence. The type species is Aquincola
tertiaricarbonis. Ref: Lechner, Ute, et al. "Aquincola tertiaricarbonis gen. nov., sp. nov., a tertiary butyl moiety-
degrading bacterium." International journal of systematic and evolutionary microbiology 57.6 (2007): 1295-1303.

Bosea
Proteobacteria / Alphaproteobacteria / Rhizobiales / Bradyrhizobiaceae / Bosea. Rod shaped cells, 0.85 × 1.4–1.6
μm. Gram negative. Aerobic. Occurring singly. Motile by a single polar flagellum. Optimal temperature for growth:
30–32°C, range; 20–37°C. Optimal pH: 7.5–8.0; range, 6.0–9.0. Chemolithoheterotrophic, able to obtain energy
from the oxidation of reduced sulfur compounds in the presence of organic carbon. No autotrophic growth occurs.
Catalase- and oxidase-positive. Found in cultivated soil. The mol% G + C of the DNA is: 68.2.
Das, S. K. 2015. Bosea. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Brevundimonas
Proteobacteria / Alphaproteobacteria / Caulobacterales / Caulobacteraceae / Brevundimonas. Gram-negative, rod-
shaped, subvibrioid or vibrioid cells, 0.4–0.5 × 1–2 µm. Cells of some species can form prosthecae (stalks). These
species are characterized by an asymmetric cell division whereby fission results in a prosthecate (nonmotile) and a
flagellated (motile) cell. Motility by means of single polar flagella. Nonsporeforming. A yellow or orange
carotenoid pigment may be formed. The mol% G + C of the DNA is: 62–68. Ref: Vancanneyt, M., Segers, P.,
Abraham, W.-R. and Vos, P. D. 2015. Brevundimonas. Bergey's Manual of Systematics of Archaea and Bacteria.
1–14.

Dechloromonas
Proteobacteria / Betaproteobacteria / Rhodocyclales / Rhodocyclaceae / Dechloromonas. Gram-negative,
nonsporeforming, facultatively anaerobic, motile rods (0.5 × 2 µm). Strictly respiratory metabolism. Chlorate and
perchlorate reduced to chloride; organic electron donors. O2 also serves as an electron acceptor; some strains use
nitrate as an electron acceptor. The mol% G + C of the DNA is: 63.5.
The Editorial Board 2015. Dechloromonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–2.
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Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Erythrobacter
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Erythrobacter. Cells are ovoid
to rod-shaped, 0.2–0.4 × 1.0–5.0 µm, multiply by binary fission, and are motile by means of polar or subpolar
flagella. Gram negative and belong to the Alphaproteobacteria. Cell suspensions and colonies are orange or pink.
Bacteriochlorophyll a is present. The major respiratory quinone is ubiquinone-10. The main cellular fatty acid is
C18:1. The mol% G + C of the DNA is: 57–67.
Shiba, T. and Imhoff, J. F. 2015. Erythrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Methylobacillus
Proteobacteria / Betaproteobacteria / Methylophilales / Methylophilaceae / Methylobacillus. Rods 0.3–0.6 ×
0.8–2.0 µm. Motile by means of a single polar flagellum or nonmotile. Gram negative. Most strains are obligate
methylotrophs that grow on one-carbon compounds other than methane; however, some strains can also use
fructose. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
The major cellular fatty acids are straight-chain saturated C16:0 and unsaturated C16:1. The major quinone is Q-8;
Q-7 and Q-9 are minor components. The mol% G + C of the DNA is: 50–56.
The Editorial Board 2015. Methylobacillus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Methylotenera
Gram-negative rods, motile by means of a single flagellum. Do not form resting bodies. Multiply by binary fission.
Do not grow in TGY, LB or Nutrient media. Utilize methylamine as a single source of carbon, energy and nitrogen,
but do not utilize methanol. Tests for urease and nitrate reduction are negative. Tests for catalase and oxidase are
positive. Nitrates inhibit growth. Oxidize methylamine via methylamine dehydrogenase and assimilate C 1 units via
the RuMP pathway. Major fatty acids are C 16 : 1 ω7 c and C 16 : 0. The major phospholipid is
phosphatidylethanolamine. The G+C content of the DNA is 54.3 mol%. The type species is Methylotenera mobilis.
Kalyuzhnaya, M.G., Bowerman, S., Lara, J.C., Lidstrom, M.E. and Chistoserdova, L., 2006. Methylotenera mobilis
gen. nov., sp. nov., an obligately methylamine-utilizing bacterium within the family Methylophilaceae.
International Journal of Systematic and Evolutionary Microbiology, 56(12), pp.2819-2823.

Opitutus
Verrucomicrobia / Opitutae / Opitutales / Opitutaceae / Opitutus. Cocci or coccobacilli. Stain Gram-negative.
Motile with flagellum. No endospores. Anaerobe; media containing a suitable reductant shorten the lag phase.
Chemo-organotrophic metabolism. Monosaccharides, disaccharides, and polysaccharides are fermented, but
alcohols, amino acids, and organic acids are not. Acetate, propionate, CO2, and H2 are the fermentation end
products; the ratios of these are dependent on the partial pressure of H2. Nitrate is reduced to nitrite. Sulfate,
sulfur, thiosulfate, and fumarate are not used as terminal electron acceptors. DNA G+C content (mol%): 65.
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Phenylobacterium
Proteobacteria / Alphaproteobacteria / Caulobacterales / Caulobacteraceae / Phenylobacterium. Rods,
coccobacilli, or cocci; 0.7–1.0 × 1.0–2.0 μm occurring singly, in pairs, or in short chains. Some strains tend to
clump. In old cultures, pleomorphic forms, such as long rods (1.0 × 2.0–4.0 µm), long chains (10–50 µm) connected
by filaments, and elliptical forms, may occur. Capsule stain negative; flexible capsule present. Nonmotile.
Nonsporeforming. Non-acid-fast. Sheaths and prosthecae not produced. Nonpigmented. Gram negative. Growth
on chloridazon–mineral salts agar is slow and colonies are small (1–2 mm) after 2–3 weeks. Colonies may be either
smooth, convex, moist with shiny surfaces and entire edges, and easily emulsified in saline, or rough, dry, and not
emulsifiable in saline. In liquid media, there is slight production of a greenish-yellow nonfluorescent pigment; in
media containing l-phenylalanine a yellowish-green fluorescent pigment is produced. Strictly aerobic. Catalase
positive, weakly oxidase positive. Chemoorganotrophic, having a strictly respiratory type of metabolism. Optimal
temperature, 28–30°C. No growth at 4°C or 37°C; at 37°C cultures die within several days. Optimal pH 6.8–7.0;
growth occurs between pH 6.5 and 8; no growth at pH 4 or 9. Osmotically sensitive. Vitamin B12 is a growth
factor. High nutritional specialization; grows well on chloridazon, antipyrin, and l-phenylalanine (most strains only
after long lag phase). Slow growth on l-glutamate, pyruvate, fumarate, succinate, and malate as well as on diluted
complex media (0.5–2 g/l peptone). Most sugars, alcohols, amino acids, carboxylic acids, and ordinary complex
media are not utilized. Does not denitrify; does not produce nitrite from nitrate. NH4+ and NO3− are used as sole
sources of nitrogen; no growth with N2. Gelatin, casein, starch, and esculin not hydrolyzed. Urease negative.
Litmus milk negative. Weak H2S production from thiosulfate or cysteine. Methyl red and Voges–Proskauer
negative. Indole negative. No acid or gas produced from sugars or alcohols. Not pathogenic for rats or rabbits.
Isolated from soil after enrichment in mineral salts media containing chloridazon, antipyrin, or pyramidon
(synthetic heterocyclic compounds). The mol% G + C of the DNA is: 65–68.5.
Eberspächer, J. 2015. Phenylobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.
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Rhodothermus
Bacteroidetes / Cytophagia / Incertae sedis II / Rhodothermaceae / Rhodothermus. Straight rods about 0.5 ×
2.0–2.5 µm, with curved ends. Occur singly, never in chains or filaments. Nonmotile. Gram-stain-negative. A slime
capsule is formed on carbohydrate-rich medium. Most strains form red colonies, due to a carotenoid pigment.
Colonies are low convex, 3–4 mm in diameter with an entire edge. Aerobic. Thermophilic, growing at 54–77°C.
Neutrophilic. Heterotrophic. Growth is strictly salt-dependent, occurring in the range of 0.6 to >6% NaCl. Catalase-
positive. The oxidase reaction varies among strains. No dissimilatory nitrate reduction occurs. Growth occurs on
most common sugars. The major cellular fatty acids are C15 iso, C15 anteiso, C17 iso and C17 anteiso. The major
quinone is menaquinone 7. The habitat is submarine freshwater alkaline hot springs, marine hot springs,
geothermal sites, and borehole effluents. DNA G+C content (mol%): 64–66 (T m).
The Editorial Board 2015. Rhodothermus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Sphingobium
Cells are Gram-negative, non-sporulating rods,measuring 0.3-0.7x ̈1.0-3.5Um. Motile or non-motile.Colonies are
yellow or whitish-brown. Strictly aerobicand chemo-organotrophic. Catalase-positive. Nitrateis not reduced.
Ubiquinone is predominantly Q-10.The dominant fatty acid is 18 : 1 and 16 : 0 is a minorcomponent. Major
2-hydroxy fatty acid is 2-OH 14 : 0.GSLs are present. Spermidine is the major polyaminecomponent. The DNA G+C
 content is 62±67 mol %.Characteristic 16S  rRNA  signatures  are  present  atpositions 52 : 359 (U : A), 134 (G),
 593 (U), 987 :1218 (A : U) and 990 : 1215 (U : G). Habitat : soil,pentachlorophenol-contaminated   soil   and
clinicalspecimens. The type species isSphingobium yanoikuyae(Yabuuchiet al. 1990) Takeuchiet al. 200
Takeuchi, M., Hamana, K., & Hiraishi, A. (2001). Proposal of the genus Sphingomonas sensu stricto and three new
genera, Sphingobium, Novosphingobium and Sphingopyxis, on the basis of phylogenetic and chemotaxonomic
analyses. International Journal of Systematic and Evolutionary Microbiology, 51(4), 1405-1417.

Sterolibacterium
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism with oxygen or nitrate as terminal electron acceptor. Nitrate is reduced to dinitrogen. Oxidase- and
catalase-positive. Chemo-organoheterotrophic. Does not grow on complex media. Cholesterol is completely
oxidized to CO 2; this reaction is coupled to nitrate reduction. Q-8 is the sole respiratory lipoquinone.
Phosphatidylethanolamine is the predominant polar lipid. Major fatty acids are C 16 : 0, summed feature 4 (C 16 : 1
ω7 c and/or iso C 15 : 0 2-OH), C 18 : 1 ω7 c and C 10 : 0 3-OH; minor amounts of C 8 : 0 3-OH and C 16 : 0 3-OH are
present. DNA G+C content is 65·3 mol% (HPLC). The type species of the genus is Sterolibacterium denitrificans.
Tarlera, S., & Denner, E. B. (2003). Sterolibacterium denitrificans gen. nov., sp. nov., a novel cholesterol-oxidizing,
denitrifying member of the β-Proteobacteria. International journal of systematic and evolutionary microbiology,
53(4), 1085-1091.
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Terrimonas
Bacteroidetes / Sphingobacteriia / Sphingobacteriales / Chitinophagaceae / Terrimonas. Rods, occurring singly.
Nonmotile. No gliding motility. Gram-stain-negative. Aerobic. Growth is inhibited by >1.0% NaCl. Oxidase-positive.
Catalase weakly positive. Positive for gelatin liquefaction, Voges–Proskauer test, and nitrate reduction. Negative
for urease production and chitin degradation. Major cellular fatty acids are C15:0 iso, C15:1 iso, C17:0 iso 3-OH,
and summed feature 3. The predominant menaquinone is MK-7; MK-6 is a minor component. The major cellular
fatty acids are C15:0 iso, C15:1 iso, C17:0 iso 3-OH, and summed feature 3 (comprised of C15:0 iso 2-OH and/or
C16:1 ω7c). Isolated from soil. DNA G+C content (mol%): 47.2–48.9 (HPLC).
The Editorial Board 2015. Terrimonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10403251

10403251
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 14, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10403251001 PGDW30-09132017 Water 09/13/17 15:20 09/14/17 10:00

10403251002 Trip Blank Water 09/13/17 00:00 09/14/17 10:00

10403251003 PGDW30-09132017-PRE Water 09/13/17 11:56 09/14/17 10:00
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10403251001 PGDW30-09132017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10403251002 Trip Blank EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10403251001 PGDW30-09132017

Calcium 4190 ug/L 09/21/17 18:40500EPA 6010C
Iron 17.3J ug/L 09/21/17 18:4050.0EPA 6010C
Magnesium 93.2J ug/L 09/21/17 18:40500EPA 6010C
Manganese 1.2J ug/L 09/21/17 18:405.0EPA 6010C
Potassium 360J ug/L 09/21/17 18:402500EPA 6010C
Sodium 196000 ug/L 09/21/17 18:401000EPA 6010C
Strontium 70.6 ug/L 09/26/17 10:140.50EPA 6020A
Diethylphthalate 26.3 ug/L 09/26/17 20:4910.4EPA 8270D
Benzo(a)pyrene 0.024J ug/L 09/21/17 08:320.043EPA 8270D by SIM
Fluoranthene 0.015J ug/L 09/21/17 08:320.043EPA 8270D by SIM
Phenanthrene 0.012J ug/L 09/21/17 08:320.043EPA 8270D by SIM
Alkalinity, Total as CaCO3 95.8 mg/L 09/23/17 12:235.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 80.0 mg/L 09/23/17 12:235.0SM 2320B
Alkalinity,Carbonate (CaCO3) 15.8 mg/L 09/23/17 12:235.0SM 2320B
Total Dissolved Solids 628 mg/L 09/19/17 15:4920.0SM 2540C
Bromide 0.12 mg/L 09/14/17 18:400.080EPA 300.0
Chloride 15.8 mg/L 09/14/17 18:40 M11.2EPA 300.0
Fluoride 0.90 mg/L 09/14/17 18:40 M10.050EPA 300.0
Nitrate as N 0.040J mg/L 09/14/17 18:40 M10.10EPA 300.0
Sulfate 311 mg/L 09/14/17 20:31 M612.0EPA 300.0
Total Organic Carbon 0.55J mg/L 09/19/17 15:470.84SM 5310C

10403251002 Trip Blank

2-Propanol 122 ug/L 09/22/17 13:50100EPA 8260B
Acetone 9.2J ug/L 09/22/17 13:5020.0EPA 8260B
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW30-09132017  (Lab ID: 10403251001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 496901

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2702021)

• Butylbenzylphthalate
• bis(2-Ethylhexyl)phthalate
• Di-n-octylphthalate
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

Analyte Comments:

QC Batch: 496901

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2702021)

• Hexachlorocyclopentadiene
• LCSD  (Lab ID: 2702022)

• Butylbenzylphthalate
• bis(2-Ethylhexyl)phthalate
• Di-n-octylphthalate
• Hexachlorocyclopentadiene

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498365
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403491012

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2709357)

• 1,2,4-Trichlorobenzene
• 2-Butanone (MEK)
• 2-Hexanone
• 4-Methyl-2-pentanone (MIBK)
• Acetone
• Chloroethane
• Dichlorodifluoromethane
• Dichlorofluoromethane
• Hexachloro-1,3-butadiene
• Naphthalene
• Tetrahydrofuran
• Vinyl chloride

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

QC Batch: 498365
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403491012

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2709358)

• Bromomethane
• Chloroethane
• Chloromethane
• Dichlorodifluoromethane
• Dichlorofluoromethane
• Hexachloro-1,3-butadiene
• Trichlorofluoromethane
• Vinyl chloride

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.
QC Batch: 498198

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 14 of 161

14 of 288610403251



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498471
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403287003,10403716006

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2710271)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2710273)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 496803
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403251001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2701375)

• Chloride
• Fluoride
• Nitrate as N

• MSD  (Lab ID: 2701376)
• Chloride
• Fluoride
• Nitrate as N

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2701375)

• Sulfate
• MSD  (Lab ID: 2701376)

• Sulfate

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: PGDW30-09132017 Lab ID: 10403251001 Collected: 09/13/17 15:20 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 4190 ug/L 09/21/17 18:40 7440-70-209/20/17 11:18500 24.7 1
Iron 17.3J ug/L 09/21/17 18:40 7439-89-609/20/17 11:1850.0 16.7 1
Magnesium 93.2J ug/L 09/21/17 18:40 7439-95-409/20/17 11:18500 2.6 1
Manganese 1.2J ug/L 09/21/17 18:40 7439-96-509/20/17 11:185.0 0.38 1
Potassium 360J ug/L 09/21/17 18:40 7440-09-709/20/17 11:182500 126 1
Sodium 196000 ug/L 09/21/17 18:40 7440-23-509/20/17 11:181000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 70.6 ug/L 09/26/17 10:14 7440-24-609/25/17 14:400.50 0.075 1

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 09/26/17 20:49 120-82-109/15/17 10:2610.4 4.4 1
1,2-Dichlorobenzene ND ug/L 09/26/17 20:49 95-50-109/15/17 10:2610.4 3.7 1
1,2-Diphenylhydrazine ND ug/L 09/26/17 20:49 122-66-709/15/17 10:2610.4 1.3 1
1,3-Dichlorobenzene ND ug/L 09/26/17 20:49 541-73-109/15/17 10:2610.4 4.3 1
1,4-Dichlorobenzene ND ug/L 09/26/17 20:49 106-46-709/15/17 10:2610.4 3.5 1
1-Methylnaphthalene ND ug/L 09/26/17 20:49 90-12-009/15/17 10:2610.4 2.2 1
2,4,5-Trichlorophenol ND ug/L 09/26/17 20:49 95-95-409/15/17 10:2610.4 1.1 1
2,4,6-Trichlorophenol ND ug/L 09/26/17 20:49 88-06-209/15/17 10:2610.4 1.1 1
2,4-Dichlorophenol ND ug/L 09/26/17 20:49 120-83-209/15/17 10:2610.4 1.6 1
2,4-Dimethylphenol ND ug/L 09/26/17 20:49 105-67-909/15/17 10:2651.8 2.9 1
2,4-Dinitrophenol ND ug/L 09/26/17 20:49 51-28-509/15/17 10:2610.4 2.5 1
2,4-Dinitrotoluene ND ug/L 09/26/17 20:49 121-14-209/15/17 10:2610.4 1.4 1
2,6-Dinitrotoluene ND ug/L 09/26/17 20:49 606-20-209/15/17 10:2610.4 0.66 1
2-Chloronaphthalene ND ug/L 09/26/17 20:49 91-58-709/15/17 10:2610.4 2.3 1
2-Chlorophenol ND ug/L 09/26/17 20:49 95-57-809/15/17 10:2610.4 1.2 1
2-Methylnaphthalene ND ug/L 09/26/17 20:49 91-57-609/15/17 10:2610.4 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/26/17 20:49 95-48-709/15/17 10:2610.4 2.0 1
2-Nitroaniline ND ug/L 09/26/17 20:49 88-74-409/15/17 10:2610.4 1.6 1
2-Nitrophenol ND ug/L 09/26/17 20:49 88-75-509/15/17 10:2610.4 1.7 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/26/17 20:4909/15/17 10:2620.7 1.1 1
3,3'-Dichlorobenzidine ND ug/L 09/26/17 20:49 91-94-109/15/17 10:2651.8 1.3 1
3-Nitroaniline ND ug/L 09/26/17 20:49 99-09-209/15/17 10:2610.4 1.3 1
4,6-Dinitro-2-methylphenol ND ug/L 09/26/17 20:49 534-52-109/15/17 10:2610.4 1.6 1
4-Bromophenylphenyl ether ND ug/L 09/26/17 20:49 101-55-309/15/17 10:2610.4 2.4 1
4-Chloro-3-methylphenol ND ug/L 09/26/17 20:49 59-50-709/15/17 10:2610.4 1.5 1
4-Chloroaniline ND ug/L 09/26/17 20:49 106-47-809/15/17 10:2651.8 2.0 1
4-Chlorophenylphenyl ether ND ug/L 09/26/17 20:49 7005-72-309/15/17 10:2610.4 1.6 1
4-Nitroaniline ND ug/L 09/26/17 20:49 100-01-609/15/17 10:2610.4 2.1 1
4-Nitrophenol ND ug/L 09/26/17 20:49 100-02-709/15/17 10:2610.4 2.7 1
Benzoic acid ND ug/L 09/26/17 20:49 65-85-009/15/17 10:2651.8 1.6 1
Benzyl alcohol ND ug/L 09/26/17 20:49 100-51-609/15/17 10:2610.4 1.4 1
Butylbenzylphthalate ND ug/L 09/26/17 20:49 85-68-709/15/17 10:2610.4 1.8 1
Carbazole ND ug/L 09/26/17 20:49 86-74-809/15/17 10:2610.4 1.1 1
Di-n-butylphthalate ND ug/L 09/26/17 20:49 84-74-209/15/17 10:2610.4 1.4 1
Di-n-octylphthalate ND ug/L 09/26/17 20:49 117-84-009/15/17 10:2610.4 2.1 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: PGDW30-09132017 Lab ID: 10403251001 Collected: 09/13/17 15:20 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 09/26/17 20:49 132-64-909/15/17 10:2610.4 1.7 1
Diethylphthalate 26.3 ug/L 09/26/17 20:49 84-66-209/15/17 10:2610.4 1.5 1
Dimethylphthalate ND ug/L 09/26/17 20:49 131-11-309/15/17 10:2610.4 1.3 1
Hexachloro-1,3-butadiene ND ug/L 09/26/17 20:49 87-68-309/15/17 10:2610.4 3.3 1
Hexachlorobenzene ND ug/L 09/26/17 20:49 118-74-109/15/17 10:2610.4 2.2 1
Hexachlorocyclopentadiene ND ug/L 09/26/17 20:49 77-47-409/15/17 10:2651.8 19.5 1
Hexachloroethane ND ug/L 09/26/17 20:49 67-72-109/15/17 10:2610.4 3.6 1
Isophorone ND ug/L 09/26/17 20:49 78-59-109/15/17 10:2610.4 1.2 1
N-Nitroso-di-n-propylamine ND ug/L 09/26/17 20:49 621-64-709/15/17 10:2610.4 1.0 1
N-Nitrosodimethylamine ND ug/L 09/26/17 20:49 62-75-909/15/17 10:2610.4 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/26/17 20:49 86-30-609/15/17 10:2610.4 1.1 1
Nitrobenzene ND ug/L 09/26/17 20:49 98-95-309/15/17 10:2610.4 1.3 1
Phenol ND ug/L 09/26/17 20:49 108-95-209/15/17 10:2610.4 1.2 1
Pyridine ND ug/L 09/26/17 20:49 110-86-1 L209/15/17 10:2610.4 2.6 1
bis(2-Chloroethoxy)methane ND ug/L 09/26/17 20:49 111-91-109/15/17 10:2610.4 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/26/17 20:49 111-44-409/15/17 10:2610.4 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/26/17 20:49 108-60-109/15/17 10:2610.4 1.4 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/26/17 20:49 117-81-709/15/17 10:2610.4 4.8 1
Surrogates
Nitrobenzene-d5 (S) 68 %. 09/26/17 20:49 4165-60-009/15/17 10:2644-125 1
2-Fluorobiphenyl (S) 65 %. 09/26/17 20:49 321-60-809/15/17 10:2630-125 1
p-Terphenyl-d14 (S) 72 %. 09/26/17 20:49 1718-51-009/15/17 10:2631-125 1
Phenol-d6 (S) 72 %. 09/26/17 20:49 13127-88-309/15/17 10:2659-125 1
2-Fluorophenol (S) 71 %. 09/26/17 20:49 367-12-409/15/17 10:2649-125 1
2,4,6-Tribromophenol (S) 71 %. 09/26/17 20:49 118-79-609/15/17 10:2666-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/21/17 08:32 83-32-909/19/17 11:190.043 0.0060 1
Acenaphthylene ND ug/L 09/21/17 08:32 208-96-809/19/17 11:190.043 0.0071 1
Anthracene ND ug/L 09/21/17 08:32 120-12-709/19/17 11:190.043 0.0084 1
Benzo(a)anthracene ND ug/L 09/21/17 08:32 56-55-309/19/17 11:190.043 0.0083 1
Benzo(a)pyrene 0.024J ug/L 09/21/17 08:32 50-32-809/19/17 11:190.043 0.0045 1
Benzo(b)fluoranthene ND ug/L 09/21/17 08:32 205-99-209/19/17 11:190.043 0.0051 1
Benzo(e)pyrene ND ug/L 09/21/17 08:32 192-97-209/19/17 11:190.043 0.0059 1
Benzo(g,h,i)perylene ND ug/L 09/21/17 08:32 191-24-209/19/17 11:190.043 0.0080 1
Benzo(k)fluoranthene ND ug/L 09/21/17 08:32 207-08-909/19/17 11:190.043 0.0051 1
Chrysene ND ug/L 09/21/17 08:32 218-01-909/19/17 11:190.043 0.0061 1
Dibenz(a,h)anthracene ND ug/L 09/21/17 08:32 53-70-309/19/17 11:190.043 0.011 1
Fluoranthene 0.015J ug/L 09/21/17 08:32 206-44-009/19/17 11:190.043 0.0076 1
Fluorene ND ug/L 09/21/17 08:32 86-73-709/19/17 11:190.043 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/21/17 08:32 193-39-509/19/17 11:190.043 0.0039 1
Naphthalene ND ug/L 09/21/17 08:32 91-20-309/19/17 11:190.043 0.0079 1
Phenanthrene 0.012J ug/L 09/21/17 08:32 85-01-809/19/17 11:190.043 0.0094 1
Pyrene ND ug/L 09/21/17 08:32 129-00-009/19/17 11:190.043 0.0090 1
Surrogates
2-Fluorobiphenyl (S) 72 %. 09/21/17 08:32 321-60-809/19/17 11:1955-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: PGDW30-09132017 Lab ID: 10403251001 Collected: 09/13/17 15:20 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 93 %. 09/21/17 08:32 1718-51-009/19/17 11:1964-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 18:08 87-86-509/19/17 19:340.63 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 33 %. 09/27/17 18:08 118-79-609/19/17 19:3430-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/22/17 20:06 630-20-61.0 0.14 1
1,1,1-Trichloroethane ND ug/L 09/22/17 20:06 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/22/17 20:06 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/22/17 20:06 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/22/17 20:06 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/22/17 20:06 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/22/17 20:06 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/22/17 20:06 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/22/17 20:06 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/22/17 20:06 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/22/17 20:06 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/22/17 20:06 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/22/17 20:06 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/22/17 20:06 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/22/17 20:06 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/22/17 20:06 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/22/17 20:06 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/22/17 20:06 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/22/17 20:06 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/22/17 20:06 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/22/17 20:06 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/22/17 20:06 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/22/17 20:06 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/22/17 20:06 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/22/17 20:06 108-10-15.0 0.55 1
Acetone ND ug/L 09/22/17 20:06 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/22/17 20:06 107-05-14.0 1.0 1
Benzene ND ug/L 09/22/17 20:06 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/22/17 20:06 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/22/17 20:06 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/22/17 20:06 75-27-40.50 0.20 1
Bromoform ND ug/L 09/22/17 20:06 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/22/17 20:06 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/22/17 20:06 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/22/17 20:06 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/22/17 20:06 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/22/17 20:06 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: PGDW30-09132017 Lab ID: 10403251001 Collected: 09/13/17 15:20 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/22/17 20:06 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/22/17 20:06 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/22/17 20:06 124-48-11.0 0.13 1
Dibromomethane ND ug/L 09/22/17 20:06 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/22/17 20:06 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/22/17 20:06 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/22/17 20:06 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/22/17 20:06 108-20-31.0 0.12 1
Ethanol ND ug/L 09/22/17 20:06 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/22/17 20:06 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/22/17 20:06 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/22/17 20:06 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/22/17 20:06 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/22/17 20:06 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/22/17 20:06 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/22/17 20:06 91-20-31.0 0.42 1
Styrene ND ug/L 09/22/17 20:06 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/22/17 20:06 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/22/17 20:06 109-99-910.0 4.3 1
Toluene ND ug/L 09/22/17 20:06 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/22/17 20:06 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/22/17 20:06 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/22/17 20:06 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/22/17 20:06 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/22/17 20:06 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/22/17 20:06 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/22/17 20:06 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/22/17 20:06 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/22/17 20:06 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/22/17 20:06 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/22/17 20:06 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/22/17 20:06 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/22/17 20:06 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/22/17 20:06 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/22/17 20:06 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/22/17 20:06 10061-02-61.0 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 96 %. 09/22/17 20:06 17060-07-075-137 1
Toluene-d8 (S) 94 %. 09/22/17 20:06 2037-26-575-125 1
4-Bromofluorobenzene (S) 95 %. 09/22/17 20:06 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/23/17 04:51 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/23/17 04:51 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/23/17 04:51 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: PGDW30-09132017 Lab ID: 10403251001 Collected: 09/13/17 15:20 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 130 %. 09/23/17 04:51 17060-07-070-130 1
Toluene-d8 (S) 110 %. 09/23/17 04:51 2037-26-570-130 1
4-Bromofluorobenzene (S) 98 %. 09/23/17 04:51 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 09/23/17 12:235.0 1.4 1
Alkalinity, Total as CaCO3 95.8 mg/L 09/23/17 12:235.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 80.0 mg/L 09/23/17 12:235.0 1.4 1
Alkalinity,Carbonate (CaCO3) 15.8 mg/L 09/23/17 12:235.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 628 mg/L 09/19/17 15:4920.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.12 mg/L 09/14/17 18:40 24959-67-90.080 0.0070 1
Chloride 15.8 mg/L 09/14/17 18:40 16887-00-6 M11.2 0.14 1
Fluoride 0.90 mg/L 09/14/17 18:40 16984-48-8 M10.050 0.0028 1
Nitrate as N 0.040J mg/L 09/14/17 18:40 14797-55-8 M10.10 0.0079 1
Nitrite as N ND mg/L 09/14/17 18:40 14797-65-00.10 0.016 1
Sulfate 311 mg/L 09/14/17 20:31 14808-79-8 M612.0 2.7 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.55J mg/L 09/19/17 15:47 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403251002 Collected: 09/13/17 00:00 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/22/17 13:50 630-20-61.0 0.14 1
1,1,1-Trichloroethane ND ug/L 09/22/17 13:50 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/22/17 13:50 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/22/17 13:50 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/22/17 13:50 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/22/17 13:50 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/22/17 13:50 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/22/17 13:50 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/22/17 13:50 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/22/17 13:50 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/22/17 13:50 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/22/17 13:50 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/22/17 13:50 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/22/17 13:50 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/22/17 13:50 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/22/17 13:50 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/22/17 13:50 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/22/17 13:50 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/22/17 13:50 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/22/17 13:50 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/22/17 13:50 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/22/17 13:50 591-78-65.0 2.5 1
2-Propanol 122 ug/L 09/22/17 13:50 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/22/17 13:50 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/22/17 13:50 108-10-15.0 0.55 1
Acetone 9.2J ug/L 09/22/17 13:50 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/22/17 13:50 107-05-14.0 1.0 1
Benzene ND ug/L 09/22/17 13:50 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/22/17 13:50 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/22/17 13:50 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/22/17 13:50 75-27-40.50 0.20 1
Bromoform ND ug/L 09/22/17 13:50 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/22/17 13:50 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/22/17 13:50 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/22/17 13:50 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/22/17 13:50 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/22/17 13:50 75-00-31.0 0.44 1
Chloroform ND ug/L 09/22/17 13:50 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/22/17 13:50 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/22/17 13:50 124-48-11.0 0.13 1
Dibromomethane ND ug/L 09/22/17 13:50 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/22/17 13:50 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/22/17 13:50 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/22/17 13:50 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/22/17 13:50 108-20-31.0 0.12 1
Ethanol ND ug/L 09/22/17 13:50 64-17-580.0 26.4 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403251002 Collected: 09/13/17 00:00 Received: 09/14/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 09/22/17 13:50 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/22/17 13:50 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/22/17 13:50 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/22/17 13:50 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/22/17 13:50 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/22/17 13:50 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/22/17 13:50 91-20-31.0 0.42 1
Styrene ND ug/L 09/22/17 13:50 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/22/17 13:50 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/22/17 13:50 109-99-910.0 4.3 1
Toluene ND ug/L 09/22/17 13:50 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/22/17 13:50 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/22/17 13:50 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/22/17 13:50 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/22/17 13:50 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/22/17 13:50 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/22/17 13:50 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/22/17 13:50 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/22/17 13:50 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/22/17 13:50 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/22/17 13:50 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/22/17 13:50 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/22/17 13:50 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/22/17 13:50 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/22/17 13:50 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/22/17 13:50 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/22/17 13:50 10061-02-61.0 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 92 %. 09/22/17 13:50 17060-07-075-137 1
Toluene-d8 (S) 91 %. 09/22/17 13:50 2037-26-575-125 1
4-Bromofluorobenzene (S) 93 %. 09/22/17 13:50 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/22/17 22:59 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/22/17 22:59 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/22/17 22:59 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 128 %. 09/22/17 22:59 17060-07-070-130 1
Toluene-d8 (S) 110 %. 09/22/17 22:59 2037-26-570-130 1
4-Bromofluorobenzene (S) 103 %. 09/22/17 22:59 460-00-470-130 1
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497523
EPA 3010

EPA 6010C
6010C Water

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705123
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/21/17 18:3424.7
Iron ug/L ND 50.0 09/21/17 18:3416.7
Magnesium ug/L 3.2J 500 09/21/17 18:342.6
Manganese ug/L ND 5.0 09/21/17 18:340.38
Potassium ug/L ND 2500 09/21/17 18:34126
Sodium ug/L ND 1000 09/21/17 18:3444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705124LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1940020000 97 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 2000020000 100 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 1990020000 99 80-120
Sodium ug/L 1950020000 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705125MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403251001

2705126

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 99 75-125100 1 20200004190 24100 24300
Iron ug/L 20000 102 75-125103 1 202000017.3J 20400 20500
Magnesium ug/L 20000 101 75-125102 1 202000093.2J 20300 20400
Manganese ug/L 1000 103 75-125104 1 2010001.2J 1030 1040
Potassium ug/L 20000 113 75-125114 1 2020000360J 23000 23100
Sodium ug/L 20000 109 75-125111 0 2020000196000 218000 218000
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498322
EPA 3020

EPA 6020A
6020A Water UPD4

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709168
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/26/17 14:110.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709169LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 102100 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709170MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709171

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-125103 0 2010082.0 186 185

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:04 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 27 of 161

27 of 288610403251



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498365
EPA 8260B

EPA 8260B
8260 MSV LL Water

Associated Lab Samples: 10403251001, 10403251002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709355
Associated Lab Samples: 10403251001, 10403251002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 1.0 MN09/22/17 13:280.14
1,1,1-Trichloroethane ug/L ND 0.50 09/22/17 13:280.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/22/17 13:280.19
1,1,2-Trichloroethane ug/L ND 0.50 09/22/17 13:280.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/22/17 13:280.28
1,1-Dichloroethane ug/L ND 0.50 09/22/17 13:280.14
1,1-Dichloroethene ug/L ND 0.50 09/22/17 13:280.18
1,1-Dichloropropene ug/L ND 0.50 09/22/17 13:280.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/22/17 13:280.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/22/17 13:280.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/22/17 13:280.098
1,2-Dichlorobenzene ug/L ND 0.50 09/22/17 13:280.21
1,2-Dichloroethane ug/L ND 0.50 09/22/17 13:280.15
1,2-Dichloropropane ug/L ND 4.0 09/22/17 13:280.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/22/17 13:280.18
1,3-Dichlorobenzene ug/L ND 0.50 09/22/17 13:280.16
1,3-Dichloropropane ug/L ND 0.50 09/22/17 13:280.13
1,4-Dichlorobenzene ug/L ND 0.50 09/22/17 13:280.10
2,2-Dichloropropane ug/L ND 1.0 09/22/17 13:280.40
2-Butanone (MEK) ug/L ND 5.0 09/22/17 13:282.4
2-Chlorotoluene ug/L ND 0.50 09/22/17 13:280.20
2-Hexanone ug/L ND 5.0 09/22/17 13:282.5
2-Propanol ug/L ND 100 09/22/17 13:2820.6
4-Chlorotoluene ug/L ND 0.50 09/22/17 13:280.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/22/17 13:280.55
Acetone ug/L ND 20.0 09/22/17 13:288.8
Allyl chloride ug/L ND 4.0 09/22/17 13:281.0
Benzene ug/L ND 0.50 09/22/17 13:280.13
Bromobenzene ug/L ND 0.50 09/22/17 13:280.16
Bromochloromethane ug/L ND 1.0 09/22/17 13:280.38
Bromodichloromethane ug/L ND 0.50 09/22/17 13:280.20
Bromoform ug/L ND 4.0 09/22/17 13:281.0
Bromomethane ug/L ND 4.0 09/22/17 13:281.5
Carbon disulfide ug/L ND 1.0 09/22/17 13:280.37
Carbon tetrachloride ug/L ND 0.50 09/22/17 13:280.20
Chlorobenzene ug/L ND 0.50 09/22/17 13:280.14
Chloroethane ug/L ND 1.0 09/22/17 13:280.44
Chloroform ug/L ND 1.0 09/22/17 13:280.46
Chloromethane ug/L ND 4.0 09/22/17 13:281.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/22/17 13:280.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/22/17 13:280.12
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709355
Associated Lab Samples: 10403251001, 10403251002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 1.0 MN09/22/17 13:280.13
Dibromomethane ug/L ND 1.0 09/22/17 13:280.50
Dichlorodifluoromethane ug/L ND 1.0 09/22/17 13:280.31
Dichlorofluoromethane ug/L ND 1.0 09/22/17 13:280.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/22/17 13:281.3
Diisopropyl ether ug/L ND 1.0 09/22/17 13:280.12
Ethanol ug/L ND 80.0 09/22/17 13:2826.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/22/17 13:280.13
Ethylbenzene ug/L ND 0.50 09/22/17 13:280.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/22/17 13:280.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/22/17 13:280.14
m&p-Xylene ug/L ND 1.0 09/22/17 13:280.24
Methyl-tert-butyl ether ug/L ND 0.50 09/22/17 13:280.14
Methylene Chloride ug/L ND 4.0 09/22/17 13:281.2
n-Butylbenzene ug/L ND 0.50 09/22/17 13:280.13
n-Propylbenzene ug/L ND 0.50 09/22/17 13:280.12
Naphthalene ug/L ND 1.0 09/22/17 13:280.42
o-Xylene ug/L ND 0.50 09/22/17 13:280.11
p-Isopropyltoluene ug/L ND 0.50 09/22/17 13:280.14
sec-Butylbenzene ug/L ND 0.50 09/22/17 13:280.12
Styrene ug/L ND 0.50 09/22/17 13:280.14
tert-Amylmethyl ether ug/L ND 0.50 09/22/17 13:280.12
tert-Butyl Alcohol ug/L ND 10.0 09/22/17 13:282.2
tert-Butylbenzene ug/L ND 0.50 09/22/17 13:280.15
Tetrachloroethene ug/L ND 0.50 09/22/17 13:280.16
Tetrahydrofuran ug/L ND 10.0 09/22/17 13:284.3
Toluene ug/L ND 0.50 09/22/17 13:280.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/22/17 13:280.21
trans-1,3-Dichloropropene ug/L ND 1.0 MN09/22/17 13:280.14
Trichloroethene ug/L ND 0.40 09/22/17 13:280.18
Trichlorofluoromethane ug/L ND 0.50 09/22/17 13:280.13
Vinyl chloride ug/L ND 0.20 09/22/17 13:280.096
1,2-Dichloroethane-d4 (S) %. 92 75-137 09/22/17 13:28
4-Bromofluorobenzene (S) %. 90 75-125 09/22/17 13:28
Toluene-d8 (S) %. 93 75-125 09/22/17 13:28

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709356LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.420 102 75-136
1,1,1-Trichloroethane ug/L 19.420 97 75-129
1,1,2,2-Tetrachloroethane ug/L 24.220 121 71-138
1,1,2-Trichloroethane ug/L 21.520 107 75-125
1,1,2-Trichlorotrifluoroethane ug/L 17.120 85 69-126
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709356LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 18.820 94 75-125
1,1-Dichloroethene ug/L 18.520 93 75-125
1,1-Dichloropropene ug/L 17.520 88 75-125
1,2,3-Trichlorobenzene ug/L 22.620 113 75-125
1,2,4-Trichlorobenzene ug/L 22.920 114 75-125
1,2,4-Trimethylbenzene ug/L 20.020 100 75-125
1,2-Dichlorobenzene ug/L 22.220 111 75-125
1,2-Dichloroethane ug/L 18.520 92 70-125
1,2-Dichloropropane ug/L 20.220 101 75-125
1,3,5-Trimethylbenzene ug/L 20.320 102 75-125
1,3-Dichlorobenzene ug/L 21.320 107 75-125
1,3-Dichloropropane ug/L 20.220 101 75-125
1,4-Dichlorobenzene ug/L 21.120 106 75-125
2,2-Dichloropropane ug/L 18.320 91 70-131
2-Butanone (MEK) ug/L 121100 121 69-125
2-Chlorotoluene ug/L 20.420 102 75-125
2-Hexanone ug/L 126100 126 73-129
2-Propanol ug/L 213200 107 50-150
4-Chlorotoluene ug/L 20.220 101 75-125
4-Methyl-2-pentanone (MIBK) ug/L 120100 120 73-125
Acetone ug/L 115100 115 66-126
Allyl chloride ug/L 18.820 94 71-125
Benzene ug/L 18.420 92 75-125
Bromobenzene ug/L 20.820 104 75-125
Bromochloromethane ug/L 19.320 97 75-126
Bromodichloromethane ug/L 20.020 100 75-133
Bromoform ug/L 20.920 104 62-142
Bromomethane ug/L 12.920 65 34-143
Carbon disulfide ug/L 16.120 81 71-125
Carbon tetrachloride ug/L 18.820 94 71-145
Chlorobenzene ug/L 20.720 104 75-125
Chloroethane ug/L 20.320 102 75-125
Chloroform ug/L 18.820 94 75-125
Chloromethane ug/L 17.120 85 54-125
cis-1,2-Dichloroethene ug/L 18.820 94 75-125
cis-1,3-Dichloropropene ug/L 19.820 99 75-125
Dibromochloromethane ug/L 18.620 93 74-141
Dibromomethane ug/L 22.620 113 75-125
Dichlorodifluoromethane ug/L 19.120 96 59-130
Dichlorofluoromethane ug/L 18.020 90 75-125
Diethyl ether (Ethyl ether) ug/L 19.720 98 75-125
Diisopropyl ether ug/L 20.520 103 69-125
Ethanol ug/L 493400 123 49-150
Ethyl-tert-butyl ether ug/L 18.820 94 73-125
Ethylbenzene ug/L 19.620 98 75-125
Hexachloro-1,3-butadiene ug/L 22.820 114 75-131
Isopropylbenzene (Cumene) ug/L 19.520 97 75-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709356LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 40.840 102 75-125
Methyl-tert-butyl ether ug/L 18.920 94 75-125
Methylene Chloride ug/L 17.420 87 73-125
n-Butylbenzene ug/L 20.520 103 75-125
n-Propylbenzene ug/L 20.620 103 75-125
Naphthalene ug/L 21.620 108 74-125
o-Xylene ug/L 20.220 101 75-125
p-Isopropyltoluene ug/L 18.720 94 75-125
sec-Butylbenzene ug/L 19.820 99 75-125
Styrene ug/L 18.420 92 75-125
tert-Amylmethyl ether ug/L 18.720 94 71-126
tert-Butyl Alcohol ug/L 246200 123 69-131
tert-Butylbenzene ug/L 19.720 99 75-125
Tetrachloroethene ug/L 19.620 98 75-125
Tetrahydrofuran ug/L 203200 101 65-127
Toluene ug/L 19.820 99 75-125
trans-1,2-Dichloroethene ug/L 18.820 94 75-125
trans-1,3-Dichloropropene ug/L 18.020 90 75-125
Trichloroethene ug/L 20.920 105 75-125
Trichlorofluoromethane ug/L 20.920 104 71-140
Vinyl chloride ug/L 19.820 99 70-125
1,2-Dichloroethane-d4 (S) %. 90 75-137
4-Bromofluorobenzene (S) %. 95 75-125
Toluene-d8 (S) %. 95 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709357MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403491012

2709358

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 120 75-137100 18 3020ND 24.0 20.0
1,1,1-Trichloroethane ug/L 20 125 75-139105 17 3020ND 24.9 21.1
1,1,2,2-Tetrachloroethane ug/L 20 135 60-142119 13 3020ND 27.1 23.8
1,1,2-Trichloroethane ug/L 20 120 75-128105 14 3020ND 24.1 20.9
1,1,2-Trichlorotrifluoroethane ug/L 20 125 62-150107 16 3020ND 25.1 21.4
1,1-Dichloroethane ug/L 20 114 70-12996 17 3020ND 22.8 19.2
1,1-Dichloroethene ug/L 20 124 67-141105 17 3020ND 24.9 21.0
1,1-Dichloropropene ug/L 20 116 64-14498 17 3020ND 23.2 19.7
1,2,3-Trichlorobenzene ug/L 20 139 66-139116 18 3020ND 27.7 23.2
1,2,4-Trichlorobenzene ug/L M120 142 65-138116 20 3020ND 28.4 23.3
1,2,4-Trimethylbenzene ug/L 20 124 65-143105 17 3020ND 24.8 20.9
1,2-Dichlorobenzene ug/L 20 125 68-135107 16 3020ND 25.0 21.4
1,2-Dichloroethane ug/L 20 109 73-12591 18 3020ND 21.7 18.1
1,2-Dichloropropane ug/L 20 119 64-130102 15 3020ND 23.8 20.5
1,3,5-Trimethylbenzene ug/L 20 127 64-146107 17 3020ND 25.4 21.3
1,3-Dichlorobenzene ug/L 20 121 69-135106 13 3020ND 24.2 21.2
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709357MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403491012

2709358

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 111 67-12896 14 3020ND 22.3 19.3
1,4-Dichlorobenzene ug/L 20 124 66-134106 15 3020ND 24.8 21.2
2,2-Dichloropropane ug/L 20 116 50-15099 15 3020ND 23.1 19.8
2-Butanone (MEK) ug/L M1100 136 58-125125 8 30100ND 136 125
2-Chlorotoluene ug/L 20 118 65-138103 13 3020ND 23.5 20.6
2-Hexanone ug/L M1100 139 61-134127 9 30100ND 139 127
2-Propanol ug/L 200 118 51-150109 8 30200ND 247 229
4-Chlorotoluene ug/L 20 116 68-135101 13 3020ND 23.2 20.3
4-Methyl-2-pentanone
(MIBK)

ug/L M1100 135 61-130120 11 30100ND 135 120

Acetone ug/L M1100 156 51-140138 12 30100ND 161 143
Allyl chloride ug/L 20 121 61-125103 16 3020ND 24.2 20.5
Benzene ug/L 20 112 63-13296 15 3020ND 22.4 19.2
Bromobenzene ug/L 20 119 67-138105 13 3020ND 23.9 21.0
Bromochloromethane ug/L 20 112 66-13899 12 3020ND 22.3 19.8
Bromodichloromethane ug/L 20 120 75-137101 17 3020ND 23.9 20.2
Bromoform ug/L 20 121 65-129106 13 3020ND 24.1 21.1
Bromomethane ug/L R120 46 41-15074 47 3020ND 9.2 14.8
Carbon disulfide ug/L 20 110 72-13290 20 3020ND 22.0 17.9
Carbon tetrachloride ug/L 20 121 75-150101 18 3020ND 24.3 20.2
Chlorobenzene ug/L 20 116 73-127101 14 3020ND 23.3 20.3
Chloroethane ug/L M1,R120 68 74-13899 37 3020ND 13.6 19.8
Chloroform ug/L 20 107 74-12594 13 3020ND 21.4 18.8
Chloromethane ug/L R120 58 58-12983 35 3020ND 11.6 16.6
cis-1,2-Dichloroethene ug/L 20 116 63-13599 15 3020ND 23.1 19.8
cis-1,3-Dichloropropene ug/L 20 115 66-12995 18 3020ND 22.9 19.1
Dibromochloromethane ug/L 20 108 75-13395 13 3020ND 21.7 18.9
Dibromomethane ug/L 20 131 68-134114 14 3020ND 26.3 22.9
Dichlorodifluoromethane ug/L M1,R120 71 72-150104 38 3020ND 14.3 20.8
Dichlorofluoromethane ug/L M1,R120 58 75-12987 40 3020ND 11.6 17.5
Diethyl ether (Ethyl ether) ug/L 20 116 73-12599 15 3020ND 23.1 19.9
Diisopropyl ether ug/L 20 119 62-128103 14 3020ND 23.7 20.7
Ethanol ug/L 400 119 43-150105 13 30400ND 474 418
Ethyl-tert-butyl ether ug/L 20 108 63-13296 12 3020ND 21.7 19.1
Ethylbenzene ug/L 20 119 72-130104 14 3020ND 23.8 20.7
Hexachloro-1,3-butadiene ug/L M1,R120 165 71-150121 31 3020ND 33.0 24.3
Isopropylbenzene (Cumene) ug/L 20 119 70-136103 15 3020ND 23.8 20.5
m&p-Xylene ug/L 40 121 64-142105 14 3040ND 48.3 41.8
Methyl-tert-butyl ether ug/L 20 109 72-12595 13 3020ND 21.7 19.1
Methylene Chloride ug/L 20 102 60-13286 17 3020ND 20.5 17.2
n-Butylbenzene ug/L 20 142 60-150113 23 3020ND 28.4 22.6
n-Propylbenzene ug/L 20 129 63-142110 17 3020ND 25.9 21.9
Naphthalene ug/L M120 128 67-125115 11 3020ND 25.7 23.0
o-Xylene ug/L 20 121 60-143106 13 3020ND 24.1 21.2
p-Isopropyltoluene ug/L 20 124 64-146102 19 3020ND 24.7 20.4
sec-Butylbenzene ug/L 20 133 67-144110 19 3020ND 26.6 21.9

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:04 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 32 of 161

32 of 288610403251



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709357MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403491012

2709358

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 109 67-13695 14 3020ND 21.8 19.0
tert-Amylmethyl ether ug/L 20 104 60-13491 14 3020ND 20.8 18.1
tert-Butyl Alcohol ug/L 200 129 56-146122 6 30200ND 258 243
tert-Butylbenzene ug/L 20 126 68-135107 16 3020ND 25.3 21.5
Tetrachloroethene ug/L 20 120 67-148107 11 3020ND 24.0 21.4
Tetrahydrofuran ug/L M1200 145 51-141125 15 30200ND 290 250
Toluene ug/L 20 116 61-140101 14 3020ND 23.2 20.2
trans-1,2-Dichloroethene ug/L 20 123 62-138105 16 3020ND 24.7 21.0
trans-1,3-Dichloropropene ug/L 20 105 67-13491 14 3020ND 21.1 18.2
Trichloroethene ug/L 20 133 64-149114 16 3020ND 26.6 22.8
Trichlorofluoromethane ug/L R120 75 75-150111 38 3020ND 15.0 22.1
Vinyl chloride ug/L M1,R120 68 75-133102 40 3020ND 13.5 20.3
1,2-Dichloroethane-d4 (S) %. 91 75-13789
4-Bromofluorobenzene (S) %. 96 75-12596
Toluene-d8 (S) %. 93 75-12592
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498198
EPA 8260B

EPA 8260B
8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10403251001, 10403251002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2708581
Associated Lab Samples: 10403251001, 10403251002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/22/17 21:570.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/22/17 21:570.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/22/17 21:570.0071
1,2-Dichloroethane-d4 (S) %. 127 70-130 09/22/17 21:57
4-Bromofluorobenzene (S) %. 107 70-130 09/22/17 21:57
Toluene-d8 (S) %. 111 70-130 09/22/17 21:57

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708582LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.610 96 70-130
1,2-Dibromo-3-chloropropane ug/L 23.925 96 70-130
1,2-Dibromoethane (EDB) ug/L 9.710 97 70-130
1,2-Dichloroethane-d4 (S) %. 98 70-130
4-Bromofluorobenzene (S) %. 95 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2709724MATRIX SPIKE SAMPLE:
MSSpike

Result
1296409024

1,2,3-Trichloropropane ug/L 20.120 101 70-130ND
1,2-Dibromo-3-chloropropane ug/L 59.350 119 70-130ND
1,2-Dibromoethane (EDB) ug/L 21.820 109 70-130ND
1,2-Dichloroethane-d4 (S) %. 96 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 93 70-130

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

1296409027
2709725SAMPLE DUPLICATE:

1,2,3-Trichloropropane ug/L ND 30ND
1,2-Dibromo-3-chloropropane ug/L ND 30ND
1,2-Dibromoethane (EDB) ug/L ND 30ND
1,2-Dichloroethane-d4 (S) %. 123 1124
4-Bromofluorobenzene (S) %. 108 1109
Toluene-d8 (S) %. 108 0107
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

496901
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2702020
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/20/17 11:484.2
1,2-Dichlorobenzene ug/L ND 10.0 09/20/17 11:483.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/20/17 11:481.3
1,3-Dichlorobenzene ug/L ND 10.0 09/20/17 11:484.2
1,4-Dichlorobenzene ug/L ND 10.0 09/20/17 11:483.4
1-Methylnaphthalene ug/L ND 10.0 09/20/17 11:482.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/20/17 11:481.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/20/17 11:481.1
2,4-Dichlorophenol ug/L ND 10.0 09/20/17 11:481.6
2,4-Dimethylphenol ug/L ND 50.0 09/20/17 11:482.8
2,4-Dinitrophenol ug/L ND 10.0 09/20/17 11:482.5
2,4-Dinitrotoluene ug/L ND 10.0 09/20/17 11:481.3
2,6-Dinitrotoluene ug/L ND 10.0 09/20/17 11:480.64
2-Chloronaphthalene ug/L ND 10.0 09/20/17 11:482.2
2-Chlorophenol ug/L ND 10.0 09/20/17 11:481.1
2-Methylnaphthalene ug/L ND 10.0 09/20/17 11:482.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/20/17 11:481.9
2-Nitroaniline ug/L ND 10.0 09/20/17 11:481.5
2-Nitrophenol ug/L ND 10.0 09/20/17 11:481.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/20/17 11:481.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/20/17 11:481.2
3-Nitroaniline ug/L ND 10.0 09/20/17 11:481.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/20/17 11:481.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/20/17 11:482.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/20/17 11:481.5
4-Chloroaniline ug/L ND 50.0 09/20/17 11:481.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/20/17 11:481.5
4-Nitroaniline ug/L ND 10.0 09/20/17 11:482.0
4-Nitrophenol ug/L ND 10.0 09/20/17 11:482.6
Benzoic acid ug/L ND 50.0 09/20/17 11:481.6
Benzyl alcohol ug/L ND 10.0 09/20/17 11:481.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/20/17 11:481.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/20/17 11:481.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 09/20/17 11:481.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/20/17 11:484.6
Butylbenzylphthalate ug/L ND 10.0 09/20/17 11:481.8
Carbazole ug/L ND 10.0 09/20/17 11:481.1
Di-n-butylphthalate ug/L ND 10.0 09/20/17 11:481.4
Di-n-octylphthalate ug/L ND 10.0 09/20/17 11:482.0
Dibenzofuran ug/L ND 10.0 09/20/17 11:481.6
Diethylphthalate ug/L ND 10.0 09/20/17 11:481.4

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:04 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 35 of 161

35 of 288610403251



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2702020
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/20/17 11:481.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/20/17 11:483.2
Hexachlorobenzene ug/L ND 10.0 09/20/17 11:482.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/20/17 11:4818.8
Hexachloroethane ug/L ND 10.0 09/20/17 11:483.4
Isophorone ug/L ND 10.0 09/20/17 11:481.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/20/17 11:481.0
N-Nitrosodimethylamine ug/L ND 10.0 09/20/17 11:481.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/20/17 11:481.1
Nitrobenzene ug/L ND 10.0 09/20/17 11:481.3
Phenol ug/L ND 10.0 09/20/17 11:481.2
Pyridine ug/L ND 10.0 09/20/17 11:482.5
2,4,6-Tribromophenol (S) %. 85 66-125 09/20/17 11:48
2-Fluorobiphenyl (S) %. 66 30-125 09/20/17 11:48
2-Fluorophenol (S) %. 80 49-125 09/20/17 11:48
Nitrobenzene-d5 (S) %. 75 44-125 09/20/17 11:48
p-Terphenyl-d14 (S) %. 90 31-125 09/20/17 11:48
Phenol-d6 (S) %. 78 59-125 09/20/17 11:48

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2702021LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2702022

1,2,4-Trichlorobenzene ug/L 39.850 80 50-1258040.2 1 20
1,2-Dichlorobenzene ug/L 36.750 73 40-1257236.1 2 20
1,2-Diphenylhydrazine ug/L 44.250 88 66-1258743.3 2 20
1,3-Dichlorobenzene ug/L 35.450 71 37-1257135.3 0 20
1,4-Dichlorobenzene ug/L 35.650 71 38-1257236.0 1 20
1-Methylnaphthalene ug/L 43.550 87 64-1258643.0 1 20
2,4,5-Trichlorophenol ug/L 46.350 93 72-1258843.9 5 20
2,4,6-Trichlorophenol ug/L 45.250 90 70-1258944.5 2 20
2,4-Dichlorophenol ug/L 44.750 89 66-1258843.8 2 20
2,4-Dimethylphenol ug/L 34.6J50 69 30-1257738.3J 20
2,4-Dinitrophenol ug/L 46.550 93 30-1258341.3 12 20
2,4-Dinitrotoluene ug/L 50.150 100 74-1259547.7 5 20
2,6-Dinitrotoluene ug/L 47.550 95 75-1258944.4 7 20
2-Chloronaphthalene ug/L 42.450 85 68-1258642.9 1 20
2-Chlorophenol ug/L 39.450 79 59-1257838.9 1 20
2-Methylnaphthalene ug/L 42.550 85 63-1258643.0 1 20
2-Methylphenol(o-Cresol) ug/L 38.850 78 59-1257537.4 4 20
2-Nitroaniline ug/L 48.750 97 71-1259346.6 4 20
2-Nitrophenol ug/L 44.250 88 64-1258944.7 1 20
3&4-Methylphenol(m&p Cresol) ug/L 41.350 83 62-1257939.3 5 20
3,3'-Dichlorobenzidine ug/L 52.350 105 61-1259145.5J 20
3-Nitroaniline ug/L 52.150 104 60-1259647.8 9 20
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2702021LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2702022

4,6-Dinitro-2-methylphenol ug/L 50.150 100 30-1368743.3 14 20
4-Bromophenylphenyl ether ug/L 43.850 88 73-1258241.2 6 20
4-Chloro-3-methylphenol ug/L 49.950 100 71-1259447.1 6 20
4-Chloroaniline ug/L 42.8J50 86 50-1257235.8J 20
4-Chlorophenylphenyl ether ug/L 44.450 89 72-1258442.0 6 20
4-Nitroaniline ug/L 44.750 89 63-1258642.9 4 20
4-Nitrophenol ug/L 45.750 91 66-1258844.2 4 20
Benzoic acid ug/L 34.1J50 68 30-1257436.9J 20
Benzyl alcohol ug/L 43.050 86 63-1258341.3 4 20
bis(2-Chloroethoxy)methane ug/L 39.750 79 66-1258040.2 1 20
bis(2-Chloroethyl) ether ug/L 35.750 71 58-1257135.7 0 20
bis(2-Chloroisopropyl) ether ug/L 35.350 71 53-1256934.5 2 20
bis(2-Ethylhexyl)phthalate ug/L 57.2 1M50 114 73-12510854.1 6 20
Butylbenzylphthalate ug/L 58.7 1M50 117 73-12511155.7 5 20
Carbazole ug/L 46.150 92 75-1258743.7 5 20
Di-n-butylphthalate ug/L 51.750 103 75-1259949.5 4 20
Di-n-octylphthalate ug/L 59.0 1M50 118 75-12511155.7 6 20
Dibenzofuran ug/L 44.550 89 72-1258843.8 2 20
Diethylphthalate ug/L 48.450 97 75-1259346.5 4 20
Dimethylphthalate ug/L 47.450 95 75-1259145.3 4 20
Hexachloro-1,3-butadiene ug/L 40.250 80 39-1258140.3 0 20
Hexachlorobenzene ug/L 43.550 87 75-1258241.1 6 20
Hexachlorocyclopentadiene ug/L ND 1M50 37 30-1254522.4J 20
Hexachloroethane ug/L 36.350 73 30-1257336.3 0 20
Isophorone ug/L 44.250 88 70-1258944.3 0 20
N-Nitroso-di-n-propylamine ug/L 42.850 86 65-1258241.0 4 20
N-Nitrosodimethylamine ug/L 35.350 71 46-1256934.7 2 20
N-Nitrosodiphenylamine ug/L 45.250 90 72-1258743.4 4 20
Nitrobenzene ug/L 40.950 82 65-1258642.8 4 20
Phenol ug/L 38.750 77 60-1257437.1 4 20
Pyridine ug/L ND L250 1 30-1250ND 20
2,4,6-Tribromophenol (S) %. 85 66-12584
2-Fluorobiphenyl (S) %. 67 30-12569
2-Fluorophenol (S) %. 72 49-12573
Nitrobenzene-d5 (S) %. 68 44-12572
p-Terphenyl-d14 (S) %. 83 31-12580
Phenol-d6 (S) %. 71 59-12572
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497467
EPA Mod. 3510C

EPA 8270D by SIM
8270D PAH by SIM MSSV

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2704964
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 09/20/17 15:190.0056
Acenaphthylene ug/L ND 0.040 09/20/17 15:190.0066
Anthracene ug/L ND 0.040 09/20/17 15:190.0079
Benzo(a)anthracene ug/L ND 0.040 09/20/17 15:190.0078
Benzo(a)pyrene ug/L ND 0.040 09/20/17 15:190.0043
Benzo(b)fluoranthene ug/L ND 0.040 09/20/17 15:190.0048
Benzo(e)pyrene ug/L ND 0.040 09/20/17 15:190.0055
Benzo(g,h,i)perylene ug/L ND 0.040 09/20/17 15:190.0075
Benzo(k)fluoranthene ug/L ND 0.040 09/20/17 15:190.0048
Chrysene ug/L ND 0.040 09/20/17 15:190.0058
Dibenz(a,h)anthracene ug/L ND 0.040 09/20/17 15:190.011
Fluoranthene ug/L ND 0.040 09/20/17 15:190.0072
Fluorene ug/L ND 0.040 09/20/17 15:190.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 09/20/17 15:190.0036
Naphthalene ug/L ND 0.040 09/20/17 15:190.0075
Phenanthrene ug/L ND 0.040 09/20/17 15:190.0088
Pyrene ug/L ND 0.040 09/20/17 15:190.0084
2-Fluorobiphenyl (S) %. 91 55-125 09/20/17 15:19
p-Terphenyl-d14 (S) %. 97 64-125 09/20/17 15:19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2704965LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2704966

Acenaphthene ug/L 0.801 80 51-125770.77 5 20
Acenaphthylene ug/L 0.791 79 54-125750.75 5 20
Anthracene ug/L 0.921 92 64-125890.89 3 20
Benzo(a)anthracene ug/L 0.891 89 63-125870.87 3 20
Benzo(a)pyrene ug/L 0.961 96 72-125940.94 2 20
Benzo(b)fluoranthene ug/L 0.911 91 60-125910.91 0 20
Benzo(e)pyrene ug/L 0.911 91 69-125910.91 0 20
Benzo(g,h,i)perylene ug/L 0.771 77 52-125780.78 2 20
Benzo(k)fluoranthene ug/L 0.971 97 71-125960.96 0 20
Chrysene ug/L 0.901 90 72-125880.88 2 20
Dibenz(a,h)anthracene ug/L 0.681 68 49-125710.71 4 20
Fluoranthene ug/L 0.971 97 71-125960.96 1 20
Fluorene ug/L 0.831 83 56-125790.79 6 20
Indeno(1,2,3-cd)pyrene ug/L 0.891 89 59-125870.87 3 20
Naphthalene ug/L 0.801 80 41-125760.76 5 20
Phenanthrene ug/L 0.881 88 57-125870.87 1 20
Pyrene ug/L 0.881 88 71-125870.87 2 20
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2704965LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2704966

2-Fluorobiphenyl (S) %. 90 55-12586
p-Terphenyl-d14 (S) %. 96 64-12595
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497630
EPA Mod. 3510C

EPA 8270D by SIM
8270D PCP MSSV

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2705623
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 17:270.28
2,4,6-Tribromophenol (S) %. 84 30-132 09/27/17 17:27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2705624LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 78 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2705625MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403515004

2705626

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L 10 33 30-12533 3010ND 3.3J 3.3J
2,4,6-Tribromophenol (S) %. 68 30-13270
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498471
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2710267
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 09/23/17 12:071.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 09/23/17 12:071.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 09/23/17 12:071.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 09/23/17 12:071.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2710268LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2710269

Alkalinity, Total as CaCO3 mg/L 43.240 108 90-11010843.0 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2710270MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403287003

2710271

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 120 80-120137 1 3040445 493 500

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2710272MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403716006

2710273

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 109 80-120126 2 3040281 324 331
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497458
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2704934
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/19/17 15:495.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2704935LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9101000 91 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403555001
2704936SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 228 6 10214

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403555002
2704937SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 190 6 10202

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

496803
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2701373
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/14/17 17:460.0070
Chloride mg/L ND 1.2 09/14/17 17:460.14
Fluoride mg/L ND 0.050 09/14/17 17:460.0028
Nitrate as N mg/L ND 0.10 09/14/17 17:460.0079
Nitrite as N mg/L ND 0.10 09/14/17 17:460.016
Sulfate mg/L ND 1.2 09/14/17 17:460.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2701374LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.312.5 99 90-110
Fluoride mg/L 0.921 92 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.971 97 90-110
Sulfate mg/L 11.812.5 94 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2701375MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403251001

2701376

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 90 90-11090 0 2010.12 1.0 1.0
Chloride mg/L M112.5 82 90-11083 0 2012.515.8 26.1 26.1
Fluoride mg/L M11 76 90-11077 0 2010.90 1.7 1.7
Nitrate as N mg/L M11 89 90-11089 0 2010.040J 0.93 0.93
Nitrite as N mg/L 1 97 90-11097 0 201ND 0.97 0.97
Sulfate mg/L M6125 83 90-110828 0 2012.5311 414 414
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

267930
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10403251001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1574029
Associated Lab Samples: 10403251001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/19/17 10:020.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1574030LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 98 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1574031MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40156890001

1574032

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 100 105 80-120107 1 10100130 235 237

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1574033MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403251001

1574034

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 95 80-12099 3 1010.55J 1.5 1.5
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QUALIFIERS

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

BATCH QUALIFIERS

Batch: 498198
A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
The reporting limit has been raised in accordance with Minnesota Statutes 4740.2100 Subpart 8. C, D. Reporting Limit
Evaluation Rule.

MN

RPD value was outside control limits.R1
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10403251
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10403251001 497523 498019PGDW30-09132017 EPA 3010 EPA 6010C

10403251001 498322 498798PGDW30-09132017 EPA 3020 EPA 6020A

10403251001 496901 497096PGDW30-09132017 EPA 3520 EPA 8270D

10403251001 497467 497823PGDW30-09132017 EPA Mod. 3510C EPA 8270D by SIM

10403251001 497630 498604PGDW30-09132017 EPA Mod. 3510C EPA 8270D by SIM

10403251001 498365PGDW30-09132017 EPA 8260B
10403251002 498365Trip Blank EPA 8260B

10403251001 498198PGDW30-09132017 EPA 8260B
10403251002 498198Trip Blank EPA 8260B

10403251001 498471PGDW30-09132017 SM 2320B

10403251001 497458PGDW30-09132017 SM 2540C

10403251001 496803PGDW30-09132017 EPA 300.0

10403251001 267930PGDW30-09132017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:04 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 46 of 161

46 of 288610403251



Page 47 of 161

47 of 288610403251



9/14/17

Page 48 of 161

48 of 288610403251



Page 49 of 161

49 of 288610403251



Page 50 of 161

50 of 288610403251



Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Lab Smp Id: 10403251001
Inj Date : 22-SEP-2017 20:06
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403251001
Misc Info : 41546
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092217A.b\V617-41479.m
Meth Date : 27-Sep-2017 13:04 dbroz Quant Type: ISTD
Cal Date : 18-SEP-2017 13:16 Cal File: 261016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 198393 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 953807 480.766153 481 0 0 20

Neopentane CAS #: 463-82-1

1.078 70666 35.6191078 35.6 45 NIST05.L 696 20
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Lab Smp Id: 10403251001
Inj Date : 22-SEP-2017 20:06
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403251001
Misc Info : 41546
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092217A.b\V617-41479.m
Meth Date : 27-Sep-2017 13:04 dbroz Quant Type: ISTD
Cal Date : 18-SEP-2017 13:16 Cal File: 261016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 1.925 1.925 (0.433) 4605 12.5941 12.6(Q)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.968 (1.000) 112511 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.656 3.657 (1.000) 203736 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.681 3.681 (1.007) 132826 48.1481 48.1(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 3.998 3.992 (1.000) 327923 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.443 4.443 (1.000) 60038 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 4.784 4.784 (0.852) 366275 47.0614 47.1

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 5.613 5.613 (1.000) 309899 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.241 6.241 (0.911) 148006 47.4094 47.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 6.851 6.845 (1.000) 160082 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Lab Smp Id: 10403251001
Inj Date : 22-SEP-2017 20:06
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403251001
Misc Info : 41546
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092217A.b\V617-41479.m
Meth Date : 27-Sep-2017 13:04 dbroz Quant Type: ISTD
Cal Date : 18-SEP-2017 13:16 Cal File: 261016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.968 198393 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 953807 480.766153 481 0 0 20

Neopentane CAS #: 463-82-1

1.078 70666 35.6191078 35.6 45 NIST05.L 696 20
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265027.D
Report Date: 27-Sep-2017 13:05

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10403251001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 22-SEP-2017 20:06

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.865| 481| _J__|
| 2. 463-82-1 |Neopentane | 1.078| 35.6| NJ__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Lab Smp Id: 10403251002
Inj Date : 22-SEP-2017 13:50
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403251002,,tb
Misc Info : 41546
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092217A.b\V617-41479.m
Meth Date : 25-Sep-2017 10:33 10msv6.i Quant Type: ISTD
Cal Date : 18-SEP-2017 13:16 Cal File: 261016.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.433) 51869 122.458 122

19 Methylene Chloride 84 1.955 1.956 (0.535) 746 0.18972 0.19(aQ)

* 20 Acetone-d6 (IS) 46 1.968 1.968 (1.000) 124295 100.000

21 Acetone 58 2.004 1.998 (1.019) 3810 9.18688 9.2(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.656 3.657 (1.000) 223498 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.681 3.681 (1.007) 139302 46.0307 46.0(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 3.998 3.992 (1.000) 345159 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.443 4.443 (1.000) 69548 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 4.784 4.784 (0.852) 383912 45.3382 45.3

72 Toluene 92 Compound Not Detected. (D)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 5.613 5.613 (1.000) 337167 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.241 6.241 (0.911) 158988 46.3407 46.3

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 6.851 6.845 (1.000) 175926 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Lab Smp Id: 10403251002
Inj Date : 22-SEP-2017 13:50
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403251002,,tb
Misc Info : 41546
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092217A.b\V617-41479.m
Meth Date : 25-Sep-2017 10:33 10msv6.i Quant Type: ISTD
Cal Date : 18-SEP-2017 13:16 Cal File: 261016.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected. (D)

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.433) 51869 122.458 122

19 Methylene Chloride 84 1.955 1.956 (0.535) 746 0.18972 0.19(aQ)

* 20 Acetone-d6 (IS) 46 1.968 1.968 (1.000) 124295 100.000

21 Acetone 58 2.004 1.998 (1.019) 3810 9.18688 9.2(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.656 3.657 (1.000) 223498 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.681 3.681 (1.007) 139302 46.0307 46.0(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 3.998 3.992 (1.000) 345159 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.443 4.443 (1.000) 69548 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 4.784 4.784 (0.852) 383912 45.3382 45.3

72 Toluene 92 Compound Not Detected. (D)

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092217A.b\265010.D
Report Date: 25-Sep-2017 11:10

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 5.613 5.613 (1.000) 337167 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.241 6.241 (0.911) 158988 46.3407 46.3

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 6.851 6.845 (1.000) 175926 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected. (D)

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 4
Report Date: 29-Sep-2017 07:41

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D
Lab Smp Id: 10403251001 Client Smp ID: PGDW30-09132017
Inj Date : 26-SEP-2017 20:49
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10403251001,
Misc Info : 16748,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\092617B.b\8270D-092217_16798.m
Meth Date : 29-Sep-2017 07:41 jlries Quant Type: ISTD
Cal Date : 22-SEP-2017 20:54 Cal File: 09221725.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 965.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.311 663218 40.000

* 63 Phenanthrene-d10 (IS) 10.809 991399 40.000

* 76 Chrysene-d12 (IS) 14.109 996395 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

2.562 254899 15.3734820 15.9 50 NIST05.L 2487 9

Butanoic acid CAS #: 107-92-6

3.102 100480 6.06013056 6.3 38 NIST05.L 1983 9

Pentanoic acid CAS #: 109-52-4

3.958 217952 13.1450951 13.6 72 NIST05.L 4153 9

2-Pyrrolidinone, 1-methyl- CAS #: 872-50-4

5.434 171882 10.3665694 10.7 97 NIST05.L 3426 9
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 5
Report Date: 29-Sep-2017 07:41

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Pentaethylene glycol CAS #: 4792-15-8

10.943 121707 4.91050881 5.1 72 NIST05.L 83341 63

Ethanol, 2-[2-(2-butoxyethoxy)ethoxy]- CAS #: 143-22-6

11.965 176124 7.10607965 7.4 59 NIST05.L 60952 63

Hexagol CAS #: 2615-15-8

12.312 143665 5.79644334 6.0 80 NIST05.L 112857 63

Hexaethylene glycol monododecyl ether CAS #: 3055-96-7

13.211 201310 8.08153875 8.4 86 NIST05.L 179948 76

Octaethylene glycol CAS #: 1000289-34-2

13.521 138359 5.55438463 5.8 87 NIST05.L 161142 76

Hexaethylene glycol monododecyl ether CAS #: 3055-96-7

14.323 129638 5.20429914 5.4 87 NIST05.L 179948 76

Hexagol CAS #: 2615-15-8

14.618 106036 4.25677635 4.4 50 NIST05.L 112859 76
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 1
Report Date: 29-Sep-2017 07:41

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D
Lab Smp Id: 10403251001 Client Smp ID: PGDW30-09132017
Inj Date : 26-SEP-2017 20:49
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10403251001,
Misc Info : 16748,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\092617B.b\8270D-092217_16798.m
Meth Date : 29-Sep-2017 07:41 jlries Quant Type: ISTD
Cal Date : 22-SEP-2017 20:54 Cal File: 09221725.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 965.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.984 3.989 (0.750) 211534 71.0093 73.6

$ 4 Phenol-d6 (S) 99 4.872 4.877 (0.917) 294306 72.3889 75.0

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 5.310 5.316 (1.000) 98839 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.926 5.931 (0.873) 230616 50.6913 52.5

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 2
Report Date: 29-Sep-2017 07:41

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 6.787 6.787 (1.000) 354550 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 8.081 8.086 (0.904) 360725 48.7199 50.5

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 8.942 8.948 (1.000) 189259 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 9.429 9.440 (1.054) 157594 25.3743 26.3

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 9.932 9.937 (1.111) 64637 71.3594 73.9

60 4-Bromophenylphenyl ether 248 Compound Not Detected. (D)

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 10.809 10.809 (1.000) 355520 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 12.766 12.772 (0.905) 409069 53.8360 55.8

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected. (D)

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 14.109 14.120 (1.000) 319032 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 3
Report Date: 29-Sep-2017 07:41

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 16.168 16.179 (1.000) 299650 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 4
Report Date: 29-Sep-2017 07:41

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D
Lab Smp Id: 10403251001 Client Smp ID: PGDW30-09132017
Inj Date : 26-SEP-2017 20:49
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10403251001,
Misc Info : 16748,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\092617B.b\8270D-092217_16798.m
Meth Date : 29-Sep-2017 07:41 jlries Quant Type: ISTD
Cal Date : 22-SEP-2017 20:54 Cal File: 09221725.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 965.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.311 663218 40.000

* 63 Phenanthrene-d10 (IS) 10.809 991399 40.000

* 76 Chrysene-d12 (IS) 14.109 996395 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

2.562 254899 15.3734820 15.9 50 NIST05.L 2487 9

Butanoic acid CAS #: 107-92-6

3.102 100480 6.06013056 6.3 38 NIST05.L 1983 9

Pentanoic acid CAS #: 109-52-4

3.958 217952 13.1450951 13.6 72 NIST05.L 4153 9

2-Pyrrolidinone, 1-methyl- CAS #: 872-50-4

5.434 171882 10.3665694 10.7 97 NIST05.L 3426 9
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 5
Report Date: 29-Sep-2017 07:41

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Pentaethylene glycol CAS #: 4792-15-8

10.943 121707 4.91050881 5.1 72 NIST05.L 83341 63

Ethanol, 2-[2-(2-butoxyethoxy)ethoxy]- CAS #: 143-22-6

11.965 176124 7.10607965 7.4 59 NIST05.L 60952 63

Hexagol CAS #: 2615-15-8

12.312 143665 5.79644334 6.0 80 NIST05.L 112857 63

Hexaethylene glycol monododecyl ether CAS #: 3055-96-7

13.211 201310 8.08153875 8.4 86 NIST05.L 179948 76

Octaethylene glycol CAS #: 1000289-34-2

13.521 138359 5.55438463 5.8 87 NIST05.L 161142 76

Hexaethylene glycol monododecyl ether CAS #: 3055-96-7

14.323 129638 5.20429914 5.4 87 NIST05.L 179948 76

Hexagol CAS #: 2615-15-8

14.618 106036 4.25677635 4.4 50 NIST05.L 112859 76
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Data File: \\192.168.10.12\chem\10mssD.i\092617B.b\09261722.D Page 6
Report Date: 29-Sep-2017 07:41

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSSD-092617B
Lab Smp Id: 10403251001 Client Smp ID: PGDW30-09132017
Operator : AT1 Sample Date: 13-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:14-SEP-2017 10:00
Analysis Type: SV Level: LOW
Inj Date: 26-SEP-2017 20:49

CONCENTRATION UNITS:
Number TICs found: 11 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 127-00-4 |2-Propanol, 1-chloro- | 2.562| 15.9| NJ__|
| 2. 107-92-6 |Butanoic acid | 3.102| 6.3| NJ__|
| 3. 109-52-4 |Pentanoic acid | 3.958| 13.6| NJ__|
| 4. 872-50-4 |2-Pyrrolidinone, 1-methyl- | 5.434| 10.7| NJ__|
| 5. 4792-15-8 |Pentaethylene glycol | 10.943| 5.1| NJ__|
| 6. 143-22-6 |Ethanol, 2-[2-(2-butoxyetho| 11.965| 7.4| NJ__|
| 7. 2615-15-8 |Hexagol | 12.312| 6.0| NJ__|
| 8. 3055-96-7 |Hexaethylene glycol monodod| 13.211| 8.4| NJ__|
| 9. 1000289-34-|Octaethylene glycol | 13.521| 5.8| NJ__|
| 10. 3055-96-7 |Hexaethylene glycol monodod| 14.323| 5.4| NJ__|
| 11. 2615-15-8 |Hexagol | 14.618| 4.4| NJ__|
|________________|___________________________|________|_____________|_____|

Page 72 of 161

72 of 288610403251



Page 73 of 161

73 of 288610403251



28-Sep-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Field Work Order: 17091068

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 19-Sep-2017 09:30 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 28-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091068
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091068-01 PGDW30-09132017 Water 9/13/2017 15:20 9/19/2017 09:30

Sample Summary Page 1 of  1
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Date: 28-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091068
Case Narrative

Samples for the above noted Work Order were received on xx/yy/zzzz.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 28-Sep-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

WorkOrder: 17091068

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Field

Sample ID: PGDW30-09132017

Collection Date: 9/13/2017 03:20 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091068

Dilution
Factor

Lab ID: 17091068-01

ALS Group, USA Date: 28-Sep-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/22/2017 03:05 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 28-Sep-17ALS Group, USA

Project: 1209662 Pavillion WY Well Field

Client: Pace Analytical

Work Order: 17091068
QC BATCH REPORT

Batch ID: R220724 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:28 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655944

MBLK

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MBLKW1-R220724

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:37 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4655945

LCS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCSW1-R220724

0025Acrylamide 104  50-1500.1025.89

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:46 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW30-09132017 SeqNo: 4655946

MS

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MS

0050Acrylamide 96.5  50-1500.2048.23

Qual
RPD 
Limit

Analysis Date: 9/22/2017 02:55 PM

Prep Date: 9/22/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW30-09132017 SeqNo: 4655947

MSD

Run ID: HPLC2_170923A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091068-01A MSD

48.23050Acrylamide 95.9  50-150 300.20 0.56147.96

The following samples were analyzed in this batch: 17091068-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091068

Date/Time Received: 19-Sep-17 09:30

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.2/4.2 c

Login Notes:

SR2

Cooler(s)/Kit(s):

19-Sep-17 19-Sep-17 Diane Shaw  Alex Csaszar

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/19/2017 3:45:17 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1733138

Pace Analytical Services

10403251001

1209662 PAVILLION WY WELL FIEL

Client:

Project Name:

Project Number:

09/29/17

320 Forbes Boulevard, Mansfield, MA  02048-1806

Lab Number:

Report Date:

508-822-9300  (Fax) 508-822-3288  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:09291717:35

Page 1 of 19
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L1733138-01

Alpha 
Sample ID

PGDW30-09132017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FIEL

10403251001

Project Name:
Project Number:

Lab Number: 
Report Date:

L1733138
09/29/17

09/13/17 15:20

Collection 
Date/TimeMatrix Receive Date

WATER 09/19/17

Serial_No:09291717:35

Page 2 of 19
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1209662 PAVILLION WY WELL FIEL

10403251001

Project Name:

Project Number:

Lab Number:

Report Date:
L1733138

09/29/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  09/29/17                  

Serial_No:09291717:35
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ORGANICS

Serial_No:09291717:35
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PESTICIDES

Serial_No:09291717:35
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

09/29/17

PGDW30-09132017Client ID:
09/13/17 15:20Date Collected:
09/19/17Date Received:

WYSample Location:

L1733138-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
09/28/17 19:57
DP

EPA 3510C
Extraction Date: 09/20/17 21:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:09291717:35
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

70

66

72

65

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

09/29/17

PGDW30-09132017Client ID:
09/13/17 15:20Date Collected:
09/19/17Date Received:

WYSample Location:

L1733138-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:09291717:35
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

09/28/17 17:41
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/20/17 21:00

09/29/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1043860-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:09291717:35
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

09/28/17 17:41
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/20/17 21:00

09/29/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1043860-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

74

68

79

67

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:09291717:35
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 71

 73

 82

 89

 75

 77

 81

 75

 80

 77

 77

 81

 87

 75

 78

 81

 83

 81

 83

 73

 84

 83

87

75

76

87

93

79

82

85

79

84

81

81

86

91

79

81

84

88

86

88

74

87

89

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

5

5

5

5

5

5

5

5

5

5

5

5

6

5

5

4

4

6

6

6

1

3

7

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

09/29/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:09291717:35
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Endrin ketone

Methoxychlor

Mirex

 99

 72

 67

103

75

72

40-140

40-140

40-140

4

4

7

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

72
61
77
62

30-150
30-150
30-150
30-150

A
A
B
B

73
63
78
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

09/29/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:09291717:35
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Heptachlor epoxide

Oxychlordane

 84

 83

88

87

40-140

40-140

4

4

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1043860-2   WG1043860-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FIEL

10403251001

L1733138

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

72
61
77
62

30-150
30-150
30-150
30-150

A
A
B
B

73
63
78
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

09/29/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:09291717:35
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*Values in parentheses indicate holding time in days

L1733138-01A

L1733138-01B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

8

8

5.3

5.3

Y

Y

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FIEL

10403251001

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1733138Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

09/29/17

Were project specific reporting limits specified? YES

8

8

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:09291717:35
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17331381209662 PAVILLION WY WELL FIEL

10403251001 09/29/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:09291717:35
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17331381209662 PAVILLION WY WELL FIEL

10403251001 09/29/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:09291717:35
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17331381209662 PAVILLION WY WELL FIEL

10403251001

REFERENCES 

09/29/17

Serial_No:09291717:35
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23878 - 1072914 Page 1 of 12

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

1209662 PAVILLION / 10403251

Dear Amanda Albrecht:

23878

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, September 15, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 101 of 161
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23878 - 1072914 Page 2 of 12

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23878 - 1072914 Page 3 of 12

SAMPLE SUMMARY

Workorder: 23878 1209662 PAVILLION / 10403251

Lab ID Sample ID Matrix Date Collected Date Received

238780001 PGDW30-09132017 Water 9/13/2017 15:20 9/15/2017 12:25
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Report ID: 23878 - 1072914 Page 4 of 12

PROJECT SUMMARY

Workorder: 23878 1209662 PAVILLION / 10403251

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6349 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.
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ANALYTICAL RESULTS

Workorder: 23878 1209662 PAVILLION / 10403251

9/15/2017 12:25

PGDW30-09132017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

238780001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/13/2017 15:20

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 11/13/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 11/13/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 970 ug/l 0.50 1 9/18/2017 03:40 TD n0.016
Ethane 0.40 ug/l 0.10 1 9/18/2017 03:40 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 9/18/2017 03:40 TD n0.0040
Propane 0.0067J ug/l 0.10 1 9/18/2017 03:40 TD n0.0050
Propene 0.013J ug/l 0.10 1 9/18/2017 03:40 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/18/2017 03:40 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 9/18/2017 03:40 TD n0.019
n-Butane 0.012U ug/l 0.20 1 9/18/2017 03:40 TD n0.012
Oxygen 2.6 mg/l 0.50 1 9/18/2017 03:40 TD n0.12
Nitrogen 21 mg/l 2.0 1 9/18/2017 03:40 TD n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/18/2017 03:40 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/5/2017 09:33 AK d,n1800
Helium 30 U ug/l 30 1 9/21/2017 09:57 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/21/2017 09:57 AK M2,M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/21/2017 17:52 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/21/2017 17:52 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/21/2017 17:52 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/17/2017 00:00 ITL s
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Report ID: 23878 - 1072914 Page 6 of 12

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23878 1209662 PAVILLION / 10403251

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2
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QUALITY CONTROL DATA

Workorder: 23878 1209662 PAVILLION / 10403251

QC Batch:

QC Batch Method:

DISG/6338

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 238780001

METHOD BLANK: 50920

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 50921

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50922 50924

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 770 101 80-120 n700 92 9.3 20
Ethane ug/l 76 78 104 80-120 n76 100 3.9 20
Ethene ug/l 71 73 103 80-120 n71 101 2 20
Propane ug/l 56 56 101 80-120 n55 98 3 20
Propene ug/l 53 48 91 80-120 n47 89 2.2 20
iso-Butane ug/l 73 73 100 80-120 n71 97 3 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
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QUALITY CONTROL DATA

Workorder: 23878 1209662 PAVILLION / 10403251

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50923 50925

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 100 80-120 n110 98 2 20
Oxygen mg/l 11 12 106 80-120 n11 99 6.8 20
Nitrogen mg/l 140 130 93 80-120 n120 87 6.7 20
Carbon Monoxide mg/l 2 2.4 118 80-120 n2.1 106 11 20
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QUALITY CONTROL DATA

Workorder: 23878 1209662 PAVILLION / 10403251

QC Batch:

QC Batch Method:

DISG/6349

AM30

Analysis Method: AM30

Associated Lab Samples: 238780001

METHOD BLANK: 51005

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M2,M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51006

RISK
Helium 570ug/l 680 M1,n119 80-120
Hydrogen 290ug/l 350 M2,M1,n121 80-120
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QUALITY CONTROL DATA

Workorder: 23878 1209662 PAVILLION / 10403251

QC Batch:

QC Batch Method:

VAP/1942

AM10

Analysis Method: AM10

Associated Lab Samples: 238780001

METHOD BLANK: 51016

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51017 51018

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 13 67 70-130 M2,M4,n13 63 6.2 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 94 12 30
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 23878 1209662 PAVILLION / 10403251

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 111 of 161

111 of 288610403251



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23878 - 1072914 Page 12 of 12

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23878 1209662 PAVILLION / 10403251

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

238780001 PGDW30-09132017 DISG/6338AM20GAX

238780001 PGDW30-09132017 DISG/6349AM30

238780001 PGDW30-09132017 VAP/1942AM10

238780001 PGDW30-09132017 DISG/6390AM30

238780001 PGDW30-09132017 SCIT/1048D18O
Subcontracted to Isotech

238780001 PGDW30-09132017 CSIA/1702AM24

238780001 PGDW30-09132017 CSIA/1703D18O
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Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

1209662 PAVILLION  / 10403251

Dear Amanda Albrecht:

23877

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, September 15, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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SAMPLE SUMMARY

Workorder: 23877 1209662 PAVILLION  / 10403251

Lab ID Sample ID Matrix Date Collected Date Received

238770001 PGDW30-09132017 Water 9/13/2017 15:20 9/15/2017 12:25

238770002 PGDW30-09132017-PRE Water 9/13/2017 11:56 9/15/2017 12:25
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PROJECT SUMMARY

Workorder: 23877 1209662 PAVILLION  / 10403251

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3500 - Low Level Volatile Fatty Acids

The matrix spike and/or spike duplicate, recovery or relative percent difference; accuracy influenced by the concentration of the
reference sample 238600001.  Analyte Acetic and Propionic acids.  Batch acceptance based on laboratory control sample recovery.
The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pyruvic acid.  Results
associated to the analytes in samples may be bias high.  Samples with concentration above reporting limit were re-analyzed.
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ANALYTICAL RESULTS

Workorder: 23877 1209662 PAVILLION  / 10403251

9/15/2017 12:25

PGDW30-09132017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

238770001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/13/2017 15:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.034J mg/l 0.20 1 9/19/2017 02:56 KB B0.011
Acetic Acid 0.027J mg/l 0.10 1 9/19/2017 02:56 KB M3,D3,M50.012
Propionic Acid 0.0055U mg/l 0.10 1 9/19/2017 02:56 KB M3,M50.0055
Formic Acid 0.034J mg/l 0.20 1 9/19/2017 02:56 KB0.033
Butyric Acid 0.0055U mg/l 0.10 1 9/19/2017 02:56 KB0.0055
Pyruvic Acid 0.0089U mg/l 0.10 1 9/19/2017 02:56 KB M10.0089
i-Pentanoic Acid 0.0098U mg/l 0.10 1 9/19/2017 02:56 KB0.0098
Pentanoic Acid 0.0082U mg/l 0.10 1 9/19/2017 02:56 KB0.0082
i-Hexanoic Acid 0.011U mg/l 0.20 1 9/19/2017 02:56 KB0.011
Hexanoic Acid 0.0095U mg/l 0.20 1 9/19/2017 02:56 KB0.0095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/20/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 970 ug/l 0.50 1 9/18/2017 03:40 TD n0.016
Ethane 0.40 ug/l 0.10 1 9/18/2017 03:40 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 9/18/2017 03:40 TD n0.0040
Propane 0.0067J ug/l 0.10 1 9/18/2017 03:40 TD n0.0050
Propene 0.013J ug/l 0.10 1 9/18/2017 03:40 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/18/2017 03:40 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 9/18/2017 03:40 TD n0.019
n-Butane 0.012U ug/l 0.20 1 9/18/2017 03:40 TD n0.012
Oxygen 2.6 mg/l 0.50 1 9/18/2017 03:40 TD n0.12
Nitrogen 21 mg/l 2.0 1 9/18/2017 03:40 TD n0.34
Acetylene 0.022U ug/l 0.50 1 9/18/2017 03:40 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/18/2017 03:40 TD n0.087
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ANALYTICAL RESULTS

Workorder: 23877 1209662 PAVILLION  / 10403251

9/15/2017 12:25

PGDW30-09132017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

238770002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/13/2017 11:56

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 10/20/2017 00:00 YD n
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ANALYTICAL RESULTS QUALIFIERS

Workorder: 23877 1209662 PAVILLION  / 10403251

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3
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QUALITY CONTROL DATA

Workorder: 23877 1209662 PAVILLION  / 10403251

QC Batch:

QC Batch Method:

DISG/6335

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 238770001

METHOD BLANK: 50903

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 50904

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50905 50907

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 770 101 80-120 n700 92 9.3 20
Ethane ug/l 76 78 104 80-120 n76 100 3.9 20
Ethene ug/l 71 73 103 80-120 n71 101 2 20
Propane ug/l 56 56 101 80-120 n55 98 3 20
Propene ug/l 53 48 91 80-120 n47 89 2.2 20
iso-Butane ug/l 73 73 100 80-120 n71 97 3 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
Acetylene ug/l 33 32 99 80-120 n32 98 1 20
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QUALITY CONTROL DATA

Workorder: 23877 1209662 PAVILLION  / 10403251

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

50906 50908

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 100 80-120 n110 98 2 20
Oxygen mg/l 11 12 106 80-120 n11 99 6.8 20
Nitrogen mg/l 140 130 93 80-120 n120 87 6.7 20
Carbon Monoxide mg/l 2 2.4 118 80-120 n2.1 106 11 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23877 - 1072907 Page 10 of 13

QUALITY CONTROL DATA

Workorder: 23877 1209662 PAVILLION  / 10403251

QC Batch:

QC Batch Method:

EDON/3500

AM23G

Analysis Method: AM23G

Associated Lab Samples: 238770001

METHOD BLANK: 50926

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.016Jmg/l 0.011 B
Acetic Acid 0.012Umg/l 0.012 M3,D3,M5
Propionic Acid 0.0055Umg/l 0.0055 M3,M5
Formic Acid 0.033Umg/l 0.033
Butyric Acid 0.0055Umg/l 0.0055
Pyruvic Acid 0.0089Umg/l 0.0089 M1
i-Pentanoic Acid 0.0098Umg/l 0.0098
Pentanoic Acid 0.0082Umg/l 0.0082
i-Hexanoic Acid 0.011Umg/l 0.011
Hexanoic Acid 0.0095Umg/l 0.0095

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

50927

EDonors
Lactic Acid 2mg/l 2.1 B105 70-130
Acetic Acid 2mg/l 2.2 M3,D3,M5112 70-130
Propionic Acid 2mg/l 2.1 M3,M5107 70-130
Formic Acid 2mg/l 1.9 95 70-130
Butyric Acid 2mg/l 2.1 106 70-130
Pyruvic Acid 2mg/l 2.4 M1118 70-130
i-Pentanoic Acid 2mg/l 2.1 105 70-130
Pentanoic Acid 2mg/l 2.1 105 70-130
i-Hexanoic Acid 2mg/l 2.2 111 70-130
Hexanoic Acid 2mg/l 1.9 94 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

50928 50929

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

238600001Original:

EDonors
Lactic Acid mg/l 200 190 93 70-130 d,B190 94 1.1 305.1

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23877 - 1072907 Page 11 of 13

QUALITY CONTROL DATA

Workorder: 23877 1209662 PAVILLION  / 10403251

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

50928 50929

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

238600001Original:

Acetic Acid mg/l 200 2000 -22 70-130 d,M3,D3,M52000 -38 53 302100
Propionic Acid mg/l 200 1800 -290 70-130 d,M3,M51800 -303 4.4 302400
Formic Acid mg/l 200 250 87 70-130 d240 86 1.2 3073
Butyric Acid mg/l 200 270 109 70-130 d270 105 3.7 3056
Pyruvic Acid mg/l 200 500 93 70-130 d,M1490 92 1.1 30310
i-Pentanoic Acid mg/l 200 470 103 70-130 d460 98 5 30260
Pentanoic Acid mg/l 200 310 112 70-130 d300 107 4.6 3084
i-Hexanoic Acid mg/l 200 240 116 70-130 d240 113 2.6 3014
Hexanoic Acid mg/l 200 250 114 70-130 d240 109 4.5 3022

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23877 - 1072907 Page 12 of 13

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23877 1209662 PAVILLION  / 10403251

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23877 - 1072907 Page 13 of 13

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23877 1209662 PAVILLION  / 10403251

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

238770001 PGDW30-09132017 DISG/6335AM20GAX

238770001 PGDW30-09132017 EDON/3500AM23G

238770001 PGDW30-09132017 MOLE/117316S

238770002 PGDW30-09132017-PRE MOLE/117316S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Molecular Detection 
Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 23877
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/13/2017
Job Number: 1209662 PAVILLION WY WELL FIELD Date Received: 9/15/2017
Project Name: Date Reported: 10/20/2017

Pace Energy ID: 238770001 Matrix: Water
Sample ID: PGDW30-09132017
Description: gene copies per liter of water

Total Eubacteria: 5.04E+05

Pace Energy ID: 238770002 Matrix: Water
Sample ID: PGDW30-09132017-PRE
Description: gene copies per liter of water

Total Eubacteria: 2.81E+05

QA/QC NIC UNC UPC
Pass Pass Pass

Page 1 of 1
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July 24, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10403967

10403967
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 20, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 24, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 163

2 of 294810403967



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10403967001 PGDW32-09192017 Water 09/19/17 13:30 09/20/17 10:10

10403967002 Trip Blank Water 09/19/17 00:00 09/20/17 10:10

10403967003 PGDW32-09192017 PRE Water 09/19/17 13:30 09/20/17 10:10
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10403967001 PGDW32-09192017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MSTB

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10403967002 Trip Blank EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10403967001 PGDW32-09192017

Calcium 6010 ug/L 09/26/17 21:01500EPA 6010C
Iron 45.9J ug/L 09/26/17 21:0150.0EPA 6010C
Magnesium 40.4J ug/L 09/26/17 21:01 B500EPA 6010C
Manganese 3.1J ug/L 09/26/17 21:015.0EPA 6010C
Potassium 576J ug/L 09/26/17 21:012500EPA 6010C
Sodium 205000 ug/L 09/26/17 21:011000EPA 6010C
Strontium 82.0 ug/L 09/26/17 14:250.50EPA 6020A
Alkalinity, Total as CaCO3 95.2 mg/L 10/02/17 11:135.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 83.2 mg/L 10/02/17 11:135.0SM 2320B
Alkalinity,Carbonate (CaCO3) 12.0 mg/L 10/02/17 11:135.0SM 2320B
Total Dissolved Solids 606 mg/L 09/25/17 13:5320.0SM 2540C
Bromide 0.11 mg/L 09/20/17 22:540.080EPA 300.0
Chloride 16.3 mg/L 09/20/17 22:54 M11.2EPA 300.0
Fluoride 1.7 mg/L 09/20/17 22:54 M10.050EPA 300.0
Sulfate 313 mg/L 09/21/17 12:02 M612.0EPA 300.0
Total Organic Carbon 0.40J mg/L 09/27/17 12:120.84SM 5310C

10403967002 Trip Blank

2-Propanol 105 ug/L 09/29/17 12:49100EPA 8260B
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 24, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 497164

B: Analyte was detected in the associated method blank.
• BLANK for HBN 497164 [MPRP/754  (Lab ID: 2703627)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 24, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 24, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW32-09192017  (Lab ID: 10403967001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

H5: Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.
• PGDW32-09192017  (Lab ID: 10403967001)

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

QC Batch: 497841
SS: This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

• LCS  (Lab ID: 2706786)
• bis(2-Chloroisopropyl) ether

• MS  (Lab ID: 2707163)
• bis(2-Chloroisopropyl) ether

• MSD  (Lab ID: 2707164)
• bis(2-Chloroisopropyl) ether

• PGDW32-09192017  (Lab ID: 10403967001)
• bis(2-Chloroisopropyl) ether

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 24, 2018

Description: 8270D MSSV

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497841
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• Pyridine

• MSD  (Lab ID: 2707164)
• Hexachlorocyclopentadiene
• Pyridine

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2707164)

• 1,2,4-Trichlorobenzene
• 1,2-Dichlorobenzene
• 1,3-Dichlorobenzene
• 1,4-Dichlorobenzene
• Hexachloroethane

Additional Comments:

Analyte Comments:

QC Batch: 497841

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2706786)

• Hexachlorocyclopentadiene
• MS  (Lab ID: 2707163)

• Hexachlorocyclopentadiene
• MSD  (Lab ID: 2707164)

• Hexachlorocyclopentadiene
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 24, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 24, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

H5: Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.
• PGDW32-09192017  (Lab ID: 10403967001)

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 498353

S0: Surrogate recovery outside laboratory control limits.
• PGDW32-09192017  (Lab ID: 10403967001)

• 2,4,6-Tribromophenol (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498353
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2709311)

• Pentachlorophenol
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 24, 2018

Description: 8270D MSSV PCP by SIM

QC Batch: 498353
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2709312)

• Pentachlorophenol

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 24, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

QC Batch: 499620
L3: Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

• LCS  (Lab ID: 2716396)
• Tetrahydrofuran

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 24, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW32-09192017  (Lab ID: 10403967001)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank  (Lab ID: 10403967002)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 24, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 24, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 24, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 497921
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403272001,10403967001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2707298)

• Sulfate
• MS  (Lab ID: 2707300)

• Chloride
• Fluoride

• MSD  (Lab ID: 2707299)
• Sulfate

• MSD  (Lab ID: 2707301)
• Chloride
• Fluoride

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2707300)

• Sulfate
• MSD  (Lab ID: 2707301)

• Sulfate

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 24, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: PGDW32-09192017 Lab ID: 10403967001 Collected: 09/19/17 13:30 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 6010 ug/L 09/26/17 21:01 7440-70-209/22/17 09:10500 24.7 1
Iron 45.9J ug/L 09/26/17 21:01 7439-89-609/22/17 09:1050.0 16.7 1
Magnesium 40.4J ug/L 09/26/17 21:01 7439-95-4 B09/22/17 09:10500 2.6 1
Manganese 3.1J ug/L 09/26/17 21:01 7439-96-509/22/17 09:105.0 0.38 1
Potassium 576J ug/L 09/26/17 21:01 7440-09-709/22/17 09:102500 126 1
Sodium 205000 ug/L 09/26/17 21:01 7440-23-509/22/17 09:101000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 82.0 ug/L 09/26/17 14:25 7440-24-609/25/17 14:400.50 0.075 1

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 09/25/17 21:12 120-82-1 M109/20/17 17:2410.5 4.4 1
1,2-Dichlorobenzene ND ug/L 09/25/17 21:12 95-50-1 M109/20/17 17:2410.5 3.7 1
1,2-Diphenylhydrazine ND ug/L 09/25/17 21:12 122-66-709/20/17 17:2410.5 1.4 1
1,3-Dichlorobenzene ND ug/L 09/25/17 21:12 541-73-1 M109/20/17 17:2410.5 4.4 1
1,4-Dichlorobenzene ND ug/L 09/25/17 21:12 106-46-7 M109/20/17 17:2410.5 3.6 1
1-Methylnaphthalene ND ug/L 09/25/17 21:12 90-12-009/20/17 17:2410.5 2.2 1
2,4,5-Trichlorophenol ND ug/L 09/25/17 21:12 95-95-409/20/17 17:2410.5 1.2 1
2,4,6-Trichlorophenol ND ug/L 09/25/17 21:12 88-06-209/20/17 17:2410.5 1.2 1
2,4-Dichlorophenol ND ug/L 09/25/17 21:12 120-83-209/20/17 17:2410.5 1.6 1
2,4-Dimethylphenol ND ug/L 09/25/17 21:12 105-67-909/20/17 17:2452.6 3.0 1
2,4-Dinitrophenol ND ug/L 09/25/17 21:12 51-28-5 L209/20/17 17:2410.5 2.6 1
2,4-Dinitrotoluene ND ug/L 09/25/17 21:12 121-14-209/20/17 17:2410.5 1.4 1
2,6-Dinitrotoluene ND ug/L 09/25/17 21:12 606-20-209/20/17 17:2410.5 0.67 1
2-Chloronaphthalene ND ug/L 09/25/17 21:12 91-58-709/20/17 17:2410.5 2.3 1
2-Chlorophenol ND ug/L 09/25/17 21:12 95-57-809/20/17 17:2410.5 1.2 1
2-Methylnaphthalene ND ug/L 09/25/17 21:12 91-57-609/20/17 17:2410.5 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/25/17 21:12 95-48-709/20/17 17:2410.5 2.0 1
2-Nitroaniline ND ug/L 09/25/17 21:12 88-74-409/20/17 17:2410.5 1.6 1
2-Nitrophenol ND ug/L 09/25/17 21:12 88-75-509/20/17 17:2410.5 1.8 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/25/17 21:1209/20/17 17:2421.1 1.1 1
3,3'-Dichlorobenzidine ND ug/L 09/25/17 21:12 91-94-109/20/17 17:2452.6 1.3 1
3-Nitroaniline ND ug/L 09/25/17 21:12 99-09-209/20/17 17:2410.5 1.3 1
4,6-Dinitro-2-methylphenol ND ug/L 09/25/17 21:12 534-52-109/20/17 17:2410.5 1.6 1
4-Bromophenylphenyl ether ND ug/L 09/25/17 21:12 101-55-309/20/17 17:2410.5 2.4 1
4-Chloro-3-methylphenol ND ug/L 09/25/17 21:12 59-50-709/20/17 17:2410.5 1.6 1
4-Chloroaniline ND ug/L 09/25/17 21:12 106-47-809/20/17 17:2452.6 2.0 1
4-Chlorophenylphenyl ether ND ug/L 09/25/17 21:12 7005-72-309/20/17 17:2410.5 1.6 1
4-Nitroaniline ND ug/L 09/25/17 21:12 100-01-609/20/17 17:2410.5 2.2 1
4-Nitrophenol ND ug/L 09/25/17 21:12 100-02-7 L209/20/17 17:2410.5 2.7 1
Benzoic acid ND ug/L 09/25/17 21:12 65-85-0 L209/20/17 17:2452.6 1.7 1
Benzyl alcohol ND ug/L 09/25/17 21:12 100-51-609/20/17 17:2410.5 1.4 1
Butylbenzylphthalate ND ug/L 09/25/17 21:12 85-68-709/20/17 17:2410.5 1.9 1
Carbazole ND ug/L 09/25/17 21:12 86-74-809/20/17 17:2410.5 1.2 1
Di-n-butylphthalate ND ug/L 09/25/17 21:12 84-74-209/20/17 17:2410.5 1.4 1
Di-n-octylphthalate ND ug/L 09/25/17 21:12 117-84-009/20/17 17:2410.5 2.2 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: PGDW32-09192017 Lab ID: 10403967001 Collected: 09/19/17 13:30 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 09/25/17 21:12 132-64-909/20/17 17:2410.5 1.7 1
Diethylphthalate ND ug/L 09/25/17 21:12 84-66-209/20/17 17:2410.5 1.5 1
Dimethylphthalate ND ug/L 09/25/17 21:12 131-11-309/20/17 17:2410.5 1.3 1
Hexachloro-1,3-butadiene ND ug/L 09/25/17 21:12 87-68-309/20/17 17:2410.5 3.4 1
Hexachlorobenzene ND ug/L 09/25/17 21:12 118-74-109/20/17 17:2410.5 2.3 1
Hexachlorocyclopentadiene ND ug/L 09/25/17 21:12 77-47-4 L2,M009/20/17 17:2452.6 19.8 1
Hexachloroethane ND ug/L 09/25/17 21:12 67-72-1 M109/20/17 17:2410.5 3.6 1
Isophorone ND ug/L 09/25/17 21:12 78-59-109/20/17 17:2410.5 1.2 1
N-Nitroso-di-n-propylamine ND ug/L 09/25/17 21:12 621-64-709/20/17 17:2410.5 1.1 1
N-Nitrosodimethylamine ND ug/L 09/25/17 21:12 62-75-909/20/17 17:2410.5 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/25/17 21:12 86-30-609/20/17 17:2410.5 1.1 1
Nitrobenzene ND ug/L 09/25/17 21:12 98-95-309/20/17 17:2410.5 1.4 1
Phenol ND ug/L 09/25/17 21:12 108-95-209/20/17 17:2410.5 1.2 1
Pyridine ND ug/L 09/25/17 21:12 110-86-1 L2,M009/20/17 17:2410.5 2.7 1
bis(2-Chloroethoxy)methane ND ug/L 09/25/17 21:12 111-91-109/20/17 17:2410.5 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/25/17 21:12 111-44-409/20/17 17:2410.5 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/25/17 21:12 108-60-1 SS09/20/17 17:2410.5 1.4 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/25/17 21:12 117-81-709/20/17 17:2410.5 4.8 1
Surrogates
Nitrobenzene-d5 (S) 71 %. 09/25/17 21:12 4165-60-0 H509/20/17 17:2444-125 1
2-Fluorobiphenyl (S) 55 %. 09/25/17 21:12 321-60-809/20/17 17:2430-125 1
p-Terphenyl-d14 (S) 83 %. 09/25/17 21:12 1718-51-009/20/17 17:2431-125 1
Phenol-d6 (S) 81 %. 09/25/17 21:12 13127-88-309/20/17 17:2459-125 1
2-Fluorophenol (S) 78 %. 09/25/17 21:12 367-12-409/20/17 17:2449-125 1
2,4,6-Tribromophenol (S) 98 %. 09/25/17 21:12 118-79-609/20/17 17:2466-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/22/17 12:53 83-32-909/21/17 18:140.043 0.0061 1
Acenaphthylene ND ug/L 09/22/17 12:53 208-96-809/21/17 18:140.043 0.0071 1
Anthracene ND ug/L 09/22/17 12:53 120-12-709/21/17 18:140.043 0.0085 1
Benzo(a)anthracene ND ug/L 09/22/17 12:53 56-55-309/21/17 18:140.043 0.0083 1
Benzo(a)pyrene ND ug/L 09/22/17 12:53 50-32-809/21/17 18:140.043 0.0046 1
Benzo(b)fluoranthene ND ug/L 09/22/17 12:53 205-99-209/21/17 18:140.043 0.0052 1
Benzo(e)pyrene ND ug/L 09/22/17 12:53 192-97-209/21/17 18:140.043 0.0059 1
Benzo(g,h,i)perylene ND ug/L 09/22/17 12:53 191-24-209/21/17 18:140.043 0.0081 1
Benzo(k)fluoranthene ND ug/L 09/22/17 12:53 207-08-909/21/17 18:140.043 0.0052 1
Chrysene ND ug/L 09/22/17 12:53 218-01-909/21/17 18:140.043 0.0062 1
Dibenz(a,h)anthracene ND ug/L 09/22/17 12:53 53-70-309/21/17 18:140.043 0.011 1
Fluoranthene ND ug/L 09/22/17 12:53 206-44-009/21/17 18:140.043 0.0077 1
Fluorene ND ug/L 09/22/17 12:53 86-73-709/21/17 18:140.043 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/22/17 12:53 193-39-509/21/17 18:140.043 0.0039 1
Naphthalene ND ug/L 09/22/17 12:53 91-20-309/21/17 18:140.043 0.0080 1
Phenanthrene ND ug/L 09/22/17 12:53 85-01-809/21/17 18:140.043 0.0095 1
Pyrene ND ug/L 09/22/17 12:53 129-00-009/21/17 18:140.043 0.0091 1
Surrogates
2-Fluorobiphenyl (S) 64 %. 09/22/17 12:53 321-60-809/21/17 18:1455-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: PGDW32-09192017 Lab ID: 10403967001 Collected: 09/19/17 13:30 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 77 %. 09/22/17 12:53 1718-51-009/21/17 18:1464-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 21:48 87-86-5 M109/22/17 12:370.64 0.30 1
Surrogates
2,4,6-Tribromophenol (S) 29 %. 09/27/17 21:48 118-79-6 H5,S009/22/17 12:3730-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 14:22 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 14:22 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 14:22 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 14:22 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 14:22 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 14:22 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 14:22 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 14:22 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 14:22 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 14:22 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 14:22 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 14:22 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 14:22 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 14:22 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 14:22 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 14:22 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 14:22 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 14:22 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 14:22 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 14:22 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 14:22 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 14:22 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/29/17 14:22 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 14:22 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 14:22 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 14:22 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 14:22 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 14:22 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 14:22 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 14:22 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 14:22 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 14:22 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 14:22 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 14:22 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 14:22 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 14:22 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 14:22 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: PGDW32-09192017 Lab ID: 10403967001 Collected: 09/19/17 13:30 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/29/17 14:22 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 14:22 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 14:22 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 14:22 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 14:22 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 14:22 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 14:22 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 14:22 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 14:22 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 14:22 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 14:22 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 14:22 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 14:22 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 14:22 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 14:22 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 14:22 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 14:22 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 14:22 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 14:22 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 14:22 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 14:22 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 14:22 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 14:22 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 14:22 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 14:22 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 14:22 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 14:22 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 14:22 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 14:22 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 14:22 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 14:22 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 14:22 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 14:22 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 14:22 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 14:22 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 14:22 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 109 %. 09/29/17 14:22 17060-07-075-137 1
Toluene-d8 (S) 103 %. 09/29/17 14:22 2037-26-575-125 1
4-Bromofluorobenzene (S) 102 %. 09/29/17 14:22 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 20:42 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 20:42 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 20:42 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: PGDW32-09192017 Lab ID: 10403967001 Collected: 09/19/17 13:30 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 144 %. 09/27/17 20:42 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 20:42 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/27/17 20:42 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/02/17 11:135.0 1.4 1
Alkalinity, Total as CaCO3 95.2 mg/L 10/02/17 11:135.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 83.2 mg/L 10/02/17 11:135.0 1.4 1
Alkalinity,Carbonate (CaCO3) 12.0 mg/L 10/02/17 11:135.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 606 mg/L 09/25/17 13:5320.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.11 mg/L 09/20/17 22:54 24959-67-90.080 0.0070 1
Chloride 16.3 mg/L 09/20/17 22:54 16887-00-6 M11.2 0.14 1
Fluoride 1.7 mg/L 09/20/17 22:54 16984-48-8 M10.050 0.0028 1
Nitrate as N ND mg/L 09/20/17 22:54 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/20/17 22:54 14797-65-00.10 0.016 1
Sulfate 313 mg/L 09/21/17 12:02 14808-79-8 M612.0 2.7 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.40J mg/L 09/27/17 12:12 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/24/2018 12:12 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 23 of 163

23 of 294810403967



#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403967002 Collected: 09/19/17 00:00 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Acetone ND ug/L 09/29/17 12:49 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 12:49 107-05-14.0 1.0 1
tert-Amylmethyl ether ND ug/L 09/29/17 12:49 994-05-80.50 0.12 1
Benzene ND ug/L 09/29/17 12:49 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 12:49 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 12:49 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 12:49 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 12:49 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 12:49 74-83-94.0 1.5 1
2-Butanone (MEK) ND ug/L 09/29/17 12:49 78-93-35.0 2.4 1
tert-Butyl Alcohol ND ug/L 09/29/17 12:49 75-65-010.0 2.2 1
n-Butylbenzene ND ug/L 09/29/17 12:49 104-51-80.50 0.13 1
sec-Butylbenzene ND ug/L 09/29/17 12:49 135-98-80.50 0.12 1
tert-Butylbenzene ND ug/L 09/29/17 12:49 98-06-60.50 0.15 1
Carbon disulfide ND ug/L 09/29/17 12:49 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 12:49 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 12:49 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 12:49 75-00-31.0 0.44 1
Chloroform ND ug/L 09/29/17 12:49 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 12:49 74-87-34.0 1.1 1
2-Chlorotoluene ND ug/L 09/29/17 12:49 95-49-80.50 0.20 1
4-Chlorotoluene ND ug/L 09/29/17 12:49 106-43-40.50 0.13 1
Dibromochloromethane ND ug/L 09/29/17 12:49 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 12:49 74-95-31.0 0.50 1
1,2-Dichlorobenzene ND ug/L 09/29/17 12:49 95-50-10.50 0.21 1
1,3-Dichlorobenzene ND ug/L 09/29/17 12:49 541-73-10.50 0.16 1
1,4-Dichlorobenzene ND ug/L 09/29/17 12:49 106-46-70.50 0.10 1
Dichlorodifluoromethane ND ug/L 09/29/17 12:49 75-71-81.0 0.31 1
1,1-Dichloroethane ND ug/L 09/29/17 12:49 75-34-30.50 0.14 1
1,2-Dichloroethane ND ug/L 09/29/17 12:49 107-06-20.50 0.15 1
1,1-Dichloroethene ND ug/L 09/29/17 12:49 75-35-40.50 0.18 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 12:49 156-59-20.50 0.20 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 12:49 156-60-50.50 0.21 1
Dichlorofluoromethane ND ug/L 09/29/17 12:49 75-43-41.0 0.38 1
1,2-Dichloropropane ND ug/L 09/29/17 12:49 78-87-54.0 0.62 1
1,3-Dichloropropane ND ug/L 09/29/17 12:49 142-28-90.50 0.13 1
2,2-Dichloropropane ND ug/L 09/29/17 12:49 594-20-71.0 0.40 1
1,1-Dichloropropene ND ug/L 09/29/17 12:49 563-58-60.50 0.18 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 12:49 10061-01-50.50 0.12 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 12:49 10061-02-60.50 0.14 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 12:49 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 12:49 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 12:49 64-17-580.0 26.4 1
Ethylbenzene ND ug/L 09/29/17 12:49 100-41-40.50 0.14 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 12:49 637-92-30.50 0.13 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 12:49 87-68-31.0 0.48 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Sample: Trip Blank Lab ID: 10403967002 Collected: 09/19/17 00:00 Received: 09/20/17 10:10 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

2-Hexanone ND ug/L 09/29/17 12:49 591-78-65.0 2.5 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 12:49 98-82-80.50 0.14 1
p-Isopropyltoluene ND ug/L 09/29/17 12:49 99-87-60.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 12:49 75-09-24.0 1.2 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 12:49 108-10-15.0 0.55 1
Methyl-tert-butyl ether ND ug/L 09/29/17 12:49 1634-04-40.50 0.14 1
Naphthalene ND ug/L 09/29/17 12:49 91-20-31.0 0.42 1
2-Propanol 105 ug/L 09/29/17 12:49 67-63-0100 20.6 1
n-Propylbenzene ND ug/L 09/29/17 12:49 103-65-10.50 0.12 1
Styrene ND ug/L 09/29/17 12:49 100-42-50.50 0.14 1
1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 12:49 630-20-60.50 0.14 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 12:49 79-34-50.50 0.19 1
Tetrachloroethene ND ug/L 09/29/17 12:49 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 12:49 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 12:49 108-88-30.50 0.17 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 12:49 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 12:49 120-82-10.50 0.18 1
1,1,1-Trichloroethane ND ug/L 09/29/17 12:49 71-55-60.50 0.15 1
1,1,2-Trichloroethane ND ug/L 09/29/17 12:49 79-00-50.50 0.22 1
Trichloroethene ND ug/L 09/29/17 12:49 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 12:49 75-69-40.50 0.13 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 12:49 76-13-11.0 0.28 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 12:49 95-63-60.50 0.098 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 12:49 108-67-80.50 0.18 1
Vinyl chloride ND ug/L 09/29/17 12:49 75-01-40.20 0.096 1
m&p-Xylene ND ug/L 09/29/17 12:49 179601-23-11.0 0.24 1
o-Xylene ND ug/L 09/29/17 12:49 95-47-60.50 0.11 1
Surrogates
1,2-Dichloroethane-d4 (S) 106 %. 09/29/17 12:49 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/29/17 12:49 2037-26-575-125 1
4-Bromofluorobenzene (S) 105 %. 09/29/17 12:49 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 18:59 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 18:59 106-93-40.050 0.0071 1
1,2,3-Trichloropropane ND ug/L 09/27/17 18:59 96-18-40.010 0.0045 1
Surrogates
1,2-Dichloroethane-d4 (S) 148 %. 09/27/17 18:59 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 18:59 2037-26-570-130 1
4-Bromofluorobenzene (S) 108 %. 09/27/17 18:59 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497164
EPA 3010

EPA 6010C
6010C Water

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2703627
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Calcium ug/L 33.2J 500 09/26/17 20:2224.7
Iron ug/L ND 50.0 09/26/17 20:2216.7
Magnesium ug/L 2.9J 500 09/26/17 20:222.6
Manganese ug/L ND 5.0 09/26/17 20:220.38
Potassium ug/L ND 2500 09/26/17 20:22126
Sodium ug/L ND 1000 09/26/17 20:2244.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2703628LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1970020000 99 80-120
Magnesium ug/L 2020020000 101 80-120
Manganese ug/L 10001000 100 80-120
Potassium ug/L 2040020000 102 80-120
Sodium ug/L 2050020000 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2703629MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2703630

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 96 75-12598 1 20200006010 25300 25600
Iron ug/L 20000 99 75-125100 1 202000045.9J 19900 20100
Magnesium ug/L 20000 101 75-125102 1 202000040.4J 20200 20400
Manganese ug/L 1000 101 75-125102 1 2010003.1J 1010 1020
Potassium ug/L 20000 113 75-125115 1 2020000576J 23300 23500
Sodium ug/L 20000 81 75-12596 1 2020000205000 221000 224000
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498322
EPA 3020

EPA 6020A
6020A Water UPD4

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709168
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/26/17 14:110.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709169LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 102100 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709170MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709171

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-125103 0 2010082.0 186 185
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499620
EPA 8260B

EPA 8260B
8260 MSV LL Water

Associated Lab Samples: 10403967001, 10403967002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10403967001, 10403967002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1,1-Trichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.19
1,1,2-Trichloroethane ug/L ND 0.50 09/29/17 12:020.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/29/17 12:020.28
1,1-Dichloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1-Dichloroethene ug/L ND 0.50 09/29/17 12:020.18
1,1-Dichloropropene ug/L ND 0.50 09/29/17 12:020.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.098
1,2-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.21
1,2-Dichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,2-Dichloropropane ug/L ND 4.0 09/29/17 12:020.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.18
1,3-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.16
1,3-Dichloropropane ug/L ND 0.50 09/29/17 12:020.13
1,4-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.10
2,2-Dichloropropane ug/L ND 1.0 09/29/17 12:020.40
2-Butanone (MEK) ug/L ND 5.0 09/29/17 12:022.4
2-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.20
2-Hexanone ug/L ND 5.0 09/29/17 12:022.5
2-Propanol ug/L ND 100 09/29/17 12:0220.6
4-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/29/17 12:020.55
Acetone ug/L ND 20.0 09/29/17 12:028.8
Allyl chloride ug/L ND 4.0 09/29/17 12:021.0
Benzene ug/L ND 0.50 09/29/17 12:020.13
Bromobenzene ug/L ND 0.50 09/29/17 12:020.16
Bromochloromethane ug/L ND 1.0 09/29/17 12:020.38
Bromodichloromethane ug/L ND 0.50 09/29/17 12:020.20
Bromoform ug/L ND 4.0 09/29/17 12:021.0
Bromomethane ug/L ND 4.0 09/29/17 12:021.5
Carbon disulfide ug/L ND 1.0 09/29/17 12:020.37
Carbon tetrachloride ug/L ND 0.50 09/29/17 12:020.20
Chlorobenzene ug/L ND 0.50 09/29/17 12:020.14
Chloroethane ug/L ND 1.0 09/29/17 12:020.44
Chloroform ug/L ND 1.0 09/29/17 12:020.46
Chloromethane ug/L ND 4.0 09/29/17 12:021.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.12
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10403967001, 10403967002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 09/29/17 12:020.13
Dibromomethane ug/L ND 1.0 09/29/17 12:020.50
Dichlorodifluoromethane ug/L ND 1.0 09/29/17 12:020.31
Dichlorofluoromethane ug/L ND 1.0 09/29/17 12:020.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/29/17 12:021.3
Diisopropyl ether ug/L ND 1.0 09/29/17 12:020.12
Ethanol ug/L ND 80.0 09/29/17 12:0226.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.13
Ethylbenzene ug/L ND 0.50 09/29/17 12:020.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/29/17 12:020.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/29/17 12:020.14
m&p-Xylene ug/L ND 1.0 09/29/17 12:020.24
Methyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.14
Methylene Chloride ug/L ND 4.0 09/29/17 12:021.2
n-Butylbenzene ug/L ND 0.50 09/29/17 12:020.13
n-Propylbenzene ug/L ND 0.50 09/29/17 12:020.12
Naphthalene ug/L ND 1.0 09/29/17 12:020.42
o-Xylene ug/L ND 0.50 09/29/17 12:020.11
p-Isopropyltoluene ug/L ND 0.50 09/29/17 12:020.14
sec-Butylbenzene ug/L ND 0.50 09/29/17 12:020.12
Styrene ug/L ND 0.50 09/29/17 12:020.14
tert-Amylmethyl ether ug/L ND 0.50 09/29/17 12:020.12
tert-Butyl Alcohol ug/L ND 10.0 09/29/17 12:022.2
tert-Butylbenzene ug/L ND 0.50 09/29/17 12:020.15
Tetrachloroethene ug/L ND 0.50 09/29/17 12:020.16
Tetrahydrofuran ug/L ND 10.0 09/29/17 12:024.3
Toluene ug/L ND 0.50 09/29/17 12:020.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.21
trans-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.14
Trichloroethene ug/L ND 0.40 09/29/17 12:020.18
Trichlorofluoromethane ug/L ND 0.50 09/29/17 12:020.13
Vinyl chloride ug/L ND 0.20 09/29/17 12:020.096
1,2-Dichloroethane-d4 (S) %. 106 75-137 09/29/17 12:02
4-Bromofluorobenzene (S) %. 101 75-125 09/29/17 12:02
Toluene-d8 (S) %. 104 75-125 09/29/17 12:02

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.220 101 75-136
1,1,1-Trichloroethane ug/L 20.720 104 75-129
1,1,2,2-Tetrachloroethane ug/L 21.620 108 71-138
1,1,2-Trichloroethane ug/L 21.620 108 75-125
1,1,2-Trichlorotrifluoroethane ug/L 20.020 100 69-126
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 20.620 103 75-125
1,1-Dichloroethene ug/L 19.920 99 75-125
1,1-Dichloropropene ug/L 19.720 99 75-125
1,2,3-Trichlorobenzene ug/L 20.920 104 75-125
1,2,4-Trichlorobenzene ug/L 18.720 93 75-125
1,2,4-Trimethylbenzene ug/L 21.820 109 75-125
1,2-Dichlorobenzene ug/L 21.020 105 75-125
1,2-Dichloroethane ug/L 19.420 97 70-125
1,2-Dichloropropane ug/L 20.120 100 75-125
1,3,5-Trimethylbenzene ug/L 22.020 110 75-125
1,3-Dichlorobenzene ug/L 21.420 107 75-125
1,3-Dichloropropane ug/L 21.020 105 75-125
1,4-Dichlorobenzene ug/L 21.120 105 75-125
2,2-Dichloropropane ug/L 21.020 105 70-131
2-Butanone (MEK) ug/L 96.7100 97 69-125
2-Chlorotoluene ug/L 21.620 108 75-125
2-Hexanone ug/L 113100 113 73-129
2-Propanol ug/L 193200 97 50-150
4-Chlorotoluene ug/L 21.920 110 75-125
4-Methyl-2-pentanone (MIBK) ug/L 111100 111 73-125
Acetone ug/L 125100 125 66-126
Allyl chloride ug/L 19.620 98 71-125
Benzene ug/L 19.920 100 75-125
Bromobenzene ug/L 21.320 107 75-125
Bromochloromethane ug/L 20.920 104 75-126
Bromodichloromethane ug/L 20.020 100 75-133
Bromoform ug/L 17.420 87 62-142
Bromomethane ug/L 15.020 75 34-143
Carbon disulfide ug/L 18.120 91 71-125
Carbon tetrachloride ug/L 20.620 103 71-145
Chlorobenzene ug/L 20.820 104 75-125
Chloroethane ug/L 21.520 108 75-125
Chloroform ug/L 19.720 98 75-125
Chloromethane ug/L 19.220 96 54-125
cis-1,2-Dichloroethene ug/L 21.220 106 75-125
cis-1,3-Dichloropropene ug/L 19.620 98 75-125
Dibromochloromethane ug/L 20.020 100 74-141
Dibromomethane ug/L 20.120 101 75-125
Dichlorodifluoromethane ug/L 19.520 97 59-130
Dichlorofluoromethane ug/L 20.320 102 75-125
Diethyl ether (Ethyl ether) ug/L 20.620 103 75-125
Diisopropyl ether ug/L 19.420 97 69-125
Ethanol ug/L 414400 104 49-150
Ethyl-tert-butyl ether ug/L 20.220 101 73-125
Ethylbenzene ug/L 21.020 105 75-125
Hexachloro-1,3-butadiene ug/L 19.620 98 75-131
Isopropylbenzene (Cumene) ug/L 20.720 103 75-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 42.440 106 75-125
Methyl-tert-butyl ether ug/L 20.220 101 75-125
Methylene Chloride ug/L 19.220 96 73-125
n-Butylbenzene ug/L 20.920 105 75-125
n-Propylbenzene ug/L 21.520 108 75-125
Naphthalene ug/L 18.520 92 74-125
o-Xylene ug/L 20.620 103 75-125
p-Isopropyltoluene ug/L 20.520 103 75-125
sec-Butylbenzene ug/L 21.420 107 75-125
Styrene ug/L 19.220 96 75-125
tert-Amylmethyl ether ug/L 19.920 99 71-126
tert-Butyl Alcohol ug/L 219200 110 69-131
tert-Butylbenzene ug/L 21.520 107 75-125
Tetrachloroethene ug/L 20.920 104 75-125
Tetrahydrofuran ug/L 256 L3200 128 65-127
Toluene ug/L 20.320 102 75-125
trans-1,2-Dichloroethene ug/L 19.520 98 75-125
trans-1,3-Dichloropropene ug/L 19.620 98 75-125
Trichloroethene ug/L 20.520 103 75-125
Trichlorofluoromethane ug/L 21.120 106 71-140
Vinyl chloride ug/L 20.920 105 70-125
1,2-Dichloroethane-d4 (S) %. 106 75-137
4-Bromofluorobenzene (S) %. 99 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 101 75-137100 1 3020ND 20.1 20.0
1,1,1-Trichloroethane ug/L 20 103 75-139102 2 3020ND 20.7 20.3
1,1,2,2-Tetrachloroethane ug/L 20 103 60-14299 3 3020ND 20.5 19.8
1,1,2-Trichloroethane ug/L 20 102 75-128103 1 3020ND 20.3 20.6
1,1,2-Trichlorotrifluoroethane ug/L 20 111 62-150109 2 3020ND 22.2 21.8
1,1-Dichloroethane ug/L 20 99 70-12998 1 3020ND 19.9 19.6
1,1-Dichloroethene ug/L 20 102 67-141102 1 3020ND 20.4 20.5
1,1-Dichloropropene ug/L 20 103 64-144100 3 3020ND 20.6 20.0
1,2,3-Trichlorobenzene ug/L 20 113 66-139105 8 3020ND 22.6 20.9
1,2,4-Trichlorobenzene ug/L 20 99 65-13892 7 3020ND 19.9 18.5
1,2,4-Trimethylbenzene ug/L 20 105 65-143102 2 3020ND 20.9 20.4
1,2-Dichlorobenzene ug/L 20 104 68-13597 7 3020ND 20.8 19.4
1,2-Dichloroethane ug/L 20 91 73-12587 4 3020ND 18.3 17.5
1,2-Dichloropropane ug/L 20 96 64-13094 2 3020ND 19.1 18.7
1,3,5-Trimethylbenzene ug/L 20 108 64-146104 4 3020ND 21.5 20.8
1,3-Dichlorobenzene ug/L 20 104 69-135101 3 3020ND 20.9 20.1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 101 67-12899 1 3020ND 20.1 19.9
1,4-Dichlorobenzene ug/L 20 103 66-13498 5 3020ND 20.6 19.6
2,2-Dichloropropane ug/L 20 104 50-150102 2 3020ND 20.7 20.3
2-Butanone (MEK) ug/L 100 88 58-12587 1 30100ND 87.9 86.9
2-Chlorotoluene ug/L 20 103 65-138101 2 3020ND 20.6 20.2
2-Hexanone ug/L 100 105 61-134104 0 30100ND 105 104
2-Propanol ug/L 200 97 51-150100 3 30200ND 193 200
4-Chlorotoluene ug/L 20 108 68-135103 5 3020ND 21.7 20.7
4-Methyl-2-pentanone
(MIBK)

ug/L 100 104 61-130104 0 30100ND 104 104

Acetone ug/L 100 125 51-140126 1 30100ND 125 126
Allyl chloride ug/L 20 95 61-12594 1 3020ND 19.1 18.9
Benzene ug/L 20 97 63-13294 3 3020ND 19.4 18.9
Bromobenzene ug/L 20 103 67-138100 3 3020ND 20.7 20.0
Bromochloromethane ug/L 20 95 66-13893 2 3020ND 19.0 18.6
Bromodichloromethane ug/L 20 97 75-13794 3 3020ND 19.3 18.7
Bromoform ug/L 20 87 65-12986 1 3020ND 17.3 17.2
Bromomethane ug/L 20 81 41-15095 16 3020ND 16.2 19.0
Carbon disulfide ug/L 20 95 72-13293 2 3020ND 19.0 18.6
Carbon tetrachloride ug/L 20 106 75-150102 3 3020ND 21.1 20.4
Chlorobenzene ug/L 20 100 73-12797 3 3020ND 20.1 19.5
Chloroethane ug/L 20 104 74-138106 1 3020ND 20.9 21.1
Chloroform ug/L 20 94 74-12588 6 3020ND 18.7 17.6
Chloromethane ug/L 20 91 58-12992 1 3020ND 18.1 18.4
cis-1,2-Dichloroethene ug/L 20 98 63-13595 3 3020ND 19.5 19.0
cis-1,3-Dichloropropene ug/L 20 89 66-12988 2 3020ND 17.8 17.6
Dibromochloromethane ug/L 20 96 75-13394 3 3020ND 19.3 18.7
Dibromomethane ug/L 20 95 68-13493 3 3020ND 19.1 18.6
Dichlorodifluoromethane ug/L 20 109 72-150111 1 3020ND 21.8 22.1
Dichlorofluoromethane ug/L 20 99 75-129101 2 3020ND 19.8 20.2
Diethyl ether (Ethyl ether) ug/L 20 97 73-12594 3 3020ND 19.4 18.7
Diisopropyl ether ug/L 20 91 62-12890 1 3020ND 18.1 17.9
Ethanol ug/L 400 88 43-15092 5 30400ND 351 368
Ethyl-tert-butyl ether ug/L 20 92 63-13292 0 3020ND 18.4 18.4
Ethylbenzene ug/L 20 103 72-130103 0 3020ND 20.6 20.5
Hexachloro-1,3-butadiene ug/L 20 115 71-150113 1 3020ND 23.0 22.7
Isopropylbenzene (Cumene) ug/L 20 102 70-136100 2 3020ND 20.3 19.9
m&p-Xylene ug/L 40 104 64-142102 2 3040ND 41.6 40.7
Methyl-tert-butyl ether ug/L 20 93 72-12593 0 3020ND 18.7 18.6
Methylene Chloride ug/L 20 92 60-13289 3 3020ND 18.4 17.8
n-Butylbenzene ug/L 20 109 60-150105 4 3020ND 21.8 21.0
n-Propylbenzene ug/L 20 109 63-142103 6 3020ND 21.8 20.6
Naphthalene ug/L 20 92 67-12590 2 3020ND 18.5 18.0
o-Xylene ug/L 20 102 60-14398 4 3020ND 20.4 19.6
p-Isopropyltoluene ug/L 20 102 64-14699 3 3020ND 20.4 19.7
sec-Butylbenzene ug/L 20 110 67-144105 5 3020ND 22.0 20.9
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 91 67-13690 1 3020ND 18.3 18.0
tert-Amylmethyl ether ug/L 20 95 60-13492 3 3020ND 18.9 18.4
tert-Butyl Alcohol ug/L 200 95 56-14698 3 30200ND 190 197
tert-Butylbenzene ug/L 20 107 68-135102 5 3020ND 21.5 20.5
Tetrachloroethene ug/L 20 104 67-148100 4 3020ND 20.7 20.0
Tetrahydrofuran ug/L 200 128 51-141120 6 30200ND 256 240
Toluene ug/L 20 100 61-14097 3 3020ND 20.0 19.4
trans-1,2-Dichloroethene ug/L 20 97 62-13896 1 3020ND 19.3 19.2
trans-1,3-Dichloropropene ug/L 20 95 67-13492 2 3020ND 18.9 18.5
Trichloroethene ug/L 20 101 64-14999 2 3020ND 20.2 19.9
Trichlorofluoromethane ug/L 20 112 75-150116 3 3020ND 22.4 23.1
Vinyl chloride ug/L 20 107 75-133109 3 3020ND 21.3 21.9
1,2-Dichloroethane-d4 (S) %. 102 75-137103
4-Bromofluorobenzene (S) %. 100 75-12599
Toluene-d8 (S) %. 105 75-125104
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499246
EPA 8260B

EPA 8260B
8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10403967001, 10403967002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216
Associated Lab Samples: 10403967001, 10403967002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497841
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,2-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/25/17 16:301.3
1,3-Dichlorobenzene ug/L ND 10.0 09/25/17 16:304.2
1,4-Dichlorobenzene ug/L ND 10.0 09/25/17 16:303.4
1-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/25/17 16:301.1
2,4-Dichlorophenol ug/L ND 10.0 09/25/17 16:301.6
2,4-Dimethylphenol ug/L ND 50.0 09/25/17 16:302.8
2,4-Dinitrophenol ug/L ND 10.0 09/25/17 16:302.5
2,4-Dinitrotoluene ug/L ND 10.0 09/25/17 16:301.3
2,6-Dinitrotoluene ug/L ND 10.0 09/25/17 16:300.64
2-Chloronaphthalene ug/L ND 10.0 09/25/17 16:302.2
2-Chlorophenol ug/L ND 10.0 09/25/17 16:301.1
2-Methylnaphthalene ug/L ND 10.0 09/25/17 16:302.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/25/17 16:301.9
2-Nitroaniline ug/L ND 10.0 09/25/17 16:301.5
2-Nitrophenol ug/L ND 10.0 09/25/17 16:301.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/25/17 16:301.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/25/17 16:301.2
3-Nitroaniline ug/L ND 10.0 09/25/17 16:301.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/25/17 16:302.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/25/17 16:301.5
4-Chloroaniline ug/L ND 50.0 09/25/17 16:301.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/25/17 16:301.5
4-Nitroaniline ug/L ND 10.0 09/25/17 16:302.0
4-Nitrophenol ug/L ND 10.0 09/25/17 16:302.6
Benzoic acid ug/L ND 50.0 09/25/17 16:301.6
Benzyl alcohol ug/L ND 10.0 09/25/17 16:301.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/25/17 16:301.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/25/17 16:301.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 09/25/17 16:301.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/25/17 16:304.6
Butylbenzylphthalate ug/L ND 10.0 09/25/17 16:301.8
Carbazole ug/L ND 10.0 09/25/17 16:301.1
Di-n-butylphthalate ug/L ND 10.0 09/25/17 16:301.4
Di-n-octylphthalate ug/L ND 10.0 09/25/17 16:302.0
Dibenzofuran ug/L ND 10.0 09/25/17 16:301.6
Diethylphthalate ug/L ND 10.0 09/25/17 16:301.4
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2706785
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/25/17 16:301.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/25/17 16:303.2
Hexachlorobenzene ug/L ND 10.0 09/25/17 16:302.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/25/17 16:3018.8
Hexachloroethane ug/L ND 10.0 09/25/17 16:303.4
Isophorone ug/L ND 10.0 09/25/17 16:301.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodimethylamine ug/L ND 10.0 09/25/17 16:301.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/25/17 16:301.1
Nitrobenzene ug/L ND 10.0 09/25/17 16:301.3
Phenol ug/L ND 10.0 09/25/17 16:301.2
Pyridine ug/L ND 10.0 09/25/17 16:302.5
2,4,6-Tribromophenol (S) %. 85 66-125 09/25/17 16:30
2-Fluorobiphenyl (S) %. 65 30-125 09/25/17 16:30
2-Fluorophenol (S) %. 79 49-125 09/25/17 16:30
Nitrobenzene-d5 (S) %. 73 44-125 09/25/17 16:30
p-Terphenyl-d14 (S) %. 76 31-125 09/25/17 16:30
Phenol-d6 (S) %. 78 59-125 09/25/17 16:30

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,4-Trichlorobenzene ug/L 28.050 56 50-125
1,2-Dichlorobenzene ug/L 24.350 49 40-125
1,2-Diphenylhydrazine ug/L 43.850 88 66-125
1,3-Dichlorobenzene ug/L 21.650 43 37-125
1,4-Dichlorobenzene ug/L 22.950 46 38-125
1-Methylnaphthalene ug/L 36.450 73 64-125
2,4,5-Trichlorophenol ug/L 40.250 80 72-125
2,4,6-Trichlorophenol ug/L 40.550 81 70-125
2,4-Dichlorophenol ug/L 37.950 76 66-125
2,4-Dimethylphenol ug/L 25.5J50 51 30-125
2,4-Dinitrophenol ug/L 13.6 L250 27 30-125
2,4-Dinitrotoluene ug/L 43.250 86 74-125
2,6-Dinitrotoluene ug/L 41.450 83 75-125
2-Chloronaphthalene ug/L 37.450 75 68-125
2-Chlorophenol ug/L 35.550 71 59-125
2-Methylnaphthalene ug/L 35.950 72 63-125
2-Methylphenol(o-Cresol) ug/L 35.450 71 59-125
2-Nitroaniline ug/L 44.450 89 71-125
2-Nitrophenol ug/L 37.050 74 64-125
3&4-Methylphenol(m&p Cresol) ug/L 36.950 74 62-125
3,3'-Dichlorobenzidine ug/L 38.8J50 78 61-125
3-Nitroaniline ug/L 45.550 91 60-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2706786LABORATORY CONTROL SAMPLE:
LCSSpike

4,6-Dinitro-2-methylphenol ug/L 23.950 48 30-136
4-Bromophenylphenyl ether ug/L 40.350 81 73-125
4-Chloro-3-methylphenol ug/L 40.650 81 71-125
4-Chloroaniline ug/L 40.6J50 81 50-125
4-Chlorophenylphenyl ether ug/L 40.650 81 72-125
4-Nitroaniline ug/L 39.750 79 63-125
4-Nitrophenol ug/L 30.0 L250 60 66-125
Benzoic acid ug/L ND L250 0 30-125
Benzyl alcohol ug/L 38.250 76 63-125
bis(2-Chloroethoxy)methane ug/L 38.350 77 66-125
bis(2-Chloroethyl) ether ug/L 34.750 69 58-125
bis(2-Chloroisopropyl) ether ug/L 32.4 SS50 65 53-125
bis(2-Ethylhexyl)phthalate ug/L 44.850 90 73-125
Butylbenzylphthalate ug/L 42.150 84 73-125
Carbazole ug/L 41.250 82 75-125
Di-n-butylphthalate ug/L 42.750 85 75-125
Di-n-octylphthalate ug/L 43.550 87 75-125
Dibenzofuran ug/L 41.850 84 72-125
Diethylphthalate ug/L 43.350 87 75-125
Dimethylphthalate ug/L 43.250 86 75-125
Hexachloro-1,3-butadiene ug/L 23.350 47 39-125
Hexachlorobenzene ug/L 41.250 82 75-125
Hexachlorocyclopentadiene ug/L ND 1M,L250 0 30-125
Hexachloroethane ug/L 18.750 37 30-125
Isophorone ug/L 41.050 82 70-125
N-Nitroso-di-n-propylamine ug/L 38.250 76 65-125
N-Nitrosodimethylamine ug/L 33.850 68 46-125
N-Nitrosodiphenylamine ug/L 40.650 81 72-125
Nitrobenzene ug/L 36.550 73 65-125
Phenol ug/L 33.550 67 60-125
Pyridine ug/L ND L250 0 30-125
2,4,6-Tribromophenol (S) %. 91 66-125
2-Fluorobiphenyl (S) %. 69 30-125
2-Fluorophenol (S) %. 69 49-125
Nitrobenzene-d5 (S) %. 64 44-125
p-Terphenyl-d14 (S) %. 77 31-125
Phenol-d6 (S) %. 72 59-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,4-Trichlorobenzene ug/L M152.1 63 58-12556 11 3052.1ND 32.6 29.1
1,2-Dichlorobenzene ug/L M152.1 56 55-12547 18 3052.1ND 29.3 24.5
1,2-Diphenylhydrazine ug/L 52.1 98 64-12593 5 3052.1ND 50.9 48.6
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichlorobenzene ug/L M152.1 55 52-12545 20 3052.1ND 28.7 23.5
1,4-Dichlorobenzene ug/L M152.1 56 53-12546 21 3052.1ND 29.3 23.8
1-Methylnaphthalene ug/L 52.1 81 64-12572 11 3052.1ND 42.0 37.7
2,4,5-Trichlorophenol ug/L 52.1 93 70-12585 9 3052.1ND 48.4 44.0
2,4,6-Trichlorophenol ug/L 52.1 94 70-12583 12 3052.1ND 48.7 43.3
2,4-Dichlorophenol ug/L 52.1 90 60-12579 13 3052.1ND 46.8 41.1
2,4-Dimethylphenol ug/L 52.1 79 30-15064 3052.1ND 40.9J 33.4J
2,4-Dinitrophenol ug/L 52.1 92 30-14383 11 3052.1ND 47.9 43.1
2,4-Dinitrotoluene ug/L 52.1 99 75-12594 5 3052.1ND 51.5 49.0
2,6-Dinitrotoluene ug/L 52.1 94 73-12590 5 3052.1ND 49.2 46.6
2-Chloronaphthalene ug/L 52.1 85 69-12576 10 3052.1ND 44.1 39.8
2-Chlorophenol ug/L 52.1 85 54-12573 15 3052.1ND 44.3 37.9
2-Methylnaphthalene ug/L 52.1 79 63-12569 14 3052.1ND 41.0 35.7
2-Methylphenol(o-Cresol) ug/L 52.1 88 54-12576 14 3052.1ND 45.7 39.7
2-Nitroaniline ug/L 52.1 97 62-12593 4 3052.1ND 50.5 48.6
2-Nitrophenol ug/L 52.1 84 61-12576 10 3052.1ND 43.6 39.4
3&4-Methylphenol(m&p
Cresol)

ug/L 52.1 88 57-12578 12 3052.1ND 45.7 40.6

3,3'-Dichlorobenzidine ug/L 52.1 75 30-12586 3052.1ND 39.1J 44.9J
3-Nitroaniline ug/L 52.1 97 30-14093 4 3052.1ND 50.4 48.6
4,6-Dinitro-2-methylphenol ug/L 52.1 96 30-13589 8 3052.1ND 50.2 46.5
4-Bromophenylphenyl ether ug/L 52.1 96 54-12592 4 3052.1ND 49.9 47.9
4-Chloro-3-methylphenol ug/L 52.1 98 73-12587 11 3052.1ND 50.8 45.5
4-Chloroaniline ug/L 52.1 84 30-12884 3052.1ND 43.6J 43.5J
4-Chlorophenylphenyl ether ug/L 52.1 96 57-12587 10 3052.1ND 50.1 45.3
4-Nitroaniline ug/L 52.1 92 30-13888 4 3052.1ND 47.8 45.8
4-Nitrophenol ug/L 52.1 79 69-12580 1 3052.1ND 41.2 41.7
Benzoic acid ug/L 52.1 90 30-12565 3052.1ND 46.7J 34.0J
Benzyl alcohol ug/L 52.1 91 63-12582 10 3052.1ND 47.5 42.8
bis(2-Chloroethoxy)methane ug/L 52.1 87 68-12579 10 3052.1ND 45.4 40.9
bis(2-Chloroethyl) ether ug/L 52.1 82 58-12571 14 3052.1ND 42.6 36.9
bis(2-Chloroisopropyl) ether ug/L SS52.1 72 56-12563 13 3052.1ND 37.3 32.6
bis(2-Ethylhexyl)phthalate ug/L 52.1 104 75-125100 4 3052.1ND 54.1 52.1
Butylbenzylphthalate ug/L 52.1 103 54-12599 3 3052.1ND 53.5 51.7
Carbazole ug/L 52.1 98 72-12593 4 3052.1ND 50.8 48.7
Di-n-butylphthalate ug/L 52.1 101 75-12595 6 3052.1ND 52.6 49.7
Di-n-octylphthalate ug/L 52.1 103 57-12599 4 3052.1ND 53.6 51.7
Dibenzofuran ug/L 52.1 94 63-12587 8 3052.1ND 49.1 45.2
Diethylphthalate ug/L 52.1 100 75-12596 5 3052.1ND 52.3 49.8
Dimethylphthalate ug/L 52.1 99 75-12593 6 3052.1ND 51.5 48.5
Hexachloro-1,3-butadiene ug/L 52.1 57 47-12549 16 3052.1ND 29.8 25.4
Hexachlorobenzene ug/L 52.1 99 75-12592 7 3052.1ND 51.5 48.0
Hexachlorocyclopentadiene ug/L 1M,M052.1 14 30-1250 3052.1ND ND ND
Hexachloroethane ug/L M152.1 55 46-12542 26 3052.1ND 28.5 21.9
Isophorone ug/L 52.1 93 72-12583 11 3052.1ND 48.3 43.3
N-Nitroso-di-n-propylamine ug/L 52.1 85 73-12575 13 3052.1ND 44.4 39.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707163MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707164

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

N-Nitrosodimethylamine ug/L 52.1 78 59-12572 9 3052.1ND 40.7 37.3
N-Nitrosodiphenylamine ug/L 52.1 93 55-12588 6 3052.1ND 48.7 45.9
Nitrobenzene ug/L 52.1 85 55-12574 14 3052.1ND 44.4 38.8
Phenol ug/L 52.1 79 39-12970 12 3052.1ND 41.1 36.4
Pyridine ug/L M052.1 0 30-1252 3052.1ND ND ND
2,4,6-Tribromophenol (S) %. 107 66-12597
2-Fluorobiphenyl (S) %. 68 30-12560
2-Fluorophenol (S) %. 86 49-12575
Nitrobenzene-d5 (S) %. 76 44-12567
p-Terphenyl-d14 (S) %. 87 31-12584
Phenol-d6 (S) %. 87 59-12579
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498136
EPA Mod. 3510C

EPA 8270D by SIM
8270D PAH by SIM MSSV

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2708311
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L 0.011J 0.040 09/22/17 11:250.0056
Acenaphthylene ug/L 0.010J 0.040 09/22/17 11:250.0066
Anthracene ug/L 0.011J 0.040 09/22/17 11:250.0079
Benzo(a)anthracene ug/L 0.015J 0.040 09/22/17 11:250.0078
Benzo(a)pyrene ug/L 0.017J 0.040 09/22/17 11:250.0043
Benzo(b)fluoranthene ug/L 0.013J 0.040 09/22/17 11:250.0048
Benzo(e)pyrene ug/L 0.015J 0.040 09/22/17 11:250.0055
Benzo(g,h,i)perylene ug/L 0.014J 0.040 09/22/17 11:250.0075
Benzo(k)fluoranthene ug/L 0.016J 0.040 09/22/17 11:250.0048
Chrysene ug/L 0.012J 0.040 09/22/17 11:250.0058
Dibenz(a,h)anthracene ug/L ND 0.040 09/22/17 11:250.011
Fluoranthene ug/L 0.014J 0.040 09/22/17 11:250.0072
Fluorene ug/L ND 0.040 09/22/17 11:250.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 09/22/17 11:250.0036
Naphthalene ug/L ND 0.040 09/22/17 11:250.0075
Phenanthrene ug/L 0.013J 0.040 09/22/17 11:250.0088
Pyrene ug/L 0.013J 0.040 09/22/17 11:250.0084
2-Fluorobiphenyl (S) %. 73 55-125 09/22/17 11:25
p-Terphenyl-d14 (S) %. 80 64-125 09/22/17 11:25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708312LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.541 54 51-125
Acenaphthylene ug/L 0.561 56 54-125
Anthracene ug/L 0.721 72 64-125
Benzo(a)anthracene ug/L 0.761 76 63-125
Benzo(a)pyrene ug/L 0.841 84 72-125
Benzo(b)fluoranthene ug/L 0.811 81 60-125
Benzo(e)pyrene ug/L 0.781 78 69-125
Benzo(g,h,i)perylene ug/L 0.791 79 52-125
Benzo(k)fluoranthene ug/L 0.781 78 71-125
Chrysene ug/L 0.761 76 72-125
Dibenz(a,h)anthracene ug/L 0.811 81 49-125
Fluoranthene ug/L 0.811 81 71-125
Fluorene ug/L 0.571 57 56-125
Indeno(1,2,3-cd)pyrene ug/L 0.831 83 59-125
Naphthalene ug/L 0.551 55 41-125
Phenanthrene ug/L 0.651 65 57-125
Pyrene ug/L 0.711 71 71-125
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708312LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 59 55-125
p-Terphenyl-d14 (S) %. 78 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2708313MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2708314

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 56 43-12557 5 301.1ND 0.59 0.62
Acenaphthylene ug/L 1 57 42-12557 3 301.1ND 0.60 0.62
Anthracene ug/L 1 70 59-12570 5 301.1ND 0.72 0.76
Benzo(a)anthracene ug/L 1 74 56-12575 6 301.1ND 0.77 0.81
Benzo(a)pyrene ug/L 1 81 66-12581 4 301.1ND 0.85 0.89
Benzo(b)fluoranthene ug/L 1 78 56-12580 6 301.1ND 0.81 0.87
Benzo(e)pyrene ug/L 1 75 61-12575 4 301.1ND 0.78 0.82
Benzo(g,h,i)perylene ug/L 1 79 58-12576 0 301.1ND 0.83 0.83
Benzo(k)fluoranthene ug/L 1 75 64-12577 7 301.1ND 0.78 0.84
Chrysene ug/L 1 75 61-12575 5 301.1ND 0.78 0.82
Dibenz(a,h)anthracene ug/L 1 81 56-12576 3 301.1ND 0.85 0.82
Fluoranthene ug/L 1 78 64-12579 5 301.1ND 0.82 0.86
Fluorene ug/L 1 59 53-12557 2 301.1ND 0.61 0.62
Indeno(1,2,3-cd)pyrene ug/L 1 81 57-12580 2 301.1ND 0.85 0.87
Naphthalene ug/L 1 54 30-12555 6 301.1ND 0.56 0.60
Phenanthrene ug/L 1 65 52-12564 3 301.1ND 0.67 0.69
Pyrene ug/L 1 71 58-12571 4 301.1ND 0.74 0.77
2-Fluorobiphenyl (S) %. 60 55-12559
p-Terphenyl-d14 (S) %. 77 64-12575
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498353
EPA Mod. 3510C

EPA 8270D by SIM
8270D PCP MSSV

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709309
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 20:280.28
2,4,6-Tribromophenol (S) %. 88 30-132 09/27/17 20:28

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709310LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 77 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709311MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709312

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L M11.1 8 30-1258 301ND ND ND
2,4,6-Tribromophenol (S) %. 32 30-13230
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499956
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718290
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/02/17 10:381.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/02/17 10:381.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/02/17 10:381.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/02/17 10:381.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718291LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718292

Alkalinity, Total as CaCO3 mg/L 43.240 108 90-11010843.2 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718293MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2718294

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 107 80-120108 0 304095.2 138 138

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718295MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404160001

2718296

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 100 80-120110 2 3040169 209 213
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498585
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2710869
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/25/17 13:535.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2710870LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9601000 96 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10403967001
2710871SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 596 2 10606

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10404160001
2710872SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 277 1 10275
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

497921
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2707296
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/20/17 18:200.0070
Chloride mg/L ND 1.2 09/20/17 18:200.14
Fluoride mg/L ND 0.050 09/20/17 18:200.0028
Nitrate as N mg/L ND 0.10 09/20/17 18:200.0079
Nitrite as N mg/L ND 0.10 09/20/17 18:200.016
Sulfate mg/L ND 1.2 09/20/17 18:200.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2707297LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.981 98 90-110
Chloride mg/L 12.812.5 102 90-110
Fluoride mg/L 0.971 97 90-110
Nitrate as N mg/L 1.01 100 90-110
Nitrite as N mg/L 0.961 96 90-110
Sulfate mg/L 12.412.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707298MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403272001

2707299

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 94 90-11093 1 201<0.080 0.94 0.93
Chloride mg/L 12.5 96 90-11095 1 2012.50.78J 12.7 12.6
Fluoride mg/L 1 92 90-11091 1 2010.025J 0.94 0.93
Nitrate as N mg/L 1 94 90-11093 1 2010.29 1.2 1.2
Nitrite as N mg/L 1 96 90-11095 1 201<0.10 0.96 0.95
Sulfate mg/L M112.5 36 90-11034 0 2012.556.4 60.9 60.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707300MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707301

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 91 90-11090 0 2010.11 1.0 1.0
Chloride mg/L M112.5 82 90-11081 0 2012.516.3 26.4 26.4
Fluoride mg/L M11 58 90-11058 0 2011.7 2.3 2.2
Nitrate as N mg/L 1 94 90-11094 1 201ND 0.94 0.94
Nitrite as N mg/L 1 96 90-11096 0 201ND 0.96 0.96

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/24/2018 12:12 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 45 of 163

45 of 294810403967
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2707300MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2707301

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M6125 81 90-11080 0 20125313 414 413
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

268529
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10403967001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1577694
Associated Lab Samples: 10403967001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/26/17 13:560.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1577695LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 101 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1577696MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

1577697

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 111 80-120110 0 1010.40J 1.5 1.5
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#=QL#

QUALIFIERS

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte was detected in the associated method blank.B
Reanalysis conducted in excess of EPA method holding time. Results confirm original analysis performed in hold time.H5
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

L3

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
Surrogate recovery outside laboratory control limits.S0
Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3
This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

SS

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/24/2018 12:12 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10403967
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10403967001 497164 498458PGDW32-09192017 EPA 3010 EPA 6010C

10403967001 498322 498798PGDW32-09192017 EPA 3020 EPA 6020A

10403967001 497841 498606PGDW32-09192017 EPA 3520 EPA 8270D

10403967001 498136 498356PGDW32-09192017 EPA Mod. 3510C EPA 8270D by SIM

10403967001 498353 498854PGDW32-09192017 EPA Mod. 3510C EPA 8270D by SIM

10403967001 499620PGDW32-09192017 EPA 8260B
10403967002 499620Trip Blank EPA 8260B

10403967001 499246PGDW32-09192017 EPA 8260B
10403967002 499246Trip Blank EPA 8260B

10403967001 499956PGDW32-09192017 SM 2320B

10403967001 498585PGDW32-09192017 SM 2540C

10403967001 497921PGDW32-09192017 EPA 300.0

10403967001 268529PGDW32-09192017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/24/2018 12:12 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Water noted as being effervescent

9/20/17

Missing cooler arrived at 5PM, 9/20/17 cooler arrived in temp
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Lab Smp Id: 10403967001
Inj Date : 29-SEP-2017 14:22
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403967001,,rqs
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 193838 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

1.798 27601 14.2392422 14.2 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Lab Smp Id: 10403967001
Inj Date : 29-SEP-2017 14:22
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403967001,,rqs
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 700 0.11326 0.11(aQ)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected. (D)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 120451 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 200717 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 176745 54.3275 54.3(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 347811 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.986 4.979 (1.000) 48575 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 419340 51.5052 51.5

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 318569 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 147369 51.1935 51.2

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 150456 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 7.595 7.595 (1.908) 589 0.04470 0.045(a)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Lab Smp Id: 10403967001
Inj Date : 29-SEP-2017 14:22
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403967001,,rqs
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 193838 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

1.798 27601 14.2392422 14.2 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272014.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10403967001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 29-SEP-2017 14:22

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 1.798| 14.2| _J__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Lab Smp Id: 10403967002
Inj Date : 29-SEP-2017 12:49
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403967002,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.919 (0.385) 36041 104.774 105

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 119783 100.000

21 Acetone 58 1.998 1.998 (1.019) 2411 0.09201 0.092(aQ)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 213119 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 183302 53.0642 53.1(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 359463 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.980 4.979 (1.000) 47003 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 436594 52.4166 52.4

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 325910 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 149848 52.4834 52.5

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 149227 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Lab Smp Id: 10403967002
Inj Date : 29-SEP-2017 12:49
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10403967002,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 10
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.919 (0.385) 36041 104.774 105

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 119783 100.000

21 Acetone 58 1.998 1.998 (1.019) 2411 0.09201 0.092(aQ)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 213119 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 183302 53.0642 53.1(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 359463 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.980 4.979 (1.000) 47003 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 436594 52.4166 52.4

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272010.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 325910 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 149848 52.4834 52.5

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.577 7.576 (1.000) 149227 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D
Lab Smp Id: 10403967001 Client Smp ID: PGDW32-09192017
Inj Date : 25-SEP-2017 21:12
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403967001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 950.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 494027 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

1,3,5-Cycloheptatriene CAS #: 544-25-2

2.336 56052 4.53838094 4.8 38 NIST05.L 2415 9

Malonic acid diisopropyl ester CAS #: 13195-64-7

2.625 162471 13.1548293 13.8 47 NIST05.L 49041 9
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 1
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D
Lab Smp Id: 10403967001 Client Smp ID: PGDW32-09192017
Inj Date : 25-SEP-2017 21:12
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403967001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 950.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.164 3.169 (0.715) 185826 78.1696 82.3

$ 4 Phenol-d6 (S) 99 4.034 4.045 (0.912) 229608 80.5206 84.8

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.424 4.430 (1.000) 76788 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.039 5.044 (0.860) 156908 53.3611 56.2

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 2
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.862 5.867 (1.000) 268821 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.165 7.170 (0.896) 212120 40.9924 43.1

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.998 8.009 (1.000) 127591 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.987 8.992 (1.124) 67025 97.8026 103

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.852 9.858 (1.000) 244099 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.840 11.845 (0.900) 348063 62.3213 65.6

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected. (D)

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected. (D)

* 76 Chrysene-d12 (IS) 240 13.154 13.164 (1.000) 232749 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 3
Report Date: 03-Oct-2017 10:52

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.863 14.874 (1.000) 243040 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 4
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D
Lab Smp Id: 10403967001 Client Smp ID: PGDW32-09192017
Inj Date : 25-SEP-2017 21:12
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10403967001,
Misc Info : 16794,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092517.b\091017-8270MSS9_16703.m
Meth Date : 29-Sep-2017 08:19 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 950.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.425 494027 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

1,3,5-Cycloheptatriene CAS #: 544-25-2

2.336 56052 4.53838094 4.8 38 NIST05.L 2415 9

Malonic acid diisopropyl ester CAS #: 13195-64-7

2.625 162471 13.1548293 13.8 47 NIST05.L 49041 9

Page 75 of 163

75 of 294810403967



Data File: \\192.168.10.12\chem\10mss9.i\092517.b\09251714.D Page 5
Report Date: 03-Oct-2017 10:52

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092517
Lab Smp Id: 10403967001 Client Smp ID: PGDW32-09192017
Operator : AT1 Sample Date: 19-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:20-SEP-2017 10:10
Analysis Type: SV Level: LOW
Inj Date: 25-SEP-2017 21:12

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 544-25-2 |1,3,5-Cycloheptatriene | 2.336| 4.8| NJ__|
| 2. 13195-64-7 |Malonic acid diisopropyl es| 2.625| 13.8| NJ__|
|________________|___________________________|________|_____________|_____|
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02-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091256

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 21-Sep-2017 09:00 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 02-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091256
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091256-01 PGDW32-09192017 Water 9/19/2017 13:30 9/21/2017 09:00

Sample Summary Page 1 of  1
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Date: 02-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091256
Case Narrative

Samples for the above noted Work Order were received on 09/21/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 02-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091256

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW32-09192017

Collection Date: 9/19/2017 01:30 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091256

Dilution
Factor

Lab ID: 17091256-01

ALS Group, USA Date: 02-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/26/2017 06:17 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.

Page 82 of 163

82 of 294810403967



Date: 02-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091256
QC BATCH REPORT

Batch ID: R221109 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:41 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667000

MBLK

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221109-R221109

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:50 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667001

LCS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221109-R221109

0025Acrylamide 107  50-1500.1026.64

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:59 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW32-09192017 SeqNo: 4667003

MS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMS

0050Acrylamide 97.2  50-1500.2048.62

Qual
RPD 
Limit

Analysis Date: 9/26/2017 06:08 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW32-09192017 SeqNo: 4667004

MSD

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMSD

48.62050Acrylamide 95.9  50-150 300.20 1.3947.95

The following samples were analyzed in this batch: 17091256-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091256

Date/Time Received: 21-Sep-17 09:00

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.4/4.4 c

Login Notes:

SR2

Cooler(s)/Kit(s):

21-Sep-17 21-Sep-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/21/2017 2:14:16 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1733627

Pace Analytical Services

10403967

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/05/17

320 Forbes Boulevard, Mansfield, MA  02048-1806

Lab Number:

Report Date:

508-822-9300  (Fax) 508-822-3288  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10051715:16

Page 1 of 21
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L1733627-01

Alpha 
Sample ID

PGDW32-09192017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10403967

Project Name:
Project Number:

Lab Number: 
Report Date:

L1733627
10/05/17

09/19/17 13:30

Collection 
Date/TimeMatrix Receive Date

WATER 09/21/17

Serial_No:10051715:16
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1209662 PAVILLION WY WELL FLD

10403967

Project Name:

Project Number:

Lab Number:

Report Date:
L1733627

10/05/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/05/17                  

Serial_No:10051715:16
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ORGANICS

Serial_No:10051715:16
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PESTICIDES

Serial_No:10051715:16
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10403967

L1733627

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0248

0.0248

10/05/17

PGDW32-09192017Client ID:
09/19/17 13:30Date Collected:
09/21/17Date Received:

WYSample Location:

L1733627-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 07:12
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:16
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10403967

L1733627

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

58

71

63

71

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW32-09192017Client ID:
09/19/17 13:30Date Collected:
09/21/17Date Received:

WYSample Location:

L1733627-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:16

Page 7 of 21
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1045188-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10051715:16
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1045188-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

67

69

73

69

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10051715:16
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 69

 74

 83

 91

 75

 76

 82

 77

 81

 78

 78

 83

 88

 76

 80

 82

 84

 83

 85

 72

 87

 84

79

66

71

80

88

72

74

81

75

81

77

78

83

88

76

80

83

85

83

85

69

87

85

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

4

4

4

4

3

5

3

1

2

1

1

1

1

0

0

0

0

0

0

0

5

0

1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

10/05/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10051715:16
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Endrin ketone

Methoxychlor

Mirex

 100

 78

 70

101

80

70

40-140

40-140

40-140

1

2

0

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10051715:16
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Heptachlor epoxide

Oxychlordane

 85

 84

84

82

40-140

40-140

2

3

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10051715:16
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.0737

0.0478

0.0715

0.0769

0.0888

0.0544

0.0480

0.0838

0.0802

0.0804

0.0754

0.0806

0.0770

0.0774

0.0832

0.0893

0.0770

0.0810

0.0836

0.0861

0.0841

0.0863

0.0680

 75

 49

 73

 78

 91

 56

 49

 86

 82

 82

 77

 82

 78

 79

 85

 91

 78

 83

 85

 88

 86

 88

 69

0.0749

0.0506

0.0707

0.0775

0.0873

0.0601

0.0540

0.0828

0.0807

0.0800

0.0748

0.0799

0.0765

0.0772

0.0828

0.0874

0.0760

0.0795

0.0818

0.0847

0.0838

0.0850

0.0711

76

51

71

78

88

61

54

84

82

81

76

81

77

78

84

88

77

80

83

86

85

86

72

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

2

6

1

1

2

10

12

1

1

0

1

1

1

0

0

2

1

2

2

2

0

2

4

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
Native 
Sample

MS 
Found

MS
%Recovery

MSD 
Found

MSD 
%Recovery RPD

RPD 
Limits

Organochlorine Pesticides by GC - Mansfield Lab   Associated sample(s): 01    QC Batch ID: WG1045188-4  WG1045188-5   QC Sample: L1733627-01    Client ID:  
PGDW32-09192017 

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

0.098

MS 
Added

Matrix Spike Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

10/05/17

Recovery
LimitsQual Qual Qual Column

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A
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Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

ND

ND

ND

ND

ND

0.0863

0.0869

0.102

0.0810

0.0699

 88

 89

 104

 83

 71

0.0852

0.0856

0.100

0.0796

0.0693

86

86

101

80

70

40-140

40-140

40-140

40-140

40-140

1

2

2

2

1

50

50

50

50

50

Parameter
Native 
Sample

MS 
Found

MS
%Recovery

MSD 
Found

MSD 
%Recovery RPD

RPD 
Limits

Organochlorine Pesticides by GC - Mansfield Lab   Associated sample(s): 01    QC Batch ID: WG1045188-4  WG1045188-5   QC Sample: L1733627-01    Client ID:  
PGDW32-09192017 

0.098

0.098

0.098

0.098

0.098

MS 
Added

Matrix Spike Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10403967

L1733627

10/05/17

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

73

59

73

62

30-150

30-150

30-150

30-150

A

A

B

B

Surrogate % Recovery
Acceptance

CriteriaQualifier Column

75

63

74

66

% Recovery Qualifier
MS MSD

Recovery
LimitsQual Qual Qual

A

A

A

A

A

Serial_No:10051715:16
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*Values in parentheses indicate holding time in days

L1733627-01A

L1733627-01B

L1733627-01C

L1733627-01D

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

A

A

7

7

7

7

3.4

3.4

3.4

3.4

Y

Y

Y

Y

Present/Intact

Present/Intact

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10403967

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1733627Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/05/17

Were project specific reporting limits specified? YES

7

7

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10051715:16
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17336271209662 PAVILLION WY WELL FLD

10403967 10/05/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes

Serial_No:10051715:16
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17336271209662 PAVILLION WY WELL FLD

10403967 10/05/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.

Serial_No:10051715:16
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17336271209662 PAVILLION WY WELL FLD

10403967

REFERENCES 

10/05/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 1 of 12

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662 / 10403967

Dear Amanda Albrecht:

23945

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 21, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 2 of 12

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 3 of 12

SAMPLE SUMMARY

Workorder: 23945 PAVILLION / 1209662 / 10403967

Lab ID Sample ID Matrix Date Collected Date Received

239450001 PGDW32-09192017 Water 9/19/2017 13:30 9/21/2017 11:15

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 4 of 12

PROJECT SUMMARY

Workorder: 23945 PAVILLION / 1209662 / 10403967

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6368 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 5 of 12

ANALYTICAL RESULTS

Workorder: 23945 PAVILLION / 1209662 / 10403967

9/21/2017 11:15

PGDW32-09192017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239450001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/19/2017 13:30

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/17/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/17/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/4/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/4/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 28 ug/l 0.50 1 9/27/2017 14:50 MM n0.016
Ethane 0.029J ug/l 0.10 1 9/27/2017 14:50 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 14:50 MM n0.0040
Propane 0.012J ug/l 0.10 1 9/27/2017 14:50 MM n0.0050
Propene 0.023J ug/l 0.10 1 9/27/2017 14:50 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 14:50 MM n0.32
iso-Butane 0.14J ug/l 0.20 1 9/27/2017 14:50 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 14:50 MM n0.012
Oxygen 4.8 mg/l 0.50 1 9/27/2017 14:50 MM n0.12
Nitrogen 28 mg/l 2.0 1 9/27/2017 14:50 MM n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 14:50 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/5/2017 11:34 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 09:25 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 09:25 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 16:58 BW n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 16:58 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/28/2017 16:58 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/17/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/17/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23945 - 1072981 Page 6 of 12

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23945 PAVILLION / 1209662 / 10403967

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
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Report ID: 23945 - 1072981 Page 7 of 12

QUALITY CONTROL DATA

Workorder: 23945 PAVILLION / 1209662 / 10403967

QC Batch:

QC Batch Method:

DISG/6366

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239450001

METHOD BLANK: 51166

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 51167

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51168 51170

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
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Report ID: 23945 - 1072981 Page 8 of 12

QUALITY CONTROL DATA

Workorder: 23945 PAVILLION / 1209662 / 10403967

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51169 51171

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 n120 101 2 20
Oxygen mg/l 11 11 95 80-120 n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 n2.3 113 8.3 20
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Report ID: 23945 - 1072981 Page 9 of 12

QUALITY CONTROL DATA

Workorder: 23945 PAVILLION / 1209662 / 10403967

QC Batch:

QC Batch Method:

DISG/6368

AM30

Analysis Method: AM30

Associated Lab Samples: 239450001

METHOD BLANK: 51208

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51209

RISK
Helium 570ug/l 670 M1,n118 80-120
Hydrogen 290ug/l 340 M1,n115 80-120
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Report ID: 23945 - 1072981 Page 10 of 12

QUALITY CONTROL DATA

Workorder: 23945 PAVILLION / 1209662 / 10403967

QC Batch:

QC Batch Method:

VAP/1948

AM10

Analysis Method: AM10

Associated Lab Samples: 239450001

METHOD BLANK: 51210

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51211 51212

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 n5.0 U 0
Pentane ug/l 20 13 66 70-130 M2,M4,n13 66 0 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 82 1.2 30
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Report ID: 23945 - 1072981 Page 11 of 12

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23945 PAVILLION / 1209662 / 10403967

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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Report ID: 23945 - 1072981 Page 12 of 12

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23945 PAVILLION / 1209662 / 10403967

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239450001 PGDW32-09192017 DISG/6366AM20GAX

239450001 PGDW32-09192017 DISG/6368AM30

239450001 PGDW32-09192017 VAP/1948AM10

239450001 PGDW32-09192017 DISG/6390AM30

239450001 PGDW32-09192017 SCIT/1044D18O
Subcontracted to Isotech

239450001 PGDW32-09192017 CSIA/1673D18O

239450001 PGDW32-09192017 CSIA/1674AM24
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Report ID: 23946 - 1072991 Page 1 of 15

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662 / 10403967

Dear Amanda Albrecht:

23946

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 21, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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Report ID: 23946 - 1072991 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 23946 - 1072991 Page 3 of 15

SAMPLE SUMMARY

Workorder: 23946 PAVILLION / 1209662 / 10403967

Lab ID Sample ID Matrix Date Collected Date Received

239460001 PGDW32-09192017-PRE Water 9/19/2017 08:45 9/21/2017 11:45

239460002 PGDW32-09192017 Water 9/19/2017 13:30 9/21/2017 11:45

239460003 PGDW32-09192017 MS Water 9/19/2017 13:30 9/21/2017 11:45

239460004 PGDW32-09192017 MSD Water 9/19/2017 13:30 9/21/2017 11:45
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Report ID: 23946 - 1072991 Page 4 of 15

PROJECT SUMMARY

Workorder: 23946 PAVILLION / 1209662 / 10403967

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3509 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification was above laboratory control limits.  Analytes Pyruvic acid.  Samples with
concentrations that exceeded reporting limit shall be reanalyzed.
The batch matrix spike and/or spike duplicate recovery or relative percent difference exceeded laboratory control limits; reference
sample 239460002.  Analyte Hexanoic acid.  Batch acceptance based on laboratory control sample recovery.
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Report ID: 23946 - 1072991 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 23946 PAVILLION / 1209662 / 10403967

9/21/2017 11:45

PGDW32-09192017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239460001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/19/2017 08:45

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/17/2017 00:00 YD n
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Report ID: 23946 - 1072991 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 23946 PAVILLION / 1209662 / 10403967

9/21/2017 11:45

PGDW32-09192017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239460002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/19/2017 13:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.040J mg/l 0.20 1 9/23/2017 10:14 KB0.011
Acetic Acid 0.026J mg/l 0.10 1 9/23/2017 10:14 KB0.012
Propionic Acid 0.0055U mg/l 0.10 1 9/23/2017 10:14 KB0.0055
Formic Acid 0.055J mg/l 0.20 1 9/23/2017 10:14 KB0.033
Butyric Acid 0.0055U mg/l 0.10 1 9/23/2017 10:14 KB0.0055
Pyruvic Acid 0.0089U mg/l 0.10 1 9/23/2017 10:14 KB M10.0089
i-Pentanoic Acid 0.0098U mg/l 0.10 1 9/23/2017 10:14 KB0.0098
Pentanoic Acid 0.0082U mg/l 0.10 1 9/23/2017 10:14 KB0.0082
i-Hexanoic Acid 0.011U mg/l 0.20 1 9/23/2017 10:14 KB0.011
Hexanoic Acid 0.0095U mg/l 0.20 1 9/23/2017 10:14 KB D3,M50.0095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/17/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 28 ug/l 0.50 1 9/27/2017 14:50 MM n0.016
Ethane 0.029J ug/l 0.10 1 9/27/2017 14:50 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 14:50 MM n0.0040
Propane 0.012J ug/l 0.10 1 9/27/2017 14:50 MM n0.0050
Propene 0.023J ug/l 0.10 1 9/27/2017 14:50 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 14:50 MM D3,n0.32
iso-Butane 0.14J ug/l 0.20 1 9/27/2017 14:50 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 14:50 MM n0.012
Oxygen 4.8 mg/l 0.50 1 9/27/2017 14:50 MM D3,n0.12
Nitrogen 28 mg/l 2.0 1 9/27/2017 14:50 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 14:50 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 14:50 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23946 PAVILLION / 1209662 / 10403967

9/21/2017 11:45

PGDW32-09192017 MS

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239460003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/19/2017 13:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 2.0 mg/l 0.20 1 9/23/2017 11:07 KB0.011
Acetic Acid 2.2 mg/l 0.10 1 9/23/2017 11:07 KB0.012
Propionic Acid 2.1 mg/l 0.10 1 9/23/2017 11:07 KB0.0055
Formic Acid 1.8 mg/l 0.20 1 9/23/2017 11:07 KB0.033
Butyric Acid 2.1 mg/l 0.10 1 9/23/2017 11:07 KB0.0055
Pyruvic Acid 2.4 mg/l 0.10 1 9/23/2017 11:07 KB M10.0089
i-Pentanoic Acid 2.1 mg/l 0.10 1 9/23/2017 11:07 KB0.0098
Pentanoic Acid 2.2 mg/l 0.10 1 9/23/2017 11:07 KB0.0082
i-Hexanoic Acid 2.2 mg/l 0.20 1 9/23/2017 11:07 KB0.011
Hexanoic Acid 2.1 mg/l 0.20 1 9/23/2017 11:07 KB D3,M50.0095

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 810 ug/l 0.50 1 9/27/2017 15:03 MM n0.016
Ethane 73 ug/l 0.10 1 9/27/2017 15:03 MM n0.0030
Ethene 69 ug/l 0.10 1 9/27/2017 15:03 MM n0.0040
Propane 54 ug/l 0.10 1 9/27/2017 15:03 MM n0.0050
Propene 47 ug/l 0.10 1 9/27/2017 15:03 MM n0.012
Carbon Dioxide 110 mg/l 5.0 1 9/27/2017 15:03 MM D3,n0.32
iso-Butane 70 ug/l 0.20 1 9/27/2017 15:03 MM n0.019
n-Butane 69 ug/l 0.20 1 9/27/2017 15:03 MM n0.012
Oxygen 16 mg/l 0.50 1 9/27/2017 15:03 MM D3,n0.12
Nitrogen 140 mg/l 2.0 1 9/27/2017 15:03 MM D3,n0.34
Acetylene 33 ug/l 0.50 1 9/27/2017 15:03 MM n0.022
Carbon Monoxide 2.1 mg/l 1.0 1 9/27/2017 15:03 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23946 PAVILLION / 1209662 / 10403967

9/21/2017 11:45

PGDW32-09192017 MSD

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239460004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/19/2017 13:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 1.8 mg/l 0.20 1 9/23/2017 12:01 KB0.011
Acetic Acid 1.9 mg/l 0.10 1 9/23/2017 12:01 KB0.012
Propionic Acid 1.9 mg/l 0.10 1 9/23/2017 12:01 KB0.0055
Formic Acid 1.6 mg/l 0.20 1 9/23/2017 12:01 KB0.033
Butyric Acid 1.8 mg/l 0.10 1 9/23/2017 12:01 KB0.0055
Pyruvic Acid 2.1 mg/l 0.10 1 9/23/2017 12:01 KB M10.0089
i-Pentanoic Acid 1.8 mg/l 0.10 1 9/23/2017 12:01 KB0.0098
Pentanoic Acid 1.7 mg/l 0.10 1 9/23/2017 12:01 KB0.0082
i-Hexanoic Acid 1.7 mg/l 0.20 1 9/23/2017 12:01 KB0.011
Hexanoic Acid 1.4 mg/l 0.20 1 9/23/2017 12:01 KB D3,M50.0095

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 830 ug/l 0.50 1 9/27/2017 15:16 MM n0.016
Ethane 73 ug/l 0.10 1 9/27/2017 15:16 MM n0.0030
Ethene 69 ug/l 0.10 1 9/27/2017 15:16 MM n0.0040
Propane 54 ug/l 0.10 1 9/27/2017 15:16 MM n0.0050
Propene 47 ug/l 0.10 1 9/27/2017 15:16 MM n0.012
Carbon Dioxide 110 mg/l 5.0 1 9/27/2017 15:16 MM D3,n0.32
iso-Butane 70 ug/l 0.20 1 9/27/2017 15:16 MM n0.019
n-Butane 68 ug/l 0.20 1 9/27/2017 15:16 MM n0.012
Oxygen 14 mg/l 0.50 1 9/27/2017 15:16 MM D3,n0.12
Nitrogen 150 mg/l 2.0 1 9/27/2017 15:16 MM D3,n0.34
Acetylene 33 ug/l 0.50 1 9/27/2017 15:16 MM n0.022
Carbon Monoxide 2.1 mg/l 1.0 1 9/27/2017 15:16 MM D3,n0.087
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Report ID: 23946 - 1072991 Page 9 of 15

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23946 PAVILLION / 1209662 / 10403967

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5
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QUALITY CONTROL DATA

Workorder: 23946 PAVILLION / 1209662 / 10403967

QC Batch:

QC Batch Method:

EDON/3509

AM23G

Analysis Method: AM23G

Associated Lab Samples: 239460002, 239460003, 239460004

METHOD BLANK: 51089

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.011Umg/l 0.011
Acetic Acid 0.012Umg/l 0.012
Propionic Acid 0.0055Umg/l 0.0055
Formic Acid 0.033Umg/l 0.033
Butyric Acid 0.0055Umg/l 0.0055
Pyruvic Acid 0.0089Umg/l 0.0089 M1
i-Pentanoic Acid 0.0098Umg/l 0.0098
Pentanoic Acid 0.0082Umg/l 0.0082
i-Hexanoic Acid 0.011Umg/l 0.011
Hexanoic Acid 0.0095Umg/l 0.0095 D3,M5

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51090

EDonors
Lactic Acid 2mg/l 2.0 98 70-130
Acetic Acid 2mg/l 2.1 103 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.7 87 70-130
Butyric Acid 2mg/l 2.0 100 70-130
Pyruvic Acid 2mg/l 2.2 M1111 70-130
i-Pentanoic Acid 2mg/l 1.9 95 70-130
Pentanoic Acid 2mg/l 1.9 96 70-130
i-Hexanoic Acid 2mg/l 1.9 95 70-130
Hexanoic Acid 2mg/l 1.7 D3,M583 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51091 51092

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

EDonors
Lactic Acid mg/l 2 2.0 100 70-1301.8 89 12 300.04
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QUALITY CONTROL DATA

Workorder: 23946 PAVILLION / 1209662 / 10403967

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51091 51092

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

Acetic Acid mg/l 2 2.2 107 70-1301.9 96 11 300.026
Propionic Acid mg/l 2 2.1 105 70-1301.9 94 11 300.0013
Formic Acid mg/l 2 1.8 88 70-1301.6 79 11 300.055
Butyric Acid mg/l 2 2.1 107 70-1301.8 92 15 300.0018
Pyruvic Acid mg/l 2 2.4 118 70-130 M12.1 105 12 300
i-Pentanoic Acid mg/l 2 2.1 104 70-1301.8 88 17 300
Pentanoic Acid mg/l 2 2.2 109 70-1301.7 87 22 300
i-Hexanoic Acid mg/l 2 2.2 111 70-1301.7 83 29 300
Hexanoic Acid mg/l 2 2.1 107 70-130 D3,M51.4 69 43 300
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Report ID: 23946 - 1072991 Page 12 of 15

QUALITY CONTROL DATA

Workorder: 23946 PAVILLION / 1209662 / 10403967

QC Batch:

QC Batch Method:

DISG/6365

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239460002, 239460003, 239460004

METHOD BLANK: 51160

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51161

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 D3,n
Oxygen 0.12Umg/l 0.12 D3,n
Nitrogen 0.34Umg/l 0.34 D3,n
Carbon Monoxide 0.087Umg/l 0.087 D3,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51162 51164

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
Acetylene ug/l 33 32 96 80-120 n31 94 2.1 20
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Report ID: 23946 - 1072991 Page 13 of 15

QUALITY CONTROL DATA

Workorder: 23946 PAVILLION / 1209662 / 10403967

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51163 51165

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 D3,n120 101 2 20
Oxygen mg/l 11 11 95 80-120 D3,n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 D3,n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 D3,n2.3 113 8.3 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51182 51183

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Carbon Dioxide mg/l 120 110 96 70-130 D3,n110 97 1 200
Oxygen mg/l 11 16 95 70-130 D3,n14 79 18 204.8
Nitrogen mg/l 140 140 84 70-130 D3,n150 85 1.2 2028
Carbon Monoxide mg/l 2 2.1 104 70-130 D3,n2.1 106 1.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51184 51185

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Methane ug/l 770 810 102 70-130 n830 104 1.9 2028
Ethane ug/l 76 73 97 70-130 n73 96 1 200.029
Ethene ug/l 71 69 98 70-130 n69 98 0 200
Propane ug/l 56 54 97 70-130 n54 96 1 200.012
Propene ug/l 53 47 88 70-130 n47 88 0 200.023
iso-Butane ug/l 73 70 95 70-130 n70 95 0 200.14
n-Butane ug/l 73 69 94 70-130 n68 93 1.1 200
Acetylene ug/l 33 33 99 70-130 n33 99 0 200
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Report ID: 23946 - 1072991 Page 14 of 15

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23946 PAVILLION / 1209662 / 10403967

QUALITY CONTROL PARAMETER QUALIFIERS

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23946 PAVILLION / 1209662 / 10403967

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239460002 PGDW32-09192017 EDON/3509AM23G

239460003 PGDW32-09192017 MS EDON/3509AM23G

239460004 PGDW32-09192017 MSD EDON/3509AM23G

239460002 PGDW32-09192017 DISG/6365AM20GAX

239460003 PGDW32-09192017 MS DISG/6365AM20GAX

239460004 PGDW32-09192017 MSD DISG/6365AM20GAX

239460001 PGDW32-09192017-PRE MOLE/118016S

239460002 PGDW32-09192017 MOLE/118016S
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November 17, 2017 

23946 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW32-09192017 was 

2.83E+05 per liter of water and in sample PGDW32-09192017-PRE was 1.79E+07 per liter of water 

Microbial Community Composition 

PGDW32-09192017-PRE: The abundant phylotypes were dominated by Anaerobic Gram-Negative 

bacteria.  Ralastonia spp. were the dominant phylotype. Other dominant phylotypes included 

Georgfuschia spp. and Thiobacillus spp. 

PGDW32-09192017: The abundant phylotypes were dominated by Anaerobic Gram-Negative bacteria.  

The most abundant phylotype was Thiobacillus spp. which are sulfur oxidizers.. Other dominant genus 

included Georgfuschia spp. which includes members known to degrade aromatic compounds via Fe(III) 

and Mn (IV) reduction. Methane oxidizers were also a significant part of the community. 
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 23946
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/19/2017
Job Number: PAVILLION / 1209662 Date Received: 9/21/2017
Project Name: Date Reported: 11/14/2017

Pace Energy ID: 239460001 Matrix: Water
Sample ID: PGDW32-09192017-PRE
Description: gene copies per liter of water

Total Eubacteria: 1.79E+07

Pace Energy ID: 239460002 Matrix: Water
Sample ID: PGDW32-09192017
Description: gene copies per liter of water

Total Eubacteria: 2.83E+05

QA/QC NIC UNC UPC

Pass Pass Pass
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 90.4

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW32-09192017

# of Total ID's:

Sample ID: PGDW32-09192017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 15

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/8/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

23946

Sample ID: PGDW32-09192017

283

2.79
86.2

0
11.01

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW32-09192017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW32-09192017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 63.33
Anaerobic: 23.43
Varied: 3.64
Not Characterized: 9.6

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW32-09192017

thiobacillus Aerobic/SOX Negative35.61
georgfuchsia Anaerobic/Nitrate/MRB Negative16.77
aquimonas Aerobic Negative9.05
bacteroides Anaerobic Negative4.67
brucella Aerobic Negative4.27
methylobacter Aerobic Negative3.77
ralstonia Varied Negative3.64
acinetobacter Aerobic Negative2.09
novosphingobium Aerobic Negative2.04
candidatus desulforudis Anaerobic/SRB Positive1.99
rhodothermus Aerobic Negative1.97
methylocystis Aerobic MOB --1.41
methylotenera Aerobic Negative1.34
flavobacterium Aerobic/Facultative Negative0.98
staphylococcus Aerobic Positive0.80
Total Abundant Phylotypes: 90.4
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW32-09192017

Acinetobacter
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Moraxellaceae / Acinetobacter. Rods 0.9–1.6 ×
1.5–2.5 μm, becoming spherical in the stationary phase of growth. Colonies are generally nonpigmented and are
mucoid when the cells are encapsulated. Cells commonly occur in pairs and in chains of variable length. Do not
form spores. Gram negative but occasionally difficult to destain. Swimming motility does not occur but the cells
display “twitching motility”, presumably because of the presence of fimbriae. Aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. Most strains do not reduce nitrate to nitrite.
Most strains grow between 20 and 37°C, having temperature optima of 33–35°C. Some strains cannot grow at
37°C. Oxidase negative. Catalase positive. Grow well on most complex media. Most strains grow in defined media
containing a single carbon and energy source, such as acetate or lactate, using ammonium or nitrate salts, or one
of several common amino acids, as a supply of nitrogen. Frequently amino acids such as glutamic acid or aspartic
acid can serve as a single source of carbon, energy, and nitrogen in a defined mineral medium. With rare
exceptions, they display no growth factor requirements. Most frequently saprophytic, occurring naturally in soil,
water, sewage, and foods such as raw vegetables. Can also reside, possibly indigenously, on the human skin and in
the human respiratory tract. Can cause nosocomial infections such as bacteremia, secondary meningitis,
pneumonia, and urinary tract infections in humans. The mol% G + C of the DNA is: 38–47. Ref: Juni, E. 2015.
Acinetobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–26.

Aquimonas
Gram-negative, strictly aerobic, mesophilic, motile rods, occurring singly or in pairs. Oxidase- and catalase-
positive, but negative for H 2S production, acid production from d-cellobiose and growth on maltose. Major whole-
cell fatty acids are C 15 : 0 iso, C 17 : 1 iso ω9 c, C 16 : 0 iso and C 11 : 0 iso 3-OH. The proposed genus is affiliated to
the class ‘ Gammaproteobacteria’, with only one proposed species. The type species is Aquimonas voraii.
Saha, P., Krishnamurthi, S., Mayilraj, S., Prasad, G. S., Bora, T. C., & Chakrabarti, T. (2005). Aquimonas voraii gen.
nov., sp. nov., a novel gammaproteobacterium isolated from a warm spring of Assam, India. International journal
of systematic and evolutionary microbiology, 55(4), 1491-1495.

Bacteroides
Bacteroidetes / Bacteroidia / Bacteroidales / Bacteroidaceae / Bacteroides. Rod-shaped cells with rounded ends.
Gram-stain-negative. Cells are fairly uniform if smears are prepared from young cultures on blood agar.
Nonmotile. Anaerobic. Colonies are 1–3 mm in diameter, smooth, white to gray, and nonhemolytic on blood agar.
Chemo-organotrophic. Saccharolytic. Weakly proteolytic. Most species grow in the presence of 20% bile, but are
not always stimulated. Esculin is usually hydrolyzed. Nitrate is not reduced to nitrite. Indole variable. Major
fermentation products are succinate and acetate. Trace to moderate amounts of isobutyrate and isovalerate may
be produced. Predominant cellular fatty acid is C15:0 anteiso. DNA G+C content (mol%): 39–49.
Song, Y., Liu, C. and Finegold, S. M. 2015. Bacteroides. Bergey's Manual of Systematics of Archaea and Bacteria.
1–24.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW32-09192017

Brucella
Proteobacteria / Alphaproteobacteria / Rhizobiales / Brucellaceae / Brucella. Cocci, coccobacilli, or short rods,
0.5–0.7 × 0.6–1.5 µm. Arranged singly and, less frequently, in pairs, short chains, or small groups. True capsules
are not produced. Do not usually show true bipolar staining. Resting stages are not known. Gram negative.
Nonmotile; do not produce flagella. Aerobic, possessing a respiratory type of metabolism and having a
cytochrome-based electron transport system with oxygen or nitrate as the terminal electron acceptor. Nitrate
reductase is produced. Many strains require supplementary CO2 for growth, especially on primary isolation.
Colonies on serum-dextrose agar or other clear media are transparent, raised, convex, with an entire edge and a
smooth, shiny surface. They appear a pale honey color by transmitted light. Smooth strains produce perosamine
synthetase and a distinctive lipopolysaccharide (LPS). Nonsmooth variants of the smooth species occur, but there
are also stable nonsmooth nomenspecies with a distinctive host range. Optimal temperature for growth 37°C.
Growth occurs between 20 and 40°C. Optimal pH for growth 6.6–7.4. Catalase positive. Usually oxidase positive,
but negative strains occur. Chemoorganotrophic. Most strains require complex media containing several amino
acids, thiamin, nicotinamide, iron, and magnesium ions; some strains may be induced to grow on minimal media
containing an ammonium salt as the sole nitrogen source. Growth is improved by serum or blood, but hemin (X-
factor) and nicotinamide adenine dinucleotide (NAD: V-factor) are not essential. Acid production does not occur
from carbohydrates in conventional media, except for B. neotomae. Do not produce indole. Do not liquefy gelatin
or inspissated serum. Do not lyse erythrocytes. Do not produce acetyl methyl carbinol (Voges–Proskauer test.) The
methyl red test is negative. Intracellular parasites, transmissible to a wide range of animal species including man.
The genome typically comprises two circular chromosomes, but a single large chromosome is present in B. suis
biovar 3. The mol% G + C of the DNA is: 57.9–59.
Corbel, M. J. and Banai, M. 2015. Brucella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–30.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Page 145 of 163

145 of 294810403967



Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW32-09192017

Flavobacterium
Bacteroidetes / Flavobacteriia / Flavobacteriales / Flavobacteriaceae / Flavobacterium. Straight or slightly curved,
single rods with rounded or slightly tapered ends typically about 0.3–0.5 µm in diameter and variable in length,
often 2–5 µm; shorter (1 µm) or filamentous (10–40 µm) cells and pleomorphism also occur. The longer rods are
flexible. Do not form endospores. Several species produce spherical degenerative forms (spheroplasts) in
stationary growth phase. Nonmotile or motile by gliding. Flagella have not been reported. Colonies are pale to
bright yellow due to the production of nondiffusible, nonfluorescent carotenoid or flexirubin types of pigments or
both. Gram-stain-negative. Chemoorganotrophic. Most species are obligately aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. A few species may also grow weakly under
microaerobic to anaerobic conditions. About half of the species are able to reduce nitrate to nitrite, but only one
species is able to carry out complete denitrification. The optimum growth temperature range is 20–30°C for most
temperate species and 15–20°C for most cold-living species. Most species grow readily on nutrient and tryptic soy
agars; no growth factors are required. Most species also grow on media containing up to 2–4% NaCl. Usually
positive for catalase and oxidase. About half of the species are able to oxidize carbohydrates. Esculin and starch
are hydrolyzed by most species, but agar and carboxymethylcellulose are hydrolyzed by only a few species. Strong
proteolytic activity occurs. Menaquinone MK-6 is the only or predominant respiratory quinone. Predominant
cellular fatty acids are C15:0, C15:0 iso, C15:0 iso 3-OH, C15:0 anteiso, C15:1 ω6c, C15:1 iso G, C16:0 iso 3-OH, and
C17:0 iso 3-OH, as well as C15:0 iso 2-OH and/or C16:1 ω7c and/or C16:1 ω7t. Sphingophospholipids are absent in
all tested species. Homospermidine is the major polyamine in all tested species. Occur in soil and in freshwater,
marine, or saline environments in warm, temperate, or polar locations. Three species are pathogenic for
freshwater fish and three others have occasionally been isolated from diseased freshwater fish. DNA G+C content
(mol%): 30–41.
Bernardet, J.-F. and Bowman, J. P. 2015. Flavobacterium. Bergey's Manual of Systematics of Archaea and Bacteria.
1–75.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Methylocystis
Proteobacteria / Alphaproteobacteria / Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to
reniform in shape, 0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells
contain type II intracytoplasmic membranes, which are arranged as multiple layers along the periphery of the cell
wall. May form cylindrical spinae. Cells may contain a desiccation-resistant lipoidal cyst resting stage. Form
inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a strictly respiratory type of metabolism with oxygen as
the terminal electron acceptor. Obligately methanotrophic, utilizing only methane and methanol as sole carbon
and energy sources. C2+ and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the
serine pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid pathway is
complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic ecophysiology with optimal
growth at about 25–30°C and pH 7.0. Major habitats include rice paddy soils, sewage, and freshwater sediments.
Primary fatty acids are C18:1 ω8c and C18:1 ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family
Methylocystaceae in the Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm).
Bowman, J. P. 2015. Methylocystis. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Methylotenera
Gram-negative rods, motile by means of a single flagellum. Do not form resting bodies. Multiply by binary fission.
Do not grow in TGY, LB or Nutrient media. Utilize methylamine as a single source of carbon, energy and nitrogen,
but do not utilize methanol. Tests for urease and nitrate reduction are negative. Tests for catalase and oxidase are
positive. Nitrates inhibit growth. Oxidize methylamine via methylamine dehydrogenase and assimilate C 1 units via
the RuMP pathway. Major fatty acids are C 16 : 1 ω7 c and C 16 : 0. The major phospholipid is
phosphatidylethanolamine. The G+C content of the DNA is 54.3 mol%. The type species is Methylotenera mobilis.
Kalyuzhnaya, M.G., Bowerman, S., Lara, J.C., Lidstrom, M.E. and Chistoserdova, L., 2006. Methylotenera mobilis
gen. nov., sp. nov., an obligately methylamine-utilizing bacterium within the family Methylophilaceae.
International Journal of Systematic and Evolutionary Microbiology, 56(12), pp.2819-2823.
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Novosphingobium
Novosphingobium is a genus of Gram-negative bacteria that includes N. taihuense, which can degrade aromatic
compounds such as phenol, aniline, nitrobenzene and phenanthrene. The species N. aromativorans, which was
first found in Ulsan Bay, similarly degrades aromatic molecules of two to five rings.
Liu, Z.P., Wang, B.J., Liu, Y.H. and Liu, S.J., 2005. Novosphingobium taihuense sp. nov., a novel aromatic-compound-
degrading bacterium isolated from Taihu Lake, China. International journal of systematic and evolutionary
microbiology, 55(3), pp.1229-1232.
Vancouver
Sohn, J.H., Kwon, K.K., Kang, J.H., Jung, H.B. and Kim, S.J., 2004. Novosphingobium pentaromativorans sp. nov., a
high-molecular-mass polycyclic aromatic hydrocarbon-degrading bacterium isolated from estuarine sediment.
International Journal of Systematic and Evolutionary Microbiology, 54(5), pp.1483-1487.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Rhodothermus
Bacteroidetes / Cytophagia / Incertae sedis II / Rhodothermaceae / Rhodothermus. Straight rods about 0.5 ×
2.0–2.5 µm, with curved ends. Occur singly, never in chains or filaments. Nonmotile. Gram-stain-negative. A slime
capsule is formed on carbohydrate-rich medium. Most strains form red colonies, due to a carotenoid pigment.
Colonies are low convex, 3–4 mm in diameter with an entire edge. Aerobic. Thermophilic, growing at 54–77°C.
Neutrophilic. Heterotrophic. Growth is strictly salt-dependent, occurring in the range of 0.6 to >6% NaCl. Catalase-
positive. The oxidase reaction varies among strains. No dissimilatory nitrate reduction occurs. Growth occurs on
most common sugars. The major cellular fatty acids are C15 iso, C15 anteiso, C17 iso and C17 anteiso. The major
quinone is menaquinone 7. The habitat is submarine freshwater alkaline hot springs, marine hot springs,
geothermal sites, and borehole effluents. DNA G+C content (mol%): 64–66 (T m).
The Editorial Board 2015. Rhodothermus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Staphylococcus
Firmicutes / “Bacilli” / Bacillales / “Staphylococcaceae” / Staphylococcus. Cells spherical, 0.5–1.5 µm in diameter,
occurring singly, in pairs, in tetrads, in short chains (3–4 cells), and characteristically dividing in more than one
plane to form irregular grape-like clusters. Gram-stain-positive. Nonmotile. Resting stages not produced. Cell wall
contains peptidoglycan and teichoic acid. The diamino acid present in the peptidoglycan is l-lysine (peptidoglycan
group A3). Usually unencapsulated or limited capsule formation. DNA G+C content (mol%): 27–41 (Tm, Bd).
Schleifer, K.-H. and Bell, J. A. 2015. Staphylococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–43.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 97.44

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW32-09192017 PRE

# of Total ID's:

Sample ID: PGDW32-09192017 PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 21
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Results Continued: 220 William Pitt Way
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(412) 826-5245Sample ID: PGDW32-09192017 PRE

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW32-09192017 PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 29.45
Anaerobic: 16.31
Varied: 50.25
Not Characterized: 3.99

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW32-09192017 PRE

ralstonia Varied Negative48.86
georgfuchsia Anaerobic/Nitrate/MRB Negative11.82
thiobacillus Aerobic/SOX Negative4.11
dietzia Aerobic Positive3.25
micrococcus Aerobic Positive3.11
pseudomonas Aerobic Negative2.83
delftia Aerobic Positive2.50
cytophaga Aerobic Negative2.32
streptococcus Facultative Anaerobic Positive1.95
corynebacterium Aerobic Positive1.80
aquimonas Aerobic Negative1.79
lactobacillus Anaerobic/Fermenter Positive1.57
brucella Aerobic Negative1.49
niastella  Intracellular Negative1.43
haemophilus Varied Negative1.39
acinetobacter Aerobic Negative1.35
sphingomonas Aerobic Negative1.32
flavobacterium Aerobic/Facultative Negative1.32
dongia Aerobic Negative1.21
staphylococcus Aerobic Positive1.05
barnesiella Anaerobic Negative0.97
Total Abundant Phylotypes: 97.44
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Acinetobacter
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Moraxellaceae / Acinetobacter. Rods 0.9–1.6 ×
1.5–2.5 μm, becoming spherical in the stationary phase of growth. Colonies are generally nonpigmented and are
mucoid when the cells are encapsulated. Cells commonly occur in pairs and in chains of variable length. Do not
form spores. Gram negative but occasionally difficult to destain. Swimming motility does not occur but the cells
display “twitching motility”, presumably because of the presence of fimbriae. Aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. Most strains do not reduce nitrate to nitrite.
Most strains grow between 20 and 37°C, having temperature optima of 33–35°C. Some strains cannot grow at
37°C. Oxidase negative. Catalase positive. Grow well on most complex media. Most strains grow in defined media
containing a single carbon and energy source, such as acetate or lactate, using ammonium or nitrate salts, or one
of several common amino acids, as a supply of nitrogen. Frequently amino acids such as glutamic acid or aspartic
acid can serve as a single source of carbon, energy, and nitrogen in a defined mineral medium. With rare
exceptions, they display no growth factor requirements. Most frequently saprophytic, occurring naturally in soil,
water, sewage, and foods such as raw vegetables. Can also reside, possibly indigenously, on the human skin and in
the human respiratory tract. Can cause nosocomial infections such as bacteremia, secondary meningitis,
pneumonia, and urinary tract infections in humans. The mol% G + C of the DNA is: 38–47. Ref: Juni, E. 2015.
Acinetobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–26.

Aquimonas
Gram-negative, strictly aerobic, mesophilic, motile rods, occurring singly or in pairs. Oxidase- and catalase-
positive, but negative for H 2S production, acid production from d-cellobiose and growth on maltose. Major whole-
cell fatty acids are C 15 : 0 iso, C 17 : 1 iso ω9 c, C 16 : 0 iso and C 11 : 0 iso 3-OH. The proposed genus is affiliated to
the class ‘ Gammaproteobacteria’, with only one proposed species. The type species is Aquimonas voraii.
Saha, P., Krishnamurthi, S., Mayilraj, S., Prasad, G. S., Bora, T. C., & Chakrabarti, T. (2005). Aquimonas voraii gen.
nov., sp. nov., a novel gammaproteobacterium isolated from a warm spring of Assam, India. International journal
of systematic and evolutionary microbiology, 55(4), 1491-1495.

Barnesiella
Bacteroidetes / Bacteroidia / Bacteroidales / Porphyromonadaceae / Barnesiella. Rods (0.8–1.6 × 1.7–11 µm).
Nonsporeforming. Nonmotile. Gram-negative. Obligately anaerobic. On Eggerth–Gagnon agar, colonies are 1–2
mm in diameter, gray to off-white–gray, circular, entire, slightly convex, and smooth. Saccharolytic, with a strictly
fermentative type of metabolism. Acetic and succinic acids are the main fermentation products. Growth is
inhibited on a medium containing 20% bile. Esculin is hydrolyzed. Indole-negative. The predominant
menaquinones are MK-11 and MK-12. Isolated from the chicken cecum. DNA G+C content (mol%): 52.
The Editorial Board 2015. Barnesiella . Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.
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Brucella
Proteobacteria / Alphaproteobacteria / Rhizobiales / Brucellaceae / Brucella. Cocci, coccobacilli, or short rods,
0.5–0.7 × 0.6–1.5 µm. Arranged singly and, less frequently, in pairs, short chains, or small groups. True capsules
are not produced. Do not usually show true bipolar staining. Resting stages are not known. Gram negative.
Nonmotile; do not produce flagella. Aerobic, possessing a respiratory type of metabolism and having a
cytochrome-based electron transport system with oxygen or nitrate as the terminal electron acceptor. Nitrate
reductase is produced. Many strains require supplementary CO2 for growth, especially on primary isolation.
Colonies on serum-dextrose agar or other clear media are transparent, raised, convex, with an entire edge and a
smooth, shiny surface. They appear a pale honey color by transmitted light. Smooth strains produce perosamine
synthetase and a distinctive lipopolysaccharide (LPS). Nonsmooth variants of the smooth species occur, but there
are also stable nonsmooth nomenspecies with a distinctive host range. Optimal temperature for growth 37°C.
Growth occurs between 20 and 40°C. Optimal pH for growth 6.6–7.4. Catalase positive. Usually oxidase positive,
but negative strains occur. Chemoorganotrophic. Most strains require complex media containing several amino
acids, thiamin, nicotinamide, iron, and magnesium ions; some strains may be induced to grow on minimal media
containing an ammonium salt as the sole nitrogen source. Growth is improved by serum or blood, but hemin (X-
factor) and nicotinamide adenine dinucleotide (NAD: V-factor) are not essential. Acid production does not occur
from carbohydrates in conventional media, except for B. neotomae. Do not produce indole. Do not liquefy gelatin
or inspissated serum. Do not lyse erythrocytes. Do not produce acetyl methyl carbinol (Voges–Proskauer test.) The
methyl red test is negative. Intracellular parasites, transmissible to a wide range of animal species including man.
The genome typically comprises two circular chromosomes, but a single large chromosome is present in B. suis
biovar 3. The mol% G + C of the DNA is: 57.9–59.
Corbel, M. J. and Banai, M. 2015. Brucella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–30.

Corynebacterium
Actinobacteria / Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly
curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms may be observed;
sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, Corynebacterium matruchotii) or thinner rods
with bulges (see below, Corynebacterium sundsvallense) observed. Snapping division produces angular and
palisade arrangements of cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being
polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), and no species
has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are catalase positive. All species are
oxidase negative except for Corynebacterium bovis, Corynebacterium aurimucosum, Corynebacterium
doosanense, and Corynebacterium maris (below). Many species are facultatively anaerobic and some are aerobic.
Chemoorganotrophs. Some species are lipophilic. Many species produce acid from glucose and some other sugars
in peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA G+C content
(mol%): 46–74. Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's Manual of Systematics of Archaea
and Bacteria. 1–70.
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Cytophaga
Bacteroidetes / Cytophagia / Cytophagales / Cytophagaceae / Cytophaga. Moderately long flexible rods 0.3–0.5
µm wide and 2–10 µm long with slightly tapering ends. Motile by gliding. Nonspore-forming. Resting stages are
absent. Gram-stain-negative. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal
electron acceptor. Chemo-organotrophic. Cell mass is yellow to orange owing to carotenoids, flexirubin-type
pigments, or both. Oxidase-positive. Catalase-negative. Terrestrial organisms, common in soil. The optimum pH
for growth is 7. Crystalline cellulose (filter paper) and carboxymethyl cellulose are degraded. The major respiratory
quinone is MK-7. The major polyamine is homospermidine. DNA G+C content (mol%): 37–42.
Nakagawa, Y. 2015. Cytophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–8.

Delftia
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Delftia. Cells are straight to slightly
curved rods, 0.4–0.8 × 2.5–4.1 µm (occasionally up to 7 µm), occurring singly or in pairs. Motile by means of polar
or bipolar tufts of one to five flagella. Do not produce endospores. Gram negative. Oxidase and catalase positive.
No fluorescent pigment produced. Poly-β-hydroxybutyrate is accumulated. Aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. Nonfermentative. Reduce nitrate to nitrite. Do
not denitrify. Chemoorganotrophic. Good growth occurs on media containing organic acids, amino acids, peptone,
and carbohydrates. Utilize mannitol and fructose as the sole carbon source, but not glucose. No autotrophic
growth with H2. Hydrolyze acetamide. No levan formation from sucrose. Arginine dihydrolase absent. Meta
cleavage of protocatechuate. Lipase (Tween 80 hydrolysis) positive. Main polyamines are putrescine and 2-
hydroxyputrescine. The major quinone is ubiquinone Q-8; minor quinones are Q-7 and Q-9. Major fatty acids are
hexadecanoic acid (C16:0), hexadecenoic acid (C16:1), and octadecenoic acid (C18:1). 3-hydroxy fatty acids (C10:0
3OH and C8:0 3OH) but not 2-hydroxy fatty acids are present. DNA–rRNA hybridization and 16S rRNA sequence
analysis places the genus in the family Comamonadaceae. Isolated from soil, sediment, activated sludge, crude oil,
oil brine, water, and various clinical samples. The mol% G + C of the DNA is: 67–69. Sly, L. I., Wen, A. and Fegan, M.
2015. Delftia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–7.

Dietzia
Actinobacteria / Actinobacteria / Corynebacteriales / Dietziaceae / Dietzia. Gram-stain-positive, non-spore-
forming cocci that germinate into short rods. Rod-shaped cells exhibit a morphogenetic cycle. Aerobic and chemo-
organotrophic. Mesophilic. Catalase-positive. The diagnostic amino acid of the peptidoglycan is meso-
diaminopimelic acid; the glycan moiety of cell wall contains N-acetyl residues (N-acetylmuramic acid). The major
cell-wall sugars are arabinose and galactose. Short-chain mycolic acids with 33–39 carbon atoms are present. The
long-chain cellular fatty acids are predominantly straight-chain saturated and monounsaturated fatty acids.
Tuberculostearic acid is present. The polar lipids can include phosphatidylethanolamine, phosphatidylglycerol,
diphosphatidylglycerol, phosphatidylinositol, and phosphatidylinnositol mannosides. All species studied contain
phosphatidylglycerol. Menaquinone MK-8 (H2) is the major menaquinone. Species of the genus have been isolated
from air, soil, lake sediments, deep-sea mud, deep-sea sediments, plant tissues, skin, and intestines of carp, fish-
egg processing plant water, human perianal swab, human bone biopsy, and human skin. DNA G+C content (mol%):
65.5–73. Ref: Rainey, F. A. 2015. Dietzia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Dongia
Cells are Gram-negative, non-spore-forming, motile, slightly curved to straight rods. Strictly aerobic and
heterotrophic. Never phototrophic. Internal membrane system and bacteriochlorophyll a are absent. Negative for
oxidase and catalase. Reduces nitrate to nitrite. Major fatty acids are C 18 : 1 ω7 c, C 19 : 0 cyclo ω8 c, C 16 : 0 and C
16 : 0 2-OH. The major ubiquinone is Q-10. The DNA G+C content of the type strain of the type species is
65.6 mol%. The type species is Dongia mobilis.
Liu, Y., Jin, J. H., Liu, Y. H., Zhou, Y. G., & Liu, Z. P. (2010). Dongia mobilis gen. nov., sp. nov., a new member of the
family Rhodospirillaceae isolated from a sequencing batch reactor for treatment of malachite green effluent.
International journal of systematic and evolutionary microbiology, 60(12), 2780-2785.

Flavobacterium
Bacteroidetes / Flavobacteriia / Flavobacteriales / Flavobacteriaceae / Flavobacterium. Straight or slightly curved,
single rods with rounded or slightly tapered ends typically about 0.3–0.5 µm in diameter and variable in length,
often 2–5 µm; shorter (1 µm) or filamentous (10–40 µm) cells and pleomorphism also occur. The longer rods are
flexible. Do not form endospores. Several species produce spherical degenerative forms (spheroplasts) in
stationary growth phase. Nonmotile or motile by gliding. Flagella have not been reported. Colonies are pale to
bright yellow due to the production of nondiffusible, nonfluorescent carotenoid or flexirubin types of pigments or
both. Gram-stain-negative. Chemoorganotrophic. Most species are obligately aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. A few species may also grow weakly under
microaerobic to anaerobic conditions. About half of the species are able to reduce nitrate to nitrite, but only one
species is able to carry out complete denitrification. The optimum growth temperature range is 20–30°C for most
temperate species and 15–20°C for most cold-living species. Most species grow readily on nutrient and tryptic soy
agars; no growth factors are required. Most species also grow on media containing up to 2–4% NaCl. Usually
positive for catalase and oxidase. About half of the species are able to oxidize carbohydrates. Esculin and starch
are hydrolyzed by most species, but agar and carboxymethylcellulose are hydrolyzed by only a few species. Strong
proteolytic activity occurs. Menaquinone MK-6 is the only or predominant respiratory quinone. Predominant
cellular fatty acids are C15:0, C15:0 iso, C15:0 iso 3-OH, C15:0 anteiso, C15:1 ω6c, C15:1 iso G, C16:0 iso 3-OH, and
C17:0 iso 3-OH, as well as C15:0 iso 2-OH and/or C16:1 ω7c and/or C16:1 ω7t. Sphingophospholipids are absent in
all tested species. Homospermidine is the major polyamine in all tested species. Occur in soil and in freshwater,
marine, or saline environments in warm, temperate, or polar locations. Three species are pathogenic for
freshwater fish and three others have occasionally been isolated from diseased freshwater fish. DNA G+C content
(mol%): 30–41.
Bernardet, J.-F. and Bowman, J. P. 2015. Flavobacterium. Bergey's Manual of Systematics of Archaea and Bacteria.
1–75.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.
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Haemophilus
Proteobacteria / Gammaproteobacteria / Pasteurellales / Pasteurellaceae / Haemophilus. Minute to medium-
sized coccobacilli or rods, generally less than 1 µm in width and variable in length, sometimes forming threads or
filaments and showing marked pleomorphism. Gram negative. Nonmotile. Aerobic or facultatively anaerobic.
Require preformed growth factors present in blood, particularly X factor (protoporphyrin IX or protoheme) and/or
V factor (nicotinamide adenine dinucleotide [NAD] or NAD phosphate [NADP]). Even after specific growth factors
have been provided, growth is best on complex media. Optimum temperature, 35–37°C. Nitrates are reduced to
or beyond nitrites. Oxidase and catalase reactions vary among strains. Chemoorganotrophic. All species can attack
carbohydrates fermentatively, yielding acetic, lactic, and succinic acids as end products in glucose broth. Occur as
obligate parasites on the mucous membranes of humans and a variety of animal species. Several 16S rRNA
sequence signatures for the family Pasteurellaceae have been demonstrated, but none of these is specific for the
genus Haemophilus as presently defined (Dewhirst et al., 1992). The mol% G + C of the DNA is: 37–44.
Kilian, M. 2015. Haemophilus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–47.

Lactobacillus
Members of the “Lactic Acid Bacteria” (LAB).  Composed of Gram-positive bacteria that produce lactic acid as the
major metabolic end product of carbohydrate fermentation other products include acetate, ethanol, CO2, formate
and succinate.   Genus contains over 150 described species.
Salvetti, E., Torriani, S. and Felis, G.E., 2012. The genus Lactobacillus: a taxonomic update. Probiotics and
antimicrobial proteins, 4(4), pp.217-226.

Micrococcus
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Micrococcus. Cells are spherical and
nonmotile. Endospores are not formed. Gram-stain-positive. Aerobic. Chemo-organotrophic, metabolism is strictly
respiratory. Catalase- and oxidase-positive. Mesophilic. Non halophilic. The peptidoglycan contains I-lysine as the
diagnostic diamino acid. The peptidoglycan type is either A2, with the interpeptide bridge consisting of a stem
peptide or A4α both with lysine as the diagnostic diamino acid. The predominant menaquinones are either MK-8
and MK-8(H2) or MK-8(H2) or MK-7(H2). The cytochromes are aa3, b557, b567, d626; cytochromes c550, c551,
b563, b564 and b567 may be present. Polar lipids are phosphatidylglycerol, diphosphatidylglycerol,
phosphatidylinositol, an unknown glycolipid, and an unknown ninhydrin-negative phospholipid. The cellular fatty
acids are iso- and anteiso-branched fatty acids, with C15:0 anteiso and C15:0 iso predominating. The major
aliphatic hydrocarbons (br-Δ-C) are C27 to C29. Mycolic acids and teichonic acids are absent; teichuronic acids
may be present. Mannosamine-uronic acid may be present as an amino sugar in the cell-wall polysaccharide. d-
Arabinose, p-arbutin, d-cellobiose, d-galactose, d-melibiose, d-ribose, and salicin are not assimilated. Members of
the genus share the Micrococcaceae-specific signature nucleotides at positions 293:304, 610, 598, 615:625,
1025:1036, 1026:1035, 1265:1270, and 1278 of the 16S rRNA gene sequence (Escherichia coli numbering) and lack
the signature nucleotides at positions 640, 839:847, and 859 (Stackebrandt et al., 1997). DNA G+C content (mol%):
69–76. Busse, H.-J. 2015. Micrococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.
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Niastella
Cells are Gram-negative, aerobic, non-flagellated, gliding and filamentous. Colonies are irregular. Grow on R2A and
NA, but not on TSA or MacConkey agar. Flexirubin pigments are not formed, Congo red is not absorbed and
nitrates are not reduced. Positive for hydrolysis of chitin, carboxymethylcellulose, casein, gelatin and tyrosine.
Negative for hydrolysis of starch, agar, urea and DNA. Cellular fatty acids include large amounts of 15 : 0 iso, 17 : 0
iso 3-OH and 15 : 1 iso G. The major respiratory quinone is MK-7. Phylogenetically, the genus Niastella is a member
of the phylum Bacteroidetes. The type species is Niastella koreensis.
Weon, H. Y., Kim, B. Y., Yoo, S. H., Lee, S. Y., Kwon, S. W., Go, S. J., & Stackebrandt, E. (2006). Niastella koreensis
gen. nov., sp. nov. and Niastella yeongjuensis sp. nov., novel members of the phylum Bacteroidetes, isolated from
soil cultivated with Korean ginseng. International journal of systematic and evolutionary microbiology, 56(8), 1777-
1782.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.
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Staphylococcus
Firmicutes / “Bacilli” / Bacillales / “Staphylococcaceae” / Staphylococcus. Cells spherical, 0.5–1.5 µm in diameter,
occurring singly, in pairs, in tetrads, in short chains (3–4 cells), and characteristically dividing in more than one
plane to form irregular grape-like clusters. Gram-stain-positive. Nonmotile. Resting stages not produced. Cell wall
contains peptidoglycan and teichoic acid. The diamino acid present in the peptidoglycan is l-lysine (peptidoglycan
group A3). Usually unencapsulated or limited capsule formation. DNA G+C content (mol%): 27–41 (Tm, Bd).
Schleifer, K.-H. and Bell, J. A. 2015. Staphylococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–43.

Streptococcus
Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus. Streptococcus strains are normally
spherical or ovoid, less than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are
nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively anaerobic, some
requiring additional CO2 for growth. Chemo-organotrophic with fermentative metabolism. Carbohydrates are
fermented to produce mainly lactic acid but no gas. Catalase-negative. Nutritional requirements are complex and
variable. The peptidoglycan is of group A (Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position
3 of the peptide subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the Lancefield
serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent of almost all streptococcal
cell walls and its notable absence among members of the Mitis species group which includes Streptococcus
pneumoniae, together with the presence of significant amounts of ribitol, are valuable chemotaxonomic markers
for these taxa. DNA G+C content (mol%): 33–46. Whiley, R. A. and Hardie, J. M. 2015. Streptococcus. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–86

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.

Page 160 of 163

160 of 294810403967



Page 161 of 163

161 of 294810403967



Page 162 of 163

162 of 294810403967



Page 163 of 163

163 of 294810403967



#=CL#

July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10404173

10404173
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 21, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on March 22, 2018 to omit reference to sample PGDW19-09202017-PRE
and to include data for samples PGDW33-09202017-PRE and PGDW49-09202017-PRE in the
Microbial Genetic Sequensing Report beginning on page 183.

This report was revised on July 23,  2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.
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CERTIFICATIONS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10404173001 PGDW45-09202017 Water 09/20/17 09:20 09/21/17 12:45

10404173002 PGDW49-09202017 Water 09/20/17 12:10 09/21/17 12:45

10404173003 PGDW33-09202017 Water 09/20/17 14:20 09/21/17 12:45

10404173004 Trip Blank-09202017 Water 09/20/17 16:00 09/21/17 12:45

10404173005 PGDW45-09202017-PRE Water 09/20/17 08:45 09/21/17 12:45

10404173006 PGDW49-09202017-PRE Water 09/20/17 10:55 09/21/17 12:45

10404173007 PGDW33-09202017-PRE Water 09/20/17 13:45 09/21/17 12:45
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10404173001 PGDW45-09202017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404173002 PGDW49-09202017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MSTB

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404173003 PGDW33-09202017 EPA 6010C 6 PASI-MDM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404173004 Trip Blank-09202017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10404173001 PGDW45-09202017

Calcium 127000 ug/L 09/26/17 23:23500EPA 6010C
Magnesium 31600 ug/L 09/26/17 23:23 B500EPA 6010C
Potassium 3330 ug/L 09/26/17 23:232500EPA 6010C
Sodium 87200 ug/L 09/26/17 23:231000EPA 6010C
Strontium 1910 ug/L 09/26/17 11:365.0EPA 6020A
bis(2-Ethylhexyl)phthalate 7.5J ug/L 09/29/17 19:0610.4EPA 8270D
Alkalinity, Total as CaCO3 309 mg/L 10/03/17 12:595.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 309 mg/L 10/03/17 12:595.0SM 2320B
Total Dissolved Solids 693 mg/L 09/27/17 11:3833.3SM 2540C
Bromide 0.30 mg/L 09/22/17 08:170.080EPA 300.0
Chloride 58.8 mg/L 09/22/17 08:171.2EPA 300.0
Fluoride 1.8 mg/L 09/22/17 08:170.050EPA 300.0
Nitrate as N 0.61 mg/L 09/22/17 08:170.10EPA 300.0
Sulfate 234 mg/L 09/22/17 15:476.0EPA 300.0
Total Organic Carbon 1.5 mg/L 09/26/17 17:250.84SM 5310C

10404173002 PGDW49-09202017

Calcium 387000 ug/L 09/26/17 23:25500EPA 6010C
Iron 693 ug/L 09/26/17 23:2550.0EPA 6010C
Magnesium 129000 ug/L 09/26/17 23:25 B500EPA 6010C
Manganese 117 ug/L 09/26/17 23:255.0EPA 6010C
Potassium 14600 ug/L 09/26/17 23:252500EPA 6010C
Sodium 1030000 ug/L 09/27/17 11:465000EPA 6010C
Strontium 7910 ug/L 09/26/17 12:1410.0EPA 6020A
Alkalinity, Total as CaCO3 316 mg/L 10/03/17 13:045.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 316 mg/L 10/03/17 13:045.0SM 2320B
Total Dissolved Solids 4720 mg/L 09/27/17 11:38200SM 2540C
Bromide 0.24 mg/L 09/22/17 08:330.080EPA 300.0
Chloride 60.6 mg/L 09/22/17 08:331.2EPA 300.0
Fluoride 0.47 mg/L 09/22/17 08:330.050EPA 300.0
Nitrate as N 3.7 mg/L 09/22/17 08:330.10EPA 300.0
Sulfate 3130 mg/L 09/22/17 16:0460.0EPA 300.0
Total Organic Carbon 5.7 mg/L 09/26/17 17:461.7SM 5310C

10404173003 PGDW33-09202017

Calcium 5770 ug/L 09/26/17 23:34500EPA 6010C
Iron 229 ug/L 09/26/17 23:3450.0EPA 6010C
Magnesium 47.2J ug/L 09/26/17 23:34500EPA 6010C
Manganese 5.6 ug/L 09/26/17 23:345.0EPA 6010C
Potassium 446J ug/L 09/26/17 23:342500EPA 6010C
Sodium 201000 ug/L 09/26/17 23:341000EPA 6010C
Strontium 84.9 ug/L 09/26/17 12:060.50EPA 6020A
Alkalinity, Total as CaCO3 102 mg/L 10/03/17 13:175.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 86.9 mg/L 10/03/17 13:175.0SM 2320B
Alkalinity,Carbonate (CaCO3) 14.9 mg/L 10/03/17 13:175.0SM 2320B
Total Dissolved Solids 583 mg/L 09/27/17 11:3833.3SM 2540C
Bromide 0.11 mg/L 09/22/17 08:480.080EPA 300.0
Chloride 15.8 mg/L 09/22/17 08:481.2EPA 300.0
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10404173003 PGDW33-09202017

Fluoride 1.6 mg/L 09/22/17 08:480.050EPA 300.0
Nitrate as N 0.039J mg/L 09/22/17 08:480.10EPA 300.0
Sulfate 325 mg/L 09/22/17 16:226.0EPA 300.0
Total Organic Carbon 0.46J mg/L 09/26/17 18:060.84SM 5310C

10404173004 Trip Blank-09202017

2-Propanol 149 ug/L 09/29/17 13:36100EPA 8260B

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 7 of 253

7 of 353110404173



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

3 samples were analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 498519

B: Analyte was detected in the associated method blank.
• BLANK for HBN 498519 [MPRP/756  (Lab ID: 2710691)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

3 samples were analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

3 samples were analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW33-09202017  (Lab ID: 10404173003)
• PGDW45-09202017  (Lab ID: 10404173001)
• PGDW49-09202017  (Lab ID: 10404173002)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

QC Batch: 498351
SS: This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

• BLANK  (Lab ID: 2709301)
• bis(2-Chloroisopropyl) ether

• LCS  (Lab ID: 2709302)
• bis(2-Chloroisopropyl) ether

• LCSD  (Lab ID: 2709303)
• bis(2-Chloroisopropyl) ether

• PGDW33-09202017  (Lab ID: 10404173003)
• bis(2-Chloroisopropyl) ether

• PGDW45-09202017  (Lab ID: 10404173001)
• bis(2-Chloroisopropyl) ether

• PGDW49-09202017  (Lab ID: 10404173002)
• bis(2-Chloroisopropyl) ether

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

QC Batch: 498351

S0: Surrogate recovery outside laboratory control limits.
• BLANK  (Lab ID: 2709301)

• Phenol-d6 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 498351

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2709302)

• Benzoic acid
• LCSD  (Lab ID: 2709303)

• Benzoic acid
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

3 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

3 samples were analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below
or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498353
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10403967001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2709311)

• Pentachlorophenol
• MSD  (Lab ID: 2709312)

• Pentachlorophenol

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

4 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

QC Batch: 499620
L3: Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

• LCS  (Lab ID: 2716396)
• Tetrahydrofuran

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 14 of 253

14 of 353110404173



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

4 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW33-09202017  (Lab ID: 10404173003)

• 1,2-Dichloroethane-d4 (S)
• PGDW45-09202017  (Lab ID: 10404173001)

• 1,2-Dichloroethane-d4 (S)
• PGDW49-09202017  (Lab ID: 10404173002)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank-09202017  (Lab ID: 10404173004)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

3 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 500190
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404173002,10404228011

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2719376)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

3 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 17 of 253

17 of 353110404173



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

3 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498185
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404160001,10404160002

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2708493)

• Chloride
• Nitrate as N
• Sulfate

• MS  (Lab ID: 2708495)
• Fluoride
• Nitrate as N
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2708494)
• Chloride
• Nitrate as N
• Sulfate

• MSD  (Lab ID: 2708496)
• Nitrate as N

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

3 samples were analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 19 of 253

19 of 353110404173



#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW45-09202017 Lab ID: 10404173001 Collected: 09/20/17 09:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 127000 ug/L 09/26/17 23:23 7440-70-209/25/17 13:00500 24.7 1
Iron ND ug/L 09/26/17 23:23 7439-89-609/25/17 13:0050.0 16.7 1
Magnesium 31600 ug/L 09/26/17 23:23 7439-95-4 B09/25/17 13:00500 2.6 1
Manganese ND ug/L 09/26/17 23:23 7439-96-509/25/17 13:005.0 0.38 1
Potassium 3330 ug/L 09/26/17 23:23 7440-09-709/25/17 13:002500 126 1
Sodium 87200 ug/L 09/26/17 23:23 7440-23-509/25/17 13:001000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 1910 ug/L 09/26/17 11:36 7440-24-609/25/17 14:405.0 0.75 10

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Benzoic acid ND ug/L 09/29/17 19:06 65-85-009/22/17 10:5552.1 1.6 1
Benzyl alcohol ND ug/L 09/29/17 19:06 100-51-609/22/17 10:5510.4 1.4 1
4-Bromophenylphenyl ether ND ug/L 09/29/17 19:06 101-55-309/22/17 10:5510.4 2.4 1
Butylbenzylphthalate ND ug/L 09/29/17 19:06 85-68-709/22/17 10:5510.4 1.9 1
Carbazole ND ug/L 09/29/17 19:06 86-74-809/22/17 10:5510.4 1.1 1
4-Chloro-3-methylphenol ND ug/L 09/29/17 19:06 59-50-709/22/17 10:5510.4 1.6 1
4-Chloroaniline ND ug/L 09/29/17 19:06 106-47-809/22/17 10:5552.1 2.0 1
bis(2-Chloroethoxy)methane ND ug/L 09/29/17 19:06 111-91-109/22/17 10:5510.4 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/29/17 19:06 111-44-409/22/17 10:5510.4 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/29/17 19:06 108-60-1 SS09/22/17 10:5510.4 1.4 1
2-Chloronaphthalene ND ug/L 09/29/17 19:06 91-58-709/22/17 10:5510.4 2.3 1
2-Chlorophenol ND ug/L 09/29/17 19:06 95-57-809/22/17 10:5510.4 1.2 1
4-Chlorophenylphenyl ether ND ug/L 09/29/17 19:06 7005-72-309/22/17 10:5510.4 1.6 1
Dibenzofuran ND ug/L 09/29/17 19:06 132-64-909/22/17 10:5510.4 1.7 1
1,2-Dichlorobenzene ND ug/L 09/29/17 19:06 95-50-109/22/17 10:5510.4 3.7 1
1,3-Dichlorobenzene ND ug/L 09/29/17 19:06 541-73-109/22/17 10:5510.4 4.3 1
1,4-Dichlorobenzene ND ug/L 09/29/17 19:06 106-46-709/22/17 10:5510.4 3.6 1
3,3'-Dichlorobenzidine ND ug/L 09/29/17 19:06 91-94-109/22/17 10:5552.1 1.3 1
2,4-Dichlorophenol ND ug/L 09/29/17 19:06 120-83-209/22/17 10:5510.4 1.6 1
Diethylphthalate ND ug/L 09/29/17 19:06 84-66-209/22/17 10:5510.4 1.5 1
2,4-Dimethylphenol ND ug/L 09/29/17 19:06 105-67-909/22/17 10:5552.1 3.0 1
Dimethylphthalate ND ug/L 09/29/17 19:06 131-11-309/22/17 10:5510.4 1.3 1
Di-n-butylphthalate ND ug/L 09/29/17 19:06 84-74-209/22/17 10:5510.4 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 09/29/17 19:06 534-52-109/22/17 10:5510.4 1.6 1
2,4-Dinitrophenol ND ug/L 09/29/17 19:06 51-28-509/22/17 10:5510.4 2.6 1
2,4-Dinitrotoluene ND ug/L 09/29/17 19:06 121-14-209/22/17 10:5510.4 1.4 1
2,6-Dinitrotoluene ND ug/L 09/29/17 19:06 606-20-209/22/17 10:5510.4 0.67 1
Di-n-octylphthalate ND ug/L 09/29/17 19:06 117-84-009/22/17 10:5510.4 2.1 1
1,2-Diphenylhydrazine ND ug/L 09/29/17 19:06 122-66-709/22/17 10:5510.4 1.3 1
bis(2-Ethylhexyl)phthalate 7.5J ug/L 09/29/17 19:06 117-81-709/22/17 10:5510.4 4.8 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 19:06 87-68-309/22/17 10:5510.4 3.3 1
Hexachlorobenzene ND ug/L 09/29/17 19:06 118-74-109/22/17 10:5510.4 2.3 1
Hexachlorocyclopentadiene ND ug/L 09/29/17 19:06 77-47-409/22/17 10:5552.1 19.6 1
Hexachloroethane ND ug/L 09/29/17 19:06 67-72-109/22/17 10:5510.4 3.6 1
Isophorone ND ug/L 09/29/17 19:06 78-59-109/22/17 10:5510.4 1.2 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 20 of 253

20 of 353110404173



#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW45-09202017 Lab ID: 10404173001 Collected: 09/20/17 09:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1-Methylnaphthalene ND ug/L 09/29/17 19:06 90-12-009/22/17 10:5510.4 2.2 1
2-Methylnaphthalene ND ug/L 09/29/17 19:06 91-57-609/22/17 10:5510.4 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/29/17 19:06 95-48-709/22/17 10:5510.4 2.0 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/29/17 19:0609/22/17 10:5520.8 1.1 1
2-Nitroaniline ND ug/L 09/29/17 19:06 88-74-409/22/17 10:5510.4 1.6 1
3-Nitroaniline ND ug/L 09/29/17 19:06 99-09-209/22/17 10:5510.4 1.3 1
4-Nitroaniline ND ug/L 09/29/17 19:06 100-01-609/22/17 10:5510.4 2.1 1
Nitrobenzene ND ug/L 09/29/17 19:06 98-95-309/22/17 10:5510.4 1.3 1
2-Nitrophenol ND ug/L 09/29/17 19:06 88-75-509/22/17 10:5510.4 1.8 1
4-Nitrophenol ND ug/L 09/29/17 19:06 100-02-709/22/17 10:5510.4 2.7 1
N-Nitrosodimethylamine ND ug/L 09/29/17 19:06 62-75-909/22/17 10:5510.4 1.1 1
N-Nitroso-di-n-propylamine ND ug/L 09/29/17 19:06 621-64-709/22/17 10:5510.4 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/29/17 19:06 86-30-609/22/17 10:5510.4 1.1 1
Phenol ND ug/L 09/29/17 19:06 108-95-209/22/17 10:5510.4 1.2 1
Pyridine ND ug/L 09/29/17 19:06 110-86-1 L209/22/17 10:5510.4 2.6 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 19:06 120-82-109/22/17 10:5510.4 4.4 1
2,4,5-Trichlorophenol ND ug/L 09/29/17 19:06 95-95-409/22/17 10:5510.4 1.1 1
2,4,6-Trichlorophenol ND ug/L 09/29/17 19:06 88-06-209/22/17 10:5510.4 1.1 1
Surrogates
Nitrobenzene-d5 (S) 63 %. 09/29/17 19:06 4165-60-009/22/17 10:5544-125 1
2-Fluorobiphenyl (S) 68 %. 09/29/17 19:06 321-60-809/22/17 10:5530-125 1
p-Terphenyl-d14 (S) 83 %. 09/29/17 19:06 1718-51-009/22/17 10:5531-125 1
Phenol-d6 (S) 76 %. 09/29/17 19:06 13127-88-309/22/17 10:5559-125 1
2-Fluorophenol (S) 74 %. 09/29/17 19:06 367-12-409/22/17 10:5549-125 1
2,4,6-Tribromophenol (S) 95 %. 09/29/17 19:06 118-79-609/22/17 10:5566-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/29/17 20:15 83-32-909/21/17 18:140.041 0.0058 1
Acenaphthylene ND ug/L 09/29/17 20:15 208-96-809/21/17 18:140.041 0.0068 1
Anthracene ND ug/L 09/29/17 20:15 120-12-709/21/17 18:140.041 0.0081 1
Benzo(a)anthracene ND ug/L 09/29/17 20:15 56-55-309/21/17 18:140.041 0.0080 1
Benzo(a)pyrene ND ug/L 09/29/17 20:15 50-32-809/21/17 18:140.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 09/29/17 20:15 205-99-209/21/17 18:140.041 0.0049 1
Benzo(e)pyrene ND ug/L 09/29/17 20:15 192-97-209/21/17 18:140.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 09/29/17 20:15 191-24-209/21/17 18:140.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 09/29/17 20:15 207-08-909/21/17 18:140.041 0.0049 1
Chrysene ND ug/L 09/29/17 20:15 218-01-909/21/17 18:140.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 09/29/17 20:15 53-70-309/21/17 18:140.041 0.011 1
Fluoranthene ND ug/L 09/29/17 20:15 206-44-009/21/17 18:140.041 0.0073 1
Fluorene ND ug/L 09/29/17 20:15 86-73-709/21/17 18:140.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/29/17 20:15 193-39-509/21/17 18:140.041 0.0037 1
Naphthalene ND ug/L 09/29/17 20:15 91-20-309/21/17 18:140.041 0.0077 1
Phenanthrene ND ug/L 09/29/17 20:15 85-01-809/21/17 18:140.041 0.0091 1
Pyrene ND ug/L 09/29/17 20:15 129-00-009/21/17 18:140.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 75 %. 09/29/17 20:15 321-60-809/21/17 18:1455-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW45-09202017 Lab ID: 10404173001 Collected: 09/20/17 09:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 88 %. 09/29/17 20:15 1718-51-009/21/17 18:1464-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 22:47 87-86-509/22/17 12:370.62 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 72 %. 09/27/17 22:47 118-79-609/22/17 12:3730-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 18:40 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 18:40 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 18:40 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 18:40 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 18:40 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 18:40 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 18:40 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 18:40 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 18:40 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 18:40 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 18:40 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 18:40 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 18:40 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 18:40 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 18:40 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 18:40 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 18:40 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 18:40 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 18:40 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 18:40 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 18:40 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 18:40 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/29/17 18:40 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 18:40 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 18:40 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 18:40 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 18:40 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 18:40 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 18:40 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 18:40 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 18:40 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 18:40 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 18:40 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 18:40 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 18:40 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 18:40 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 18:40 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW45-09202017 Lab ID: 10404173001 Collected: 09/20/17 09:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/29/17 18:40 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 18:40 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 18:40 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 18:40 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 18:40 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 18:40 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 18:40 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 18:40 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 18:40 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 18:40 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 18:40 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 18:40 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 18:40 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 18:40 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 18:40 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 18:40 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 18:40 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 18:40 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 18:40 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 18:40 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 18:40 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 18:40 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 18:40 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 18:40 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 18:40 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 18:40 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 18:40 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 18:40 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 18:40 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 18:40 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 18:40 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 18:40 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 18:40 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 18:40 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 18:40 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 18:40 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 109 %. 09/29/17 18:40 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/29/17 18:40 2037-26-575-125 1
4-Bromofluorobenzene (S) 102 %. 09/29/17 18:40 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 21:44 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 21:44 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 21:44 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW45-09202017 Lab ID: 10404173001 Collected: 09/20/17 09:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 138 %. 09/27/17 21:44 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 21:44 2037-26-570-130 1
4-Bromofluorobenzene (S) 109 %. 09/27/17 21:44 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/03/17 12:595.0 1.4 1
Alkalinity, Total as CaCO3 309 mg/L 10/03/17 12:595.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 309 mg/L 10/03/17 12:595.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 10/03/17 12:595.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 693 mg/L 09/27/17 11:3833.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.30 mg/L 09/22/17 08:17 24959-67-90.080 0.0070 1
Chloride 58.8 mg/L 09/22/17 08:17 16887-00-61.2 0.14 1
Fluoride 1.8 mg/L 09/22/17 08:17 16984-48-80.050 0.0028 1
Nitrate as N 0.61 mg/L 09/22/17 08:17 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/22/17 08:17 14797-65-00.10 0.016 1
Sulfate 234 mg/L 09/22/17 15:47 14808-79-86.0 1.4 5

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 1.5 mg/L 09/26/17 17:25 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW49-09202017 Lab ID: 10404173002 Collected: 09/20/17 12:10 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 387000 ug/L 09/26/17 23:25 7440-70-209/25/17 13:00500 24.7 1
Iron 693 ug/L 09/26/17 23:25 7439-89-609/25/17 13:0050.0 16.7 1
Magnesium 129000 ug/L 09/26/17 23:25 7439-95-4 B09/25/17 13:00500 2.6 1
Manganese 117 ug/L 09/26/17 23:25 7439-96-509/25/17 13:005.0 0.38 1
Potassium 14600 ug/L 09/26/17 23:25 7440-09-709/25/17 13:002500 126 1
Sodium 1030000 ug/L 09/27/17 11:46 7440-23-509/25/17 13:005000 223 5

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 7910 ug/L 09/26/17 12:14 7440-24-609/25/17 14:4010.0 1.5 20

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 09/29/17 19:34 120-82-109/22/17 10:5511.4 4.8 1
1,2-Dichlorobenzene ND ug/L 09/29/17 19:34 95-50-109/22/17 10:5511.4 4.0 1
1,2-Diphenylhydrazine ND ug/L 09/29/17 19:34 122-66-709/22/17 10:5511.4 1.5 1
1,3-Dichlorobenzene ND ug/L 09/29/17 19:34 541-73-109/22/17 10:5511.4 4.7 1
1,4-Dichlorobenzene ND ug/L 09/29/17 19:34 106-46-709/22/17 10:5511.4 3.9 1
1-Methylnaphthalene ND ug/L 09/29/17 19:34 90-12-009/22/17 10:5511.4 2.4 1
2,4,5-Trichlorophenol ND ug/L 09/29/17 19:34 95-95-409/22/17 10:5511.4 1.2 1
2,4,6-Trichlorophenol ND ug/L 09/29/17 19:34 88-06-209/22/17 10:5511.4 1.2 1
2,4-Dichlorophenol ND ug/L 09/29/17 19:34 120-83-209/22/17 10:5511.4 1.8 1
2,4-Dimethylphenol ND ug/L 09/29/17 19:34 105-67-909/22/17 10:5556.8 3.2 1
2,4-Dinitrophenol ND ug/L 09/29/17 19:34 51-28-509/22/17 10:5511.4 2.8 1
2,4-Dinitrotoluene ND ug/L 09/29/17 19:34 121-14-209/22/17 10:5511.4 1.5 1
2,6-Dinitrotoluene ND ug/L 09/29/17 19:34 606-20-209/22/17 10:5511.4 0.73 1
2-Chloronaphthalene ND ug/L 09/29/17 19:34 91-58-709/22/17 10:5511.4 2.5 1
2-Chlorophenol ND ug/L 09/29/17 19:34 95-57-809/22/17 10:5511.4 1.3 1
2-Methylnaphthalene ND ug/L 09/29/17 19:34 91-57-609/22/17 10:5511.4 2.9 1
2-Methylphenol(o-Cresol) ND ug/L 09/29/17 19:34 95-48-709/22/17 10:5511.4 2.2 1
2-Nitroaniline ND ug/L 09/29/17 19:34 88-74-409/22/17 10:5511.4 1.7 1
2-Nitrophenol ND ug/L 09/29/17 19:34 88-75-509/22/17 10:5511.4 1.9 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/29/17 19:3409/22/17 10:5522.7 1.2 1
3,3'-Dichlorobenzidine ND ug/L 09/29/17 19:34 91-94-109/22/17 10:5556.8 1.4 1
3-Nitroaniline ND ug/L 09/29/17 19:34 99-09-209/22/17 10:5511.4 1.4 1
4,6-Dinitro-2-methylphenol ND ug/L 09/29/17 19:34 534-52-109/22/17 10:5511.4 1.7 1
4-Bromophenylphenyl ether ND ug/L 09/29/17 19:34 101-55-309/22/17 10:5511.4 2.6 1
4-Chloro-3-methylphenol ND ug/L 09/29/17 19:34 59-50-709/22/17 10:5511.4 1.7 1
4-Chloroaniline ND ug/L 09/29/17 19:34 106-47-809/22/17 10:5556.8 2.2 1
4-Chlorophenylphenyl ether ND ug/L 09/29/17 19:34 7005-72-309/22/17 10:5511.4 1.7 1
4-Nitroaniline ND ug/L 09/29/17 19:34 100-01-609/22/17 10:5511.4 2.3 1
4-Nitrophenol ND ug/L 09/29/17 19:34 100-02-709/22/17 10:5511.4 2.9 1
Benzoic acid ND ug/L 09/29/17 19:34 65-85-009/22/17 10:5556.8 1.8 1
Benzyl alcohol ND ug/L 09/29/17 19:34 100-51-609/22/17 10:5511.4 1.5 1
Butylbenzylphthalate ND ug/L 09/29/17 19:34 85-68-709/22/17 10:5511.4 2.0 1
Carbazole ND ug/L 09/29/17 19:34 86-74-809/22/17 10:5511.4 1.2 1
Di-n-butylphthalate ND ug/L 09/29/17 19:34 84-74-209/22/17 10:5511.4 1.5 1
Di-n-octylphthalate ND ug/L 09/29/17 19:34 117-84-009/22/17 10:5511.4 2.3 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW49-09202017 Lab ID: 10404173002 Collected: 09/20/17 12:10 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 09/29/17 19:34 132-64-909/22/17 10:5511.4 1.8 1
Diethylphthalate ND ug/L 09/29/17 19:34 84-66-209/22/17 10:5511.4 1.6 1
Dimethylphthalate ND ug/L 09/29/17 19:34 131-11-309/22/17 10:5511.4 1.4 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 19:34 87-68-309/22/17 10:5511.4 3.6 1
Hexachlorobenzene ND ug/L 09/29/17 19:34 118-74-109/22/17 10:5511.4 2.5 1
Hexachlorocyclopentadiene ND ug/L 09/29/17 19:34 77-47-409/22/17 10:5556.8 21.4 1
Hexachloroethane ND ug/L 09/29/17 19:34 67-72-109/22/17 10:5511.4 3.9 1
Isophorone ND ug/L 09/29/17 19:34 78-59-109/22/17 10:5511.4 1.3 1
N-Nitroso-di-n-propylamine ND ug/L 09/29/17 19:34 621-64-709/22/17 10:5511.4 1.1 1
N-Nitrosodimethylamine ND ug/L 09/29/17 19:34 62-75-909/22/17 10:5511.4 1.2 1
N-Nitrosodiphenylamine ND ug/L 09/29/17 19:34 86-30-609/22/17 10:5511.4 1.2 1
Nitrobenzene ND ug/L 09/29/17 19:34 98-95-309/22/17 10:5511.4 1.5 1
Phenol ND ug/L 09/29/17 19:34 108-95-209/22/17 10:5511.4 1.3 1
Pyridine ND ug/L 09/29/17 19:34 110-86-1 L209/22/17 10:5511.4 2.9 1
bis(2-Chloroethoxy)methane ND ug/L 09/29/17 19:34 111-91-109/22/17 10:5511.4 1.5 1
bis(2-Chloroethyl) ether ND ug/L 09/29/17 19:34 111-44-409/22/17 10:5511.4 1.3 1
bis(2-Chloroisopropyl) ether ND ug/L 09/29/17 19:34 108-60-1 SS09/22/17 10:5511.4 1.5 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/29/17 19:34 117-81-709/22/17 10:5511.4 5.2 1
Surrogates
Nitrobenzene-d5 (S) 69 %. 09/29/17 19:34 4165-60-009/22/17 10:5544-125 1
2-Fluorobiphenyl (S) 74 %. 09/29/17 19:34 321-60-809/22/17 10:5530-125 1
p-Terphenyl-d14 (S) 84 %. 09/29/17 19:34 1718-51-009/22/17 10:5531-125 1
Phenol-d6 (S) 79 %. 09/29/17 19:34 13127-88-309/22/17 10:5559-125 1
2-Fluorophenol (S) 75 %. 09/29/17 19:34 367-12-409/22/17 10:5549-125 1
2,4,6-Tribromophenol (S) 97 %. 09/29/17 19:34 118-79-609/22/17 10:5566-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/29/17 20:37 83-32-909/21/17 18:140.042 0.0059 1
Acenaphthylene ND ug/L 09/29/17 20:37 208-96-809/21/17 18:140.042 0.0069 1
Anthracene ND ug/L 09/29/17 20:37 120-12-709/21/17 18:140.042 0.0082 1
Benzo(a)anthracene ND ug/L 09/29/17 20:37 56-55-309/21/17 18:140.042 0.0081 1
Benzo(a)pyrene ND ug/L 09/29/17 20:37 50-32-809/21/17 18:140.042 0.0044 1
Benzo(b)fluoranthene ND ug/L 09/29/17 20:37 205-99-209/21/17 18:140.042 0.0050 1
Benzo(e)pyrene ND ug/L 09/29/17 20:37 192-97-209/21/17 18:140.042 0.0057 1
Benzo(g,h,i)perylene ND ug/L 09/29/17 20:37 191-24-209/21/17 18:140.042 0.0078 1
Benzo(k)fluoranthene ND ug/L 09/29/17 20:37 207-08-909/21/17 18:140.042 0.0050 1
Chrysene ND ug/L 09/29/17 20:37 218-01-909/21/17 18:140.042 0.0060 1
Dibenz(a,h)anthracene ND ug/L 09/29/17 20:37 53-70-309/21/17 18:140.042 0.011 1
Fluoranthene ND ug/L 09/29/17 20:37 206-44-009/21/17 18:140.042 0.0074 1
Fluorene ND ug/L 09/29/17 20:37 86-73-709/21/17 18:140.042 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/29/17 20:37 193-39-509/21/17 18:140.042 0.0038 1
Naphthalene ND ug/L 09/29/17 20:37 91-20-309/21/17 18:140.042 0.0078 1
Phenanthrene ND ug/L 09/29/17 20:37 85-01-809/21/17 18:140.042 0.0092 1
Pyrene ND ug/L 09/29/17 20:37 129-00-009/21/17 18:140.042 0.0088 1
Surrogates
2-Fluorobiphenyl (S) 76 %. 09/29/17 20:37 321-60-809/21/17 18:1455-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW49-09202017 Lab ID: 10404173002 Collected: 09/20/17 12:10 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 89 %. 09/29/17 20:37 1718-51-009/21/17 18:1464-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 23:07 87-86-509/22/17 12:370.63 0.30 1
Surrogates
2,4,6-Tribromophenol (S) 71 %. 09/27/17 23:07 118-79-609/22/17 12:3730-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 19:03 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 19:03 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 19:03 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 19:03 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 19:03 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 19:03 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 19:03 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 19:03 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 19:03 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 19:03 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 19:03 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 19:03 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 19:03 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 19:03 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 19:03 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 19:03 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 19:03 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 19:03 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 19:03 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 19:03 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 19:03 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 19:03 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/29/17 19:03 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 19:03 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 19:03 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 19:03 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 19:03 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 19:03 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 19:03 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 19:03 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 19:03 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 19:03 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 19:03 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 19:03 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 19:03 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 19:03 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 19:03 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW49-09202017 Lab ID: 10404173002 Collected: 09/20/17 12:10 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/29/17 19:03 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 19:03 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 19:03 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 19:03 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 19:03 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 19:03 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 19:03 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 19:03 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 19:03 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 19:03 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 19:03 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 19:03 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 19:03 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 19:03 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 19:03 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 19:03 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 19:03 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 19:03 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 19:03 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 19:03 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 19:03 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 19:03 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 19:03 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 19:03 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 19:03 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 19:03 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 19:03 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 19:03 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 19:03 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 19:03 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 19:03 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 19:03 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 19:03 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 19:03 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 19:03 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 19:03 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 110 %. 09/29/17 19:03 17060-07-075-137 1
Toluene-d8 (S) 104 %. 09/29/17 19:03 2037-26-575-125 1
4-Bromofluorobenzene (S) 99 %. 09/29/17 19:03 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 22:04 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 22:04 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 22:04 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW49-09202017 Lab ID: 10404173002 Collected: 09/20/17 12:10 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 139 %. 09/27/17 22:04 17060-07-0 S370-130 1
Toluene-d8 (S) 107 %. 09/27/17 22:04 2037-26-570-130 1
4-Bromofluorobenzene (S) 108 %. 09/27/17 22:04 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/03/17 13:045.0 1.4 1
Alkalinity, Total as CaCO3 316 mg/L 10/03/17 13:045.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 316 mg/L 10/03/17 13:045.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 10/03/17 13:045.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 4720 mg/L 09/27/17 11:38200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.24 mg/L 09/22/17 08:33 24959-67-90.080 0.0070 1
Chloride 60.6 mg/L 09/22/17 08:33 16887-00-61.2 0.14 1
Fluoride 0.47 mg/L 09/22/17 08:33 16984-48-80.050 0.0028 1
Nitrate as N 3.7 mg/L 09/22/17 08:33 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/22/17 08:33 14797-65-00.10 0.016 1
Sulfate 3130 mg/L 09/22/17 16:04 14808-79-860.0 13.5 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 5.7 mg/L 09/26/17 17:46 7440-44-01.7 0.50 2
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW33-09202017 Lab ID: 10404173003 Collected: 09/20/17 14:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 5770 ug/L 09/26/17 23:34 7440-70-209/25/17 13:00500 24.7 1
Iron 229 ug/L 09/26/17 23:34 7439-89-609/25/17 13:0050.0 16.7 1
Magnesium 47.2J ug/L 09/26/17 23:34 7439-95-409/25/17 13:00500 2.6 1
Manganese 5.6 ug/L 09/26/17 23:34 7439-96-509/25/17 13:005.0 0.38 1
Potassium 446J ug/L 09/26/17 23:34 7440-09-709/25/17 13:002500 126 1
Sodium 201000 ug/L 09/26/17 23:34 7440-23-509/25/17 13:001000 44.6 1

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 84.9 ug/L 09/26/17 12:06 7440-24-609/25/17 14:400.50 0.075 1

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 09/29/17 20:02 120-82-109/22/17 10:5510.3 4.3 1
1,2-Dichlorobenzene ND ug/L 09/29/17 20:02 95-50-109/22/17 10:5510.3 3.6 1
1,2-Diphenylhydrazine ND ug/L 09/29/17 20:02 122-66-709/22/17 10:5510.3 1.3 1
1,3-Dichlorobenzene ND ug/L 09/29/17 20:02 541-73-109/22/17 10:5510.3 4.3 1
1,4-Dichlorobenzene ND ug/L 09/29/17 20:02 106-46-709/22/17 10:5510.3 3.5 1
1-Methylnaphthalene ND ug/L 09/29/17 20:02 90-12-009/22/17 10:5510.3 2.2 1
2,4,5-Trichlorophenol ND ug/L 09/29/17 20:02 95-95-409/22/17 10:5510.3 1.1 1
2,4,6-Trichlorophenol ND ug/L 09/29/17 20:02 88-06-209/22/17 10:5510.3 1.1 1
2,4-Dichlorophenol ND ug/L 09/29/17 20:02 120-83-209/22/17 10:5510.3 1.6 1
2,4-Dimethylphenol ND ug/L 09/29/17 20:02 105-67-909/22/17 10:5551.5 2.9 1
2,4-Dinitrophenol ND ug/L 09/29/17 20:02 51-28-509/22/17 10:5510.3 2.5 1
2,4-Dinitrotoluene ND ug/L 09/29/17 20:02 121-14-209/22/17 10:5510.3 1.4 1
2,6-Dinitrotoluene ND ug/L 09/29/17 20:02 606-20-209/22/17 10:5510.3 0.66 1
2-Chloronaphthalene ND ug/L 09/29/17 20:02 91-58-709/22/17 10:5510.3 2.3 1
2-Chlorophenol ND ug/L 09/29/17 20:02 95-57-809/22/17 10:5510.3 1.2 1
2-Methylnaphthalene ND ug/L 09/29/17 20:02 91-57-609/22/17 10:5510.3 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 09/29/17 20:02 95-48-709/22/17 10:5510.3 2.0 1
2-Nitroaniline ND ug/L 09/29/17 20:02 88-74-409/22/17 10:5510.3 1.6 1
2-Nitrophenol ND ug/L 09/29/17 20:02 88-75-509/22/17 10:5510.3 1.7 1
3&4-Methylphenol(m&p Cresol) ND ug/L 09/29/17 20:0209/22/17 10:5520.6 1.1 1
3,3'-Dichlorobenzidine ND ug/L 09/29/17 20:02 91-94-109/22/17 10:5551.5 1.2 1
3-Nitroaniline ND ug/L 09/29/17 20:02 99-09-209/22/17 10:5510.3 1.2 1
4,6-Dinitro-2-methylphenol ND ug/L 09/29/17 20:02 534-52-109/22/17 10:5510.3 1.6 1
4-Bromophenylphenyl ether ND ug/L 09/29/17 20:02 101-55-309/22/17 10:5510.3 2.4 1
4-Chloro-3-methylphenol ND ug/L 09/29/17 20:02 59-50-709/22/17 10:5510.3 1.5 1
4-Chloroaniline ND ug/L 09/29/17 20:02 106-47-809/22/17 10:5551.5 2.0 1
4-Chlorophenylphenyl ether ND ug/L 09/29/17 20:02 7005-72-309/22/17 10:5510.3 1.6 1
4-Nitroaniline ND ug/L 09/29/17 20:02 100-01-609/22/17 10:5510.3 2.1 1
4-Nitrophenol ND ug/L 09/29/17 20:02 100-02-709/22/17 10:5510.3 2.7 1
Benzoic acid ND ug/L 09/29/17 20:02 65-85-009/22/17 10:5551.5 1.6 1
Benzyl alcohol ND ug/L 09/29/17 20:02 100-51-609/22/17 10:5510.3 1.4 1
Butylbenzylphthalate ND ug/L 09/29/17 20:02 85-68-709/22/17 10:5510.3 1.8 1
Carbazole ND ug/L 09/29/17 20:02 86-74-809/22/17 10:5510.3 1.1 1
Di-n-butylphthalate ND ug/L 09/29/17 20:02 84-74-209/22/17 10:5510.3 1.4 1
Di-n-octylphthalate ND ug/L 09/29/17 20:02 117-84-009/22/17 10:5510.3 2.1 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW33-09202017 Lab ID: 10404173003 Collected: 09/20/17 14:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 09/29/17 20:02 132-64-909/22/17 10:5510.3 1.7 1
Diethylphthalate ND ug/L 09/29/17 20:02 84-66-209/22/17 10:5510.3 1.5 1
Dimethylphthalate ND ug/L 09/29/17 20:02 131-11-309/22/17 10:5510.3 1.3 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 20:02 87-68-309/22/17 10:5510.3 3.3 1
Hexachlorobenzene ND ug/L 09/29/17 20:02 118-74-109/22/17 10:5510.3 2.2 1
Hexachlorocyclopentadiene ND ug/L 09/29/17 20:02 77-47-409/22/17 10:5551.5 19.4 1
Hexachloroethane ND ug/L 09/29/17 20:02 67-72-109/22/17 10:5510.3 3.5 1
Isophorone ND ug/L 09/29/17 20:02 78-59-109/22/17 10:5510.3 1.2 1
N-Nitroso-di-n-propylamine ND ug/L 09/29/17 20:02 621-64-709/22/17 10:5510.3 1.0 1
N-Nitrosodimethylamine ND ug/L 09/29/17 20:02 62-75-909/22/17 10:5510.3 1.1 1
N-Nitrosodiphenylamine ND ug/L 09/29/17 20:02 86-30-609/22/17 10:5510.3 1.1 1
Nitrobenzene ND ug/L 09/29/17 20:02 98-95-309/22/17 10:5510.3 1.3 1
Phenol ND ug/L 09/29/17 20:02 108-95-209/22/17 10:5510.3 1.2 1
Pyridine ND ug/L 09/29/17 20:02 110-86-1 L209/22/17 10:5510.3 2.6 1
bis(2-Chloroethoxy)methane ND ug/L 09/29/17 20:02 111-91-109/22/17 10:5510.3 1.4 1
bis(2-Chloroethyl) ether ND ug/L 09/29/17 20:02 111-44-409/22/17 10:5510.3 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 09/29/17 20:02 108-60-1 SS09/22/17 10:5510.3 1.4 1
bis(2-Ethylhexyl)phthalate ND ug/L 09/29/17 20:02 117-81-709/22/17 10:5510.3 4.7 1
Surrogates
Nitrobenzene-d5 (S) 65 %. 09/29/17 20:02 4165-60-009/22/17 10:5544-125 1
2-Fluorobiphenyl (S) 70 %. 09/29/17 20:02 321-60-809/22/17 10:5530-125 1
p-Terphenyl-d14 (S) 82 %. 09/29/17 20:02 1718-51-009/22/17 10:5531-125 1
Phenol-d6 (S) 75 %. 09/29/17 20:02 13127-88-309/22/17 10:5559-125 1
2-Fluorophenol (S) 72 %. 09/29/17 20:02 367-12-409/22/17 10:5549-125 1
2,4,6-Tribromophenol (S) 89 %. 09/29/17 20:02 118-79-609/22/17 10:5566-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 09/29/17 20:58 83-32-909/21/17 18:140.041 0.0058 1
Acenaphthylene ND ug/L 09/29/17 20:58 208-96-809/21/17 18:140.041 0.0068 1
Anthracene ND ug/L 09/29/17 20:58 120-12-709/21/17 18:140.041 0.0081 1
Benzo(a)anthracene ND ug/L 09/29/17 20:58 56-55-309/21/17 18:140.041 0.0080 1
Benzo(a)pyrene ND ug/L 09/29/17 20:58 50-32-809/21/17 18:140.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 09/29/17 20:58 205-99-209/21/17 18:140.041 0.0049 1
Benzo(e)pyrene ND ug/L 09/29/17 20:58 192-97-209/21/17 18:140.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 09/29/17 20:58 191-24-209/21/17 18:140.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 09/29/17 20:58 207-08-909/21/17 18:140.041 0.0050 1
Chrysene ND ug/L 09/29/17 20:58 218-01-909/21/17 18:140.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 09/29/17 20:58 53-70-309/21/17 18:140.041 0.011 1
Fluoranthene ND ug/L 09/29/17 20:58 206-44-009/21/17 18:140.041 0.0074 1
Fluorene ND ug/L 09/29/17 20:58 86-73-709/21/17 18:140.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 09/29/17 20:58 193-39-509/21/17 18:140.041 0.0038 1
Naphthalene ND ug/L 09/29/17 20:58 91-20-309/21/17 18:140.041 0.0077 1
Phenanthrene ND ug/L 09/29/17 20:58 85-01-809/21/17 18:140.041 0.0091 1
Pyrene ND ug/L 09/29/17 20:58 129-00-009/21/17 18:140.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 67 %. 09/29/17 20:58 321-60-809/21/17 18:1455-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW33-09202017 Lab ID: 10404173003 Collected: 09/20/17 14:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 87 %. 09/29/17 20:58 1718-51-009/21/17 18:1464-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 09/27/17 23:27 87-86-509/22/17 12:370.62 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 31 %. 09/27/17 23:27 118-79-609/22/17 12:3730-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 19:27 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 19:27 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 19:27 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 19:27 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 19:27 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 19:27 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 19:27 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 19:27 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 19:27 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 19:27 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 19:27 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 19:27 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 19:27 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 19:27 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 19:27 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 19:27 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 19:27 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 19:27 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 19:27 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 19:27 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 19:27 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 19:27 591-78-65.0 2.5 1
2-Propanol ND ug/L 09/29/17 19:27 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 19:27 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 19:27 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 19:27 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 19:27 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 19:27 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 19:27 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 19:27 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 19:27 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 19:27 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 19:27 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 19:27 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 19:27 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 19:27 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 19:27 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW33-09202017 Lab ID: 10404173003 Collected: 09/20/17 14:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 09/29/17 19:27 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 19:27 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 19:27 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 19:27 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 19:27 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 19:27 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 19:27 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 19:27 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 19:27 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 09/29/17 19:27 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 19:27 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 19:27 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 19:27 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 19:27 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 19:27 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 19:27 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 19:27 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 19:27 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 19:27 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 19:27 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 19:27 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 19:27 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 19:27 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 19:27 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 19:27 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 19:27 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 19:27 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 19:27 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 19:27 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 19:27 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 19:27 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 19:27 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 19:27 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 19:27 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 19:27 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 19:27 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 109 %. 09/29/17 19:27 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/29/17 19:27 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 09/29/17 19:27 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 22:25 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 22:25 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 22:25 106-93-40.050 0.0071 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 33 of 253

33 of 353110404173



#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: PGDW33-09202017 Lab ID: 10404173003 Collected: 09/20/17 14:20 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 137 %. 09/27/17 22:25 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 22:25 2037-26-570-130 1
4-Bromofluorobenzene (S) 109 %. 09/27/17 22:25 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/03/17 13:175.0 1.4 1
Alkalinity, Total as CaCO3 102 mg/L 10/03/17 13:175.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 86.9 mg/L 10/03/17 13:175.0 1.4 1
Alkalinity,Carbonate (CaCO3) 14.9 mg/L 10/03/17 13:175.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 583 mg/L 09/27/17 11:3833.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.11 mg/L 09/22/17 08:48 24959-67-90.080 0.0070 1
Chloride 15.8 mg/L 09/22/17 08:48 16887-00-61.2 0.14 1
Fluoride 1.6 mg/L 09/22/17 08:48 16984-48-80.050 0.0028 1
Nitrate as N 0.039J mg/L 09/22/17 08:48 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 09/22/17 08:48 14797-65-00.10 0.016 1
Sulfate 325 mg/L 09/22/17 16:22 14808-79-86.0 1.4 5

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.46J mg/L 09/26/17 18:06 7440-44-00.84 0.25 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: Trip Blank-09202017 Lab ID: 10404173004 Collected: 09/20/17 16:00 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 09/29/17 13:36 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 09/29/17 13:36 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 09/29/17 13:36 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 09/29/17 13:36 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 09/29/17 13:36 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 09/29/17 13:36 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 09/29/17 13:36 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 09/29/17 13:36 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 09/29/17 13:36 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 09/29/17 13:36 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 09/29/17 13:36 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 09/29/17 13:36 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 09/29/17 13:36 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 09/29/17 13:36 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 09/29/17 13:36 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 09/29/17 13:36 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 09/29/17 13:36 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 09/29/17 13:36 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 09/29/17 13:36 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 09/29/17 13:36 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 09/29/17 13:36 95-49-80.50 0.20 1
2-Hexanone ND ug/L 09/29/17 13:36 591-78-65.0 2.5 1
2-Propanol 149 ug/L 09/29/17 13:36 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 09/29/17 13:36 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 09/29/17 13:36 108-10-15.0 0.55 1
Acetone ND ug/L 09/29/17 13:36 67-64-120.0 8.8 1
Allyl chloride ND ug/L 09/29/17 13:36 107-05-14.0 1.0 1
Benzene ND ug/L 09/29/17 13:36 71-43-20.50 0.13 1
Bromobenzene ND ug/L 09/29/17 13:36 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 09/29/17 13:36 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 09/29/17 13:36 75-27-40.50 0.20 1
Bromoform ND ug/L 09/29/17 13:36 75-25-24.0 1.0 1
Bromomethane ND ug/L 09/29/17 13:36 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 09/29/17 13:36 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 09/29/17 13:36 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 09/29/17 13:36 108-90-70.50 0.14 1
Chloroethane ND ug/L 09/29/17 13:36 75-00-31.0 0.44 1
Chloroform ND ug/L 09/29/17 13:36 67-66-31.0 0.46 1
Chloromethane ND ug/L 09/29/17 13:36 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 09/29/17 13:36 124-48-10.50 0.13 1
Dibromomethane ND ug/L 09/29/17 13:36 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 09/29/17 13:36 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 09/29/17 13:36 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 09/29/17 13:36 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 09/29/17 13:36 108-20-31.0 0.12 1
Ethanol ND ug/L 09/29/17 13:36 64-17-580.0 26.4 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Sample: Trip Blank-09202017 Lab ID: 10404173004 Collected: 09/20/17 16:00 Received: 09/21/17 12:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 09/29/17 13:36 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 09/29/17 13:36 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 09/29/17 13:36 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 09/29/17 13:36 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 09/29/17 13:36 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 09/29/17 13:36 75-09-24.0 1.2 1
Naphthalene ND ug/L 09/29/17 13:36 91-20-31.0 0.42 1
Styrene ND ug/L 09/29/17 13:36 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 09/29/17 13:36 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 09/29/17 13:36 109-99-910.0 4.3 1
Toluene ND ug/L 09/29/17 13:36 108-88-30.50 0.17 1
Trichloroethene ND ug/L 09/29/17 13:36 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 09/29/17 13:36 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 09/29/17 13:36 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 09/29/17 13:36 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 09/29/17 13:36 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 09/29/17 13:36 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 09/29/17 13:36 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 09/29/17 13:36 103-65-10.50 0.12 1
o-Xylene ND ug/L 09/29/17 13:36 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 09/29/17 13:36 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 09/29/17 13:36 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 09/29/17 13:36 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 09/29/17 13:36 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 09/29/17 13:36 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 09/29/17 13:36 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 09/29/17 13:36 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 104 %. 09/29/17 13:36 17060-07-075-137 1
Toluene-d8 (S) 105 %. 09/29/17 13:36 2037-26-575-125 1
4-Bromofluorobenzene (S) 100 %. 09/29/17 13:36 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 19:20 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 19:20 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 19:20 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 149 %. 09/27/17 19:20 17060-07-0 S370-130 1
Toluene-d8 (S) 109 %. 09/27/17 19:20 2037-26-570-130 1
4-Bromofluorobenzene (S) 107 %. 09/27/17 19:20 460-00-470-130 1
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498519
EPA 3010

EPA 6010C
6010C Water

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2710691
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/26/17 23:0024.7
Iron ug/L ND 50.0 09/26/17 23:0016.7
Magnesium ug/L 6.4J 500 09/26/17 23:002.6
Manganese ug/L ND 5.0 09/26/17 23:000.38
Potassium ug/L ND 2500 09/26/17 23:00126
Sodium ug/L ND 1000 09/26/17 23:0044.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2710692LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1930020000 96 80-120
Iron ug/L 2000020000 100 80-120
Magnesium ug/L 2050020000 102 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 2060020000 103 80-120
Sodium ug/L 2070020000 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2710693MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404337001

2710694

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 102 75-125103 0 2020000117000 138000 138000
Iron ug/L 20000 101 75-125101 0 20200002170 22300 22300
Magnesium ug/L 20000 104 75-125103 0 202000035000 55800 55600
Manganese ug/L 1000 103 75-125102 0 201000486 1510 1510
Potassium ug/L 20000 114 75-125114 0 20200003170 26100 26000
Sodium ug/L 20000 111 75-125110 0 202000059600 81900 81600
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498322
EPA 3020

EPA 6020A
6020A Water UPD4

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709168
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 09/26/17 14:110.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709169LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 102100 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709170MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709171

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-125103 0 2010082.0 186 185
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499620
EPA 8260B

EPA 8260B
8260 MSV LL Water

Associated Lab Samples: 10404173001, 10404173002, 10404173003, 10404173004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10404173001, 10404173002, 10404173003, 10404173004

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1,1-Trichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 09/29/17 12:020.19
1,1,2-Trichloroethane ug/L ND 0.50 09/29/17 12:020.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 09/29/17 12:020.28
1,1-Dichloroethane ug/L ND 0.50 09/29/17 12:020.14
1,1-Dichloroethene ug/L ND 0.50 09/29/17 12:020.18
1,1-Dichloropropene ug/L ND 0.50 09/29/17 12:020.18
1,2,3-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.14
1,2,4-Trichlorobenzene ug/L ND 0.50 09/29/17 12:020.18
1,2,4-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.098
1,2-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.21
1,2-Dichloroethane ug/L ND 0.50 09/29/17 12:020.15
1,2-Dichloropropane ug/L ND 4.0 09/29/17 12:020.62
1,3,5-Trimethylbenzene ug/L ND 0.50 09/29/17 12:020.18
1,3-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.16
1,3-Dichloropropane ug/L ND 0.50 09/29/17 12:020.13
1,4-Dichlorobenzene ug/L ND 0.50 09/29/17 12:020.10
2,2-Dichloropropane ug/L ND 1.0 09/29/17 12:020.40
2-Butanone (MEK) ug/L ND 5.0 09/29/17 12:022.4
2-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.20
2-Hexanone ug/L ND 5.0 09/29/17 12:022.5
2-Propanol ug/L ND 100 09/29/17 12:0220.6
4-Chlorotoluene ug/L ND 0.50 09/29/17 12:020.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 09/29/17 12:020.55
Acetone ug/L ND 20.0 09/29/17 12:028.8
Allyl chloride ug/L ND 4.0 09/29/17 12:021.0
Benzene ug/L ND 0.50 09/29/17 12:020.13
Bromobenzene ug/L ND 0.50 09/29/17 12:020.16
Bromochloromethane ug/L ND 1.0 09/29/17 12:020.38
Bromodichloromethane ug/L ND 0.50 09/29/17 12:020.20
Bromoform ug/L ND 4.0 09/29/17 12:021.0
Bromomethane ug/L ND 4.0 09/29/17 12:021.5
Carbon disulfide ug/L ND 1.0 09/29/17 12:020.37
Carbon tetrachloride ug/L ND 0.50 09/29/17 12:020.20
Chlorobenzene ug/L ND 0.50 09/29/17 12:020.14
Chloroethane ug/L ND 1.0 09/29/17 12:020.44
Chloroform ug/L ND 1.0 09/29/17 12:020.46
Chloromethane ug/L ND 4.0 09/29/17 12:021.1
cis-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.20
cis-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.12
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716395
Associated Lab Samples: 10404173001, 10404173002, 10404173003, 10404173004

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 09/29/17 12:020.13
Dibromomethane ug/L ND 1.0 09/29/17 12:020.50
Dichlorodifluoromethane ug/L ND 1.0 09/29/17 12:020.31
Dichlorofluoromethane ug/L ND 1.0 09/29/17 12:020.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 09/29/17 12:021.3
Diisopropyl ether ug/L ND 1.0 09/29/17 12:020.12
Ethanol ug/L ND 80.0 09/29/17 12:0226.4
Ethyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.13
Ethylbenzene ug/L ND 0.50 09/29/17 12:020.14
Hexachloro-1,3-butadiene ug/L ND 1.0 09/29/17 12:020.48
Isopropylbenzene (Cumene) ug/L ND 0.50 09/29/17 12:020.14
m&p-Xylene ug/L ND 1.0 09/29/17 12:020.24
Methyl-tert-butyl ether ug/L ND 0.50 09/29/17 12:020.14
Methylene Chloride ug/L ND 4.0 09/29/17 12:021.2
n-Butylbenzene ug/L ND 0.50 09/29/17 12:020.13
n-Propylbenzene ug/L ND 0.50 09/29/17 12:020.12
Naphthalene ug/L ND 1.0 09/29/17 12:020.42
o-Xylene ug/L ND 0.50 09/29/17 12:020.11
p-Isopropyltoluene ug/L ND 0.50 09/29/17 12:020.14
sec-Butylbenzene ug/L ND 0.50 09/29/17 12:020.12
Styrene ug/L ND 0.50 09/29/17 12:020.14
tert-Amylmethyl ether ug/L ND 0.50 09/29/17 12:020.12
tert-Butyl Alcohol ug/L ND 10.0 09/29/17 12:022.2
tert-Butylbenzene ug/L ND 0.50 09/29/17 12:020.15
Tetrachloroethene ug/L ND 0.50 09/29/17 12:020.16
Tetrahydrofuran ug/L ND 10.0 09/29/17 12:024.3
Toluene ug/L ND 0.50 09/29/17 12:020.17
trans-1,2-Dichloroethene ug/L ND 0.50 09/29/17 12:020.21
trans-1,3-Dichloropropene ug/L ND 0.50 09/29/17 12:020.14
Trichloroethene ug/L ND 0.40 09/29/17 12:020.18
Trichlorofluoromethane ug/L ND 0.50 09/29/17 12:020.13
Vinyl chloride ug/L ND 0.20 09/29/17 12:020.096
1,2-Dichloroethane-d4 (S) %. 106 75-137 09/29/17 12:02
4-Bromofluorobenzene (S) %. 101 75-125 09/29/17 12:02
Toluene-d8 (S) %. 104 75-125 09/29/17 12:02

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.220 101 75-136
1,1,1-Trichloroethane ug/L 20.720 104 75-129
1,1,2,2-Tetrachloroethane ug/L 21.620 108 71-138
1,1,2-Trichloroethane ug/L 21.620 108 75-125
1,1,2-Trichlorotrifluoroethane ug/L 20.020 100 69-126

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 40 of 253

40 of 353110404173



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 20.620 103 75-125
1,1-Dichloroethene ug/L 19.920 99 75-125
1,1-Dichloropropene ug/L 19.720 99 75-125
1,2,3-Trichlorobenzene ug/L 20.920 104 75-125
1,2,4-Trichlorobenzene ug/L 18.720 93 75-125
1,2,4-Trimethylbenzene ug/L 21.820 109 75-125
1,2-Dichlorobenzene ug/L 21.020 105 75-125
1,2-Dichloroethane ug/L 19.420 97 70-125
1,2-Dichloropropane ug/L 20.120 100 75-125
1,3,5-Trimethylbenzene ug/L 22.020 110 75-125
1,3-Dichlorobenzene ug/L 21.420 107 75-125
1,3-Dichloropropane ug/L 21.020 105 75-125
1,4-Dichlorobenzene ug/L 21.120 105 75-125
2,2-Dichloropropane ug/L 21.020 105 70-131
2-Butanone (MEK) ug/L 96.7100 97 69-125
2-Chlorotoluene ug/L 21.620 108 75-125
2-Hexanone ug/L 113100 113 73-129
2-Propanol ug/L 193200 97 50-150
4-Chlorotoluene ug/L 21.920 110 75-125
4-Methyl-2-pentanone (MIBK) ug/L 111100 111 73-125
Acetone ug/L 125100 125 66-126
Allyl chloride ug/L 19.620 98 71-125
Benzene ug/L 19.920 100 75-125
Bromobenzene ug/L 21.320 107 75-125
Bromochloromethane ug/L 20.920 104 75-126
Bromodichloromethane ug/L 20.020 100 75-133
Bromoform ug/L 17.420 87 62-142
Bromomethane ug/L 15.020 75 34-143
Carbon disulfide ug/L 18.120 91 71-125
Carbon tetrachloride ug/L 20.620 103 71-145
Chlorobenzene ug/L 20.820 104 75-125
Chloroethane ug/L 21.520 108 75-125
Chloroform ug/L 19.720 98 75-125
Chloromethane ug/L 19.220 96 54-125
cis-1,2-Dichloroethene ug/L 21.220 106 75-125
cis-1,3-Dichloropropene ug/L 19.620 98 75-125
Dibromochloromethane ug/L 20.020 100 74-141
Dibromomethane ug/L 20.120 101 75-125
Dichlorodifluoromethane ug/L 19.520 97 59-130
Dichlorofluoromethane ug/L 20.320 102 75-125
Diethyl ether (Ethyl ether) ug/L 20.620 103 75-125
Diisopropyl ether ug/L 19.420 97 69-125
Ethanol ug/L 414400 104 49-150
Ethyl-tert-butyl ether ug/L 20.220 101 73-125
Ethylbenzene ug/L 21.020 105 75-125
Hexachloro-1,3-butadiene ug/L 19.620 98 75-131
Isopropylbenzene (Cumene) ug/L 20.720 103 75-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716396LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 42.440 106 75-125
Methyl-tert-butyl ether ug/L 20.220 101 75-125
Methylene Chloride ug/L 19.220 96 73-125
n-Butylbenzene ug/L 20.920 105 75-125
n-Propylbenzene ug/L 21.520 108 75-125
Naphthalene ug/L 18.520 92 74-125
o-Xylene ug/L 20.620 103 75-125
p-Isopropyltoluene ug/L 20.520 103 75-125
sec-Butylbenzene ug/L 21.420 107 75-125
Styrene ug/L 19.220 96 75-125
tert-Amylmethyl ether ug/L 19.920 99 71-126
tert-Butyl Alcohol ug/L 219200 110 69-131
tert-Butylbenzene ug/L 21.520 107 75-125
Tetrachloroethene ug/L 20.920 104 75-125
Tetrahydrofuran ug/L 256 L3200 128 65-127
Toluene ug/L 20.320 102 75-125
trans-1,2-Dichloroethene ug/L 19.520 98 75-125
trans-1,3-Dichloropropene ug/L 19.620 98 75-125
Trichloroethene ug/L 20.520 103 75-125
Trichlorofluoromethane ug/L 21.120 106 71-140
Vinyl chloride ug/L 20.920 105 70-125
1,2-Dichloroethane-d4 (S) %. 106 75-137
4-Bromofluorobenzene (S) %. 99 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 101 75-137100 1 3020ND 20.1 20.0
1,1,1-Trichloroethane ug/L 20 103 75-139102 2 3020ND 20.7 20.3
1,1,2,2-Tetrachloroethane ug/L 20 103 60-14299 3 3020ND 20.5 19.8
1,1,2-Trichloroethane ug/L 20 102 75-128103 1 3020ND 20.3 20.6
1,1,2-Trichlorotrifluoroethane ug/L 20 111 62-150109 2 3020ND 22.2 21.8
1,1-Dichloroethane ug/L 20 99 70-12998 1 3020ND 19.9 19.6
1,1-Dichloroethene ug/L 20 102 67-141102 1 3020ND 20.4 20.5
1,1-Dichloropropene ug/L 20 103 64-144100 3 3020ND 20.6 20.0
1,2,3-Trichlorobenzene ug/L 20 113 66-139105 8 3020ND 22.6 20.9
1,2,4-Trichlorobenzene ug/L 20 99 65-13892 7 3020ND 19.9 18.5
1,2,4-Trimethylbenzene ug/L 20 105 65-143102 2 3020ND 20.9 20.4
1,2-Dichlorobenzene ug/L 20 104 68-13597 7 3020ND 20.8 19.4
1,2-Dichloroethane ug/L 20 91 73-12587 4 3020ND 18.3 17.5
1,2-Dichloropropane ug/L 20 96 64-13094 2 3020ND 19.1 18.7
1,3,5-Trimethylbenzene ug/L 20 108 64-146104 4 3020ND 21.5 20.8
1,3-Dichlorobenzene ug/L 20 104 69-135101 3 3020ND 20.9 20.1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 101 67-12899 1 3020ND 20.1 19.9
1,4-Dichlorobenzene ug/L 20 103 66-13498 5 3020ND 20.6 19.6
2,2-Dichloropropane ug/L 20 104 50-150102 2 3020ND 20.7 20.3
2-Butanone (MEK) ug/L 100 88 58-12587 1 30100ND 87.9 86.9
2-Chlorotoluene ug/L 20 103 65-138101 2 3020ND 20.6 20.2
2-Hexanone ug/L 100 105 61-134104 0 30100ND 105 104
2-Propanol ug/L 200 97 51-150100 3 30200ND 193 200
4-Chlorotoluene ug/L 20 108 68-135103 5 3020ND 21.7 20.7
4-Methyl-2-pentanone
(MIBK)

ug/L 100 104 61-130104 0 30100ND 104 104

Acetone ug/L 100 125 51-140126 1 30100ND 125 126
Allyl chloride ug/L 20 95 61-12594 1 3020ND 19.1 18.9
Benzene ug/L 20 97 63-13294 3 3020ND 19.4 18.9
Bromobenzene ug/L 20 103 67-138100 3 3020ND 20.7 20.0
Bromochloromethane ug/L 20 95 66-13893 2 3020ND 19.0 18.6
Bromodichloromethane ug/L 20 97 75-13794 3 3020ND 19.3 18.7
Bromoform ug/L 20 87 65-12986 1 3020ND 17.3 17.2
Bromomethane ug/L 20 81 41-15095 16 3020ND 16.2 19.0
Carbon disulfide ug/L 20 95 72-13293 2 3020ND 19.0 18.6
Carbon tetrachloride ug/L 20 106 75-150102 3 3020ND 21.1 20.4
Chlorobenzene ug/L 20 100 73-12797 3 3020ND 20.1 19.5
Chloroethane ug/L 20 104 74-138106 1 3020ND 20.9 21.1
Chloroform ug/L 20 94 74-12588 6 3020ND 18.7 17.6
Chloromethane ug/L 20 91 58-12992 1 3020ND 18.1 18.4
cis-1,2-Dichloroethene ug/L 20 98 63-13595 3 3020ND 19.5 19.0
cis-1,3-Dichloropropene ug/L 20 89 66-12988 2 3020ND 17.8 17.6
Dibromochloromethane ug/L 20 96 75-13394 3 3020ND 19.3 18.7
Dibromomethane ug/L 20 95 68-13493 3 3020ND 19.1 18.6
Dichlorodifluoromethane ug/L 20 109 72-150111 1 3020ND 21.8 22.1
Dichlorofluoromethane ug/L 20 99 75-129101 2 3020ND 19.8 20.2
Diethyl ether (Ethyl ether) ug/L 20 97 73-12594 3 3020ND 19.4 18.7
Diisopropyl ether ug/L 20 91 62-12890 1 3020ND 18.1 17.9
Ethanol ug/L 400 88 43-15092 5 30400ND 351 368
Ethyl-tert-butyl ether ug/L 20 92 63-13292 0 3020ND 18.4 18.4
Ethylbenzene ug/L 20 103 72-130103 0 3020ND 20.6 20.5
Hexachloro-1,3-butadiene ug/L 20 115 71-150113 1 3020ND 23.0 22.7
Isopropylbenzene (Cumene) ug/L 20 102 70-136100 2 3020ND 20.3 19.9
m&p-Xylene ug/L 40 104 64-142102 2 3040ND 41.6 40.7
Methyl-tert-butyl ether ug/L 20 93 72-12593 0 3020ND 18.7 18.6
Methylene Chloride ug/L 20 92 60-13289 3 3020ND 18.4 17.8
n-Butylbenzene ug/L 20 109 60-150105 4 3020ND 21.8 21.0
n-Propylbenzene ug/L 20 109 63-142103 6 3020ND 21.8 20.6
Naphthalene ug/L 20 92 67-12590 2 3020ND 18.5 18.0
o-Xylene ug/L 20 102 60-14398 4 3020ND 20.4 19.6
p-Isopropyltoluene ug/L 20 102 64-14699 3 3020ND 20.4 19.7
sec-Butylbenzene ug/L 20 110 67-144105 5 3020ND 22.0 20.9
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2716397MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2716398

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 91 67-13690 1 3020ND 18.3 18.0
tert-Amylmethyl ether ug/L 20 95 60-13492 3 3020ND 18.9 18.4
tert-Butyl Alcohol ug/L 200 95 56-14698 3 30200ND 190 197
tert-Butylbenzene ug/L 20 107 68-135102 5 3020ND 21.5 20.5
Tetrachloroethene ug/L 20 104 67-148100 4 3020ND 20.7 20.0
Tetrahydrofuran ug/L 200 128 51-141120 6 30200ND 256 240
Toluene ug/L 20 100 61-14097 3 3020ND 20.0 19.4
trans-1,2-Dichloroethene ug/L 20 97 62-13896 1 3020ND 19.3 19.2
trans-1,3-Dichloropropene ug/L 20 95 67-13492 2 3020ND 18.9 18.5
Trichloroethene ug/L 20 101 64-14999 2 3020ND 20.2 19.9
Trichlorofluoromethane ug/L 20 112 75-150116 3 3020ND 22.4 23.1
Vinyl chloride ug/L 20 107 75-133109 3 3020ND 21.3 21.9
1,2-Dichloroethane-d4 (S) %. 102 75-137103
4-Bromofluorobenzene (S) %. 100 75-12599
Toluene-d8 (S) %. 105 75-125104
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499246
EPA 8260B

EPA 8260B
8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10404173001, 10404173002, 10404173003, 10404173004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216
Associated Lab Samples: 10404173001, 10404173002, 10404173003, 10404173004

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498351
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709301
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 09/29/17 09:164.2
1,2-Dichlorobenzene ug/L ND 10.0 09/29/17 09:163.5
1,2-Diphenylhydrazine ug/L ND 10.0 09/29/17 09:161.3
1,3-Dichlorobenzene ug/L ND 10.0 09/29/17 09:164.2
1,4-Dichlorobenzene ug/L ND 10.0 09/29/17 09:163.4
1-Methylnaphthalene ug/L ND 10.0 09/29/17 09:162.1
2,4,5-Trichlorophenol ug/L ND 10.0 09/29/17 09:161.1
2,4,6-Trichlorophenol ug/L ND 10.0 09/29/17 09:161.1
2,4-Dichlorophenol ug/L ND 10.0 09/29/17 09:161.6
2,4-Dimethylphenol ug/L ND 50.0 09/29/17 09:162.8
2,4-Dinitrophenol ug/L ND 10.0 09/29/17 09:162.5
2,4-Dinitrotoluene ug/L ND 10.0 09/29/17 09:161.3
2,6-Dinitrotoluene ug/L ND 10.0 09/29/17 09:160.64
2-Chloronaphthalene ug/L ND 10.0 09/29/17 09:162.2
2-Chlorophenol ug/L ND 10.0 09/29/17 09:161.1
2-Methylnaphthalene ug/L ND 10.0 09/29/17 09:162.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 09/29/17 09:161.9
2-Nitroaniline ug/L ND 10.0 09/29/17 09:161.5
2-Nitrophenol ug/L ND 10.0 09/29/17 09:161.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 09/29/17 09:161.0
3,3'-Dichlorobenzidine ug/L ND 50.0 09/29/17 09:161.2
3-Nitroaniline ug/L ND 10.0 09/29/17 09:161.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 09/29/17 09:161.5
4-Bromophenylphenyl ether ug/L ND 10.0 09/29/17 09:162.3
4-Chloro-3-methylphenol ug/L ND 10.0 09/29/17 09:161.5
4-Chloroaniline ug/L ND 50.0 09/29/17 09:161.9
4-Chlorophenylphenyl ether ug/L ND 10.0 09/29/17 09:161.5
4-Nitroaniline ug/L ND 10.0 09/29/17 09:162.0
4-Nitrophenol ug/L ND 10.0 09/29/17 09:162.6
Benzoic acid ug/L ND 50.0 09/29/17 09:161.6
Benzyl alcohol ug/L ND 10.0 09/29/17 09:161.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 09/29/17 09:161.4
bis(2-Chloroethyl) ether ug/L ND 10.0 09/29/17 09:161.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 SS09/29/17 09:161.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 09/29/17 09:164.6
Butylbenzylphthalate ug/L ND 10.0 09/29/17 09:161.8
Carbazole ug/L ND 10.0 09/29/17 09:161.1
Di-n-butylphthalate ug/L ND 10.0 09/29/17 09:161.4
Di-n-octylphthalate ug/L ND 10.0 09/29/17 09:162.0
Dibenzofuran ug/L ND 10.0 09/29/17 09:161.6
Diethylphthalate ug/L ND 10.0 09/29/17 09:161.4
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709301
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 09/29/17 09:161.3
Hexachloro-1,3-butadiene ug/L ND 10.0 09/29/17 09:163.2
Hexachlorobenzene ug/L ND 10.0 09/29/17 09:162.2
Hexachlorocyclopentadiene ug/L ND 50.0 09/29/17 09:1618.8
Hexachloroethane ug/L ND 10.0 09/29/17 09:163.4
Isophorone ug/L ND 10.0 09/29/17 09:161.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 09/29/17 09:161.0
N-Nitrosodimethylamine ug/L ND 10.0 09/29/17 09:161.0
N-Nitrosodiphenylamine ug/L ND 10.0 09/29/17 09:161.1
Nitrobenzene ug/L ND 10.0 09/29/17 09:161.3
Phenol ug/L ND 10.0 09/29/17 09:161.2
Pyridine ug/L ND 10.0 09/29/17 09:162.5
2,4,6-Tribromophenol (S) %. 72 66-125 09/29/17 09:16
2-Fluorobiphenyl (S) %. 49 30-125 09/29/17 09:16
2-Fluorophenol (S) %. 58 49-125 09/29/17 09:16
Nitrobenzene-d5 (S) %. 54 44-125 09/29/17 09:16
p-Terphenyl-d14 (S) %. 69 31-125 09/29/17 09:16
Phenol-d6 (S) %. 58 59-125 S009/29/17 09:16

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709302LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709303

1,2,4-Trichlorobenzene ug/L 36.250 72 50-1257336.5 1 20
1,2-Dichlorobenzene ug/L 32.950 66 40-1257135.4 7 20
1,2-Diphenylhydrazine ug/L 44.950 90 66-1259045.1 1 20
1,3-Dichlorobenzene ug/L 33.150 66 37-1256733.4 1 20
1,4-Dichlorobenzene ug/L 33.150 66 38-1256833.8 2 20
1-Methylnaphthalene ug/L 42.250 84 64-1258240.9 3 20
2,4,5-Trichlorophenol ug/L 41.950 84 72-1258542.4 1 20
2,4,6-Trichlorophenol ug/L 42.350 85 70-1258442.0 1 20
2,4-Dichlorophenol ug/L 40.650 81 66-1257839.1 4 20
2,4-Dimethylphenol ug/L 35.8J50 72 30-1257236.1J 20
2,4-Dinitrophenol ug/L 34.950 70 30-1256632.9 6 20
2,4-Dinitrotoluene ug/L 45.050 90 74-1259044.8 0 20
2,6-Dinitrotoluene ug/L 44.450 89 75-1258442.2 5 20
2-Chloronaphthalene ug/L 42.450 85 68-1258240.9 4 20
2-Chlorophenol ug/L 36.950 74 59-1257738.7 5 20
2-Methylnaphthalene ug/L 42.050 84 63-1258341.4 1 20
2-Methylphenol(o-Cresol) ug/L 39.150 78 59-1257638.2 2 20
2-Nitroaniline ug/L 44.450 89 71-1259045.0 1 20
2-Nitrophenol ug/L 38.550 77 64-1257839.0 1 20
3&4-Methylphenol(m&p Cresol) ug/L 40.150 80 62-1257838.8 3 20
3,3'-Dichlorobenzidine ug/L 44.4J50 89 61-1259044.8J 20
3-Nitroaniline ug/L 46.650 93 60-1259145.3 3 20
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709302LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2709303

4,6-Dinitro-2-methylphenol ug/L 40.550 81 30-1367738.7 5 20
4-Bromophenylphenyl ether ug/L 44.150 88 73-1258643.2 2 20
4-Chloro-3-methylphenol ug/L 43.850 88 71-1258844.0 1 20
4-Chloroaniline ug/L 39.6J50 79 50-1258039.9J 20
4-Chlorophenylphenyl ether ug/L 43.450 87 72-1258642.9 1 20
4-Nitroaniline ug/L 42.650 85 63-1258442.2 1 20
4-Nitrophenol ug/L 42.550 85 66-1258542.6 0 20
Benzoic acid ug/L 26.3J 1M50 53 30-1255628.0J 20
Benzyl alcohol ug/L 40.150 80 63-1258140.4 1 20
bis(2-Chloroethoxy)methane ug/L 40.450 81 66-1257638.2 6 20
bis(2-Chloroethyl) ether ug/L 36.450 73 58-1257437.2 2 20
bis(2-Chloroisopropyl) ether ug/L 33.4 SS50 67 53-1257035.1 5 20
bis(2-Ethylhexyl)phthalate ug/L 50.650 101 73-12510251.1 1 20
Butylbenzylphthalate ug/L 48.650 97 73-1259648.2 1 20
Carbazole ug/L 44.050 88 75-1258944.4 1 20
Di-n-butylphthalate ug/L 47.050 94 75-1259346.6 1 20
Di-n-octylphthalate ug/L 49.650 99 75-12510049.8 0 20
Dibenzofuran ug/L 44.650 89 72-1258743.4 3 20
Diethylphthalate ug/L 45.650 91 75-1259045.1 1 20
Dimethylphthalate ug/L 44.850 90 75-1259044.8 0 20
Hexachloro-1,3-butadiene ug/L 35.950 72 39-1257035.0 3 20
Hexachlorobenzene ug/L 44.450 89 75-1258944.4 0 20
Hexachlorocyclopentadiene ug/L 22.5J50 45 30-1254723.6J 20
Hexachloroethane ug/L 31.850 64 30-1256733.4 5 20
Isophorone ug/L 43.050 86 70-1258442.1 2 20
N-Nitroso-di-n-propylamine ug/L 40.350 81 65-1258241.1 2 20
N-Nitrosodimethylamine ug/L 34.950 70 46-1257537.7 8 20
N-Nitrosodiphenylamine ug/L 42.450 85 72-1258743.5 3 20
Nitrobenzene ug/L 38.750 77 65-1257738.3 1 20
Phenol ug/L 36.950 74 60-1257336.4 1 20
Pyridine ug/L ND L250 2 30-1250ND 20
2,4,6-Tribromophenol (S) %. 96 66-12597
2-Fluorobiphenyl (S) %. 75 30-12572
2-Fluorophenol (S) %. 74 49-12577
Nitrobenzene-d5 (S) %. 71 44-12570
p-Terphenyl-d14 (S) %. 85 31-12584
Phenol-d6 (S) %. 78 59-12578
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498136
EPA Mod. 3510C

EPA 8270D by SIM
8270D PAH by SIM MSSV

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2708311
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L 0.011J 0.040 09/22/17 11:250.0056
Acenaphthylene ug/L 0.010J 0.040 09/22/17 11:250.0066
Anthracene ug/L 0.011J 0.040 09/22/17 11:250.0079
Benzo(a)anthracene ug/L 0.015J 0.040 09/22/17 11:250.0078
Benzo(a)pyrene ug/L 0.017J 0.040 09/22/17 11:250.0043
Benzo(b)fluoranthene ug/L 0.013J 0.040 09/22/17 11:250.0048
Benzo(e)pyrene ug/L 0.015J 0.040 09/22/17 11:250.0055
Benzo(g,h,i)perylene ug/L 0.014J 0.040 09/22/17 11:250.0075
Benzo(k)fluoranthene ug/L 0.016J 0.040 09/22/17 11:250.0048
Chrysene ug/L 0.012J 0.040 09/22/17 11:250.0058
Dibenz(a,h)anthracene ug/L ND 0.040 09/22/17 11:250.011
Fluoranthene ug/L 0.014J 0.040 09/22/17 11:250.0072
Fluorene ug/L ND 0.040 09/22/17 11:250.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 09/22/17 11:250.0036
Naphthalene ug/L ND 0.040 09/22/17 11:250.0075
Phenanthrene ug/L 0.013J 0.040 09/22/17 11:250.0088
Pyrene ug/L 0.013J 0.040 09/22/17 11:250.0084
2-Fluorobiphenyl (S) %. 73 55-125 09/22/17 11:25
p-Terphenyl-d14 (S) %. 80 64-125 09/22/17 11:25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708312LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.541 54 51-125
Acenaphthylene ug/L 0.561 56 54-125
Anthracene ug/L 0.721 72 64-125
Benzo(a)anthracene ug/L 0.761 76 63-125
Benzo(a)pyrene ug/L 0.841 84 72-125
Benzo(b)fluoranthene ug/L 0.811 81 60-125
Benzo(e)pyrene ug/L 0.781 78 69-125
Benzo(g,h,i)perylene ug/L 0.791 79 52-125
Benzo(k)fluoranthene ug/L 0.781 78 71-125
Chrysene ug/L 0.761 76 72-125
Dibenz(a,h)anthracene ug/L 0.811 81 49-125
Fluoranthene ug/L 0.811 81 71-125
Fluorene ug/L 0.571 57 56-125
Indeno(1,2,3-cd)pyrene ug/L 0.831 83 59-125
Naphthalene ug/L 0.551 55 41-125
Phenanthrene ug/L 0.651 65 57-125
Pyrene ug/L 0.711 71 71-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708312LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 59 55-125
p-Terphenyl-d14 (S) %. 78 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2708313MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2708314

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 56 43-12557 5 301.1ND 0.59 0.62
Acenaphthylene ug/L 1 57 42-12557 3 301.1ND 0.60 0.62
Anthracene ug/L 1 70 59-12570 5 301.1ND 0.72 0.76
Benzo(a)anthracene ug/L 1 74 56-12575 6 301.1ND 0.77 0.81
Benzo(a)pyrene ug/L 1 81 66-12581 4 301.1ND 0.85 0.89
Benzo(b)fluoranthene ug/L 1 78 56-12580 6 301.1ND 0.81 0.87
Benzo(e)pyrene ug/L 1 75 61-12575 4 301.1ND 0.78 0.82
Benzo(g,h,i)perylene ug/L 1 79 58-12576 0 301.1ND 0.83 0.83
Benzo(k)fluoranthene ug/L 1 75 64-12577 7 301.1ND 0.78 0.84
Chrysene ug/L 1 75 61-12575 5 301.1ND 0.78 0.82
Dibenz(a,h)anthracene ug/L 1 81 56-12576 3 301.1ND 0.85 0.82
Fluoranthene ug/L 1 78 64-12579 5 301.1ND 0.82 0.86
Fluorene ug/L 1 59 53-12557 2 301.1ND 0.61 0.62
Indeno(1,2,3-cd)pyrene ug/L 1 81 57-12580 2 301.1ND 0.85 0.87
Naphthalene ug/L 1 54 30-12555 6 301.1ND 0.56 0.60
Phenanthrene ug/L 1 65 52-12564 3 301.1ND 0.67 0.69
Pyrene ug/L 1 71 58-12571 4 301.1ND 0.74 0.77
2-Fluorobiphenyl (S) %. 60 55-12559
p-Terphenyl-d14 (S) %. 77 64-12575
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498353
EPA Mod. 3510C

EPA 8270D by SIM
8270D PCP MSSV

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2709309
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 09/27/17 20:280.28
2,4,6-Tribromophenol (S) %. 88 30-132 09/27/17 20:28

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2709310LABORATORY CONTROL SAMPLE:
LCSSpike

Pentachlorophenol ug/L 0.661 66 30-127
2,4,6-Tribromophenol (S) %. 77 30-132

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2709311MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2709312

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Pentachlorophenol ug/L M11.1 8 30-1258 301ND ND ND
2,4,6-Tribromophenol (S) %. 32 30-13230
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500190
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2719373
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/03/17 09:291.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/03/17 09:291.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/03/17 09:291.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/03/17 09:291.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2719374LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2719375

Alkalinity, Total as CaCO3 mg/L 43.140 108 90-11010642.5 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719376MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404228011

2719377

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 123 80-120107 4 3040128 177 171

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719378MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404173002

2719379

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 119 80-12097 2 3040316 363 354
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499073
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2713582
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 09/27/17 11:385.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2713583LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9261000 93 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10404348003
2713584SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 292 1 10296

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10404348002
2713761SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 396 1 10398
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498185
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2708491
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/22/17 11:000.0070
Chloride mg/L ND 1.2 09/22/17 11:000.14
Fluoride mg/L ND 0.050 09/22/17 11:000.0028
Nitrate as N mg/L ND 0.10 09/22/17 11:000.0079
Nitrite as N mg/L ND 0.10 09/22/17 11:000.016
Sulfate mg/L ND 1.2 09/22/17 11:000.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2708492LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.412.5 99 90-110
Fluoride mg/L 0.941 94 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.961 96 90-110
Sulfate mg/L 12.012.5 96 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2708493MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404160001

2708494

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 92 90-11091 0 2010.090 1.0 1.0
Chloride mg/L M112.5 82 90-11081 0 2012.514.7 24.9 24.8
Fluoride mg/L 1 90 90-11090 0 2010.22 1.1 1.1
Nitrate as N mg/L M11 45 90-11043 0 2014.2 4.6 4.6
Nitrite as N mg/L 1 91 90-11091 0 201<0.016 0.91 0.91
Sulfate mg/L M112.5 83 90-11082 0 2012.513.2 23.6 23.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2708495MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404160002

2708496

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 91 90-11094 3 2010.055J 0.96 0.99
Chloride mg/L 12.5 91 90-11095 3 2012.55.4 16.7 17.3
Fluoride mg/L M11 88 90-11092 4 2010.29 1.2 1.2
Nitrate as N mg/L M11 67 90-11077 3 2012.5 3.2 3.3
Nitrite as N mg/L M11 89 90-11093 4 201<0.016 0.89 0.93
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2708495MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404160002

2708496

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M112.5 87 90-11091 3 2012.59.2 20.0 20.6
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

268529
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10404173001, 10404173002, 10404173003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1577694
Associated Lab Samples: 10404173001, 10404173002, 10404173003

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/26/17 13:560.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1577695LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 101 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1577696MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

1577697

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 111 80-120110 0 1010.40J 1.5 1.5
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QUALIFIERS

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte was detected in the associated method blank.B
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Analyte recovery in the laboratory control sample (LCS) exceeded QC limits. Analyte presence below reporting limits in
associated samples.

L3

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Surrogate recovery outside laboratory control limits.S0
Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3
This analyte did not meet the secondary source verification criteria for the initial calibration. The reported result should be
considered an estimated value.

SS
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10404173
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10404173001 498519 498808PGDW45-09202017 EPA 3010 EPA 6010C
10404173002 498519 498808PGDW49-09202017 EPA 3010 EPA 6010C
10404173003 498519 498808PGDW33-09202017 EPA 3010 EPA 6010C

10404173001 498322 498798PGDW45-09202017 EPA 3020 EPA 6020A
10404173002 498322 498798PGDW49-09202017 EPA 3020 EPA 6020A
10404173003 498322 498798PGDW33-09202017 EPA 3020 EPA 6020A

10404173001 498351 499635PGDW45-09202017 EPA 3520 EPA 8270D
10404173002 498351 499635PGDW49-09202017 EPA 3520 EPA 8270D
10404173003 498351 499635PGDW33-09202017 EPA 3520 EPA 8270D

10404173001 498136 498356PGDW45-09202017 EPA Mod. 3510C EPA 8270D by SIM
10404173002 498136 498356PGDW49-09202017 EPA Mod. 3510C EPA 8270D by SIM
10404173003 498136 498356PGDW33-09202017 EPA Mod. 3510C EPA 8270D by SIM

10404173001 498353 498854PGDW45-09202017 EPA Mod. 3510C EPA 8270D by SIM
10404173002 498353 498854PGDW49-09202017 EPA Mod. 3510C EPA 8270D by SIM
10404173003 498353 498854PGDW33-09202017 EPA Mod. 3510C EPA 8270D by SIM

10404173001 499620PGDW45-09202017 EPA 8260B
10404173002 499620PGDW49-09202017 EPA 8260B
10404173003 499620PGDW33-09202017 EPA 8260B
10404173004 499620Trip Blank-09202017 EPA 8260B

10404173001 499246PGDW45-09202017 EPA 8260B
10404173002 499246PGDW49-09202017 EPA 8260B
10404173003 499246PGDW33-09202017 EPA 8260B
10404173004 499246Trip Blank-09202017 EPA 8260B

10404173001 500190PGDW45-09202017 SM 2320B
10404173002 500190PGDW49-09202017 SM 2320B
10404173003 500190PGDW33-09202017 SM 2320B

10404173001 499073PGDW45-09202017 SM 2540C
10404173002 499073PGDW49-09202017 SM 2540C
10404173003 499073PGDW33-09202017 SM 2540C

10404173001 498185PGDW45-09202017 EPA 300.0
10404173002 498185PGDW49-09202017 EPA 300.0
10404173003 498185PGDW33-09202017 EPA 300.0

10404173001 268529PGDW45-09202017 SM 5310C
10404173002 268529PGDW49-09202017 SM 5310C
10404173003 268529PGDW33-09202017 SM 5310C
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Samples are effervescent as noted on the COC

9/21/17

Page 60 of 253

60 of 353110404173



Page 61 of 253

61 of 353110404173



Page 62 of 253

62 of 353110404173



Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Lab Smp Id: 10404173001
Inj Date : 29-SEP-2017 18:40
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 180464 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 1927178 1067.90141 1070 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Lab Smp Id: 10404173001
Inj Date : 29-SEP-2017 18:40
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected.

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 115482 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 197006 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 173498 54.3340 54.3(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 351597 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 46280 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 407560 52.6526 52.6

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 302873 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 140222 50.8254 50.8

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 144196 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Lab Smp Id: 10404173001
Inj Date : 29-SEP-2017 18:40
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173001
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 180464 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 1927178 1067.90141 1070 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272025.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404173001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 29-SEP-2017 18:40

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.865| 1070| _J__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Lab Smp Id: 10404173002
Inj Date : 29-SEP-2017 19:03
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173002
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

- NO TENTATIVELY IDENTIFIED COMPOUNDS -
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Lab Smp Id: 10404173002
Inj Date : 29-SEP-2017 19:03
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173002
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 1090 0.17783 0.18(a)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected. (D)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 119696 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.

Page 71 of 253

71 of 353110404173



Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.980 3.979 (1.000) 199062 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 176857 54.8139 54.8(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.424 (1.000) 339355 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.979 4.979 (1.000) 43746 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 412273 52.2290 52.2

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 308860 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.954 (0.918) 140552 49.6856 49.7

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 147851 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Lab Smp Id: 10404173002
Inj Date : 29-SEP-2017 19:03
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173002
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

- NO TENTATIVELY IDENTIFIED COMPOUNDS -
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272026.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404173002
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 29-SEP-2017 19:03

CONCENTRATION UNITS:
Number TICs found: 0 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Lab Smp Id: 10404173003
Inj Date : 29-SEP-2017 19:27
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173003
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 187364 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 1048045 559.361438 559 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Lab Smp Id: 10404173003
Inj Date : 29-SEP-2017 19:27
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173003
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected.

18 2-Propanol 45 Compound Not Detected. (D)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 112072 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected. (D)

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.979 (1.000) 196536 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 174110 54.6561 54.6(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.424 (1.000) 354274 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 46614 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 412069 52.5492 52.5

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 306826 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.954 (0.918) 141611 50.3190 50.3

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 147090 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected. (D)

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Lab Smp Id: 10404173003
Inj Date : 29-SEP-2017 19:27
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173003
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 03-Oct-2017 16:10 ahamilton Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 27
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 187364 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.865 1048045 559.361438 559 0 0 20
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272027.D
Report Date: 03-Oct-2017 16:12

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404173003
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 29-SEP-2017 19:27

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.865| 559| _J__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Lab Smp Id: 10404173004
Inj Date : 29-SEP-2017 13:36
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173004,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 12
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 746 0.11755 0.12(a)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.919 (0.386) 53244 148.636 149

19 Methylene Chloride 84 Compound Not Detected. (D)

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 118199 100.000

21 Acetone 58 1.992 1.998 (1.016) 2971 1.61290 1.6(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.979 (1.000) 206102 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 174444 52.2192 52.2(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.424 (1.000) 357880 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 48947 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 421327 52.4664 52.5

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 314215 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.954 (0.918) 144374 49.8832 49.9

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 151270 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Lab Smp Id: 10404173004
Inj Date : 29-SEP-2017 13:36
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404173004,,tb
Misc Info : 41618
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\092917A.b\V617-41553.m
Meth Date : 02-Oct-2017 08:38 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 12
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 0.919 0.919 (0.231) 746 0.11755 0.12(a)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.919 (0.386) 53244 148.636 149

19 Methylene Chloride 84 Compound Not Detected. (D)

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 118199 100.000

21 Acetone 58 1.992 1.998 (1.016) 2971 1.61290 1.6(Q)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.979 (1.000) 206102 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 174444 52.2192 52.2(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.424 (1.000) 357880 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.979 (1.000) 48947 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 421327 52.4664 52.5

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\092917A.b\272012.D
Report Date: 02-Oct-2017 10:11

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.284 6.284 (1.000) 314215 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.954 (0.918) 144374 49.8832 49.9

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 151270 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D
Lab Smp Id: 10404173001 Client Smp ID: PGDW45-09202017
Inj Date : 29-SEP-2017 19:06
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173001,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 24
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 475119 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

1.861 115817 9.75053643 10.2 12 NIST05.L 2487 9

Benzaldehyde, 4-benzyloxy-2-fluoro-5-hyd CAS #: 141523-16-2

2.326 49808 4.19333258 4.4 50 NIST05.L 89118 9
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 1
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D
Lab Smp Id: 10404173001 Client Smp ID: PGDW45-09202017
Inj Date : 29-SEP-2017 19:06
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173001,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 24
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.175 3.170 (0.719) 164362 73.8851 77.0

$ 4 Phenol-d6 (S) 99 4.046 4.046 (0.916) 203791 76.3711 79.6

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.415 4.415 (1.000) 71857 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.029 5.034 (0.860) 137611 46.9488 48.9

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 2
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.846 5.852 (1.000) 267961 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.150 7.155 (0.895) 267372 50.9358 53.0

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.989 7.994 (1.000) 129430 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected.

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.977 8.988 (1.124) 65779 94.6207 98.6

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.842 9.842 (1.000) 252874 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.830 11.830 (0.900) 361593 62.1802 64.8

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 13.122 13.128 (0.998) 40432 7.24716 7.5

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.144 13.149 (1.000) 242345 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 3
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.853 14.859 (1.000) 259165 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D
Lab Smp Id: 10404173001 Client Smp ID: PGDW45-09202017
Inj Date : 29-SEP-2017 19:06
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173001,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 24
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 475119 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

2-Propanol, 1-chloro- CAS #: 127-00-4

1.861 115817 9.75053643 10.2 12 NIST05.L 2487 9

Benzaldehyde, 4-benzyloxy-2-fluoro-5-hyd CAS #: 141523-16-2

2.326 49808 4.19333258 4.4 50 NIST05.L 89118 9
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291725.D Page 5
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092917
Lab Smp Id: 10404173001 Client Smp ID: PGDW45-09202017
Operator : AT1 Sample Date: 20-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:21-SEP-2017 12:45
Analysis Type: SV Level: LOW
Inj Date: 29-SEP-2017 19:06

CONCENTRATION UNITS:
Number TICs found: 2 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 127-00-4 |2-Propanol, 1-chloro- | 1.861| 10.2| NJ__|
| 2. 141523-16-2|Benzaldehyde, 4-benzyloxy-2| 2.326| 4.4| NJ__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D
Lab Smp Id: 10404173002 Client Smp ID: PGDW49-09202017
Inj Date : 29-SEP-2017 19:34
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173002,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 880.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 468643 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Ethyl Chloride CAS #: 75-00-3

1.861 101443 8.65847276 9.8 35 NIST05.L 342 9

Page 98 of 253

98 of 353110404173



Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 1
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D
Lab Smp Id: 10404173002 Client Smp ID: PGDW49-09202017
Inj Date : 29-SEP-2017 19:34
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173002,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 880.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.175 3.170 (0.719) 165675 75.1509 85.4

$ 4 Phenol-d6 (S) 99 4.051 4.046 (0.918) 209823 79.3449 90.2

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.414 4.415 (1.000) 71211 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.029 5.034 (0.859) 146910 51.4209 58.4

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 2
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.851 5.852 (1.000) 261189 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.150 7.155 (0.895) 289915 55.4587 63.0

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.988 7.994 (1.000) 128897 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected.

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.982 8.988 (1.124) 67459 97.4386 111

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.842 9.842 (1.000) 255515 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.829 11.830 (0.900) 363897 63.1594 71.8

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected. (D)

* 76 Chrysene-d12 (IS) 240 13.144 13.149 (1.000) 240108 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 3
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.853 14.859 (1.000) 251644 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D
Lab Smp Id: 10404173002 Client Smp ID: PGDW49-09202017
Inj Date : 29-SEP-2017 19:34
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173002,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 25
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 880.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 468643 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Ethyl Chloride CAS #: 75-00-3

1.861 101443 8.65847276 9.8 35 NIST05.L 342 9
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291726.D Page 5
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092917
Lab Smp Id: 10404173002 Client Smp ID: PGDW49-09202017
Operator : AT1 Sample Date: 20-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:21-SEP-2017 12:45
Analysis Type: SV Level: LOW
Inj Date: 29-SEP-2017 19:34

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 75-00-3 |Ethyl Chloride | 1.861| 9.8| NJ__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D
Lab Smp Id: 10404173003 Client Smp ID: PGDW33-09202017
Inj Date : 29-SEP-2017 20:02
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173003,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 458497 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Ethyl Chloride CAS #: 75-00-3

1.861 79154 6.90552647 7.1 12 NIST05.L 342 9
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 1
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D
Lab Smp Id: 10404173003 Client Smp ID: PGDW33-09202017
Inj Date : 29-SEP-2017 20:02
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173003,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.175 3.170 (0.719) 154454 71.6611 73.9

$ 4 Phenol-d6 (S) 99 4.046 4.046 (0.916) 194350 75.1723 77.5

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 4.414 4.415 (1.000) 69621 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.029 5.034 (0.859) 136506 48.6526 50.2

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 2
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected.

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 5.851 5.852 (1.000) 256501 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 7.150 7.155 (0.895) 268706 52.3971 54.0

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 7.988 7.994 (1.000) 126448 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected.

58 1,2-Diphenylhydrazine 77 Compound Not Detected.

$ 59 2,4,6-Tribromophenol (S) 330 8.982 8.988 (1.124) 60491 89.0661 91.8

60 4-Bromophenylphenyl ether 248 Compound Not Detected.

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 9.842 9.842 (1.000) 248024 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 11.824 11.830 (0.900) 350841 61.5007 63.4

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 13.144 13.149 (1.000) 237737 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 3
Report Date: 05-Oct-2017 14:48

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 14.853 14.859 (1.000) 246296 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 4
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D
Lab Smp Id: 10404173003 Client Smp ID: PGDW33-09202017
Inj Date : 29-SEP-2017 20:02
Operator : AT1 Inst ID: 10mss9.i
Smp Info : 10404173003,
Misc Info : 16824,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mss9.i\092917.b\091017-8270MSS9_16703.m
Meth Date : 05-Oct-2017 14:47 jlries Quant Type: ISTD
Cal Date : 10-SEP-2017 18:24 Cal File: 09101710.D
Als bottle: 26
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt / (Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 Unit Factor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 970.000 Volume of sample extracted (mL)
Vi 1.000 Volume of Sample Injected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 4.415 458497 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Ethyl Chloride CAS #: 75-00-3

1.861 79154 6.90552647 7.1 12 NIST05.L 342 9
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Data File: \\192.168.10.12\chem\10mss9.i\092917.b\09291727.D Page 5
Report Date: 05-Oct-2017 14:48

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSS9-092917
Lab Smp Id: 10404173003 Client Smp ID: PGDW33-09202017
Operator : AT1 Sample Date: 20-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:21-SEP-2017 12:45
Analysis Type: SV Level: LOW
Inj Date: 29-SEP-2017 20:02

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 75-00-3 |Ethyl Chloride | 1.861| 7.1| NJ__|
|________________|___________________________|________|_____________|_____|
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05-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091408

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 3 samples on 23-Sep-2017 09:45 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 10.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 05-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091408
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091408-01 PGDW45-09202017 Water 9/20/2017 09:20 9/23/2017 09:45
17091408-02 PGDW49-09202017 Water 9/20/2017 12:10 9/23/2017 09:45
17091408-03 PGDW33-09202017 Water 9/20/2017 14:20 9/23/2017 09:45

Sample Summary Page 1 of  1
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Date: 05-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091408
Case Narrative

Samples for the above noted Work Order were received on 09/23/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 05-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091408

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW45-09202017

Collection Date: 9/20/2017 09:20 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091408

Dilution
Factor

Lab ID: 17091408-01

ALS Group, USA Date: 05-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/26/2017 06:36 PM0.10 mg/L 1ND

Analytical Results Page 1 of  3

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW49-09202017

Collection Date: 9/20/2017 12:10 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091408

Dilution
Factor

Lab ID: 17091408-02

ALS Group, USA Date: 05-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/26/2017 06:45 PM0.10 mg/L 1ND

Analytical Results Page 2 of  3

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW33-09202017

Collection Date: 9/20/2017 02:20 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091408

Dilution
Factor

Lab ID: 17091408-03

ALS Group, USA Date: 05-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 9/26/2017 06:54 PM0.10 mg/L 1ND

Analytical Results Page 3 of  3

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 05-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091408
QC BATCH REPORT

Batch ID: R221109 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:41 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667000

MBLK

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221109-R221109

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:50 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667001

LCS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221109-R221109

0025Acrylamide 107  50-1500.1026.64

Qual
RPD 
Limit

Analysis Date: 9/26/2017 05:59 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667003

MS

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMS

0050Acrylamide 97.2  50-1500.2048.62

Qual
RPD 
Limit

Analysis Date: 9/26/2017 06:08 PM

Prep Date: 9/26/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4667004

MSD

Run ID: HPLC2_170926A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091256-01AMSD

48.62050Acrylamide 95.9  50-150 300.20 1.3947.95

The following samples were analyzed in this batch: 17091408-
01A

17091408-
02A

17091408-
03A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091408

Date/Time Received: 23-Sep-17 09:45

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 5.0/5.0 c

Login Notes:

SR2

Cooler(s)/Kit(s):

23-Sep-17 25-Sep-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/23/2017 10:36:49 AM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1734086

Pace Analytical Services

10404173

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/05/17

Eight Walkup Drive, Westborough, MA  01581-1019

Lab Number:

Report Date:

508-898-9220  (Fax) 508-898-9193  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10051715:17
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L1734086-01

L1734086-02

L1734086-03

Alpha 
Sample ID

PGDW45-09202017

PGDW49-09202017

PGDW33-09202017

Client ID

WY

WY

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10404173

Project Name:
Project Number:

Lab Number: 
Report Date:

L1734086
10/05/17

09/20/17 09:20

09/20/17 12:10

09/20/17 14:20

Collection 
Date/TimeMatrix Receive Date

WATER

WATER

WATER

09/23/17

09/23/17

09/23/17

Serial_No:10051715:17
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1209662 PAVILLION WY WELL FLD

10404173

Project Name:

Project Number:

Lab Number:

Report Date:
L1734086

10/05/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/05/17                  

Serial_No:10051715:17
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ORGANICS

Serial_No:10051715:17
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PESTICIDES

Serial_No:10051715:17
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

10/05/17

PGDW45-09202017Client ID:
09/20/17 09:20Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 09:28
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:17
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

63

78

68

79

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW45-09202017Client ID:
09/20/17 09:20Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:17
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

0.0005

0.0021

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0052

0.0005

0.0263

0.0263

10/05/17

PGDW49-09202017Client ID:
09/20/17 12:10Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-02Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 10:02
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:17
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

60

75

62

77

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW49-09202017Client ID:
09/20/17 12:10Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-02Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:17
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0049

0.0004

0.0245

0.0245

10/05/17

PGDW33-09202017Client ID:
09/20/17 14:20Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-03Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 10:36
DP

EPA 3510C
Extraction Date: 09/25/17 11:00

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051715:17
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404173

L1734086

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

61

59

65

61

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW33-09202017Client ID:
09/20/17 14:20Date Collected:
09/23/17Date Received:

WYSample Location:

L1734086-03Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051715:17
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404173

L1734086

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-03    Batch:   WG1045188-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10051715:17
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404173

L1734086

10/03/17 04:22
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/25/17 11:00

10/05/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01-03    Batch:   WG1045188-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

67

69

73

69

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10051715:17
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 82

 69

 74

 83

 91

 75

 76

 82

 77

 81

 78

 78

 83

 88

 76

 80

 82

 84

 83

 85

 72

 87

 84

79

66

71

80

88

72

74

81

75

81

77

78

83

88

76

80

83

85

83

85

69

87

85

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

4

4

4

4

3

5

3

1

2

1

1

1

1

0

0

0

0

0

0

0

5

0

1

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-03    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404173

L1734086

10/05/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10051715:17
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Endrin ketone

Methoxychlor

Mirex

 100

 78

 70

101

80

70

40-140

40-140

40-140

1

2

0

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-03    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404173

L1734086

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10051715:17
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Heptachlor epoxide

Oxychlordane

 85

 84

84

82

40-140

40-140

2

3

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01-03    Batch:   WG1045188-2   WG1045188-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404173

L1734086

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

70
63
75
62

30-150
30-150
30-150
30-150

A
A
B
B

66
64
69
63

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10051715:17
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*Values in parentheses indicate holding time in days

L1734086-01A

L1734086-01B

L1734086-02A

L1734086-02B

L1734086-03A

L1734086-03B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

A

A

A

A

7

7

7

7

7

7

3.0

3.0

3.0

3.0

3.0

3.0

Y

Y

Y

Y

Y

Y

Present/Intact

Present/Intact

Present/Intact

Present/Intact

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10404173

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1734086Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/05/17

Were project specific reporting limits specified? YES

7

7

7

7

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10051715:17
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Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17340861209662 PAVILLION WY WELL FLD

10404173 10/05/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17340861209662 PAVILLION WY WELL FLD

10404173 10/05/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17340861209662 PAVILLION WY WELL FLD

10404173

REFERENCES 

10/05/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662

Dear Amanda Albrecht:

23958

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, September 22, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 3 of 14

SAMPLE SUMMARY

Workorder: 23958 PAVILLION / 1209662

Lab ID Sample ID Matrix Date Collected Date Received

239580001 PGDW45-09202017 Water 9/20/2017 09:20 9/22/2017 09:16

239580002 PGDW49-09202017 Water 9/20/2017 12:10 9/22/2017 09:16

239580003 PGDW33-09202017 Water 9/20/2017 14:20 9/22/2017 09:16

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 4 of 14

PROJECT SUMMARY

Workorder: 23958 PAVILLION / 1209662

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6368 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 23958 PAVILLION / 1209662

9/22/2017 09:16

PGDW45-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239580001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 09:20

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/7/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/7/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.050J ug/l 0.50 1 9/27/2017 15:30 MM n0.016
Ethane 0.0030U ug/l 0.10 1 9/27/2017 15:30 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 15:30 MM n0.0040
Propane 0.0073J ug/l 0.10 1 9/27/2017 15:30 MM n0.0050
Propene 0.012U ug/l 0.10 1 9/27/2017 15:30 MM n0.012
Carbon Dioxide 34 mg/l 5.0 1 9/27/2017 15:30 MM n0.32
iso-Butane 0.021J ug/l 0.20 1 9/27/2017 15:30 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:30 MM n0.012
Oxygen 5.4 mg/l 0.50 1 9/27/2017 15:30 MM n0.12
Nitrogen 21 mg/l 2.0 1 9/27/2017 15:30 MM n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:30 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/5/2017 12:04 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 09:35 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 09:35 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 18:01 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 18:01 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/28/2017 18:01 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/20/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/20/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 23958 PAVILLION / 1209662

9/22/2017 09:16

PGDW49-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239580002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 12:10

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/7/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/7/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.079J ug/l 0.50 1 9/27/2017 15:43 MM n0.016
Ethane 0.0096J ug/l 0.10 1 9/27/2017 15:43 MM n0.0030
Ethene 0.0052J ug/l 0.10 1 9/27/2017 15:43 MM n0.0040
Propane 0.011J ug/l 0.10 1 9/27/2017 15:43 MM n0.0050
Propene 0.015J ug/l 0.10 1 9/27/2017 15:43 MM n0.012
Carbon Dioxide 21 mg/l 5.0 1 9/27/2017 15:43 MM n0.32
iso-Butane 0.021J ug/l 0.20 1 9/27/2017 15:43 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:43 MM n0.012
Oxygen 6.2 mg/l 0.50 1 9/27/2017 15:43 MM n0.12
Nitrogen 25 mg/l 2.0 1 9/27/2017 15:43 MM n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:43 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/5/2017 12:33 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 09:46 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 09:46 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 19:03 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 19:03 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/28/2017 19:03 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/20/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/20/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 7 of 14

ANALYTICAL RESULTS

Workorder: 23958 PAVILLION / 1209662

9/22/2017 09:16

PGDW33-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239580003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 14:20

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/7/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/7/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 30 ug/l 0.50 1 9/27/2017 15:56 MM n0.016
Ethane 0.028J ug/l 0.10 1 9/27/2017 15:56 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 15:56 MM n0.0040
Propane 0.017J ug/l 0.10 1 9/27/2017 15:56 MM n0.0050
Propene 0.027J ug/l 0.10 1 9/27/2017 15:56 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 15:56 MM n0.32
iso-Butane 0.14J ug/l 0.20 1 9/27/2017 15:56 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:56 MM n0.012
Oxygen 4.6 mg/l 0.50 1 9/27/2017 15:56 MM n0.12
Nitrogen 27 mg/l 2.0 1 9/27/2017 15:56 MM n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:56 MM n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/6/2017 09:15 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 09:56 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 09:56 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 20:06 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 20:06 BW M4,M2,n5.0
Hexane Plus 36 ug/l 25 1 9/28/2017 20:06 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/20/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/20/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23958 - 1073005 Page 8 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23958 PAVILLION / 1209662

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 23958 - 1073005 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 23958 PAVILLION / 1209662

QC Batch:

QC Batch Method:

DISG/6366

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239580001, 239580002, 239580003

METHOD BLANK: 51166

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 51167

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51168 51170

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
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Report ID: 23958 - 1073005 Page 10 of 14

QUALITY CONTROL DATA

Workorder: 23958 PAVILLION / 1209662

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51169 51171

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 n120 101 2 20
Oxygen mg/l 11 11 95 80-120 n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 n2.3 113 8.3 20
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Report ID: 23958 - 1073005 Page 11 of 14

QUALITY CONTROL DATA

Workorder: 23958 PAVILLION / 1209662

QC Batch:

QC Batch Method:

DISG/6368

AM30

Analysis Method: AM30

Associated Lab Samples: 239580001, 239580002, 239580003

METHOD BLANK: 51208

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51209

RISK
Helium 570ug/l 670 M1,n118 80-120
Hydrogen 290ug/l 340 M1,n115 80-120
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Report ID: 23958 - 1073005 Page 12 of 14

QUALITY CONTROL DATA

Workorder: 23958 PAVILLION / 1209662

QC Batch:

QC Batch Method:

VAP/1948

AM10

Analysis Method: AM10

Associated Lab Samples: 239580001, 239580002, 239580003

METHOD BLANK: 51210

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51211 51212

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 13 66 70-130 M2,M4,n13 66 0 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 82 1.2 30
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Report ID: 23958 - 1073005 Page 13 of 14

QUALITY CONTROL DATA QUALIFIERS

Workorder: 23958 PAVILLION / 1209662

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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Report ID: 23958 - 1073005 Page 14 of 14

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23958 PAVILLION / 1209662

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239580001 PGDW45-09202017 DISG/6366AM20GAX

239580002 PGDW49-09202017 DISG/6366AM20GAX

239580003 PGDW33-09202017 DISG/6366AM20GAX

239580001 PGDW45-09202017 DISG/6368AM30

239580002 PGDW49-09202017 DISG/6368AM30

239580003 PGDW33-09202017 DISG/6368AM30

239580001 PGDW45-09202017 VAP/1948AM10

239580002 PGDW49-09202017 VAP/1948AM10

239580003 PGDW33-09202017 VAP/1948AM10

239580001 PGDW45-09202017 DISG/6390AM30

239580002 PGDW49-09202017 DISG/6390AM30

239580003 PGDW33-09202017 DISG/6402AM30

239580001 PGDW45-09202017 SCIT/1045D18O
Subcontracted to Isotech

239580002 PGDW49-09202017 SCIT/1045D18O
Subcontracted to Isotech

239580003 PGDW33-09202017 SCIT/1045D18O
Subcontracted to Isotech

239580001 PGDW45-09202017 CSIA/1683D18O

239580002 PGDW49-09202017 CSIA/1683D18O

239580003 PGDW33-09202017 CSIA/1683D18O

239580001 PGDW45-09202017 CSIA/1684AM24

239580002 PGDW49-09202017 CSIA/1684AM24

239580003 PGDW33-09202017 CSIA/1684AM24
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Report ID: 23957 - 1072964 Page 1 of 19

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662

Dear Amanda Albrecht:

23957

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, September 21, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23957 - 1072964 Page 2 of 19

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 23957 - 1072964 Page 3 of 19

SAMPLE SUMMARY

Workorder: 23957 PAVILLION / 1209662

Lab ID Sample ID Matrix Date Collected Date Received

239570001 PGDW45-09202017 Water 9/20/2017 09:20 9/21/2017 11:00

239570002 PGDW49-09202017 Water 9/20/2017 12:10 9/21/2017 11:00

239570003 PGDW33-09202017 Water 9/20/2017 14:20 9/21/2017 11:00

239570004 TRIPBLANK-09202017 Water 9/20/2017 16:00 9/21/2017 11:00

239570005 PGDW45-09202017-PRE Water 9/20/2017 08:45 9/21/2017 11:00

239570006 PGDW49-09202017-PRE Water 9/20/2017 10:55 9/21/2017 11:00

239570007 PGDW33-09202017-PRE Water 9/20/2017 13:45 9/21/2017 11:00
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Report ID: 23957 - 1072964 Page 4 of 19

PROJECT SUMMARY

Workorder: 23957 PAVILLION / 1209662

Workorder Comments

The analysis for low level volatile fatty acids, method AM23G, was reported at dilution due to matrix interferences; samples 23957
(0002).
This report is being revised and reissued to correct the result summary paragraph for the molecular sequencing results

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3509 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification was above laboratory control limits.  Analytes Pyruvic acid.  Samples with
concentrations that exceeded reporting limit shall be reanalyzed.
The batch matrix spike and/or spike duplicate recovery or relative percent difference exceeded laboratory control limits; reference
sample 239460002.  Analyte Hexanoic acid.  Batch acceptance based on laboratory control sample recovery.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 168 of 253

168 of 353110404173



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23957 - 1072964 Page 5 of 19

ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW45-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 09:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.054J mg/l 0.20 1 9/23/2017 12:54 KB0.011
Acetic Acid 0.025J mg/l 0.10 1 9/23/2017 12:54 KB0.012
Propionic Acid 0.0055U mg/l 0.10 1 9/23/2017 12:54 KB0.0055
Formic Acid 0.033U mg/l 0.20 1 9/23/2017 12:54 KB0.033
Butyric Acid 0.0055U mg/l 0.10 1 9/23/2017 12:54 KB0.0055
Pyruvic Acid 0.0089U mg/l 0.10 1 9/23/2017 12:54 KB M10.0089
i-Pentanoic Acid 0.0098U mg/l 0.10 1 9/23/2017 12:54 KB0.0098
Pentanoic Acid 0.0082U mg/l 0.10 1 9/23/2017 12:54 KB0.0082
i-Hexanoic Acid 0.011U mg/l 0.20 1 9/23/2017 12:54 KB0.011
Hexanoic Acid 0.0095U mg/l 0.20 1 9/23/2017 12:54 KB D3,M50.0095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.050J ug/l 0.50 1 9/27/2017 15:30 MM n0.016
Ethane 0.0030U ug/l 0.10 1 9/27/2017 15:30 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 15:30 MM n0.0040
Propane 0.0073J ug/l 0.10 1 9/27/2017 15:30 MM n0.0050
Propene 0.012U ug/l 0.10 1 9/27/2017 15:30 MM n0.012
Carbon Dioxide 34 mg/l 5.0 1 9/27/2017 15:30 MM D3,n0.32
iso-Butane 0.021J ug/l 0.20 1 9/27/2017 15:30 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:30 MM n0.012
Oxygen 5.4 mg/l 0.50 1 9/27/2017 15:30 MM D3,n0.12
Nitrogen 21 mg/l 2.0 1 9/27/2017 15:30 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 15:30 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:30 MM D3,n0.087
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Report ID: 23957 - 1072964 Page 6 of 19

ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW49-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 12:10

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.11U mg/l 2.0 10 9/26/2017 21:04 KB d,B0.11
Acetic Acid 0.17J mg/l 1.0 10 9/26/2017 21:04 KB d0.12
Propionic Acid 0.055U mg/l 1.0 10 9/26/2017 21:04 KB d0.055
Formic Acid 0.33U mg/l 2.0 10 9/26/2017 21:04 KB d0.33
Butyric Acid 0.055U mg/l 1.0 10 9/26/2017 21:04 KB d0.055
Pyruvic Acid 0.089U mg/l 1.0 10 9/26/2017 21:04 KB d0.089
i-Pentanoic Acid 0.098U mg/l 1.0 10 9/26/2017 21:04 KB d0.098
Pentanoic Acid 0.082U mg/l 1.0 10 9/26/2017 21:04 KB d0.082
i-Hexanoic Acid 0.11U mg/l 2.0 10 9/26/2017 21:04 KB d0.11
Hexanoic Acid 0.095U mg/l 2.0 10 9/26/2017 21:04 KB d0.095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.079J ug/l 0.50 1 9/27/2017 15:43 MM n0.016
Ethane 0.0096J ug/l 0.10 1 9/27/2017 15:43 MM n0.0030
Ethene 0.0052J ug/l 0.10 1 9/27/2017 15:43 MM n0.0040
Propane 0.011J ug/l 0.10 1 9/27/2017 15:43 MM n0.0050
Propene 0.015J ug/l 0.10 1 9/27/2017 15:43 MM n0.012
Carbon Dioxide 21 mg/l 5.0 1 9/27/2017 15:43 MM D3,n0.32
iso-Butane 0.021J ug/l 0.20 1 9/27/2017 15:43 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:43 MM n0.012
Oxygen 6.2 mg/l 0.50 1 9/27/2017 15:43 MM D3,n0.12
Nitrogen 25 mg/l 2.0 1 9/27/2017 15:43 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 15:43 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:43 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW33-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 14:20

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.048J mg/l 0.20 1 9/23/2017 14:41 KB0.011
Acetic Acid 0.027J mg/l 0.10 1 9/23/2017 14:41 KB0.012
Propionic Acid 0.0055U mg/l 0.10 1 9/23/2017 14:41 KB0.0055
Formic Acid 0.064J mg/l 0.20 1 9/23/2017 14:41 KB0.033
Butyric Acid 0.0055U mg/l 0.10 1 9/23/2017 14:41 KB0.0055
Pyruvic Acid 0.0089U mg/l 0.10 1 9/23/2017 14:41 KB M10.0089
i-Pentanoic Acid 0.0098U mg/l 0.10 1 9/23/2017 14:41 KB0.0098
Pentanoic Acid 0.0082U mg/l 0.10 1 9/23/2017 14:41 KB0.0082
i-Hexanoic Acid 0.011U mg/l 0.20 1 9/23/2017 14:41 KB0.011
Hexanoic Acid 0.0095U mg/l 0.20 1 9/23/2017 14:41 KB D3,M50.0095

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 30 ug/l 0.50 1 9/27/2017 15:56 MM n0.016
Ethane 0.028J ug/l 0.10 1 9/27/2017 15:56 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 15:56 MM n0.0040
Propane 0.017J ug/l 0.10 1 9/27/2017 15:56 MM n0.0050
Propene 0.027J ug/l 0.10 1 9/27/2017 15:56 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 15:56 MM D3,n0.32
iso-Butane 0.14J ug/l 0.20 1 9/27/2017 15:56 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 15:56 MM n0.012
Oxygen 4.6 mg/l 0.50 1 9/27/2017 15:56 MM D3,n0.12
Nitrogen 27 mg/l 2.0 1 9/27/2017 15:56 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 15:56 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 15:56 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

TRIPBLANK-09202017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.083J ug/l 0.50 1 9/27/2017 16:08 MM n0.016
Ethane 0.0054J ug/l 0.10 1 9/27/2017 16:08 MM n0.0030
Ethene 0.0040U ug/l 0.10 1 9/27/2017 16:08 MM n0.0040
Propane 0.0066J ug/l 0.10 1 9/27/2017 16:08 MM n0.0050
Propene 0.013J ug/l 0.10 1 9/27/2017 16:08 MM n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 9/27/2017 16:08 MM D3,n0.32
iso-Butane 0.020J ug/l 0.20 1 9/27/2017 16:08 MM n0.019
n-Butane 0.012U ug/l 0.20 1 9/27/2017 16:08 MM n0.012
Oxygen 11 mg/l 0.50 1 9/27/2017 16:08 MM D3,n0.12
Nitrogen 21 mg/l 2.0 1 9/27/2017 16:08 MM D3,n0.34
Acetylene 0.022U ug/l 0.50 1 9/27/2017 16:08 MM n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 9/27/2017 16:08 MM D3,n0.087
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ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW45-09202017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570005

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 08:45

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW49-09202017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570006

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 10:55

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 23957 PAVILLION / 1209662

9/21/2017 11:00

PGDW33-09202017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

239570007

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/20/2017 13:45

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 175 of 253

175 of 353110404173



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 23957 - 1072964 Page 12 of 19

ANALYTICAL RESULTS QUALIFIERS

Workorder: 23957 PAVILLION / 1209662

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5
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QUALITY CONTROL DATA

Workorder: 23957 PAVILLION / 1209662

QC Batch:

QC Batch Method:

EDON/3509

AM23G

Analysis Method: AM23G

Associated Lab Samples: 239570001, 239570003

METHOD BLANK: 51089

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.011Umg/l 0.011
Acetic Acid 0.012Umg/l 0.012
Propionic Acid 0.0055Umg/l 0.0055
Formic Acid 0.033Umg/l 0.033
Butyric Acid 0.0055Umg/l 0.0055
Pyruvic Acid 0.0089Umg/l 0.0089 M1
i-Pentanoic Acid 0.0098Umg/l 0.0098
Pentanoic Acid 0.0082Umg/l 0.0082
i-Hexanoic Acid 0.011Umg/l 0.011
Hexanoic Acid 0.0095Umg/l 0.0095 D3,M5

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51090

EDonors
Lactic Acid 2mg/l 2.0 98 70-130
Acetic Acid 2mg/l 2.1 103 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.7 87 70-130
Butyric Acid 2mg/l 2.0 100 70-130
Pyruvic Acid 2mg/l 2.2 M1111 70-130
i-Pentanoic Acid 2mg/l 1.9 95 70-130
Pentanoic Acid 2mg/l 1.9 96 70-130
i-Hexanoic Acid 2mg/l 1.9 95 70-130
Hexanoic Acid 2mg/l 1.7 D3,M583 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51091 51092

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

EDonors
Lactic Acid mg/l 2 2.0 100 70-1301.8 89 12 300.04

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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QUALITY CONTROL DATA

Workorder: 23957 PAVILLION / 1209662

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51091 51092

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

Acetic Acid mg/l 2 2.2 107 70-1301.9 96 11 300.026
Propionic Acid mg/l 2 2.1 105 70-1301.9 94 11 300.0013
Formic Acid mg/l 2 1.8 88 70-1301.6 79 11 300.055
Butyric Acid mg/l 2 2.1 107 70-1301.8 92 15 300.0018
Pyruvic Acid mg/l 2 2.4 118 70-130 M12.1 105 12 300
i-Pentanoic Acid mg/l 2 2.1 104 70-1301.8 88 17 300
Pentanoic Acid mg/l 2 2.2 109 70-1301.7 87 22 300
i-Hexanoic Acid mg/l 2 2.2 111 70-1301.7 83 29 300
Hexanoic Acid mg/l 2 2.1 107 70-130 D3,M51.4 69 43 300
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QUALITY CONTROL DATA

Workorder: 23957 PAVILLION / 1209662

QC Batch:

QC Batch Method:

DISG/6365

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 239570001, 239570002, 239570003, 239570004

METHOD BLANK: 51160

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51161

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 D3,n
Oxygen 0.12Umg/l 0.12 D3,n
Nitrogen 0.34Umg/l 0.34 D3,n
Carbon Monoxide 0.087Umg/l 0.087 D3,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51162 51164

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 780 102 80-120 n870 113 10 20
Ethane ug/l 76 76 100 80-120 n75 99 1 20
Ethene ug/l 71 71 100 80-120 n70 99 1 20
Propane ug/l 56 56 101 80-120 n56 101 0 20
Propene ug/l 53 48 91 80-120 n48 90 1.1 20
iso-Butane ug/l 73 73 100 80-120 n73 100 0 20
n-Butane ug/l 73 72 98 80-120 n71 97 1 20
Acetylene ug/l 33 32 96 80-120 n31 94 2.1 20
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QUALITY CONTROL DATA

Workorder: 23957 PAVILLION / 1209662

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51163 51165

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 103 80-120 D3,n120 101 2 20
Oxygen mg/l 11 11 95 80-120 D3,n11 98 3.1 20
Nitrogen mg/l 140 120 89 80-120 D3,n120 90 1.1 20
Carbon Monoxide mg/l 2 2.1 104 80-120 D3,n2.3 113 8.3 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51182 51183

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Carbon Dioxide mg/l 120 110 96 70-130 D3,n110 97 1 200
Oxygen mg/l 11 16 95 70-130 D3,n14 79 18 204.8
Nitrogen mg/l 140 140 84 70-130 D3,n150 85 1.2 2028
Carbon Monoxide mg/l 2 2.1 104 70-130 D3,n2.1 106 1.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51184 51185

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

239460002Original:

RISK
Methane ug/l 770 810 102 70-130 n830 104 1.9 2028
Ethane ug/l 76 73 97 70-130 n73 96 1 200.029
Ethene ug/l 71 69 98 70-130 n69 98 0 200
Propane ug/l 56 54 97 70-130 n54 96 1 200.012
Propene ug/l 53 47 88 70-130 n47 88 0 200.023
iso-Butane ug/l 73 70 95 70-130 n70 95 0 200.14
n-Butane ug/l 73 69 94 70-130 n68 93 1.1 200
Acetylene ug/l 33 33 99 70-130 n33 99 0 200
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QUALITY CONTROL DATA

Workorder: 23957 PAVILLION / 1209662

QC Batch:

QC Batch Method:

EDON/3512

AM23G

Analysis Method: AM23G

Associated Lab Samples: 239570002

METHOD BLANK: 51172

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.020Jmg/l 0.011 B
Acetic Acid 0.012Umg/l 0.012
Propionic Acid 0.0055Umg/l 0.0055
Formic Acid 0.033Umg/l 0.033
Butyric Acid 0.0055Umg/l 0.0055
Pyruvic Acid 0.0089Umg/l 0.0089
i-Pentanoic Acid 0.0098Umg/l 0.0098
Pentanoic Acid 0.0082Umg/l 0.0082
i-Hexanoic Acid 0.011Umg/l 0.011
Hexanoic Acid 0.0095Umg/l 0.0095

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51173

EDonors
Lactic Acid 2mg/l 1.9 B97 70-130
Acetic Acid 2mg/l 2.0 103 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.7 86 70-130
Butyric Acid 2mg/l 2.0 99 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 1.9 94 70-130
Pentanoic Acid 2mg/l 1.9 94 70-130
i-Hexanoic Acid 2mg/l 1.8 88 70-130
Hexanoic Acid 2mg/l 1.6 81 70-130
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 23957 PAVILLION / 1209662

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The continuing calibration verification recovery was outside laboratory control limits.M1

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 23957 PAVILLION / 1209662

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

239570001 PGDW45-09202017 EDON/3509AM23G

239570003 PGDW33-09202017 EDON/3509AM23G

239570001 PGDW45-09202017 DISG/6365AM20GAX

239570002 PGDW49-09202017 DISG/6365AM20GAX

239570003 PGDW33-09202017 DISG/6365AM20GAX

239570004 TRIPBLANK-09202017 DISG/6365AM20GAX

239570002 PGDW49-09202017 EDON/3512AM23G

239570001 PGDW45-09202017 MOLE/118116S

239570002 PGDW49-09202017 MOLE/118116S

239570003 PGDW33-09202017 MOLE/118116S

239570005 PGDW45-09202017-PRE MOLE/118116S

239570006 PGDW49-09202017-PRE MOLE/118116S

239570007 PGDW33-09202017-PRE MOLE/118116S
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November 17, 2017 

23957 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW45-09202017 was 

2.81E+07 per liter of water, in sample PGDW49-09202017 was 7.80E+08 per liter of water, in sample 

PGDW33-09202017 was 1.12E+05 per liter of water, in sample PGDW45-09202017-PRE was 6.81E+07 

and in sample PGDW19-09202017-PRE was 1.20E+09 per liter of water. 

Microbial Community Composition 

PGDW45-09202017: The profile held mostly anaerobic gram-negative bacteria and contained iron and 

sulfate reducers along with bacteria capable of fermentation. Bacteria known for oxidation of reduced 

iron and sulfur compounds were also identified in lower relative abundance. 

 PGDW49-09202017: The profile contained mainly gram-negative bacteria.  There was a mix between 

anaerobic and aerobic genus including iron and sulfate reducers and oxidizers. The profile also 

contained Dehalococcoides spp. and Dehalogenimonas spp. which are known for reductive 

dechlorination of chlorinated compounds.  

PGDW33-09202017: The profile contained mostly gram-negative bacteria (a mix of aerobic and 

anaerobic genus). The dominant phylotypes were Ralstonia spp. and Georgfuchsia spp. Putative 

bacterial function included sulfate reduction and oxidation and iron oxidation.  

PGDW45-09202017-PRE: The profile was made up of a mix of aerobic and anaerobic bacteria. The 

profile was diverse and there were not any very dominant phylotypes. Functional guilds included metal 

reducers, sulfate reducers, fermenters and ammonia oxidizers.  Dehalococcoides spp. was also identified 

as a prominent genus.  
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PGDW49-09202017-PRE: The profile consisted of predominantly gram-negative bacteria.  The most 

abundant phylotype was Thiobacillus spp. a group of bacteria that oxidize reduced sulfur species.  There 

were several sulfate reducing genus identified and also an iron oxidizing genus. 

PGDW33-09202017-PRE:  The profile consisted of mostly gram-negative aerobic bacteria. The dominant 

genus included Ralstonia spp. and Georgfuchsia spp. Sulfur oxidizers and methane oxidizers were 

identified at levels over 1% of the profile. 
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 23957
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/20/2017
Job Number: PAVILLION / 1209662 Date Received: 9/21/2017
Project Name: Date Reported: 11/14/2017

Pace Energy ID: 239570001 Matrix: Water
Sample ID: PGDW45-09202017
Description: gene copies per liter of water

Total Eubacteria: 2.81E+07

Pace Energy ID: 239570002 Matrix: Water
Sample ID: PGDW49-09202017
Description: gene copies per liter of water

Total Eubacteria: 7.80E+08

Pace Energy ID: 239570003 Matrix: Water
Sample ID: PGDW33-09202017
Description: gene copies per liter of water

Total Eubacteria: 1.12E+05

Page 1 of 2
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 23957
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/20/2017
Job Number: PAVILLION / 1209662 Date Received: 9/21/2017
Project Name: 0 Date Reported: 11/14/2017

Pace Energy ID: 239570005 Matrix: Water
Sample ID: PGDW45-09202017-PRE
Description: gene copies per liter of water

Total Eubacteria: 6.81E+07

Pace Energy ID: 239570006 Matrix: Water
Sample ID: PGDW49-09202017-PRE
Description: gene copies per liter of water

Total Eubacteria: 1.20E+09

Pace Energy ID: 239570007 Matrix: Water
Sample ID: PGDW33-09202017-PRE
Description: gene copies per liter of water

Total Eubacteria: 5.69E+04

QA/QC NIC UNC UPC

Pass Pass Pass

Page 2 of 2
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 67.79

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW45-09202017

# of Total ID's:

Sample ID: PGDW45-09202017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 28

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/8/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW45-09202017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 24.28
Anaerobic: 35.23
Varied: 8.28
Not Characterized: 32.21

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW45-09202017

pelotomaculum Anaerobic Positive5.52
verrucomicrobium Anaerobic Negative5.28
ralstonia Varied Negative5.09
desulfovibrio Anaerobic/SRB Positive4.52
pelobacter Anaerobic Negative4.27
geobacter Anaerobic/MRB Negative3.70
nitrosovibrio Aerobic/Ammonia oxidizer Negative3.46
chloroflexus Varied Varied3.19
nitrospira Aerobic/NOB Negative3.13
prochlorococcus Aerobic Negative2.92
acidobacterium Aerobic Negative2.82
desulfobulbus Anaerobic/MRB/SRB Negative2.67
pseudomonas Aerobic Negative1.97
rubrobacter Aerobic Positive1.96
elusimicrobium Anaerobic Negative1.83
syntrophus Anaerobic Negative1.79
anaeromyxobacter Anaerobic/MRB Negative1.62
synechococcus Aerobic Negative1.57
methylothermus Aerobic/MOB Negative1.40
helicobacter Aerobic Negative1.22
thermoanaerobacter Anaerobic/Fermentative Positive1.15
leptolyngbya Aerobic Negative1.11
compostimonas Aerobic Positive1.07
clostridium Anaerobic/Fermentive Positive1.00
opitutus Anaerobic Negative0.95
thermodesulfobacterium Anaerobic/SRB Negative0.93
arthrobacter Aerobic Positive0.84
acidiferrobacter Aerobic/IOB/SOX NI0.81
Total Abundant Phylotypes: 67.79
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Acidiferrobacter
Sequence analysis of the 16S rRNA gene places the genus within the subclass of Ectothiorhodospiraceae in the
Gammaproteobacteria. The type species is Acidiferrobacter thiooxydans, and the genus description is based on
that of the type species, currently the only species ascribed to this genus.
Cells are non-motile slender straight rods (ca. 2 μm long and ca. 0.3 μm wide). Gram-negative; endospores are not
formed. Forms small, ferric iron-stained colonies of ca. 1–2 mm diameter on ferrous iron overlay plates that lack
soluble organic carbon. Acidophilic (pH optimum ~2 and minimum 1.2) and thermotolerant (optimum and
maximum temperatures for growth 38 and 47°C, respectively). Moderately osmophilic, displaying poor growth in
media with osmotic pressures <2 bar, and optimum growth at ~5 bar. A variety of inorganic salts, such as
magnesium sulfate and sodium chloride can act as suitable external solutes for solution-phase osmotic potential.
Grows by oxidation of ferrous iron, pyrite, sulfide, sulfur or tetrathionate. Facultative anaerobe that can use either
molecular oxygen or ferric iron as terminal electron acceptor. Strictly autotrophic and facultative diazotroph.
Chromosomal DNA base composition is 63.1 ± 0.4 mol% G+C. Sequence of 16S rRNA gene (GenBank accession
number AF387301) places Acidiferrobacter thiooxydans in the family Ectothiorhodospiraceae of the
Gammaproteobacteria. Found in acidic, iron-rich environments associated with the oxidation of sulfide minerals
such as acid mine drainage waters and bioleachate liquors. The type strain is m-1T and has been deposited within
the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSM 2392) and the Japan Collection of
Microorganisms (JCM 17358).
Hallberg, K.B., Hedrich, S. and Johnson, D.B., 2011. Acidiferrobacter thiooxydans, gen. nov. sp. nov.; an acidophilic,
thermo-tolerant, facultatively anaerobic iron-and sulfur-oxidizer of the family Ectothiorhodospiraceae.
Extremophiles, 15(2), pp.271-279.

Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Anaeromyxobacter
This genus consists of myxobacterial species that are capable of facultative anaerobic growth using terminal
electron acceptors such as nitrate, fumarate, and chlorophenolic compounds. Sulfur compounds are not reduced.
Oxygen is used but only at low concentrations. The morphological description of this genus is the same as that of
the type strain and only species in the genus, Anaeromyxobacter dehalogenans.
Sanford, R.A., Cole, J.R. and Tiedje, J.M., 2002. Characterization and description of Anaeromyxobacter
dehalogenans gen. nov., sp. nov., an aryl-halorespiring facultative anaerobic myxobacterium. Applied and
environmental microbiology, 68(2), pp.893-900.
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Arthrobacter
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Arthrobacter. The majority of species exhibit a
marked rod–coccus growth cycle when grown in complex media; stationary-phase cultures (generally after 2–7 d)
are composed entirely or largely of coccoid cells that are 0.6–1.0 µm in diameter; some species are showing only
spherical cells throughout the growth cycle. Fatty acids are predominantly iso- and anteiso-branched with C15:0
anteiso, C15:0 iso, C17:0 anteiso, and C16:0 iso predominating. Few species exhibit significant amounts of C16:0.
Quinone system is composed of completely unsaturated or mono-saturated menaquinones with chain lengths of
eight to ten isoprenoic units. The cell-wall peptidoglycan contains the diagnostic diamino acid lysine with several
variations in the interpeptide bridge conforming to peptidoglycan type A3α or A4α. DNA G+C content (mol%):
55–72. Ref: Busse, H.-J., Wieser, M. and Buczolits, S. 2015. Arthrobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–70.

Chloroflexus
Chloroflexi / “Chloroflexi” / “Chloroflexales” / “Chloroflexaceae” / Chloroflexus. Filaments of indefinite length;
cells 0.5–1.5 × 2–6 µm; none differentiated (Figure 1). Cell division by fission, no branching. No internal
proliferations of cell membrane, except mesosomes; chlorosomes present when anaerobically grown. Motile by
gliding. Thin sheath may be present. Stain Gram-negative, but cell wall not typical of Gram-negative bacteria. No
flagella. The mol% G + C of the DNA is: 53.1–54.9 or 56.7–57.1. Ref: Pierson, B. K. and Castenholz, R. W. 2015.
Chloroflexus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–16.

Clostridium
Firmicutes / “Clostridia” / Clostridiales / Clostridiaceae / Clostridium. Rods, usually stain Gram-positive at least in
very early stages of growth, although in some species Gram-stain-positive cells have not been seen. Motile or
nonmotile. When motile, cells usually are peritrichous. The majority of species form oval or spherical endospores
that usually distend the cell. DNA G+C content (mol%): 22–53. Rainey, F. A., Hollen, B. J. and Small, A. M. 2015.
Clostridium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–122.

Compostimonas
Actinobacteria / Actinobacteria / Micrococcales / Microbacteriaceae / Compostimonas. Gram-stain positive,
aerobic, nonmotile actinobacterium. Colonies are white round and convex. Cells are short rods and
nonsporulated. Mesophilic and neutrophilic microorganism that grows between 10 and 37°C and pH 6–8,
respectively. Nitrate is reduced. Oxidase positive but catalase negative. Indol reaction negative. The peptidoglycan
is of type B and contains d-glutamic acid, glycine, d-alanine, and l-2,4-diaminobutyric acid. The major respiratory
quinones are MK-11 and MK-12. The polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, and an
unidentified glycolipid. The genus belongs to the family Microbacteriaceae and is phylogenetically related to the
genera Alpinimonas, Clavibacter, Frigoribacterium, Frondihabitans, Glaciihabitans, Klugiella, and Marisediminicola.
Compostimonas suwonensis is the type and only species representing the genus. Compostimonas suwonensis
SMC46T was isolated from spent mushroom compost. DNA G + C content (mol%): 68 (HPLC).
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Desulfobulbus
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobulbaceae / Desulfobulbus. Cells are ovoid to
rod shaped, or lemon shaped with pointed ends, 0.6–1.3 × 1.5–3.5 μm. Occur singly, in pairs, or in chains. Spore
formation is not observed. Gram negative. Cells are motile by a single polar flagellum, or are nonmotile. Strictly
anaerobic, having both a respiratory and a fermentative type of metabolism. Chemoorganotrophs, using
propionate, lactate, pyruvate, ethanol, or 1-propanol as electron donors and also as carbon sources; organic
compounds are incompletely oxidized to acetate. H2 can be used as electron donor in the presence of acetate as
organic carbon source (chemolithoheterotrophic growth). Sulfate and often sulfite or thiosulfate serve as terminal
electron acceptors and are reduced to H2S. Sulfur is never reduced. In the absence of an external electron
acceptor, growth may occur by fermentation of lactate, pyruvate, and ethanol (+ CO2), malate, or fumarate. The
optimum pH range for growth is 6.6–7.5. The optimum temperature range for growth is 25–40°C. Thermophilic
species are not known. Media containing a reductant and p-aminobenzoate are required for growth. Colonies in
anaerobic agar media are whitish to grayish and smooth. All described species contain desulforubidin as sulfite
reductase. Occur in anoxic parts of freshwater, brackish water, and marine habitats; also isolated from rumen
contents, animal dung, and sewage sludge. The mol% G + C of the DNA is: 50–60.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobulbus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Elusimicrobium
Gram-negative staining, nonmotile, rod-shaped cells. Obligately anaerobic and catalase negative. Heterotrophic,
purely fermentative metabolism; nitrate, sulfate, and thiosulfate are not reduced.
Geissinger, O., Herlemann, D. P., Mörschel, E., Maier, U. G., & Brune, A. (2009). The ultramicrobacterium
“Elusimicrobium minutum” gen. nov., sp. nov., the first cultivated representative of the termite group 1 phylum.
Applied and environmental microbiology, 75(9), 2831-2840.

Geobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Geobacteraceae / Geobacter. Cells are rod-shaped
with rounded ends that grow as single cells, in pairs, or in chains. Cells are 1–4 µm × 0.6 µm, nonmotile, with no
spore formation. They are Gram-negative strict anaerobes and belong to the Deltaproteobacteria. They are
catalase and carotenoid negative. Cells contain menaquinone and c-type cytochromes, but lack ubiquinone.
Growth occurs chemoorganotrophically with Fe(III) serving as the sole electron acceptor. The organic electron
donor is completely oxidized to carbon dioxide. Vitamins are not required for growth, but growth is enhanced by
their presence. Growth is also enhanced in media containing FeCl2 as a reducing agent. The mol% G + C of the
DNA is: 50.2–60.6 (HPLC).
Coates, J. D. and Lovley, D. R. 2015. Geobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Helicobacter
Proteobacteria / Epsilonproteobacteria / Campylobacterales / Helicobacteraceae / Helicobacter. Cells may be
curved, spiral, or fusiform rods, 0.2–1.2 × 1.5–10.0 µm. Spiral cells may be tightly or loosely wound depending on
the species, and on the age and condition of the culture examined. Cells in old cultures or those exposed to air
become coccoid. Ultrastructural studies show that periplasmic fibers may be observed on the cell surface of a few
taxa and an electrondense glycocalyx- or capsule-like layer has been observed on the cell surface of some species.
Nonsporeforming. Gram negative. Motile with a rapid corkscrew- or slower wave-like motion due to flagellar
activity. Multiple sheathed flagella are seen in most species, frequently with a bipolar distribution. Typical cell
morphologies of various Helicobacter species are shown in Figs. BXII.ε.5 and BXII.ε.6. The mol% G + C of the DNA
is: 24–48.
On, S. L., Lee, A., O'Rourke, J. L., Dewhirst, F. E., Paster, B. J., Fox, J. G. and Vandamme, P. 2015. Helicobacter.
Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Leptolyngbya
Cyanobacteria / Subsection III / Incertae Sedis / Form- Leptolyngbya. Cylindrical trichomes less than 3 μm in
diameter; cells isodiametric or longer than wide; constrictions between cells are generally absent or shallow,
seldom exceeding 1/8 of the trichome diameter; trichome breakage may be trans- or inter-cellular; apical cells
rounded (or exceptionally conical) (Figure 1); persistent sheaths may be produced but are not of firm consistency
(and not laminated); in some members, several trichomes may be surrounded by a “mucous-like” matrix.
Trichomes nonmotile (or inconspicuously motile as seen by light microscopy, <0.1 μm/s), except for transient
motile hormogonia when free of any sheath or coalescent “mucous” material. Some strains or natural specimens
may undergo false branching, which may depend mainly on sheath strength.
Castenholz, R. W., Rippka, R., Herdman, M. and Wilmotte, A. 2015. Form- Leptolyngbya . Bergey's Manual of
Systematics of Archaea and Bacteria. 1–3.
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Methylothermus
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylothermaceae / Methylothermus. Cells are
Gram-negative cocci and 0.6–1.4 µm in diameter. Reproduce by normal cell division. No resting stages are present.
Possess an intracytoplasmic membrane system. Some species may form intracellular inclusion granules. Motile or
nonmotile. When motile, form a single polar flagellum. Aerobic. Obligate methanotrophs using only methane and
methanol as the energy and carbon source. Multicarbon compounds are not utilized. Moderately thermophilic,
growing at a range 37–67°C with optimal temperature of 55–60°C. NaCl is not required for growth. Possess
particulate methane monooxygenase (pMMO) but not soluble methane monooxygenase (sMMO) for methane
oxidation. Assimilate carbon via the ribulose monophosphate pathway (RuMP). The key enzyme activities of the
serine pathway and the Calvin–Benson cycle are absent. Nitrate and ammonium salts and urea are utilized as
nitrogen sources. Utilization of nitrite and casamino acids depends on species. Do not fix atmospheric nitrogen for
growth. Major fatty acids are C16:0 and C18:1. Major polar lipids are phosphatidylethanolamine (PE) and
phosphatidylglycerol (PG). A major respiratory quinone is ubiquinone 8 (Q-8). Isolated from terrestrial hot springs.
DNA G + C content (mol%): 54–63 (Tm and HPLC).
Hirayama, H. 2016. Methylothermus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Nitrosovibrio
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Nitrosomonadaceae / Nitrosovibrio. Slender, curved
rods (Figure 1a), 0.3–0.4 × 1.1–3.0 µm. Spherical forms, 1.0–1.2 µm in diameter, may occur in cultures. Gram-
negative cell wall. Intracytoplasmic membranes are rare (Figure 1b), but when present, appear as tubular
invaginations. Motile cells possess 1–4 subpolar to lateral flagella (Figure 2), about 18 nm wide and 4.2–7.5 µm
long. Carboxysomes observed in one strain. Most, but not all, strains are urease positive. Commonly distributed in
oligotrophic soils, such as grasslands, heath, and forest soils, as well as in mountainous environments. Some
isolates originate from acid tea soils and from building stones. The mol% G + C of the DNA is: 53.9. Koops, H.-P.
and Pommerening-Röser, A. 2015. “Nitrosovibrio”. Bergey's Manual of Systematics of Archaea and Bacteria. 1–2

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Opitutus
Verrucomicrobia / Opitutae / Opitutales / Opitutaceae / Opitutus. Cocci or coccobacilli. Stain Gram-negative.
Motile with flagellum. No endospores. Anaerobe; media containing a suitable reductant shorten the lag phase.
Chemo-organotrophic metabolism. Monosaccharides, disaccharides, and polysaccharides are fermented, but
alcohols, amino acids, and organic acids are not. Acetate, propionate, CO2, and H2 are the fermentation end
products; the ratios of these are dependent on the partial pressure of H2. Nitrate is reduced to nitrite. Sulfate,
sulfur, thiosulfate, and fumarate are not used as terminal electron acceptors. DNA G+C content (mol%): 65.
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Pelobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Pelobacter. Rod-shaped cells,
0.5–1.0 × 1.5–6.0 µm, with rounded ends, single, in pairs, or in chains. Motile forms may occur in some species;
other species are nonmotile. Gram negative. Endospores not formed. Anaerobic. Have a chemoorganotrophic,
fermentative type of metabolism, using few simple organic compounds as substrates. Carbohydrates not utilized.
Media containing a reductant, e.g., sulfide, are necessary for growth. Catalase negative. Isolated from sediments
of limnic or marine origin. The mol% G + C of the DNA is: 50–58. Schink, B. 2015. Pelobacter. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–6.

Pelotomaculum
Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / Pelotomaculum. Nonmotile, sausage-shaped cells with
spherical endospores. Gram reaction negative but has Gram-positive cell-wall structure. Strictly anaerobic.
Mesophilic and thermophilic. Growth by syntrophy with hydrogenotrophs or by fermentation. Can use a limited
number of compounds including propionate, primary alcohols, low molecular mass aromatics, or lactate in
association with hydrogenotrophic methanogens. Organic compounds such as fumarate are used by some species
as alternative electron acceptors. Sulfate, sulfite, thiosulfite, elemental sulfur, nitrate, and ferric ion are not
reduced. The major cellular fatty acid is C15:0 iso. Major quinones are MK-7, MK-7(H4), or MK-9(H4). Member of
the family Peptococcaceae on the basis of 16S rRNA gene sequence comparisons. DNA G+C content (mol%):
52.8–53.6.
Rainey, F. A. 2015. Pelotomaculum. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Prochlorococcus
Cyanobacteria / Subsection I / Incertae Sedis / Form- Prochlorococcus. Marine planktonic cyanobacteria that
possess spherical to slightly rod-shaped cells (0.5–0.8 × 0.7–1.6 µm) and divide by binary fission in a single plane.
They lack phycobilisomes and contain divinyl-chlorophyll a and b (a 2 and b 2).
Rippka, R., Castenholz, R. W. and Herdman, M. 2015. Form- Prochlorococcus . Bergey's Manual of Systematics of
Archaea and Bacteria. 1–3.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Rubrobacter
Actinobacteria / Rubrobacteria / Rubrobacterales / Rubrobacteraceae / Rubrobacter. Gram-stain-positive irregular
rods. Nonmotile and non-spor-forming. Cells are generally 0.8–1.0 by 1.0–4.0 µm. Cells in old culture present
shorter coccoid form. Aerial mycelia are not formed. Obligately aerobic. Catalase and cytochrome oxidase
reactions are positive. Nitrite is produced from nitrate. DNA G+C content (mol%): 65–69 (HPLC, Tm). Ref:Suzuki, K.-
i. 2015. Rubrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Synechococcus
Cyanobacteria / Subsection I / Incertae Sedis / Form- Synechococcus. This form-genus serves as a provisional
repository for unicellular cyanobacteria that share the morphological properties of members assignable to the
botanical genus Synechococcus Nägeli 1849. Cells are spherical to rod shaped, 0.6–2.1 µm in diameter and contain
photosynthetic thylakoids located peripherally. Reproduction occurs by transverse binary fission in a single plane.
The cells may be united into colonial aggregates by mucilage formation, but never produce well defined sheath
layers. The mol% G + C of the DNA is: 47–66.
Herdman, M., Castenholz, R. W., Waterbury, J. B. and Rippka, R. 2015. Form- Synechococcus . Bergey's Manual of
Systematics of Archaea and Bacteria. 1–7.

Page 198 of 253

198 of 353110404173



Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW45-09202017

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Thermoanaerobacter
Firmicutes / “Clostridia” / Thermoanaerobacterales / Thermoanaerobacteraceae / Thermoanaerobacter. All
species are obligately anaerobic thermophiles and have a Gram-positive cell wall, i.e., although the Gram-stain
reaction varies among the individual species and even within strains from the same species, they have a Gram-
positive cell-wall structure. Most species exhibit a sluggish motility and a peritrichous arrangement of 2–6 flagella
(retarded peritrichous flagellation). Cells are rod shaped and occur in various arrangements that vary by species.
Many of the Thermoanaerobacter species form pleomorphic cells during the late exponential and stationary
growth phases assembling through nonsymmetric cell division chains of alternating rod-shaped and coccoid cells.
Other types of pleomorphic rods are formed, presumably through weakening of the cell wall by lysozyme-like
enzymes that are the remnants of the sporulation process (Figure 1). Growth temperature optima range from
55–75 °C, with growth ranges of 35–78 °C and a temperature span over 35 °C. The pH for growth ranges from
pH25C 4.0–9.9, with a pH optimum of 5.8–8.5. Several species also exhibit a wide pH optimum of about 3 units
without a sharp peak. All species are able to grow organoheterotrophically using various fermentation pathways
including the homoacetogenic or Wood–Ljungdahl pathway, or using inorganic electron acceptors (e.g.,
Thermoanaerobacter sulfuriphilus using S0 as an electron acceptor and lactate as an electron donor and carbon
source). Some Thermoanaerobacter strains are also able to grow chemolithoheterotrophically by coupling H2
oxidation to growth (Fardeau et al., 1994). Furthermore, others are facultative chemolithoautotrophs, growing
with H2 + CO2 (such as Thermoanaerobacter kivui) or Fe(III) + H2 + CO2 (such as Thermoanaerobacter
siderophilus). Generally, typical fermentation products from hexoses are ethanol, acetate, lactate, H2, and CO2.
DNA G+C content (mol%): 30–39.
Onyenwoke, R. U. and Wiegel, J. 2015. Thermoanaerobacter. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–29.
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Thermodesulfobacterium
Thermodesulfobacteria / Thermodesulfobacteria / Thermodesulfobacteriales / Thermodesulfobacteriaceae /
Thermodesulfobacterium. Straight rod-shaped cells, 0.3–0.6 × 0.9–2.0 µm; occur singly, in pairs, or in chains.
Possess an outer wall membrane layer. Gram-negative. Cellular extrusions or blebs form next to the outer
membranous layer. Contain non-phytanyl ether-linked lipids, cytochrome c3, desulfofuscidin, but no
desulfoviridin. Thermophilic. Chemoorganotrophic, strict anaerobe, and dissimilatory sulfate-reducing
metabolism. Lactate and pyruvate are used as electron donors, and sulfate or thiosulfate are used as electron
acceptors for growth. In the presence of sulfate, lactate and pyruvate are incompletely oxidized to acetate. Occur
in thermal environments including hot springs and hot oil reservoirs. The mol % G + C of the DNA is: 31–38.
Hatchikian, E. C. and Ollivier, B. 2015. Thermodesulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Verrucomicrobium
Verrucomicrobia / Verrucomicrobiae / Verrucomicrobiales / Verrucomicrobiaceae / Verrucomicrobium.
Unicellular bacterium, rod shaped with numerous prosthecae extending from all locations on the cell surface.
Fimbriae varying in length and number extrude from the tips of the prosthecae. Gram-stain-negative; nonmotile.
Nonsporeforming. PHB is not stored. No gas vesicles. Mesophilic. Chemoorganotrophic; facultatively anaerobic.
Glucose is fermented; nitrate is not reduced under anaerobic conditions. Oxidase and catalase positive. The cell
wall contains m-diaminopimelic acid. The main respiratory quinone is MK10. MK9, MK10(H2), and MK11 are
minor quinones. Major fatty acids are C14:0, C14:0 iso, C15:0 anteiso, C15:0, C16:1 ω5, C16:0, C17:1 ω12. The
major phospholipids are phosphatidylglycerol and phosphatidylmethylethanolamine. DNA G+C content (mol%):
58–59. Ref: Schlesner, H. 2015. Verrucomicrobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 70.72

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW49-09202017

# of Total ID's:

Sample ID: PGDW49-09202017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 21
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50.64
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Results Continued: 220 William Pitt Way
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW49-09202017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 32.25
Anaerobic: 37.02
Varied: 1.45
Not Characterized: 29.28

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW49-09202017

verrucomicrobium Anaerobic Negative12.08
thiobacillus Aerobic/SOX Negative8.28
arthrobacter Aerobic Positive6.78
pelobacter Anaerobic Negative5.55
acidobacterium Aerobic Negative4.77
desulfovibrio Anaerobic/SRB Positive3.53
dehalococcoides Anaerobic Positive3.44
syntrophus Anaerobic Negative3.35
nitrosovibrio Aerobic/Ammonia oxidizer Negative3.07
pelotomaculum Anaerobic Positive2.83
prochlorococcus Aerobic Negative2.53
helicobacter Aerobic Negative2.08
anaplasma Aerobic Negative1.90
gallionella Aerobic/IRB Negative1.78
geobacter Anaerobic/MRB Negative1.76
desulfobacterium Anaerobic/SRB Negative1.62
chloroflexus Varied Varied1.45
desulfurivibrio Anaerobic/SRB Positive1.19
thioalkalivibrio Aerobic Negative1.06
clostridium Anaerobic/Fermentive Positive0.86
dehalogenimonas Anaerobic Negative0.81
Total Abundant Phylotypes: 70.72
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Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Anaplasma
Proteobacteria / Alphaproteobacteria / Rickettsiales / Anaplasmataceae / Anaplasma. Small, often pleomorphic,
coccoid to ellipsoidal cells 0.3–0.4 μm in diameter found in cytoplasmic vacuoles in mammalian host cells, often in
inclusion bodies (morulae) in mature or immature hematopoietic cells, in peripheral blood, or in tissues, usually
organs containing mononuclear phagocytes (spleen, liver, bone marrow) of mammalian hosts. Morulae are
suspended in a non-fibrillar matrix. Two morphologic forms: larger reticulate cells and smaller “dense core” forms.
In blood smears stained by Romanowsky methods, the organisms appear as dense, homogeneous, bluish-purple,
round inclusions 0.3–2.5 µm in diameter. Gram negative. Nonmotile. No spores or resistant stages. Ticks are the
only known biological vectors; mechanical vectors include biting flies or other fomites. The organisms can be
propagated in tick spp. Some anaplasmas can be propagated in tick cell lines or mammalian cells of hematopoietic
origin. Cause disease in canids, humans, and ruminants. Variably pathogenic in cattle, goats, sheep, deer, horses,
and rodents. Placed in the Alphaproteobacteria by 16S ribosomal RNA sequence analysis; organisms possess not
less than 96% 16S rRNA gene similarity. Where studied, these bacteria possess major surface protein genes with a
high degree of sequence similarity nontandemly dispersed throughout the chromosome. The mol% G + C of the
DNA is: 43 and 56.
Stephen Dumler, J., Rikihisa, Y. and Dasch, G. A. 2015. Anaplasma. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–15.

Arthrobacter
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Arthrobacter. The majority of species exhibit a
marked rod–coccus growth cycle when grown in complex media; stationary-phase cultures (generally after 2–7 d)
are composed entirely or largely of coccoid cells that are 0.6–1.0 µm in diameter; some species are showing only
spherical cells throughout the growth cycle. Fatty acids are predominantly iso- and anteiso-branched with C15:0
anteiso, C15:0 iso, C17:0 anteiso, and C16:0 iso predominating. Few species exhibit significant amounts of C16:0.
Quinone system is composed of completely unsaturated or mono-saturated menaquinones with chain lengths of
eight to ten isoprenoic units. The cell-wall peptidoglycan contains the diagnostic diamino acid lysine with several
variations in the interpeptide bridge conforming to peptidoglycan type A3α or A4α. DNA G+C content (mol%):
55–72. Ref: Busse, H.-J., Wieser, M. and Buczolits, S. 2015. Arthrobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–70.
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Chloroflexus
Chloroflexi / “Chloroflexi” / “Chloroflexales” / “Chloroflexaceae” / Chloroflexus. Filaments of indefinite length;
cells 0.5–1.5 × 2–6 µm; none differentiated (Figure 1). Cell division by fission, no branching. No internal
proliferations of cell membrane, except mesosomes; chlorosomes present when anaerobically grown. Motile by
gliding. Thin sheath may be present. Stain Gram-negative, but cell wall not typical of Gram-negative bacteria. No
flagella. The mol% G + C of the DNA is: 53.1–54.9 or 56.7–57.1. Ref: Pierson, B. K. and Castenholz, R. W. 2015.
Chloroflexus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–16.

Clostridium
Firmicutes / “Clostridia” / Clostridiales / Clostridiaceae / Clostridium. Rods, usually stain Gram-positive at least in
very early stages of growth, although in some species Gram-stain-positive cells have not been seen. Motile or
nonmotile. When motile, cells usually are peritrichous. The majority of species form oval or spherical endospores
that usually distend the cell. DNA G+C content (mol%): 22–53. Rainey, F. A., Hollen, B. J. and Small, A. M. 2015.
Clostridium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–122.

Dehalococcoides
Genus of bacteria within class Dehalococcoidetes that obtain energy via the oxidation of hydrogen and
subsequent reductive dehalogenation of halogenated organic compounds in a mode of anaerobic respiration
called dehalorespiration.  Representative members can degrade PCE and TCE to ethene (Maymo-Gatell et al.
1997), chlorinated benzenes (Jayachandran et al. 2003, Nelson et al. 2014) and chlorinated phenols (Adrian et al.
2007).
Adrian L, Hansen SK, Fung JM, Görisch H, Zinder SH. Growth of Dehalococcoides  strains with chlorophenols as
electron acceptors. Environ Sci Technol. 2007 Apr 1;41(7):2318-23.
Jayachandran, G., Gorisch, H., Adrian, L., 2003. Dehalorespiration with hexachlorobenzene and
pentachlorobenzene by Dehalococcoides sp strain CBDB1. Arch. Microbiol. 180, 411-416.
Maymó-Gatell X, Chien Y, Gossett JM, Zinder SH. Isolation of a bacterium that  reductively dechlorinates
tetrachloroethene to ethene. Science. 1997 Jun 6;276(5318):1568-71.
Nelson et al. 2014. Dehalogenation of Chlorobenzenes, Dichlorotoluenes, and Tetrachloroethene by Three
Dehalobacter spp.  Environ. Sci. Technol., 2014, 48 (7), pp 3776–3782.

Dehalogenimonas
Cells are Gram-negative staining, non-motile, non-spore-forming, irregular cocci. Strictly anaerobic and mesophilic.
Chemotrophic. Able to reductively dehalogenate chlorinated alkanes. Utilize H 2 as an electron donor. The G+C
content of the genomic DNA is 53–54 mol%. On the basis of 16S rRNA gene sequence comparisons, the genus
belongs to the phylum Chloroflexi. The type species is Dehalogenimonas lykanthroporepellens.
Moe, W. M., Yan, J., Nobre, M. F., da Costa, M. S., & Rainey, F. A. (2009). Dehalogenimonas lykanthroporepellens
gen. nov., sp. nov., a reductively dehalogenating bacterium isolated from chlorinated solvent-contaminated
groundwater. International journal of systematic and evolutionary microbiology, 59(11), 2692-2697.
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Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Desulfurivibrio
Gram-positive, endospore-forming rods. Obligately anaerobic with respiratory metabolism. Use sulfur compounds,
but not sulfate, as electron acceptor, and short-chain fatty acids and hydrogen as electron donors. Facultatively
autotrophic. Obligately alkaliphilic and moderately salt-tolerant. Belongs to the family Syntrophomonadaceae
within the phylum Clostridiales. The type species is Dt. alkaliphilus. Habitat—soda lake sediments.
Sorokin, D. Y., Tourova, T. P., Mußmann, M., & Muyzer, G. (2008). Dethiobacter alkaliphilus gen. nov. sp. nov., and
Desulfurivibrio alkaliphilus gen. nov. sp. nov.: two novel representatives of reductive sulfur cycle from soda lakes.
Extremophiles, 12(3), 431-439.
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Gallionella
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Gallionellaceae / Gallionella. Gram-negative, bean-
shaped cells, usually 0.5–0.8 × 1.6–2.5 µm, that secrete an extracellular twisted stalk from the concave side,
0.3–0.5 µm in width and up to 400 µm or more in length. The stalk is composed of numerous 2 nm-wide fibers and
is produced under microaerophilic conditions when cells are in late exponential or stationary growth phase. Motile
by means of a polar flagellum. Microaerophilic; chemolithotrophic growth can be obtained in vitro using oxygen
and ferrous iron concentration gradients in a salt medium with CO2 as sole carbon source (Table BXII.β.108).
Mixotrophic metabolism has been demonstrated with glucose, fructose, and sucrose. Can be found where
anaerobic groundwater with ferrous iron reaches an oxygen-containing environment. Belongs to the
Betaproteobacteria, family Gallionellaceae, with one known species, G. ferruginea. Most closely related species
according to 16S rDNA sequence analysis is the chemolithotroph Nitrosospira multiformis, distantly related with a
16S rDNA sequence similarity of 90%. The mol% G + C of the DNA is: 51–54.6 (Hanert, 1989).
Hallbeck, L. E.-L. and Pedersen, K. 2015. Gallionella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–10.

Geobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Geobacteraceae / Geobacter. Cells are rod-shaped
with rounded ends that grow as single cells, in pairs, or in chains. Cells are 1–4 µm × 0.6 µm, nonmotile, with no
spore formation. They are Gram-negative strict anaerobes and belong to the Deltaproteobacteria. They are
catalase and carotenoid negative. Cells contain menaquinone and c-type cytochromes, but lack ubiquinone.
Growth occurs chemoorganotrophically with Fe(III) serving as the sole electron acceptor. The organic electron
donor is completely oxidized to carbon dioxide. Vitamins are not required for growth, but growth is enhanced by
their presence. Growth is also enhanced in media containing FeCl2 as a reducing agent. The mol% G + C of the
DNA is: 50.2–60.6 (HPLC).
Coates, J. D. and Lovley, D. R. 2015. Geobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Helicobacter
Proteobacteria / Epsilonproteobacteria / Campylobacterales / Helicobacteraceae / Helicobacter. Cells may be
curved, spiral, or fusiform rods, 0.2–1.2 × 1.5–10.0 µm. Spiral cells may be tightly or loosely wound depending on
the species, and on the age and condition of the culture examined. Cells in old cultures or those exposed to air
become coccoid. Ultrastructural studies show that periplasmic fibers may be observed on the cell surface of a few
taxa and an electrondense glycocalyx- or capsule-like layer has been observed on the cell surface of some species.
Nonsporeforming. Gram negative. Motile with a rapid corkscrew- or slower wave-like motion due to flagellar
activity. Multiple sheathed flagella are seen in most species, frequently with a bipolar distribution. Typical cell
morphologies of various Helicobacter species are shown in Figs. BXII.ε.5 and BXII.ε.6. The mol% G + C of the DNA
is: 24–48.
On, S. L., Lee, A., O'Rourke, J. L., Dewhirst, F. E., Paster, B. J., Fox, J. G. and Vandamme, P. 2015. Helicobacter.
Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Nitrosovibrio
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Nitrosomonadaceae / Nitrosovibrio. Slender, curved
rods (Figure 1a), 0.3–0.4 × 1.1–3.0 µm. Spherical forms, 1.0–1.2 µm in diameter, may occur in cultures. Gram-
negative cell wall. Intracytoplasmic membranes are rare (Figure 1b), but when present, appear as tubular
invaginations. Motile cells possess 1–4 subpolar to lateral flagella (Figure 2), about 18 nm wide and 4.2–7.5 µm
long. Carboxysomes observed in one strain. Most, but not all, strains are urease positive. Commonly distributed in
oligotrophic soils, such as grasslands, heath, and forest soils, as well as in mountainous environments. Some
isolates originate from acid tea soils and from building stones. The mol% G + C of the DNA is: 53.9. Koops, H.-P.
and Pommerening-Röser, A. 2015. “Nitrosovibrio”. Bergey's Manual of Systematics of Archaea and Bacteria. 1–2

Pelobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Pelobacter. Rod-shaped cells,
0.5–1.0 × 1.5–6.0 µm, with rounded ends, single, in pairs, or in chains. Motile forms may occur in some species;
other species are nonmotile. Gram negative. Endospores not formed. Anaerobic. Have a chemoorganotrophic,
fermentative type of metabolism, using few simple organic compounds as substrates. Carbohydrates not utilized.
Media containing a reductant, e.g., sulfide, are necessary for growth. Catalase negative. Isolated from sediments
of limnic or marine origin. The mol% G + C of the DNA is: 50–58. Schink, B. 2015. Pelobacter. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–6.

Pelotomaculum
Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / Pelotomaculum. Nonmotile, sausage-shaped cells with
spherical endospores. Gram reaction negative but has Gram-positive cell-wall structure. Strictly anaerobic.
Mesophilic and thermophilic. Growth by syntrophy with hydrogenotrophs or by fermentation. Can use a limited
number of compounds including propionate, primary alcohols, low molecular mass aromatics, or lactate in
association with hydrogenotrophic methanogens. Organic compounds such as fumarate are used by some species
as alternative electron acceptors. Sulfate, sulfite, thiosulfite, elemental sulfur, nitrate, and ferric ion are not
reduced. The major cellular fatty acid is C15:0 iso. Major quinones are MK-7, MK-7(H4), or MK-9(H4). Member of
the family Peptococcaceae on the basis of 16S rRNA gene sequence comparisons. DNA G+C content (mol%):
52.8–53.6.
Rainey, F. A. 2015. Pelotomaculum. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Prochlorococcus
Cyanobacteria / Subsection I / Incertae Sedis / Form- Prochlorococcus. Marine planktonic cyanobacteria that
possess spherical to slightly rod-shaped cells (0.5–0.8 × 0.7–1.6 µm) and divide by binary fission in a single plane.
They lack phycobilisomes and contain divinyl-chlorophyll a and b (a 2 and b 2).
Rippka, R., Castenholz, R. W. and Herdman, M. 2015. Form- Prochlorococcus . Bergey's Manual of Systematics of
Archaea and Bacteria. 1–3.
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Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Thioalkalivibrio
Proteobacteria / Gammaproteobacteria / Chromatiales / Ectothiorhodospiraceae / Thioalkalivibrio. Motile Gram-
negative curved rods or spirilla (0.4–0.6 × 0.8–3.0 µm). One polar flagellum. Cell wall rippled. Possess
carboxysomes. Obligate chemolithoautotrophs. Oxidize sulfide, thiosulfate, sulfur, and tetrathionate. Carbon
assimilation via Calvin cycle. Halotolerant up to 1.2–1.5 M Na+; require at least 0.3 M Na+. The mol% G + C of the
DNA is: 61–65.6.
The Editorial Board 2015. Thioalkalivibrio. Bergey's Manual of Systematics of Archaea and Bacteria. 1–2.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Verrucomicrobium
Verrucomicrobia / Verrucomicrobiae / Verrucomicrobiales / Verrucomicrobiaceae / Verrucomicrobium.
Unicellular bacterium, rod shaped with numerous prosthecae extending from all locations on the cell surface.
Fimbriae varying in length and number extrude from the tips of the prosthecae. Gram-stain-negative; nonmotile.
Nonsporeforming. PHB is not stored. No gas vesicles. Mesophilic. Chemoorganotrophic; facultatively anaerobic.
Glucose is fermented; nitrate is not reduced under anaerobic conditions. Oxidase and catalase positive. The cell
wall contains m-diaminopimelic acid. The main respiratory quinone is MK10. MK9, MK10(H2), and MK11 are
minor quinones. Major fatty acids are C14:0, C14:0 iso, C15:0 anteiso, C15:0, C16:1 ω5, C16:0, C17:1 ω12. The
major phospholipids are phosphatidylglycerol and phosphatidylmethylethanolamine. DNA G+C content (mol%):
58–59. Ref: Schlesner, H. 2015. Verrucomicrobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 94.03

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW33-09202017

# of Total ID's:

Sample ID: PGDW33-09202017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 24

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/8/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

23957

Sample ID: PGDW33-09202017

320

28.04
65.99

0
5.9700000000

Negative:
Positive:
Varied:
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Negative

Positive

Varied
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW33-09202017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 25.83
Anaerobic: 32.34
Varied: 35.86
Not Characterized: 5.97

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW33-09202017

ralstonia Varied Negative33.58
georgfuchsia Anaerobic/Nitrate/MRB Negative17.11
corynebacterium Aerobic Positive6.04
candidatus desulforudis Anaerobic/SRB Positive5.80
staphylococcus Aerobic Positive5.10
rhodothermus Aerobic Negative3.26
micrococcus Aerobic Positive2.59
dethiobacter Anaerobic Positive2.38
thiobacillus Aerobic/SOX Negative2.36
hydrogenophaga Varied Negative1.46
hyphomicrobium Aerobic/NRB Negative1.37
pseudomonas Aerobic Negative1.30
peptoniphilus Anaerobic Positive1.26
anaerovirgula Anaerobic Positive1.26
gemmatimonas Aerobic Negative1.12
streptococcus Facultative Anaerobic Positive0.95
gallionella Aerobic/IRB Negative0.94
lysobacter Aerobic Negative0.94
symbiobacterium Facultative Anaerobic Negative0.92
finegoldia Anaerobic Positive0.91
dermabacter Facultative Anaerobic Positive0.89
gordonibacter Anaerobic Positive0.86
pelomonas Varied Negative0.82
bradyrhizobium Aerobic Negative0.81
Total Abundant Phylotypes: 94.03
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Anaerovirgula
Gram-positive, spore-forming, small (2.5–5.0 μm) rod-shaped cells that occur alone, in pairs or in short chains.
Obligately anaerobic, and catalase-negative. Alkaliphilic and mesophilic. Chemo-organotrophic, with a
fermentative metabolism (sugars and proteolysis products) and capable of respiration by the Stickland reaction.
The fatty acid profile differs from that of members of the same clostridial cluster in the following respects:
presence of iso-C 15 : 0 fatty acid methyl esters, reduced quantity of C 14 : 0 fatty acid methyl esters and
significantly reduced quantity of C 16 : 0 aldehydes. The G+C content of the genomic DNA is around 34 mol%.
Belongs to clostridial cluster XI as defined by Collins et al. (1994) . The type and only species is Anaerovirgula
multivorans.
Pikuta, E. V., Itoh, T., Krader, P., Tang, J., Whitman, W. B., & Hoover, R. B. (2006). Anaerovirgula multivorans gen.
nov., sp. nov., a novel spore-forming, alkaliphilic anaerobe isolated from Owens Lake, California, USA.
International journal of systematic and evolutionary microbiology, 56(11), 2623-2629.

Bradyrhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Bradyrhizobiaceae / Bradyrhizobium. Rods 0.5–0.9 × 1.2–3.0
µm. Commonly pleomorphic under adverse growth conditions. Usually contain granules of poly-β-
hydroxybutyrate that are refractile by phase-contrast microscopy. Nonsporeforming. Gram negative. Motile by
one polar or subpolar flagellum. Fimbriae have not been described. Aerobic, possessing a respiratory type of
metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH, 6–7,
although lower optima may be exhibited by strains from acid soils. Colonies are circular, opaque, rarely
translucent, white, and convex, and tend to be granular in texture; they do not exceed 1.0 mm in diameter in less
than 5–6 days incubation on A1EG medium. Turbidity develops only after 3–4 days in agitated broth. Generation
times are 9–18 h. Chemoorganotrophic, utilizing a range of carbohydrates and salts of organic acids as carbon
sources, without gas formation; arabinose and other pentoses are preferred carbon sources. Cellulose and starch
are not utilized. Produce an alkaline reaction in mineral salts medium containing mannitol and/or many other
carbohydrates. Growth on carbohydrate media is usually accompanied by extracellular polysaccharide slime
production particularly with glycerol, gluconate, or mannitol. Some strains can grow chemolithotrophically in the
presence of H2, CO2, and low levels of O2. Ammonium salts, usually nitrates, and some amino acids, can serve as
nitrogen sources. Peptone is poorly utilized (except for strains isolated from Lotononis). Casein and agar are not
hydrolyzed. There is usually no requirement for vitamins with the rare exception of biotin, which also may be
inhibitory to some strains. 3-Ketoglycosides are not produced (Bernaerts and De Ley, 1963). The organisms are
characteristically able to enter the root hairs of tropical-zone and some temperate-zone leguminous plants (family
Leguminosae) and incite the production of root nodules, in which the bacteria occur as intracellular nitrogen-fixing
symbionts. Some strains, especially B. elkanii, fix nitrogen in the free-living state when examined under special
conditions. The mol% G + C of the DNA is: 61–65. Ref: Kuykendall, L. D. 2015. Bradyrhizobium. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–11
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Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Corynebacterium
Actinobacteria / Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly
curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms may be observed;
sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, Corynebacterium matruchotii) or thinner rods
with bulges (see below, Corynebacterium sundsvallense) observed. Snapping division produces angular and
palisade arrangements of cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being
polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), and no species
has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are catalase positive. All species are
oxidase negative except for Corynebacterium bovis, Corynebacterium aurimucosum, Corynebacterium
doosanense, and Corynebacterium maris (below). Many species are facultatively anaerobic and some are aerobic.
Chemoorganotrophs. Some species are lipophilic. Many species produce acid from glucose and some other sugars
in peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA G+C content
(mol%): 46–74. Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's Manual of Systematics of Archaea
and Bacteria. 1–70.

Dermabacter
Actinobacteria / Actinobacteria / Micrococcales / Dermabacteraceae / Dermabacter
Facultatively anaerobic, catalase-positive, oxidase-negative actinomycetes which ferment a range of sugars and
decarboxylate lysine and ornithine. Cell wall peptidoglycan contains meso-diaminopimelic acid, alanine, and
glutamic acid. Long-chain fatty acids are predominantly of the iso-, anteiso-methyl branched type. The major polar
lipids are diphosphatidylglycerol, phosphatidylglycerol, and a diglucosyldiacylglycerol with some phospholipids.
Unsaturated menaquinones with nine isoprene units predominate, though corresponding components with seven
and eight isoprene units occur in substantial amounts. The phylogenetic position of Dermabacter, as determined
by 16S rRNA gene sequence analysis, is in the family Dermabacteraceae.
DNA G+C content (mol%): 62.0–63.0 (T m).
Goodfellow, M. 2015. Dermabacter . Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.
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Dethiobacter
Gram-positive, endospore-forming rods. Obligately anaerobic with respiratory metabolism. Use sulfur compounds,
but not sulfate, as electron acceptor, and short-chain fatty acids and hydrogen as electron donors. Facultatively
autotrophic. Obligately alkaliphilic and moderately salt-tolerant. Belongs to the family Syntrophomonadaceae
within the phylum Clostridiales. The type species is Dt. alkaliphilus. Habitat—soda lake sediments.
Sorokin, D. Y., Tourova, T. P., Mußmann, M., & Muyzer, G. (2008). Dethiobacter alkaliphilus gen. nov. sp. nov., and
Desulfurivibrio alkaliphilus gen. nov. sp. nov.: two novel representatives of reductive sulfur cycle from soda lakes.
Extremophiles, 12(3), 431-439.

Finegoldia
Firmicutes / “Clostridia” / Clostridiales / incertae Sedis - Family I / Finegoldia. Non-spore-forming, obligately
anaerobic, Gram-stain-positive cocci. Cells may occur in pairs, tetrads, and irregular masses and are 0.7–1.5 µm in
diameter. Carbohydrates are not fermented. Indole is negative. The optimum temperature for growth is 37°C.
Metabolize peptone and amino acids to acetic acid. Alkaline phosphatase test is variable among strains. Found in
vagina, oral cavity, and various abscess-forming human specimens. Differential characteristics from closely related
genera are given in Table 1 and Table 2.
Ezaki, T. 2015. Finegoldia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.

Gallionella
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Gallionellaceae / Gallionella. Gram-negative, bean-
shaped cells, usually 0.5–0.8 × 1.6–2.5 µm, that secrete an extracellular twisted stalk from the concave side,
0.3–0.5 µm in width and up to 400 µm or more in length. The stalk is composed of numerous 2 nm-wide fibers and
is produced under microaerophilic conditions when cells are in late exponential or stationary growth phase. Motile
by means of a polar flagellum. Microaerophilic; chemolithotrophic growth can be obtained in vitro using oxygen
and ferrous iron concentration gradients in a salt medium with CO2 as sole carbon source (Table BXII.β.108).
Mixotrophic metabolism has been demonstrated with glucose, fructose, and sucrose. Can be found where
anaerobic groundwater with ferrous iron reaches an oxygen-containing environment. Belongs to the
Betaproteobacteria, family Gallionellaceae, with one known species, G. ferruginea. Most closely related species
according to 16S rDNA sequence analysis is the chemolithotroph Nitrosospira multiformis, distantly related with a
16S rDNA sequence similarity of 90%. The mol% G + C of the DNA is: 51–54.6 (Hanert, 1989).
Hallbeck, L. E.-L. and Pedersen, K. 2015. Gallionella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–10.

Gemmatimonas
Gemmatimonadetes / Gemmatimonadetes / Gemmatimonadales / Gemmatimonadaceae / Gemmatimonas.
Gram-stain-negative. Cells are motile, rod-shaped. Spores are not formed. Cells divide by binary fission but often
show budding forms. Mesophilic. Heterotrophic. Cells grow under aerobic conditions. The major respiratory
quinone is MK-9. The main fatty acids are C15:0 iso, C16:1 and C14:0. The cell wall contains no diaminopimelic
acid (DAP) isomers. DNA G+C content (mol%): 66.0 (HPLC). Ref: Kamagata, Y. 2015. Gemmatimonas. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–4.
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Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Gordonibacter
Gram-positive, motile, non-spore-forming coccobacilli (0.5–0.6×0.8–1.2 μm). Obligately anaerobic. Cellular fatty
acids consist mainly (∼90 %) of saturated fatty acids (predominantly C 14 and C 15) and include 12 : 0, 13 : 0 iso,
13 : 0 iso 3-OH, 14 : 0, 14 : 0 iso, 14 : 0 DMA, 15 : 0 iso DMA, 15 : 0 iso, 15 : 0 anteiso, 16 : 0, 16 : 0 iso, 16 : 0 DMA,
16 : 1 ω7 c, 16 : 1 ω7 c DMA, unknown ECL 16.107, 17 : 0, 17 : 0 anteiso DMA, 18 : 0, 18 : 0 DMA, 18 : 1 ω9 c DMA
and 18 : 1 ω9 c; the major component is 15 : 0 anteiso. The major respiratory lipoquinone present is menaquinone
MK-6; MMK-6 is a minor component. Major polar lipids are phosphatidylglycerol, diphosphatidylglycerol and four
glycolipids (GL1–GL4). Oxidation/fermentation of arabinose, glucose, mannose, raffinose, trehalose and xylose is
not observed. Nitrate is not reduced. The G+C content of the genomic DNA of the single known strain is
66.4 mol%. The type and only species of the genus is Gordonibacter pamelaeae.
Würdemann, D., Tindall, B. J., Pukall, R., Lünsdorf, H., Strömpl, C., Namuth, T., ... & Timmis, K. N. (2009).
Gordonibacter pamelaeae gen. nov., sp. nov., a new member of the Coriobacteriaceae isolated from a patient
with Crohn's disease, and reclassification of Eggerthella hongkongensis Lau et al. 2006 as Paraeggerthella
hongkongensis gen. nov., comb. nov. International journal of systematic and evolutionary microbiology, 59(6),
1405-1415.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Lysobacter
Proteobacteria / Gammaproteobacteria / Xanthomonadales / Xanthomonadaceae / Lysobacter. Thin rods, 0.2–0.5
× 1.0–15 (sometimes up to 70) µm, which are Gram negative, nonflagellated, gliding, flexing, and aerobic. Colonies
are highly mucoid, cream-colored, pink, or yellow-brown; many strains also produce a brown, water-soluble
pigment. Nonfruiting; no microcysts produced. Growth in broth culture is silky. Most strains are resistant to
actinomycin D. This organism degrades chitin and often other polysaccharides, but it does not degrade filter-paper
cellulose, and it infrequently degrades agar. Strongly proteolytic, characteristically lysing a variety of
microorganisms (both Gram-negative and Gram-positive bacteria, including actinomycetes, blue-green and green
algae, yeasts, and filamentous fungi), as well as nematodes. Habitat: soil and freshwater. The mol% G + C of the
DNA is: 65.4–70.1.
Christensen, P. 2015. Lysobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Micrococcus
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Micrococcus. Cells are spherical and
nonmotile. Endospores are not formed. Gram-stain-positive. Aerobic. Chemo-organotrophic, metabolism is strictly
respiratory. Catalase- and oxidase-positive. Mesophilic. Non halophilic. The peptidoglycan contains I-lysine as the
diagnostic diamino acid. The peptidoglycan type is either A2, with the interpeptide bridge consisting of a stem
peptide or A4α both with lysine as the diagnostic diamino acid. The predominant menaquinones are either MK-8
and MK-8(H2) or MK-8(H2) or MK-7(H2). The cytochromes are aa3, b557, b567, d626; cytochromes c550, c551,
b563, b564 and b567 may be present. Polar lipids are phosphatidylglycerol, diphosphatidylglycerol,
phosphatidylinositol, an unknown glycolipid, and an unknown ninhydrin-negative phospholipid. The cellular fatty
acids are iso- and anteiso-branched fatty acids, with C15:0 anteiso and C15:0 iso predominating. The major
aliphatic hydrocarbons (br-Δ-C) are C27 to C29. Mycolic acids and teichonic acids are absent; teichuronic acids
may be present. Mannosamine-uronic acid may be present as an amino sugar in the cell-wall polysaccharide. d-
Arabinose, p-arbutin, d-cellobiose, d-galactose, d-melibiose, d-ribose, and salicin are not assimilated. Members of
the genus share the Micrococcaceae-specific signature nucleotides at positions 293:304, 610, 598, 615:625,
1025:1036, 1026:1035, 1265:1270, and 1278 of the 16S rRNA gene sequence (Escherichia coli numbering) and lack
the signature nucleotides at positions 640, 839:847, and 859 (Stackebrandt et al., 1997). DNA G+C content (mol%):
69–76. Busse, H.-J. 2015. Micrococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.
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Pelomonas
Phylum Proteobacteria, Class Gammaproteobacteria, Order Pseudomonadales, Family Pseudomonadaceae, Genus
Pseudomonas, Pseudomonas saccharophila. Gram negative, 0.5 x 3-4 μm, motile rods with polar monotrichous
flagellation. Can use more than 40 different carbon sources (sucrose, L-arabinose, trehalose, raffinose, cellobiose,
D-galactose, mannose, D-ribose, glucose, fructose, sucrose, D-xylose, rhamnose, glutarate, acetate, pyruvate,
butyrate, lactate, L-malate, citrate, succinate, fumarate, L-proline, isobutanol). Oxidase, catalase, gelatin & starch
hydrolysis positive. Produce 2-keto-3-deoxy-6-phosphogalactonate aldolase, 2-keto-3-deoxy-6-phosphogluconate
aldolase, D-galactose dehydrogenase, mannose isomerase, pullulanase, sucrose phosphorylase & alpha-amylase.
Doudoroff M.: The oxidative assimilation of sugars and related substances by Pseudomonas saccharophila with a
contribution to the problem of the direct respiration of di- and polysaccharides. Enzymologia, 1940, 9, 59-72.
Barraquis WL et al. Nitrogen fixation by Pseudomonas saccharophila Douderoff ATCC 15946. J. Gen. Microbiol.
132: 237-241, 1986. Davis DH, et al. Taxonomic studies on some gram negative polarly flagellated "hydrogen
bacteria" and related species. Arch. Mikrobiol. 70: 1-13, 1970.  Buchanan R.E. & Gibbons N.E. (editors); Bergey’s
Manual of determinative Bacteriology 8th Edition 1974. Xie, Cheng-Hui, Yokota, Akira: Reclassification of
Alcaligenes latus strains IAM 12599T and IAM 12664 and Pseudomonas saccharophila as Azohydromonas lata gen.
nov., comb. nov. Azohydromonas australica sp. nov. and Pelomonas saccharophila gen. nov., comb. nov.,
respectively. Int J Syst Evol Microbiol 2005 55: 2419-2425. N. J. Palleroni and M. Doudoroff: Identity of
Pseudomonas saccharophila. J Bacteriol. 1965 January; 89(1): 264.

Peptoniphilus
Firmicutes / “Clostridia” / Clostridiales / incertae Sedis - Family I / Peptoniphilus. Non-spore-forming, obligately
anaerobic, Gram-stain-positive, cocci. Cells may occur in pairs, short chains, tetrads, or small masses. Nonmotile.
Optimal growth temperature is 37°C. The major metabolic end product from peptone yeast extract glucose (PYG)
medium is butyric acid. Carbohydrates are not fermented. Use peptones and oligopeptide as major energy source.
The position 1, position 3, and interpeptide bridge of peptidoglycan are alanine, l-ornithine, and d-glutamic acid (Li
et al., 1992; Schleifer and Nimmermann, 1973; Weiss, 1981). DNA G+C content (mol%): 25–34 (Ezaki, 1982).
Ezaki, T. and Kawamura, Y. 2015. Peptoniphilus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Rhodothermus
Bacteroidetes / Cytophagia / Incertae sedis II / Rhodothermaceae / Rhodothermus. Straight rods about 0.5 ×
2.0–2.5 µm, with curved ends. Occur singly, never in chains or filaments. Nonmotile. Gram-stain-negative. A slime
capsule is formed on carbohydrate-rich medium. Most strains form red colonies, due to a carotenoid pigment.
Colonies are low convex, 3–4 mm in diameter with an entire edge. Aerobic. Thermophilic, growing at 54–77°C.
Neutrophilic. Heterotrophic. Growth is strictly salt-dependent, occurring in the range of 0.6 to >6% NaCl. Catalase-
positive. The oxidase reaction varies among strains. No dissimilatory nitrate reduction occurs. Growth occurs on
most common sugars. The major cellular fatty acids are C15 iso, C15 anteiso, C17 iso and C17 anteiso. The major
quinone is menaquinone 7. The habitat is submarine freshwater alkaline hot springs, marine hot springs,
geothermal sites, and borehole effluents. DNA G+C content (mol%): 64–66 (T m).
The Editorial Board 2015. Rhodothermus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Staphylococcus
Firmicutes / “Bacilli” / Bacillales / “Staphylococcaceae” / Staphylococcus. Cells spherical, 0.5–1.5 µm in diameter,
occurring singly, in pairs, in tetrads, in short chains (3–4 cells), and characteristically dividing in more than one
plane to form irregular grape-like clusters. Gram-stain-positive. Nonmotile. Resting stages not produced. Cell wall
contains peptidoglycan and teichoic acid. The diamino acid present in the peptidoglycan is l-lysine (peptidoglycan
group A3). Usually unencapsulated or limited capsule formation. DNA G+C content (mol%): 27–41 (Tm, Bd).
Schleifer, K.-H. and Bell, J. A. 2015. Staphylococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–43.
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Streptococcus
Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus. Streptococcus strains are normally
spherical or ovoid, less than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are
nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively anaerobic, some
requiring additional CO2 for growth. Chemo-organotrophic with fermentative metabolism. Carbohydrates are
fermented to produce mainly lactic acid but no gas. Catalase-negative. Nutritional requirements are complex and
variable. The peptidoglycan is of group A (Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position
3 of the peptide subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the Lancefield
serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent of almost all streptococcal
cell walls and its notable absence among members of the Mitis species group which includes Streptococcus
pneumoniae, together with the presence of significant amounts of ribitol, are valuable chemotaxonomic markers
for these taxa. DNA G+C content (mol%): 33–46. Whiley, R. A. and Hardie, J. M. 2015. Streptococcus. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–86

Symbiobacterium
Firmicutes / “Clostridia” / Clostridiales / incertae Sedis - Family VII / Symbiobacterium. Straight, rod-shaped cells,
0.25–0.35 × 1.7–7 µm, with a multilayered cell wall that stains Gram-negative. Exhibits low optical density.
Endospore-like structures are formed. Peritrichously flagellated. Facultatively anaerobic. Optimum growth occurs
in broth co-culture with a thermophilic Geobacillus sp., but limited axenic growth is possible under a CO2
atmosphere or with bicarbonate. Small, translucent colonies are formed on gellan gum plates. Analyses of the 16S
rRNA gene indicate that this genus represents a deep bacterial lineage that is distinct from the Firmicutes, as well
as from the Actinobacteria. DNA G+C content (mol%): 65–69. Beppu, T. and Ueda, K. 2015. Symbiobacterium.
Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 56.41

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW45-09202017-PRE

# of Total ID's:

Sample ID: PGDW45-09202017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 29

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/8/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

23957

Sample ID: PGDW45-09202017-P

535

13.14
41.51

1.76
43.59

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW45-09202017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 25.87
Anaerobic: 24.49
Varied: 5
Not Characterized: 44.64

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW45-09202017-PRE

pelotomaculum Anaerobic Positive4.87
acidobacterium Aerobic Negative4.45
nitrosovibrio Aerobic/Ammonia oxidizer Negative4.08
pelobacter Anaerobic Negative3.83
verrucomicrobium Anaerobic Negative3.80
prochlorococcus Aerobic Negative3.72
geobacter Anaerobic/MRB Negative2.63
ralstonia Varied Negative2.36
anaeromyxobacter Anaerobic/MRB Negative1.99
halothiobacillus Aerobic Negative1.92
compostimonas Aerobic Positive1.91
rubrobacter Aerobic Positive1.90
nitrospira Aerobic/NOB Negative1.86
chloroflexus Varied Varied1.76
desulfobulbus Anaerobic/MRB/SRB Negative1.69
helicobacter Aerobic Negative1.31
methylothermus Aerobic/MOB Negative1.29
opitutus Anaerobic Negative1.12
chlamydia  Intracellular Negative1.05
dehalococcoides Anaerobic Positive0.95
syntrophus Anaerobic Negative0.93
desulfovibrio Anaerobic/SRB Positive0.93
clostridium Anaerobic/Fermentive Positive0.92
synechococcus Aerobic Negative0.90
mycoplasma Varied Negative0.88
pseudomonas Aerobic Negative0.85
gemmatimonas Aerobic Negative0.85
eubacterium Anaerobic Positive0.83
arthrobacter Aerobic Positive0.83
Total Abundant Phylotypes: 56.41
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Acidobacterium
Acidobacteria / Acidobacteriia / Acidobacteriales / Acidobacteriaceae / Acidobacterium. Rod-shaped cells, 0.3–0.8
µm × 1.1–2.3 µm. Gram-stain-negative. Nonphotosynthetic. Nonsporeforming. Cells occur singly, in pairs, or in
short chains. Capsule produced. Aerobic, having an obligately aerobic metabolism. Acidophilic. Growth at pH
3.0–6.0, but not at 6.5. No growth at 3.5% NaCl. Do not denitrify. Catalase-positive. Chemoorganotrophic. Growth
on a variety of sugars including glucose as the sole carbon source. No growth on alcohols including methanol.
Growth is inhibited by 0.25 mM acetate, 2 mM lactate, and 4 mM succinate. Growth at 25–37°C but not at 42°C.
Motile by peritrichous flagella. The major quinone is menaquinone with eight isoprene units (MK-8). The major
fatty acid is C15:0. 2- and 3-Hydroxy fatty acids are absent except for trace amounts of C12:0. DNA G+C content
(mol%): 59.7–60.8.
Thrash, J. C. and Coates, J. D. 2015. Acidobacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Anaeromyxobacter
This genus consists of myxobacterial species that are capable of facultative anaerobic growth using terminal
electron acceptors such as nitrate, fumarate, and chlorophenolic compounds. Sulfur compounds are not reduced.
Oxygen is used but only at low concentrations. The morphological description of this genus is the same as that of
the type strain and only species in the genus, Anaeromyxobacter dehalogenans.
Sanford, R.A., Cole, J.R. and Tiedje, J.M., 2002. Characterization and description of Anaeromyxobacter
dehalogenans gen. nov., sp. nov., an aryl-halorespiring facultative anaerobic myxobacterium. Applied and
environmental microbiology, 68(2), pp.893-900.

Arthrobacter
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Arthrobacter. The majority of species exhibit a
marked rod–coccus growth cycle when grown in complex media; stationary-phase cultures (generally after 2–7 d)
are composed entirely or largely of coccoid cells that are 0.6–1.0 µm in diameter; some species are showing only
spherical cells throughout the growth cycle. Fatty acids are predominantly iso- and anteiso-branched with C15:0
anteiso, C15:0 iso, C17:0 anteiso, and C16:0 iso predominating. Few species exhibit significant amounts of C16:0.
Quinone system is composed of completely unsaturated or mono-saturated menaquinones with chain lengths of
eight to ten isoprenoic units. The cell-wall peptidoglycan contains the diagnostic diamino acid lysine with several
variations in the interpeptide bridge conforming to peptidoglycan type A3α or A4α. DNA G+C content (mol%):
55–72. Ref: Busse, H.-J., Wieser, M. and Buczolits, S. 2015. Arthrobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–70.
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Chlamydia
Chlamydiae / Chlamydiia / Chlamydiales / Chlamydiaceae / Chlamydia. Coccoid, nonmotile, obligate intracellular
organisms, 0.2–1.5 μm in diameter that parasitize and multiply in the cytoplasm of eukaryotic cells within
membrane bound vacuoles, termed inclusions, by a unique developmental cycle. The cycle is characterized by
physical changes in the outer membrane and nucleoid structure of metabolically inert elementary bodies that
change into larger metabolically active reticulate bodies that divide by binary fission. The cycle is complete when
reticulate bodies reorganize into intermediate bodies then to elementary bodies that exit the host cells and start a
new generation of the developmental cycle. In a young inclusion, only reticulate bodies are present. However in a
mature inclusion, all three forms (reticulate, intermediate, and elementary bodies) are present because the
developmental cycle is not synchronized. The intracellular survival of the organism is facilitated by its ability to
prevent fusion of lysosomes to chlamydia-containing inclusions by an unknown mechanism. DNA G+C content
(mol%): 39–45.
Kuo, C.-C., Stephens, R. S., Bavoil, P. M. and Kaltenboeck, B. 2015. Chlamydia. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–28.

Chloroflexus
Chloroflexi / “Chloroflexi” / “Chloroflexales” / “Chloroflexaceae” / Chloroflexus. Filaments of indefinite length;
cells 0.5–1.5 × 2–6 µm; none differentiated (Figure 1). Cell division by fission, no branching. No internal
proliferations of cell membrane, except mesosomes; chlorosomes present when anaerobically grown. Motile by
gliding. Thin sheath may be present. Stain Gram-negative, but cell wall not typical of Gram-negative bacteria. No
flagella. The mol% G + C of the DNA is: 53.1–54.9 or 56.7–57.1. Ref: Pierson, B. K. and Castenholz, R. W. 2015.
Chloroflexus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–16.

Clostridium
Firmicutes / “Clostridia” / Clostridiales / Clostridiaceae / Clostridium. Rods, usually stain Gram-positive at least in
very early stages of growth, although in some species Gram-stain-positive cells have not been seen. Motile or
nonmotile. When motile, cells usually are peritrichous. The majority of species form oval or spherical endospores
that usually distend the cell. DNA G+C content (mol%): 22–53. Rainey, F. A., Hollen, B. J. and Small, A. M. 2015.
Clostridium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–122.

Compostimonas
Actinobacteria / Actinobacteria / Micrococcales / Microbacteriaceae / Compostimonas. Gram-stain positive,
aerobic, nonmotile actinobacterium. Colonies are white round and convex. Cells are short rods and
nonsporulated. Mesophilic and neutrophilic microorganism that grows between 10 and 37°C and pH 6–8,
respectively. Nitrate is reduced. Oxidase positive but catalase negative. Indol reaction negative. The peptidoglycan
is of type B and contains d-glutamic acid, glycine, d-alanine, and l-2,4-diaminobutyric acid. The major respiratory
quinones are MK-11 and MK-12. The polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, and an
unidentified glycolipid. The genus belongs to the family Microbacteriaceae and is phylogenetically related to the
genera Alpinimonas, Clavibacter, Frigoribacterium, Frondihabitans, Glaciihabitans, Klugiella, and Marisediminicola.
Compostimonas suwonensis is the type and only species representing the genus. Compostimonas suwonensis
SMC46T was isolated from spent mushroom compost. DNA G + C content (mol%): 68 (HPLC).
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Dehalococcoides
Genus of bacteria within class Dehalococcoidetes that obtain energy via the oxidation of hydrogen and
subsequent reductive dehalogenation of halogenated organic compounds in a mode of anaerobic respiration
called dehalorespiration.  Representative members can degrade PCE and TCE to ethene (Maymo-Gatell et al.
1997), chlorinated benzenes (Jayachandran et al. 2003, Nelson et al. 2014) and chlorinated phenols (Adrian et al.
2007).
Adrian L, Hansen SK, Fung JM, Görisch H, Zinder SH. Growth of Dehalococcoides  strains with chlorophenols as
electron acceptors. Environ Sci Technol. 2007 Apr 1;41(7):2318-23.
Jayachandran, G., Gorisch, H., Adrian, L., 2003. Dehalorespiration with hexachlorobenzene and
pentachlorobenzene by Dehalococcoides sp strain CBDB1. Arch. Microbiol. 180, 411-416.
Maymó-Gatell X, Chien Y, Gossett JM, Zinder SH. Isolation of a bacterium that  reductively dechlorinates
tetrachloroethene to ethene. Science. 1997 Jun 6;276(5318):1568-71.
Nelson et al. 2014. Dehalogenation of Chlorobenzenes, Dichlorotoluenes, and Tetrachloroethene by Three
Dehalobacter spp.  Environ. Sci. Technol., 2014, 48 (7), pp 3776–3782.

Desulfobulbus
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobulbaceae / Desulfobulbus. Cells are ovoid to
rod shaped, or lemon shaped with pointed ends, 0.6–1.3 × 1.5–3.5 μm. Occur singly, in pairs, or in chains. Spore
formation is not observed. Gram negative. Cells are motile by a single polar flagellum, or are nonmotile. Strictly
anaerobic, having both a respiratory and a fermentative type of metabolism. Chemoorganotrophs, using
propionate, lactate, pyruvate, ethanol, or 1-propanol as electron donors and also as carbon sources; organic
compounds are incompletely oxidized to acetate. H2 can be used as electron donor in the presence of acetate as
organic carbon source (chemolithoheterotrophic growth). Sulfate and often sulfite or thiosulfate serve as terminal
electron acceptors and are reduced to H2S. Sulfur is never reduced. In the absence of an external electron
acceptor, growth may occur by fermentation of lactate, pyruvate, and ethanol (+ CO2), malate, or fumarate. The
optimum pH range for growth is 6.6–7.5. The optimum temperature range for growth is 25–40°C. Thermophilic
species are not known. Media containing a reductant and p-aminobenzoate are required for growth. Colonies in
anaerobic agar media are whitish to grayish and smooth. All described species contain desulforubidin as sulfite
reductase. Occur in anoxic parts of freshwater, brackish water, and marine habitats; also isolated from rumen
contents, animal dung, and sewage sludge. The mol% G + C of the DNA is: 50–60.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobulbus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Eubacterium
Firmicutes / “Clostridia” / Clostridiales / “Eubacteriaceae” / Eubacterium. Uniform or pleomorphic nonspore-
forming, Gram-stain-positive rods. Nonmotile or motile. Obligately anaerobic. Chemoorganotrophs,
saccharoclastic or nonsaccharoclastic. Usually produce mixtures of organic acids from carbohydrates or peptone,
often including large amounts of butyric, acetic, or formic acids. DNA G+C content (mol%): 47 (Tm).
Wade, W. G. 2015. Eubacterium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–36.

Gemmatimonas
Gemmatimonadetes / Gemmatimonadetes / Gemmatimonadales / Gemmatimonadaceae / Gemmatimonas.
Gram-stain-negative. Cells are motile, rod-shaped. Spores are not formed. Cells divide by binary fission but often
show budding forms. Mesophilic. Heterotrophic. Cells grow under aerobic conditions. The major respiratory
quinone is MK-9. The main fatty acids are C15:0 iso, C16:1 and C14:0. The cell wall contains no diaminopimelic
acid (DAP) isomers. DNA G+C content (mol%): 66.0 (HPLC). Ref: Kamagata, Y. 2015. Gemmatimonas. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–4.
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Geobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Geobacteraceae / Geobacter. Cells are rod-shaped
with rounded ends that grow as single cells, in pairs, or in chains. Cells are 1–4 µm × 0.6 µm, nonmotile, with no
spore formation. They are Gram-negative strict anaerobes and belong to the Deltaproteobacteria. They are
catalase and carotenoid negative. Cells contain menaquinone and c-type cytochromes, but lack ubiquinone.
Growth occurs chemoorganotrophically with Fe(III) serving as the sole electron acceptor. The organic electron
donor is completely oxidized to carbon dioxide. Vitamins are not required for growth, but growth is enhanced by
their presence. Growth is also enhanced in media containing FeCl2 as a reducing agent. The mol% G + C of the
DNA is: 50.2–60.6 (HPLC).
Coates, J. D. and Lovley, D. R. 2015. Geobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Halothiobacillus
Proteobacteria / Gammaproteobacteria / Chromatiales / Halothiobacillaceae / Halothiobacillus. Obligately
chemolithoautotrophic Gram-negative rods, 0.3–0.6 × 1.0–2.5 µm, occurring singly or in pairs. Energy for growth is
obtained from the oxidation of reduced inorganic sulfur compounds (thiosulfate, tetrathionate, trithionate, sulfur,
and sulfide, but not thiocyanate); unable to oxidize ferrous iron. Tolerant of high concentrations of solutes (e.g., 4
M NaCl; 0.25 M sodium thiosulfate), with some strains showing moderate halophily with a requirement for NaCl
(optima 0.4–1.0 M NaCl). Optimum temperature for growth 30–42°C and optimum pH 6.5–8.0. During growth on
reduced sulfur compounds, pH is changed from neutrality to pH 2.5–3.0. Contain ubiquinone Q-8. Member of the
Gammaproteobacteria. The mol% G + C of the DNA is: 56–67.
Kelly, D. P. and Wood, A. P. 2015. Halothiobacillus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–3.

Helicobacter
Proteobacteria / Epsilonproteobacteria / Campylobacterales / Helicobacteraceae / Helicobacter. Cells may be
curved, spiral, or fusiform rods, 0.2–1.2 × 1.5–10.0 µm. Spiral cells may be tightly or loosely wound depending on
the species, and on the age and condition of the culture examined. Cells in old cultures or those exposed to air
become coccoid. Ultrastructural studies show that periplasmic fibers may be observed on the cell surface of a few
taxa and an electrondense glycocalyx- or capsule-like layer has been observed on the cell surface of some species.
Nonsporeforming. Gram negative. Motile with a rapid corkscrew- or slower wave-like motion due to flagellar
activity. Multiple sheathed flagella are seen in most species, frequently with a bipolar distribution. Typical cell
morphologies of various Helicobacter species are shown in Figs. BXII.ε.5 and BXII.ε.6. The mol% G + C of the DNA
is: 24–48.
On, S. L., Lee, A., O'Rourke, J. L., Dewhirst, F. E., Paster, B. J., Fox, J. G. and Vandamme, P. 2015. Helicobacter.
Bergey's Manual of Systematics of Archaea and Bacteria. 1.
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Methylothermus
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylothermaceae / Methylothermus. Cells are
Gram-negative cocci and 0.6–1.4 µm in diameter. Reproduce by normal cell division. No resting stages are present.
Possess an intracytoplasmic membrane system. Some species may form intracellular inclusion granules. Motile or
nonmotile. When motile, form a single polar flagellum. Aerobic. Obligate methanotrophs using only methane and
methanol as the energy and carbon source. Multicarbon compounds are not utilized. Moderately thermophilic,
growing at a range 37–67°C with optimal temperature of 55–60°C. NaCl is not required for growth. Possess
particulate methane monooxygenase (pMMO) but not soluble methane monooxygenase (sMMO) for methane
oxidation. Assimilate carbon via the ribulose monophosphate pathway (RuMP). The key enzyme activities of the
serine pathway and the Calvin–Benson cycle are absent. Nitrate and ammonium salts and urea are utilized as
nitrogen sources. Utilization of nitrite and casamino acids depends on species. Do not fix atmospheric nitrogen for
growth. Major fatty acids are C16:0 and C18:1. Major polar lipids are phosphatidylethanolamine (PE) and
phosphatidylglycerol (PG). A major respiratory quinone is ubiquinone 8 (Q-8). Isolated from terrestrial hot springs.
DNA G + C content (mol%): 54–63 (Tm and HPLC).
Hirayama, H. 2016. Methylothermus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Mycoplasma
Tenericutes / Mollicutes / Mycoplasmatales / Mycoplasmataceae / Mycoplasma. Pleomorphic cells, 300–800 nm
in diameter, varying in shape from spherical, ovoid or flask-shaped, or twisted rods, to slender branched filaments
ranging in length from 50 to 500 nm. Cells lack a cell wall and are bounded by a single plasma membrane. Gram-
stain-negative due to the absence of a cell wall. Some have a complex internal cytoskeleton. Some have a specific
tip structure that mediates attachment to host cells or other surfaces. Usually nonmotile, but gliding motility has
been demonstrated in some species. Aerobic or facultatively anaerobic. Optimum growth at 37°C is common, but
permissive growth temperatures range from 20 to 45°C. Chemo-organotrophic, usually using either sugars or
arginine as the major energy source. Require cholesterol or related sterols for growth. Colonies are usually less
than 1 mm in diameter. The typical colony has a fried-egg appearance. The genome size of species examined
ranges from 580 kbp to about 1350 kbp. The codon UGA encodes tryptophan in all species examined. Commensals
or pathogens in a wide range of vertebrate hosts. DNA G+C content (mol%): 23–40.
Brown, D. R., May, M., Bradbury, J. M., Balish, M. F., Calcutt, M. J., Glass, J. I., Tasker, S., Messick, J. B., Johansson,
K.-E. and Neimark, H. 2015. Mycoplasma. Bergey's Manual of Systematics of Archaea and Bacteria. 1–71.

Nitrosovibrio
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Nitrosomonadaceae / Nitrosovibrio. Slender, curved
rods (Figure 1a), 0.3–0.4 × 1.1–3.0 µm. Spherical forms, 1.0–1.2 µm in diameter, may occur in cultures. Gram-
negative cell wall. Intracytoplasmic membranes are rare (Figure 1b), but when present, appear as tubular
invaginations. Motile cells possess 1–4 subpolar to lateral flagella (Figure 2), about 18 nm wide and 4.2–7.5 µm
long. Carboxysomes observed in one strain. Most, but not all, strains are urease positive. Commonly distributed in
oligotrophic soils, such as grasslands, heath, and forest soils, as well as in mountainous environments. Some
isolates originate from acid tea soils and from building stones. The mol% G + C of the DNA is: 53.9. Koops, H.-P.
and Pommerening-Röser, A. 2015. “Nitrosovibrio”. Bergey's Manual of Systematics of Archaea and Bacteria. 1–2
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Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Opitutus
Verrucomicrobia / Opitutae / Opitutales / Opitutaceae / Opitutus. Cocci or coccobacilli. Stain Gram-negative.
Motile with flagellum. No endospores. Anaerobe; media containing a suitable reductant shorten the lag phase.
Chemo-organotrophic metabolism. Monosaccharides, disaccharides, and polysaccharides are fermented, but
alcohols, amino acids, and organic acids are not. Acetate, propionate, CO2, and H2 are the fermentation end
products; the ratios of these are dependent on the partial pressure of H2. Nitrate is reduced to nitrite. Sulfate,
sulfur, thiosulfate, and fumarate are not used as terminal electron acceptors. DNA G+C content (mol%): 65.

Pelobacter
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Pelobacter. Rod-shaped cells,
0.5–1.0 × 1.5–6.0 µm, with rounded ends, single, in pairs, or in chains. Motile forms may occur in some species;
other species are nonmotile. Gram negative. Endospores not formed. Anaerobic. Have a chemoorganotrophic,
fermentative type of metabolism, using few simple organic compounds as substrates. Carbohydrates not utilized.
Media containing a reductant, e.g., sulfide, are necessary for growth. Catalase negative. Isolated from sediments
of limnic or marine origin. The mol% G + C of the DNA is: 50–58. Schink, B. 2015. Pelobacter. Bergey's Manual of
Systematics of Archaea and Bacteria. 1–6.

Pelotomaculum
Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / Pelotomaculum. Nonmotile, sausage-shaped cells with
spherical endospores. Gram reaction negative but has Gram-positive cell-wall structure. Strictly anaerobic.
Mesophilic and thermophilic. Growth by syntrophy with hydrogenotrophs or by fermentation. Can use a limited
number of compounds including propionate, primary alcohols, low molecular mass aromatics, or lactate in
association with hydrogenotrophic methanogens. Organic compounds such as fumarate are used by some species
as alternative electron acceptors. Sulfate, sulfite, thiosulfite, elemental sulfur, nitrate, and ferric ion are not
reduced. The major cellular fatty acid is C15:0 iso. Major quinones are MK-7, MK-7(H4), or MK-9(H4). Member of
the family Peptococcaceae on the basis of 16S rRNA gene sequence comparisons. DNA G+C content (mol%):
52.8–53.6.
Rainey, F. A. 2015. Pelotomaculum. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.
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Prochlorococcus
Cyanobacteria / Subsection I / Incertae Sedis / Form- Prochlorococcus. Marine planktonic cyanobacteria that
possess spherical to slightly rod-shaped cells (0.5–0.8 × 0.7–1.6 µm) and divide by binary fission in a single plane.
They lack phycobilisomes and contain divinyl-chlorophyll a and b (a 2 and b 2).
Rippka, R., Castenholz, R. W. and Herdman, M. 2015. Form- Prochlorococcus . Bergey's Manual of Systematics of
Archaea and Bacteria. 1–3.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.
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Rubrobacter
Actinobacteria / Rubrobacteria / Rubrobacterales / Rubrobacteraceae / Rubrobacter. Gram-stain-positive irregular
rods. Nonmotile and non-spor-forming. Cells are generally 0.8–1.0 by 1.0–4.0 µm. Cells in old culture present
shorter coccoid form. Aerial mycelia are not formed. Obligately aerobic. Catalase and cytochrome oxidase
reactions are positive. Nitrite is produced from nitrate. DNA G+C content (mol%): 65–69 (HPLC, Tm). Ref:Suzuki, K.-
i. 2015. Rubrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–6.

Synechococcus
Cyanobacteria / Subsection I / Incertae Sedis / Form- Synechococcus. This form-genus serves as a provisional
repository for unicellular cyanobacteria that share the morphological properties of members assignable to the
botanical genus Synechococcus Nägeli 1849. Cells are spherical to rod shaped, 0.6–2.1 µm in diameter and contain
photosynthetic thylakoids located peripherally. Reproduction occurs by transverse binary fission in a single plane.
The cells may be united into colonial aggregates by mucilage formation, but never produce well defined sheath
layers. The mol% G + C of the DNA is: 47–66.
Herdman, M., Castenholz, R. W., Waterbury, J. B. and Rippka, R. 2015. Form- Synechococcus . Bergey's Manual of
Systematics of Archaea and Bacteria. 1–7.

Syntrophus
Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / Syntrophus. Cells are rod shaped
with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in pairs. Gram negative. Endospores not formed. The
type species is motile by means of monotrichous polar flagella in the early stage of growth, other species show no
motility. Strictly anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is
fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and cinnamate are only
fermented by some species. Some substrates, such as benzoate or fatty acids, are oxidized in the presence of
H2/formate-utilizing methanogenic or sulfate-reducing partner bacteria. Some species can grow on some
substrates in the presence of crotonate as electron acceptor. Substrate oxidation is incomplete and leads to
acetate. Sulfate, sulfite, thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain
cytochromes and menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or
sludge from anaerobic wastewater treatment facilities. The mol% G + C of the DNA is: 43–53.
Kuever, J. and Schink, B. 2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.

Verrucomicrobium
Verrucomicrobia / Verrucomicrobiae / Verrucomicrobiales / Verrucomicrobiaceae / Verrucomicrobium.
Unicellular bacterium, rod shaped with numerous prosthecae extending from all locations on the cell surface.
Fimbriae varying in length and number extrude from the tips of the prosthecae. Gram-stain-negative; nonmotile.
Nonsporeforming. PHB is not stored. No gas vesicles. Mesophilic. Chemoorganotrophic; facultatively anaerobic.
Glucose is fermented; nitrate is not reduced under anaerobic conditions. Oxidase and catalase positive. The cell
wall contains m-diaminopimelic acid. The main respiratory quinone is MK10. MK9, MK10(H2), and MK11 are
minor quinones. Major fatty acids are C14:0, C14:0 iso, C15:0 anteiso, C15:0, C16:1 ω5, C16:0, C17:1 ω12. The
major phospholipids are phosphatidylglycerol and phosphatidylmethylethanolamine. DNA G+C content (mol%):
58–59. Ref: Schlesner, H. 2015. Verrucomicrobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 93.81

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW49-09202017-PRE

# of Total ID's:

Sample ID: PGDW49-09202017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 10
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW49-09202017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 56.32
Anaerobic: 37.49
Varied: 0
Not Characterized: 6.19

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW49-09202017-PRE

thiobacillus Aerobic/SOX Negative42.58
desulfobacterium Anaerobic/SRB Negative23.18
cytophaga Aerobic Negative11.93
desulfomicrobium Anaerobic/SRB Negative6.90
candidatus desulforudis Anaerobic/SRB Positive2.50
desulfatitalea Anaerobic/SRB Negative2.14
desulfovibrio Anaerobic/SRB Positive1.61
desulfosporosinus Anaerobic/SRB/Fermentive Positive1.16
gallionella Aerobic/IRB Negative0.96
pseudomonas Aerobic Negative0.85
Total Abundant Phylotypes: 93.81
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Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Cytophaga
Bacteroidetes / Cytophagia / Cytophagales / Cytophagaceae / Cytophaga. Moderately long flexible rods 0.3–0.5
µm wide and 2–10 µm long with slightly tapering ends. Motile by gliding. Nonspore-forming. Resting stages are
absent. Gram-stain-negative. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal
electron acceptor. Chemo-organotrophic. Cell mass is yellow to orange owing to carotenoids, flexirubin-type
pigments, or both. Oxidase-positive. Catalase-negative. Terrestrial organisms, common in soil. The optimum pH
for growth is 7. Crystalline cellulose (filter paper) and carboxymethyl cellulose are degraded. The major respiratory
quinone is MK-7. The major polyamine is homospermidine. DNA G+C content (mol%): 37–42.
Nakagawa, Y. 2015. Cytophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–8.

Desulfatitalea
Mesophilic, sulfate-reducing bacteria that stain Gram-negative. Rod-shaped cells. Sulfate and thiosulfate are used
as electron acceptors. The major fatty acids are anteiso-C 15 : 0 and C 16 : 0. Phylogenetically, the genus
Desulfatitalea belongs to the family Desulfobacteraceae in the class Deltaproteobacteria . The type species is
Desulfatitalea tepidiphila.
Higashioka, Y., Kojima, H., Watanabe, M., & Fukui, M. (2013). Desulfatitalea tepidiphila gen. nov., sp. nov., a
sulfate-reducing bacterium isolated from tidal flat sediment. International journal of systematic and evolutionary
microbiology, 63(2), 761-765.
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Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Desulfomicrobium
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfomicrobiaceae / Desulfomicrobium. Short,
straight rod- or ellipsoidal-shaped cells, 0.5–0.9 × 1.3–2.9 μm, with rounded ends, either singly or in pairs (Sharak
Genthner et al., 1994). Gram-negative stain reaction and cell-wall structure. Cells are motile, usually by a single
polar flagellum. Endospores not formed. Anaerobic. Pre-reduced medium or reducing agent required in medium
for growth. Growth can occur by anaerobic respiration with sulfate or sulfoxyanions as terminal electron acceptor,
producing H2S. Simple organic compounds that serve as electron donors during sulfate respiration include lactate,
pyruvate, ethanol, formate, and hydrogen. Sulfate respiration with lactate as electron donor is incomplete, with
the formation of acetate and CO2. Hydrogenase present. Cells contain b- and c-type cytochromes. Metabolism can
also be fermentative on simple organic substrates, including pyruvate, malate, or fumarate. Carbohydrates are not
fermented. No specific vitamins required. Nitrate not reduced. No requirement for NaCl. Desulfoviridin absent.
Optimal temperature 25–30°C. Found in freshwater to brackish to marine anaerobic sediments and mud, in
anaerobic stratal or overlying water, and in saturated mineral or organic deposits. The mol% G + C of the DNA is:
52.5–59.6.
Sharak Genthner, B. R. and Devereux, R. 2015. Desulfomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–9.
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Desulfosporosinus
Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / Desulfosporosinus. Gram-negative rods that have a
multilayered cell-wall structure. Endospores present, oval and subterminal to (almost) terminal, causing the cells
to swell slightly. Motile with lateral or peritrichous flagella or nonmotile. Strictly anaerobic. If determined,
desulfoviridin and cytochrome c3 absent and bisulfite reductase P582 present. Sulfate and thiosulfate are reduced
to sulfide in the presence of lactate but not in the presence of acetate or fructose. Incomplete oxidation of organic
compounds to acetate. Acetate is the fermentation end product. Autotrophic growth with hydrogen plus sulfate. ll-
Diaminopimelic acid is the diagnostic diamino acid of peptidoglycan. Contains menaquinone with a side chain with
seven isoprene units (MK-7 type) as major component. Predominant fatty acids are even-numbered, saturated
and unsaturated fatty acids; significant amounts of aldehydes, detected as 1,1-dimethylacetals. Phylogenetically, a
member of the Clostridium/Bacillus subphylum of Gram-positive bacteria. DNA G+C content (mol%): 41.6–45.9
(Tm).
Hippe, H. and Stackebrandt, E. 2015. Desulfosporosinus. Bergey's Manual of Systematics of Archaea and Bacteria.
1–10.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Gallionella
Proteobacteria / Betaproteobacteria / Nitrosomonadales / Gallionellaceae / Gallionella. Gram-negative, bean-
shaped cells, usually 0.5–0.8 × 1.6–2.5 µm, that secrete an extracellular twisted stalk from the concave side,
0.3–0.5 µm in width and up to 400 µm or more in length. The stalk is composed of numerous 2 nm-wide fibers and
is produced under microaerophilic conditions when cells are in late exponential or stationary growth phase. Motile
by means of a polar flagellum. Microaerophilic; chemolithotrophic growth can be obtained in vitro using oxygen
and ferrous iron concentration gradients in a salt medium with CO2 as sole carbon source (Table BXII.β.108).
Mixotrophic metabolism has been demonstrated with glucose, fructose, and sucrose. Can be found where
anaerobic groundwater with ferrous iron reaches an oxygen-containing environment. Belongs to the
Betaproteobacteria, family Gallionellaceae, with one known species, G. ferruginea. Most closely related species
according to 16S rDNA sequence analysis is the chemolithotroph Nitrosospira multiformis, distantly related with a
16S rDNA sequence similarity of 90%. The mol% G + C of the DNA is: 51–54.6 (Hanert, 1989).
Hallbeck, L. E.-L. and Pedersen, K. 2015. Gallionella. Bergey's Manual of Systematics of Archaea and Bacteria. 1–10.

Pseudomonas
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Pseudomonadaceae / Pseudomonas. Straight or
slightly curved rods but not helical, 0.5–1.0 × 1.5–5.0 µm. Most of the species do not accumulate granules of
polyhydroxybutyrate, but accumulation of polyhydroxyalkanoates of monomer lengths higher than C4 may occur
when growing on alkanes or gluconate. Do not produce prosthecae and are not surrounded by sheaths. No resting
stages are known. Gram negative. Motile by one or several polar flagella; rarely nonmotile. In some species lateral
flagella of short wavelength may also be formed. Aerobic, having a strictly respiratory type of metabolism with
oxygen as the terminal electron acceptor; in some cases nitrate can be used as an alternate electron acceptor,
allowing growth to occur anaerobically. Xanthomonadins are not produced. Most, if not all, species fail to grow
under acid conditions (pH 4.5 or lower). Most species do not require organic growth factors. Oxidase positive or
negative. Catalase positive. Chemoorganotrophic. Strains of the species include in their composition the
hydroxylated fatty acids C10:0 3OH and C12:0, and C12:0 2OH, and ubiquinone Q-9. Widely distributed in nature.
Some species are pathogenic for humans, animals, or plants. The mol% G + C of the DNA is: 58–69. Palleroni, N. J.
2015. Pseudomonas. Bergey's Manual of Systematics of Archaea and Bacteria. 1.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 98.38

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW33-09202017-PRE

# of Total ID's:

Sample ID: PGDW33-09202017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 14
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0
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Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW33-09202017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 49.73
Anaerobic: 20.83
Varied: 27.82
Not Characterized: 1.62

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW33-09202017-PRE

ralstonia Varied Negative27.82
georgfuchsia Anaerobic/Nitrate/MRB Negative10.91
micrococcus Aerobic Positive9.07
methylobacter Aerobic Negative8.40
thiobacillus Aerobic/SOX Negative7.78
corynebacterium Aerobic Positive7.13
bacillus Aerobic/SOX Negative6.83
candidatus desulforudis Anaerobic/SRB Positive5.43
hymenobacter Aerobic Negative3.32
stenotrophomonas Aerobic Negative2.78
rheinheimera Aerobic Negative2.53
trabulsiella Facultatively Anaerobic Negative2.31
streptococcus Facultative Anaerobic Positive2.18
nitrospira Aerobic/NOB Negative1.89
Total Abundant Phylotypes: 98.38
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Bacillus
Firmicutes / “Bacilli” / Bacillales / Bacillaceae / Bacillus. Cells rod-shaped, straight or slightly curved, occurring
singly and in pairs, some in chains, and occasionally as long filaments. Endospores are formed, no more than one
to a cell; these spores are very resistant to many adverse conditions. Gram-positive, or Gram-positive only in early
stages of growth, or Gram-negative. A meso-DAP direct murein cross-linkage type is commonest, but l-Lys-d-Glu,
Orn-d-Glu and l-Orn-d-Asp have occasionally been reported. Motile by means of peritrichous or degenerately
peritrichous flagella, or nonmotile. Aerobes or facultative anaerobes, but a few species are described as strictly
anaerobic. The terminal electron acceptor is oxygen, replaceable by alternatives in some species. Most species will
grow on routine media such as nutrient agar and blood agar. Colony morphology and size very variable between
and within species. A wide diversity of physiological abilities is exhibited, ranging from psychrophilic to
thermophilic, and acidophilic to alkaliphilic; some strains are salt tolerant and some are halophilic. Catalase is
produced by most species. Oxidase-positive or -negative. Chemo-organotrophic; two species are facultative
chemolithotrophs: prototrophs to auxotrophs requiring several growth factors. Mostly isolated from soil, or from
environments that may have been contaminated directly or indirectly by soil, but also found in water, food and
clinical specimens. The resistance of the spores to heat, radiation, disinfectants, and desiccation results in species
being troublesome contaminants in operating rooms, on surgical dressings, in pharmaceutical products and in
foods. Most species have little or no pathogenic potential and are rarely associated with disease in humans or
other animals; an exception is Bacillus anthracis, the agent of anthrax; several other species may cause food
poisoning and opportunistic infections, and strains of Bacillus thuringiensis are pathogenic to invertebrates. DNA G
+ C content (mol%): 32–66 (Tm ).
Logan, N. A. and Vos, P. D. 2015. Bacillus . Bergey's Manual of Systematics of Archaea and Bacteria. 1–163.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495
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Corynebacterium
Actinobacteria / Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly
curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms may be observed;
sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, Corynebacterium matruchotii) or thinner rods
with bulges (see below, Corynebacterium sundsvallense) observed. Snapping division produces angular and
palisade arrangements of cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being
polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), and no species
has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are catalase positive. All species are
oxidase negative except for Corynebacterium bovis, Corynebacterium aurimucosum, Corynebacterium
doosanense, and Corynebacterium maris (below). Many species are facultatively anaerobic and some are aerobic.
Chemoorganotrophs. Some species are lipophilic. Many species produce acid from glucose and some other sugars
in peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA G+C content
(mol%): 46–74. Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's Manual of Systematics of Archaea
and Bacteria. 1–70.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hymenobacter
Bacteroidetes / Cytophagia / Cytophagales / Cytophagaceae / Hymenobacter. Rod-shaped, with polyphosphate
granules near the cell poles. Cells aggregating with increasing formation of extracellular polymer and spreading in
thin, red to pink layers on agar surfaces. Nonmotile. Gram-stain-negative. Colonies are flat with a small, raised
center. Colony edges may show parallel arrangement of cells in the form of palisades. Aerobic. Heterotrophic, with
a preference for oligotrophic media. Temperature range for growth, 4–37°C; optimum, 10–28°C. Some strains can
grow at 42°C, but most strains do not. Cells do not grow anaerobically with or without light. Catalase- and oxidase-
positive. Nonhemolytic. The carbon utilization spectrum is limited to some sugars, sugar alcohols, organic acids,
and a few amino acids. Hydrolysis of gelatin, starch, xylan, Tween 80, and Tween 60 is common. DNA may also be
hydrolyzed, but cellulose and pectin are not. Cells are highly sensitive towards the action of numerous antibiotics.
meso-Diaminopimelic acid is present in the cell-wall murein. The principal menaquinone is MK-7. The fatty acid
profile consists of predominantly branched fatty acids of the iso- and anteiso-type with C15:0 iso, C15:0 anteiso,
C16:1 ω7c/C15:0 iso 2-OH (summed feature), and C17:1 iso I/C17:1 anteiso B (summed feature), usually present in
moderate to major amounts (except for Hymenobacter roseosalivarius, which lacks C15:0 anteiso). Unbranched
fatty acids are usually present in moderate amounts, but their content is low in Hymenobacter ocellatus. All
members of the genus contain a polar lipid profile consisting of phosphatidylethanolamine, an unknown
aminophospholipid (APL3), two unknown polar lipids (L3, L5), and a mixture of several other unknown
aminophospholipids, aminolipids, phospholipids, glycolipids, and polar lipids. sym-Homospermidine is the major
polyamine. DNA G+C content (mol%): 55–65.
Buczolits, S. and Busse, H.-J. 2015. Hymenobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.
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Methylobacter
Proteobacteria / Gammaproteobacteria / Methylococcales / Methylococcaceae / Methylobacter. Cells are rods,
spherical, or elliptical, 0.8–1.5 × 1.2–3.0 µm. Occur singly, in pairs, and in chains. Gram-negative. The cells are
usually motile. Some strains might form a cyst-like resting stage, which usually confers desiccation resistance.
Obligate utilizers of methane for carbon and energy. Require oxygen for methane oxidation. Oxidase and catalase
positive. Neutrophilic, optimum pH is observed between 6.5 and 7.5. Majority of species are mesophilic, with
optimal growth between 23 and 35°C. Some representatives are psychrotolerant and psychrophilic. Two species
require sodium ions for growth. Their fatty acid composition depends on growth conditions (salinity, pH, and
temperature). In nonhalophilic strains and halophilic strains grown at low salinity, pH 6.8–7.2 and 30°C, the main
fatty acid is C16:1 ω7c. Ubiquinone-8 (Q-8) is the predominant lipoquinone. The genome sizes vary slightly ranging
between 4.7 and 5.3 Mb. Methylobacter strains are typical inhabitants of freshwater and saline lake sediments,
river and wetland muds, activated sludge, arctic and tundra soils, wastewater, and oceanic water. DNA G + C
content (mol%): 49–52.
Collins, D. A., Akberdin, I. R. and Kalyuzhnaya, M. G. 2017. Methylobacter. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–12.

Micrococcus
Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Micrococcus. Cells are spherical and
nonmotile. Endospores are not formed. Gram-stain-positive. Aerobic. Chemo-organotrophic, metabolism is strictly
respiratory. Catalase- and oxidase-positive. Mesophilic. Non halophilic. The peptidoglycan contains I-lysine as the
diagnostic diamino acid. The peptidoglycan type is either A2, with the interpeptide bridge consisting of a stem
peptide or A4α both with lysine as the diagnostic diamino acid. The predominant menaquinones are either MK-8
and MK-8(H2) or MK-8(H2) or MK-7(H2). The cytochromes are aa3, b557, b567, d626; cytochromes c550, c551,
b563, b564 and b567 may be present. Polar lipids are phosphatidylglycerol, diphosphatidylglycerol,
phosphatidylinositol, an unknown glycolipid, and an unknown ninhydrin-negative phospholipid. The cellular fatty
acids are iso- and anteiso-branched fatty acids, with C15:0 anteiso and C15:0 iso predominating. The major
aliphatic hydrocarbons (br-Δ-C) are C27 to C29. Mycolic acids and teichonic acids are absent; teichuronic acids
may be present. Mannosamine-uronic acid may be present as an amino sugar in the cell-wall polysaccharide. d-
Arabinose, p-arbutin, d-cellobiose, d-galactose, d-melibiose, d-ribose, and salicin are not assimilated. Members of
the genus share the Micrococcaceae-specific signature nucleotides at positions 293:304, 610, 598, 615:625,
1025:1036, 1026:1035, 1265:1270, and 1278 of the 16S rRNA gene sequence (Escherichia coli numbering) and lack
the signature nucleotides at positions 640, 839:847, and 859 (Stackebrandt et al., 1997). DNA G+C content (mol%):
69–76. Busse, H.-J. 2015. Micrococcus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–12.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Rheinheimera
Cells are Gram-negative, Øagellated, rod-shaped tococcoid,  oxidase-  and  catalase-positive.  Growth  isaerobic,
chemoheterotrophic and occurs at temper-atures  from  4  to  30C,  with  optimum  growth  at20±25C. Dominant
fatty acids are 16 : 1x7c, 16 : 0 and18 : 1x7c. Of marine or estuarine origin. NaCl supportsgrowth, but strains are
not tolerant of high salinities("6 %). The genusRheinheimerabelongs to thec-Proteobacteria. The type species
isRheinheimera bal-tica.
Brettar, I., Christen, R. and Höfle, M.G., 2002. Rheinheimera baltica gen. nov., sp. Nov., a blue-coloured bacterium
isolated from the central Baltic Sea. International journal of systematic and evolutionary microbiology, 52(5),
pp.1851-1857.

Stenotrophomonas
Proteobacteria / Gammaproteobacteria / Xanthomonadales / Xanthomonadaceae / Stenotrophomonas. Straight
or curved rods but not helical, 0.5 × 1.5 µm, occur singly or in pairs. Do not accumulate poly-β-hydroxybutyrate
granules as intracellular reserve material. No resting stages are known. Gram negative. Motile by two or more
polar flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as electron acceptor. Nitrate is
reduced but it is not used as a nitrogen source for growth. The colonies are yellow, greenish, or gray. The yellow
color is not due to carotenoids or xanthomonadins. The colonies may turn a dark brown color with age. The major
polyamines are spermidine and cadaverine. Aside from fatty acids in common with Xanthomonas species, one of
the species (S. maltophilia) is characterized by the presence of C17:0 cyclopropane fatty acid and ubiquinone Q8.
No growth occurs at 4 or 41°C; the optimum growth temperature is ~35°C. Oxidase negative. Gelatinase and
catalase positive. Strong lipolytic activity, as judged by the hydrolysis of Tween 80. Chemoorganotrophic. One of
the species (S. maltophilia) is widely distributed in nature and is commonly isolated from clinical materials and
nosocomial infections. The mol% G + C of the DNA is: 66.9 ± 0.8. Palleroni, N. J. 2015. Stenotrophomonas. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–20.
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Streptococcus
Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus. Streptococcus strains are normally
spherical or ovoid, less than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are
nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively anaerobic, some
requiring additional CO2 for growth. Chemo-organotrophic with fermentative metabolism. Carbohydrates are
fermented to produce mainly lactic acid but no gas. Catalase-negative. Nutritional requirements are complex and
variable. The peptidoglycan is of group A (Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position
3 of the peptide subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the Lancefield
serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent of almost all streptococcal
cell walls and its notable absence among members of the Mitis species group which includes Streptococcus
pneumoniae, together with the presence of significant amounts of ribitol, are valuable chemotaxonomic markers
for these taxa. DNA G+C content (mol%): 33–46. Whiley, R. A. and Hardie, J. M. 2015. Streptococcus. Bergey's
Manual of Systematics of Archaea and Bacteria. 1–86

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Trabulsiella
Proteobacteria / Gammaproteobacteria / Enterobacteriales / Enterobacteriaceae / Trabulsiella. Rod-shaped cells,
conforming to the general definition of the family Enterobacteriaceae. Gram negative. Motile. Facultatively
anaerobic. Catalase positive. Oxidase negative. Ferment, rather than oxidize, d-glucose and other carbohydrates
and produce visible gas during fermentation. Reduce nitrate to nitrite. Positive for methyl red, citrate utilization
(Simmons), H2S production (TSI), lysine decarboxylase, ornithine decarboxylase, motility at 36°C, growth in the
presence of cyanide (KCN test), esculin hydrolysis, ONPG, tyrosine hydrolysis, and the fermentation of d-mannitol,
salicin, d-sorbitol, l-arabinose, l-rhamnose, maltose, d-xylose, trehalose, cellobiose, esculin, mucate, d-mannose,
and d-galactose. Arginine dihydrolase is positive, but delayed. Negative for Voges–Proskauer, urea hydrolysis,
phenylalanine deaminase, malonate utilization, gelatin hydrolysis (22°C), lipase (corn oil), DNase, and the
fermentation of sucrose, dulcitol, adonitol, myo-inositol, raffinose, α-methyl-d-glucoside, erythritol, melibiose,
and d-arabitol. Biochemically similar to, and can be confused with, Salmonella in routine screening tests. Do not
completely type in Salmonella O or H antisera, and are negative in the Salmonella-specific test: lysis by
bacteriophage O1, MUCAP (4-methylumbelliferyl caprylate), and a commercial gene probe (Gene-Trak Systems).
Susceptible to colistin, nalidixic acid, gentamicin, streptomycin, kanamycin, tetracycline, chloramphenicol, and
carbenicillin; resistant to penicillin, ampicillin, and cephalothin; variable resistance to sulfadiazine and carbenicillin
(disk diffusion method on Mueller–Hinton agar). The mol% G + C of the DNA is: not determined.
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10404666

10404666
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on September 26, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on December 11, 2017 to correct 6020 metals data for sample PGDW41A-
09252017 and the MS/MSD associated with that sample.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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July 23, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10404666

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS
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Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414
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CERTIFICATIONS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414
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SAMPLE SUMMARY

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10404666001 PGDW41A-09252017 Water 09/25/17 14:20 09/26/17 10:00

10404666002 Trip Blank-09252017 Water 09/25/17 16:00 09/26/17 10:00

10404666003 PGDW41A-09252017-PRE Water 09/25/17 09:10 09/26/17 10:00

REPORT OF LABORATORY ANALYSIS
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10404666001 PGDW41A-09252017 EPA 6010C 6 PASI-MBD1, DM

EPA 6020A 1 PASI-MTT3

EPA 8270D 59 PASI-MAT1

EPA 8270D by SIM 19 PASI-MKLL

EPA 8270D by SIM 2 PASI-MAT1

EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

SM 2320B 4 PASI-MJFP

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10404666002 Trip Blank-09252017 EPA 8260B 76 PASI-MDJB

EPA 8260B 6 PASI-MAH2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10404666001 PGDW41A-09252017

Calcium 436000 ug/L 09/27/17 20:05500EPA 6010C
Iron 132 ug/L 09/27/17 20:0550.0EPA 6010C
Magnesium 42000 ug/L 09/27/17 20:05500EPA 6010C
Manganese 28.9 ug/L 09/27/17 20:055.0EPA 6010C
Potassium 6030 ug/L 09/27/17 20:052500EPA 6010C
Sodium 1220000 ug/L 09/28/17 13:0510000EPA 6010C
Strontium 4840 ug/L 12/07/17 08:59 M625.0EPA 6020A
2-Propanol 27.2J ug/L 10/03/17 14:05100EPA 8260B
Alkalinity, Total as CaCO3 349 mg/L 10/04/17 14:115.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 349 mg/L 10/04/17 14:115.0SM 2320B
Total Dissolved Solids 5340 mg/L 10/02/17 13:29200SM 2540C
Bromide 0.28 mg/L 09/26/17 17:470.080EPA 300.0
Chloride 131 mg/L 09/27/17 01:436.0EPA 300.0
Fluoride 0.26 mg/L 09/26/17 17:470.050EPA 300.0
Nitrate as N 16.6 mg/L 09/27/17 01:430.50EPA 300.0
Sulfate 3250 mg/L 09/27/17 02:0060.0EPA 300.0
Total Organic Carbon 9.6 mg/L 09/28/17 19:435.0SM 5310C

10404666002 Trip Blank-09252017

2-Propanol 133 ug/L 10/03/17 12:54100EPA 8260B

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010C

Date: July 23, 2018

Description: 6010C MET ICP

General Information:

1 sample was analyzed for EPA 6010C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020A

Date: July 23, 2018

Description: 6020A MET ICPMS

General Information:

1 sample was analyzed for EPA 6020A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499870
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404666001

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2718031)

• Strontium
• MSD  (Lab ID: 2718032)

• Strontium

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

L2: Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated samples may
be biased low.

• PGDW41A-09252017  (Lab ID: 10404666001)

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: 499994

1M: The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.
• LCS  (Lab ID: 2718510)

• Hexachlorocyclopentadiene
• LCSD  (Lab ID: 2718511)

• Hexachlorocyclopentadiene

REPORT OF LABORATORY ANALYSIS
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without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PAH by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D by SIM

Date: July 23, 2018

Description: 8270D MSSV PCP by SIM

General Information:

1 sample was analyzed for EPA 8270D by SIM.  All samples were received in acceptable condition with any exceptions noted below or
on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA Mod. 3510C with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV Low Level

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8260B

Date: July 23, 2018

Description: 8260B MSV LLW by SIMSCAN

General Information:

2 samples were analyzed for EPA 8260B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

QC Batch: 499246

S3: Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.
• BLANK  (Lab ID: 2714216)

• 1,2-Dichloroethane-d4 (S)
• PGDW41A-09252017  (Lab ID: 10404666001)

• 1,2-Dichloroethane-d4 (S)
• Trip Blank-09252017  (Lab ID: 10404666002)

• 1,2-Dichloroethane-d4 (S)

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 500498
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404663002,1297698001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2721088)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 498976
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10404331001,10404331002

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2712920)

• Sulfate
• MS  (Lab ID: 2712922)

• Sulfate
• MSD  (Lab ID: 2712921)

• Sulfate
• MSD  (Lab ID: 2712923)

• Sulfate

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 268865
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  40157215001,40157215002

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1579580)

• Total Organic Carbon
• MSD  (Lab ID: 1579581)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-09252017 Lab ID: 10404666001 Collected: 09/25/17 14:20 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010C  Preparation Method: EPA 30106010C MET ICP

Calcium 436000 ug/L 09/27/17 20:05 7440-70-209/27/17 08:33500 24.7 1
Iron 132 ug/L 09/27/17 20:05 7439-89-609/27/17 08:3350.0 16.7 1
Magnesium 42000 ug/L 09/27/17 20:05 7439-95-409/27/17 08:33500 2.6 1
Manganese 28.9 ug/L 09/27/17 20:05 7439-96-509/27/17 08:335.0 0.38 1
Potassium 6030 ug/L 09/27/17 20:05 7440-09-709/27/17 08:332500 126 1
Sodium 1220000 ug/L 09/28/17 13:05 7440-23-509/27/17 08:3310000 446 10

Analytical Method: EPA 6020A  Preparation Method: EPA 30206020A MET ICPMS

Strontium 4840 ug/L 12/07/17 08:59 7440-24-6 M610/02/17 14:1025.0 3.7 50

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

1,2,4-Trichlorobenzene ND ug/L 10/05/17 16:58 120-82-110/02/17 17:3910.4 4.4 1
1,2-Dichlorobenzene ND ug/L 10/05/17 16:58 95-50-110/02/17 17:3910.4 3.7 1
1,2-Diphenylhydrazine ND ug/L 10/05/17 16:58 122-66-710/02/17 17:3910.4 1.3 1
1,3-Dichlorobenzene ND ug/L 10/05/17 16:58 541-73-110/02/17 17:3910.4 4.3 1
1,4-Dichlorobenzene ND ug/L 10/05/17 16:58 106-46-710/02/17 17:3910.4 3.6 1
1-Methylnaphthalene ND ug/L 10/05/17 16:58 90-12-010/02/17 17:3910.4 2.2 1
2,4,5-Trichlorophenol ND ug/L 10/05/17 16:58 95-95-410/02/17 17:3910.4 1.1 1
2,4,6-Trichlorophenol ND ug/L 10/05/17 16:58 88-06-210/02/17 17:3910.4 1.1 1
2,4-Dichlorophenol ND ug/L 10/05/17 16:58 120-83-210/02/17 17:3910.4 1.6 1
2,4-Dimethylphenol ND ug/L 10/05/17 16:58 105-67-910/02/17 17:3952.1 3.0 1
2,4-Dinitrophenol ND ug/L 10/05/17 16:58 51-28-510/02/17 17:3910.4 2.6 1
2,4-Dinitrotoluene ND ug/L 10/05/17 16:58 121-14-210/02/17 17:3910.4 1.4 1
2,6-Dinitrotoluene ND ug/L 10/05/17 16:58 606-20-210/02/17 17:3910.4 0.67 1
2-Chloronaphthalene ND ug/L 10/05/17 16:58 91-58-710/02/17 17:3910.4 2.3 1
2-Chlorophenol ND ug/L 10/05/17 16:58 95-57-810/02/17 17:3910.4 1.2 1
2-Methylnaphthalene ND ug/L 10/05/17 16:58 91-57-610/02/17 17:3910.4 2.6 1
2-Methylphenol(o-Cresol) ND ug/L 10/05/17 16:58 95-48-710/02/17 17:3910.4 2.0 1
2-Nitroaniline ND ug/L 10/05/17 16:58 88-74-410/02/17 17:3910.4 1.6 1
2-Nitrophenol ND ug/L 10/05/17 16:58 88-75-510/02/17 17:3910.4 1.8 1
3&4-Methylphenol(m&p Cresol) ND ug/L 10/05/17 16:5810/02/17 17:3920.8 1.1 1
3,3'-Dichlorobenzidine ND ug/L 10/05/17 16:58 91-94-110/02/17 17:3952.1 1.3 1
3-Nitroaniline ND ug/L 10/05/17 16:58 99-09-210/02/17 17:3910.4 1.3 1
4,6-Dinitro-2-methylphenol ND ug/L 10/05/17 16:58 534-52-110/02/17 17:3910.4 1.6 1
4-Bromophenylphenyl ether ND ug/L 10/05/17 16:58 101-55-310/02/17 17:3910.4 2.4 1
4-Chloro-3-methylphenol ND ug/L 10/05/17 16:58 59-50-710/02/17 17:3910.4 1.6 1
4-Chloroaniline ND ug/L 10/05/17 16:58 106-47-810/02/17 17:3952.1 2.0 1
4-Chlorophenylphenyl ether ND ug/L 10/05/17 16:58 7005-72-310/02/17 17:3910.4 1.6 1
4-Nitroaniline ND ug/L 10/05/17 16:58 100-01-610/02/17 17:3910.4 2.1 1
4-Nitrophenol ND ug/L 10/05/17 16:58 100-02-710/02/17 17:3910.4 2.7 1
Benzoic acid ND ug/L 10/05/17 16:58 65-85-010/02/17 17:3952.1 1.6 1
Benzyl alcohol ND ug/L 10/05/17 16:58 100-51-610/02/17 17:3910.4 1.4 1
Butylbenzylphthalate ND ug/L 10/05/17 16:58 85-68-710/02/17 17:3910.4 1.9 1
Carbazole ND ug/L 10/05/17 16:58 86-74-810/02/17 17:3910.4 1.1 1
Di-n-butylphthalate ND ug/L 10/05/17 16:58 84-74-210/02/17 17:3910.4 1.4 1
Di-n-octylphthalate ND ug/L 10/05/17 16:58 117-84-010/02/17 17:3910.4 2.1 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-09252017 Lab ID: 10404666001 Collected: 09/25/17 14:20 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

Dibenzofuran ND ug/L 10/05/17 16:58 132-64-910/02/17 17:3910.4 1.7 1
Diethylphthalate ND ug/L 10/05/17 16:58 84-66-210/02/17 17:3910.4 1.5 1
Dimethylphthalate ND ug/L 10/05/17 16:58 131-11-310/02/17 17:3910.4 1.3 1
Hexachloro-1,3-butadiene ND ug/L 10/05/17 16:58 87-68-310/02/17 17:3910.4 3.3 1
Hexachlorobenzene ND ug/L 10/05/17 16:58 118-74-110/02/17 17:3910.4 2.3 1
Hexachlorocyclopentadiene ND ug/L 10/05/17 16:58 77-47-4 L210/02/17 17:3952.1 19.6 1
Hexachloroethane ND ug/L 10/05/17 16:58 67-72-110/02/17 17:3910.4 3.6 1
Isophorone ND ug/L 10/05/17 16:58 78-59-110/02/17 17:3910.4 1.2 1
N-Nitroso-di-n-propylamine ND ug/L 10/05/17 16:58 621-64-710/02/17 17:3910.4 1.1 1
N-Nitrosodimethylamine ND ug/L 10/05/17 16:58 62-75-910/02/17 17:3910.4 1.1 1
N-Nitrosodiphenylamine ND ug/L 10/05/17 16:58 86-30-610/02/17 17:3910.4 1.1 1
Nitrobenzene ND ug/L 10/05/17 16:58 98-95-310/02/17 17:3910.4 1.3 1
Phenol ND ug/L 10/05/17 16:58 108-95-210/02/17 17:3910.4 1.2 1
Pyridine ND ug/L 10/05/17 16:58 110-86-1 L210/02/17 17:3910.4 2.6 1
bis(2-Chloroethoxy)methane ND ug/L 10/05/17 16:58 111-91-110/02/17 17:3910.4 1.4 1
bis(2-Chloroethyl) ether ND ug/L 10/05/17 16:58 111-44-410/02/17 17:3910.4 1.2 1
bis(2-Chloroisopropyl) ether ND ug/L 10/05/17 16:58 108-60-110/02/17 17:3910.4 1.4 1
bis(2-Ethylhexyl)phthalate ND ug/L 10/05/17 16:58 117-81-710/02/17 17:3910.4 4.8 1
Surrogates
Nitrobenzene-d5 (S) 68 %. 10/05/17 16:58 4165-60-010/02/17 17:3944-125 1
2-Fluorobiphenyl (S) 72 %. 10/05/17 16:58 321-60-810/02/17 17:3930-125 1
p-Terphenyl-d14 (S) 87 %. 10/05/17 16:58 1718-51-010/02/17 17:3931-125 1
Phenol-d6 (S) 73 %. 10/05/17 16:58 13127-88-310/02/17 17:3959-125 1
2-Fluorophenol (S) 72 %. 10/05/17 16:58 367-12-410/02/17 17:3949-125 1
2,4,6-Tribromophenol (S) 81 %. 10/05/17 16:58 118-79-610/02/17 17:3966-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Acenaphthene ND ug/L 10/04/17 21:55 83-32-910/02/17 13:270.041 0.0058 1
Acenaphthylene ND ug/L 10/04/17 21:55 208-96-810/02/17 13:270.041 0.0068 1
Anthracene ND ug/L 10/04/17 21:55 120-12-710/02/17 13:270.041 0.0081 1
Benzo(a)anthracene ND ug/L 10/04/17 21:55 56-55-310/02/17 13:270.041 0.0080 1
Benzo(a)pyrene ND ug/L 10/04/17 21:55 50-32-810/02/17 13:270.041 0.0044 1
Benzo(b)fluoranthene ND ug/L 10/04/17 21:55 205-99-210/02/17 13:270.041 0.0049 1
Benzo(e)pyrene ND ug/L 10/04/17 21:55 192-97-210/02/17 13:270.041 0.0057 1
Benzo(g,h,i)perylene ND ug/L 10/04/17 21:55 191-24-210/02/17 13:270.041 0.0077 1
Benzo(k)fluoranthene ND ug/L 10/04/17 21:55 207-08-910/02/17 13:270.041 0.0050 1
Chrysene ND ug/L 10/04/17 21:55 218-01-910/02/17 13:270.041 0.0059 1
Dibenz(a,h)anthracene ND ug/L 10/04/17 21:55 53-70-310/02/17 13:270.041 0.011 1
Fluoranthene ND ug/L 10/04/17 21:55 206-44-010/02/17 13:270.041 0.0074 1
Fluorene ND ug/L 10/04/17 21:55 86-73-710/02/17 13:270.041 0.011 1
Indeno(1,2,3-cd)pyrene ND ug/L 10/04/17 21:55 193-39-510/02/17 13:270.041 0.0038 1
Naphthalene ND ug/L 10/04/17 21:55 91-20-310/02/17 13:270.041 0.0077 1
Phenanthrene ND ug/L 10/04/17 21:55 85-01-810/02/17 13:270.041 0.0091 1
Pyrene ND ug/L 10/04/17 21:55 129-00-010/02/17 13:270.041 0.0087 1
Surrogates
2-Fluorobiphenyl (S) 73 %. 10/04/17 21:55 321-60-810/02/17 13:2755-125 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-09252017 Lab ID: 10404666001 Collected: 09/25/17 14:20 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PAH by SIM

Surrogates
p-Terphenyl-d14 (S) 96 %. 10/04/17 21:55 1718-51-010/02/17 13:2764-125 1

Analytical Method: EPA 8270D by SIM  Preparation Method: EPA Mod. 3510C8270D MSSV PCP by SIM

Pentachlorophenol ND ug/L 10/03/17 19:14 87-86-509/29/17 12:110.62 0.29 1
Surrogates
2,4,6-Tribromophenol (S) 69 %. 10/03/17 19:14 118-79-609/29/17 12:1130-132 1

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 10/03/17 14:05 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 10/03/17 14:05 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 10/03/17 14:05 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 10/03/17 14:05 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/03/17 14:05 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 10/03/17 14:05 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 10/03/17 14:05 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 10/03/17 14:05 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 10/03/17 14:05 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/03/17 14:05 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 10/03/17 14:05 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 10/03/17 14:05 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 10/03/17 14:05 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 10/03/17 14:05 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 10/03/17 14:05 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 10/03/17 14:05 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 10/03/17 14:05 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 10/03/17 14:05 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 10/03/17 14:05 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 10/03/17 14:05 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 10/03/17 14:05 95-49-80.50 0.20 1
2-Hexanone ND ug/L 10/03/17 14:05 591-78-65.0 2.5 1
2-Propanol 27.2J ug/L 10/03/17 14:05 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 10/03/17 14:05 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/03/17 14:05 108-10-15.0 0.55 1
Acetone ND ug/L 10/03/17 14:05 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/03/17 14:05 107-05-14.0 1.0 1
Benzene ND ug/L 10/03/17 14:05 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/03/17 14:05 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/03/17 14:05 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/03/17 14:05 75-27-40.50 0.20 1
Bromoform ND ug/L 10/03/17 14:05 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/03/17 14:05 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 10/03/17 14:05 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/03/17 14:05 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/03/17 14:05 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/03/17 14:05 75-00-31.0 0.44 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-09252017 Lab ID: 10404666001 Collected: 09/25/17 14:20 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Chloroform ND ug/L 10/03/17 14:05 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/03/17 14:05 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 10/03/17 14:05 124-48-10.50 0.13 1
Dibromomethane ND ug/L 10/03/17 14:05 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 10/03/17 14:05 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 10/03/17 14:05 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 10/03/17 14:05 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/03/17 14:05 108-20-31.0 0.12 1
Ethanol ND ug/L 10/03/17 14:05 64-17-580.0 26.4 1
Ethyl-tert-butyl ether ND ug/L 10/03/17 14:05 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 10/03/17 14:05 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 10/03/17 14:05 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 10/03/17 14:05 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 10/03/17 14:05 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 10/03/17 14:05 75-09-24.0 1.2 1
Naphthalene ND ug/L 10/03/17 14:05 91-20-31.0 0.42 1
Styrene ND ug/L 10/03/17 14:05 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 10/03/17 14:05 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 10/03/17 14:05 109-99-910.0 4.3 1
Toluene ND ug/L 10/03/17 14:05 108-88-30.50 0.17 1
Trichloroethene ND ug/L 10/03/17 14:05 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/03/17 14:05 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 10/03/17 14:05 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 10/03/17 14:05 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 10/03/17 14:05 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 10/03/17 14:05 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 10/03/17 14:05 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 10/03/17 14:05 103-65-10.50 0.12 1
o-Xylene ND ug/L 10/03/17 14:05 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 10/03/17 14:05 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 10/03/17 14:05 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 10/03/17 14:05 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 10/03/17 14:05 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 10/03/17 14:05 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 10/03/17 14:05 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 10/03/17 14:05 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 99 %. 10/03/17 14:05 17060-07-075-137 1
Toluene-d8 (S) 98 %. 10/03/17 14:05 2037-26-575-125 1
4-Bromofluorobenzene (S) 98 %. 10/03/17 14:05 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 23:06 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 23:06 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 23:06 106-93-40.050 0.0071 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-09252017 Lab ID: 10404666001 Collected: 09/25/17 14:20 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

Surrogates
1,2-Dichloroethane-d4 (S) 134 %. 09/27/17 23:06 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 23:06 2037-26-570-130 1
4-Bromofluorobenzene (S) 106 %. 09/27/17 23:06 460-00-470-130 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 10/04/17 14:115.0 1.4 1
Alkalinity, Total as CaCO3 349 mg/L 10/04/17 14:115.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 349 mg/L 10/04/17 14:115.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 10/04/17 14:115.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 5340 mg/L 10/02/17 13:29200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.28 mg/L 09/26/17 17:47 24959-67-90.080 0.0070 1
Chloride 131 mg/L 09/27/17 01:43 16887-00-66.0 0.68 5
Fluoride 0.26 mg/L 09/26/17 17:47 16984-48-80.050 0.0028 1
Nitrate as N 16.6 mg/L 09/27/17 01:43 14797-55-80.50 0.040 5
Nitrite as N ND mg/L 09/26/17 17:47 14797-65-00.10 0.016 1
Sulfate 3250 mg/L 09/27/17 02:00 14808-79-860.0 13.5 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 9.6 mg/L 09/28/17 19:43 7440-44-05.0 1.5 6
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: Trip Blank-09252017 Lab ID: 10404666002 Collected: 09/25/17 16:00 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

1,1,1,2-Tetrachloroethane ND ug/L 10/03/17 12:54 630-20-60.50 0.14 1
1,1,1-Trichloroethane ND ug/L 10/03/17 12:54 71-55-60.50 0.15 1
1,1,2,2-Tetrachloroethane ND ug/L 10/03/17 12:54 79-34-50.50 0.19 1
1,1,2-Trichloroethane ND ug/L 10/03/17 12:54 79-00-50.50 0.22 1
1,1,2-Trichlorotrifluoroethane ND ug/L 10/03/17 12:54 76-13-11.0 0.28 1
1,1-Dichloroethane ND ug/L 10/03/17 12:54 75-34-30.50 0.14 1
1,1-Dichloroethene ND ug/L 10/03/17 12:54 75-35-40.50 0.18 1
1,1-Dichloropropene ND ug/L 10/03/17 12:54 563-58-60.50 0.18 1
1,2,3-Trichlorobenzene ND ug/L 10/03/17 12:54 87-61-60.50 0.14 1
1,2,4-Trichlorobenzene ND ug/L 10/03/17 12:54 120-82-10.50 0.18 1
1,2,4-Trimethylbenzene ND ug/L 10/03/17 12:54 95-63-60.50 0.098 1
1,2-Dichlorobenzene ND ug/L 10/03/17 12:54 95-50-10.50 0.21 1
1,2-Dichloroethane ND ug/L 10/03/17 12:54 107-06-20.50 0.15 1
1,2-Dichloropropane ND ug/L 10/03/17 12:54 78-87-54.0 0.62 1
1,3,5-Trimethylbenzene ND ug/L 10/03/17 12:54 108-67-80.50 0.18 1
1,3-Dichlorobenzene ND ug/L 10/03/17 12:54 541-73-10.50 0.16 1
1,3-Dichloropropane ND ug/L 10/03/17 12:54 142-28-90.50 0.13 1
1,4-Dichlorobenzene ND ug/L 10/03/17 12:54 106-46-70.50 0.10 1
2,2-Dichloropropane ND ug/L 10/03/17 12:54 594-20-71.0 0.40 1
2-Butanone (MEK) ND ug/L 10/03/17 12:54 78-93-35.0 2.4 1
2-Chlorotoluene ND ug/L 10/03/17 12:54 95-49-80.50 0.20 1
2-Hexanone ND ug/L 10/03/17 12:54 591-78-65.0 2.5 1
2-Propanol 133 ug/L 10/03/17 12:54 67-63-0100 20.6 1
4-Chlorotoluene ND ug/L 10/03/17 12:54 106-43-40.50 0.13 1
4-Methyl-2-pentanone (MIBK) ND ug/L 10/03/17 12:54 108-10-15.0 0.55 1
Acetone ND ug/L 10/03/17 12:54 67-64-120.0 8.8 1
Allyl chloride ND ug/L 10/03/17 12:54 107-05-14.0 1.0 1
Benzene ND ug/L 10/03/17 12:54 71-43-20.50 0.13 1
Bromobenzene ND ug/L 10/03/17 12:54 108-86-10.50 0.16 1
Bromochloromethane ND ug/L 10/03/17 12:54 74-97-51.0 0.38 1
Bromodichloromethane ND ug/L 10/03/17 12:54 75-27-40.50 0.20 1
Bromoform ND ug/L 10/03/17 12:54 75-25-24.0 1.0 1
Bromomethane ND ug/L 10/03/17 12:54 74-83-94.0 1.5 1
Carbon disulfide ND ug/L 10/03/17 12:54 75-15-01.0 0.37 1
Carbon tetrachloride ND ug/L 10/03/17 12:54 56-23-50.50 0.20 1
Chlorobenzene ND ug/L 10/03/17 12:54 108-90-70.50 0.14 1
Chloroethane ND ug/L 10/03/17 12:54 75-00-31.0 0.44 1
Chloroform ND ug/L 10/03/17 12:54 67-66-31.0 0.46 1
Chloromethane ND ug/L 10/03/17 12:54 74-87-34.0 1.1 1
Dibromochloromethane ND ug/L 10/03/17 12:54 124-48-10.50 0.13 1
Dibromomethane ND ug/L 10/03/17 12:54 74-95-31.0 0.50 1
Dichlorodifluoromethane ND ug/L 10/03/17 12:54 75-71-81.0 0.31 1
Dichlorofluoromethane ND ug/L 10/03/17 12:54 75-43-41.0 0.38 1
Diethyl ether (Ethyl ether) ND ug/L 10/03/17 12:54 60-29-74.0 1.3 1
Diisopropyl ether ND ug/L 10/03/17 12:54 108-20-31.0 0.12 1
Ethanol ND ug/L 10/03/17 12:54 64-17-580.0 26.4 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Sample: Trip Blank-09252017 Lab ID: 10404666002 Collected: 09/25/17 16:00 Received: 09/26/17 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 8260B8260B MSV Low Level

Ethyl-tert-butyl ether ND ug/L 10/03/17 12:54 637-92-30.50 0.13 1
Ethylbenzene ND ug/L 10/03/17 12:54 100-41-40.50 0.14 1
Hexachloro-1,3-butadiene ND ug/L 10/03/17 12:54 87-68-31.0 0.48 1
Isopropylbenzene (Cumene) ND ug/L 10/03/17 12:54 98-82-80.50 0.14 1
Methyl-tert-butyl ether ND ug/L 10/03/17 12:54 1634-04-40.50 0.14 1
Methylene Chloride ND ug/L 10/03/17 12:54 75-09-24.0 1.2 1
Naphthalene ND ug/L 10/03/17 12:54 91-20-31.0 0.42 1
Styrene ND ug/L 10/03/17 12:54 100-42-50.50 0.14 1
Tetrachloroethene ND ug/L 10/03/17 12:54 127-18-40.50 0.16 1
Tetrahydrofuran ND ug/L 10/03/17 12:54 109-99-910.0 4.3 1
Toluene ND ug/L 10/03/17 12:54 108-88-30.50 0.17 1
Trichloroethene ND ug/L 10/03/17 12:54 79-01-60.40 0.18 1
Trichlorofluoromethane ND ug/L 10/03/17 12:54 75-69-40.50 0.13 1
Vinyl chloride ND ug/L 10/03/17 12:54 75-01-40.20 0.096 1
cis-1,2-Dichloroethene ND ug/L 10/03/17 12:54 156-59-20.50 0.20 1
cis-1,3-Dichloropropene ND ug/L 10/03/17 12:54 10061-01-50.50 0.12 1
m&p-Xylene ND ug/L 10/03/17 12:54 179601-23-11.0 0.24 1
n-Butylbenzene ND ug/L 10/03/17 12:54 104-51-80.50 0.13 1
n-Propylbenzene ND ug/L 10/03/17 12:54 103-65-10.50 0.12 1
o-Xylene ND ug/L 10/03/17 12:54 95-47-60.50 0.11 1
p-Isopropyltoluene ND ug/L 10/03/17 12:54 99-87-60.50 0.14 1
sec-Butylbenzene ND ug/L 10/03/17 12:54 135-98-80.50 0.12 1
tert-Amylmethyl ether ND ug/L 10/03/17 12:54 994-05-80.50 0.12 1
tert-Butyl Alcohol ND ug/L 10/03/17 12:54 75-65-010.0 2.2 1
tert-Butylbenzene ND ug/L 10/03/17 12:54 98-06-60.50 0.15 1
trans-1,2-Dichloroethene ND ug/L 10/03/17 12:54 156-60-50.50 0.21 1
trans-1,3-Dichloropropene ND ug/L 10/03/17 12:54 10061-02-60.50 0.14 1
Surrogates
1,2-Dichloroethane-d4 (S) 101 %. 10/03/17 12:54 17060-07-075-137 1
Toluene-d8 (S) 97 %. 10/03/17 12:54 2037-26-575-125 1
4-Bromofluorobenzene (S) 101 %. 10/03/17 12:54 460-00-475-125 1

Analytical Method: EPA 8260B8260B MSV LLW by SIMSCAN

1,2,3-Trichloropropane ND ug/L 09/27/17 20:01 96-18-40.010 0.0045 1
1,2-Dibromo-3-chloropropane ND ug/L 09/27/17 20:01 96-12-80.50 0.24 1
1,2-Dibromoethane (EDB) ND ug/L 09/27/17 20:01 106-93-40.050 0.0071 1
Surrogates
1,2-Dichloroethane-d4 (S) 149 %. 09/27/17 20:01 17060-07-0 S370-130 1
Toluene-d8 (S) 108 %. 09/27/17 20:01 2037-26-570-130 1
4-Bromofluorobenzene (S) 106 %. 09/27/17 20:01 460-00-470-130 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499047
EPA 3010

EPA 6010C
6010C Water

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2713489
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 09/27/17 19:2324.7
Iron ug/L ND 50.0 09/27/17 19:2316.7
Magnesium ug/L ND 500 09/27/17 19:232.6
Manganese ug/L ND 5.0 09/27/17 19:230.38
Potassium ug/L ND 2500 09/27/17 19:23126
Sodium ug/L ND 1000 09/27/17 19:2344.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2713490LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1890020000 95 80-120
Iron ug/L 1970020000 98 80-120
Magnesium ug/L 1970020000 99 80-120
Manganese ug/L 10001000 100 80-120
Potassium ug/L 2000020000 100 80-120
Sodium ug/L 1970020000 99 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2713491MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

35337085002

2713492

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 93 75-12594 1 20200003270 21900 22100
Iron ug/L 20000 97 75-12597 1 202000016.7U 19300 19500
Magnesium ug/L 20000 97 75-12597 1 2020000616 20000 20100
Manganese ug/L 1000 99 75-12599 1 2010000.57J 986 995
Potassium ug/L 20000 102 75-125102 0 202000012200 32600 32500
Sodium ug/L 20000 98 75-12599 1 20200003420 23100 23300
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499870
EPA 3020

EPA 6020A
6020A Water UPD4

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718029
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 10/06/17 01:000.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718030LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 110100 110 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718031MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2718032

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L M6100 135 75-125212 2 201004840 4980 5060
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500222
EPA 8260B

EPA 8260B
8260 MSV LL Water

Associated Lab Samples: 10404666001, 10404666002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2719450
Associated Lab Samples: 10404666001, 10404666002

Matrix: Water

AnalyzedMDL

1,1,1,2-Tetrachloroethane ug/L ND 0.50 10/03/17 12:310.14
1,1,1-Trichloroethane ug/L ND 0.50 10/03/17 12:310.15
1,1,2,2-Tetrachloroethane ug/L ND 0.50 10/03/17 12:310.19
1,1,2-Trichloroethane ug/L ND 0.50 10/03/17 12:310.22
1,1,2-Trichlorotrifluoroethane ug/L ND 1.0 10/03/17 12:310.28
1,1-Dichloroethane ug/L ND 0.50 10/03/17 12:310.14
1,1-Dichloroethene ug/L ND 0.50 10/03/17 12:310.18
1,1-Dichloropropene ug/L ND 0.50 10/03/17 12:310.18
1,2,3-Trichlorobenzene ug/L ND 0.50 10/03/17 12:310.14
1,2,4-Trichlorobenzene ug/L ND 0.50 10/03/17 12:310.18
1,2,4-Trimethylbenzene ug/L ND 0.50 10/03/17 12:310.098
1,2-Dichlorobenzene ug/L ND 0.50 10/03/17 12:310.21
1,2-Dichloroethane ug/L ND 0.50 10/03/17 12:310.15
1,2-Dichloropropane ug/L ND 4.0 10/03/17 12:310.62
1,3,5-Trimethylbenzene ug/L ND 0.50 10/03/17 12:310.18
1,3-Dichlorobenzene ug/L ND 0.50 10/03/17 12:310.16
1,3-Dichloropropane ug/L ND 0.50 10/03/17 12:310.13
1,4-Dichlorobenzene ug/L ND 0.50 10/03/17 12:310.10
2,2-Dichloropropane ug/L ND 1.0 10/03/17 12:310.40
2-Butanone (MEK) ug/L ND 5.0 10/03/17 12:312.4
2-Chlorotoluene ug/L ND 0.50 10/03/17 12:310.20
2-Hexanone ug/L ND 5.0 10/03/17 12:312.5
2-Propanol ug/L ND 100 10/03/17 12:3120.6
4-Chlorotoluene ug/L ND 0.50 10/03/17 12:310.13
4-Methyl-2-pentanone (MIBK) ug/L ND 5.0 10/03/17 12:310.55
Acetone ug/L ND 20.0 10/03/17 12:318.8
Allyl chloride ug/L ND 4.0 10/03/17 12:311.0
Benzene ug/L ND 0.50 10/03/17 12:310.13
Bromobenzene ug/L ND 0.50 10/03/17 12:310.16
Bromochloromethane ug/L ND 1.0 10/03/17 12:310.38
Bromodichloromethane ug/L ND 0.50 10/03/17 12:310.20
Bromoform ug/L ND 4.0 10/03/17 12:311.0
Bromomethane ug/L ND 4.0 10/03/17 12:311.5
Carbon disulfide ug/L ND 1.0 10/03/17 12:310.37
Carbon tetrachloride ug/L ND 0.50 10/03/17 12:310.20
Chlorobenzene ug/L ND 0.50 10/03/17 12:310.14
Chloroethane ug/L ND 1.0 10/03/17 12:310.44
Chloroform ug/L ND 1.0 10/03/17 12:310.46
Chloromethane ug/L ND 4.0 10/03/17 12:311.1
cis-1,2-Dichloroethene ug/L ND 0.50 10/03/17 12:310.20
cis-1,3-Dichloropropene ug/L ND 0.50 10/03/17 12:310.12
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2719450
Associated Lab Samples: 10404666001, 10404666002

Matrix: Water

AnalyzedMDL

Dibromochloromethane ug/L ND 0.50 10/03/17 12:310.13
Dibromomethane ug/L ND 1.0 10/03/17 12:310.50
Dichlorodifluoromethane ug/L ND 1.0 10/03/17 12:310.31
Dichlorofluoromethane ug/L ND 1.0 10/03/17 12:310.38
Diethyl ether (Ethyl ether) ug/L ND 4.0 10/03/17 12:311.3
Diisopropyl ether ug/L ND 1.0 10/03/17 12:310.12
Ethanol ug/L ND 80.0 10/03/17 12:3126.4
Ethyl-tert-butyl ether ug/L ND 0.50 10/03/17 12:310.13
Ethylbenzene ug/L ND 0.50 10/03/17 12:310.14
Hexachloro-1,3-butadiene ug/L ND 1.0 10/03/17 12:310.48
Isopropylbenzene (Cumene) ug/L ND 0.50 10/03/17 12:310.14
m&p-Xylene ug/L ND 1.0 10/03/17 12:310.24
Methyl-tert-butyl ether ug/L ND 0.50 10/03/17 12:310.14
Methylene Chloride ug/L ND 4.0 10/03/17 12:311.2
n-Butylbenzene ug/L ND 0.50 10/03/17 12:310.13
n-Propylbenzene ug/L ND 0.50 10/03/17 12:310.12
Naphthalene ug/L ND 1.0 10/03/17 12:310.42
o-Xylene ug/L ND 0.50 10/03/17 12:310.11
p-Isopropyltoluene ug/L ND 0.50 10/03/17 12:310.14
sec-Butylbenzene ug/L ND 0.50 10/03/17 12:310.12
Styrene ug/L ND 0.50 10/03/17 12:310.14
tert-Amylmethyl ether ug/L ND 0.50 10/03/17 12:310.12
tert-Butyl Alcohol ug/L ND 10.0 10/03/17 12:312.2
tert-Butylbenzene ug/L ND 0.50 10/03/17 12:310.15
Tetrachloroethene ug/L ND 0.50 10/03/17 12:310.16
Tetrahydrofuran ug/L ND 10.0 10/03/17 12:314.3
Toluene ug/L ND 0.50 10/03/17 12:310.17
trans-1,2-Dichloroethene ug/L ND 0.50 10/03/17 12:310.21
trans-1,3-Dichloropropene ug/L ND 0.50 10/03/17 12:310.14
Trichloroethene ug/L ND 0.40 10/03/17 12:310.18
Trichlorofluoromethane ug/L ND 0.50 10/03/17 12:310.13
Vinyl chloride ug/L ND 0.20 10/03/17 12:310.096
1,2-Dichloroethane-d4 (S) %. 100 75-137 10/03/17 12:31
4-Bromofluorobenzene (S) %. 99 75-125 10/03/17 12:31
Toluene-d8 (S) %. 100 75-125 10/03/17 12:31

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2719451LABORATORY CONTROL SAMPLE:
LCSSpike

1,1,1,2-Tetrachloroethane ug/L 20.420 102 75-136
1,1,1-Trichloroethane ug/L 19.320 96 75-129
1,1,2,2-Tetrachloroethane ug/L 22.220 111 71-138
1,1,2-Trichloroethane ug/L 20.820 104 75-125
1,1,2-Trichlorotrifluoroethane ug/L 19.620 98 69-126
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2719451LABORATORY CONTROL SAMPLE:
LCSSpike

1,1-Dichloroethane ug/L 19.720 99 75-125
1,1-Dichloroethene ug/L 19.620 98 75-125
1,1-Dichloropropene ug/L 18.620 93 75-125
1,2,3-Trichlorobenzene ug/L 21.820 109 75-125
1,2,4-Trichlorobenzene ug/L 19.220 96 75-125
1,2,4-Trimethylbenzene ug/L 20.920 105 75-125
1,2-Dichlorobenzene ug/L 20.620 103 75-125
1,2-Dichloroethane ug/L 18.120 90 70-125
1,2-Dichloropropane ug/L 18.720 93 75-125
1,3,5-Trimethylbenzene ug/L 21.020 105 75-125
1,3-Dichlorobenzene ug/L 20.720 104 75-125
1,3-Dichloropropane ug/L 20.320 102 75-125
1,4-Dichlorobenzene ug/L 20.620 103 75-125
2,2-Dichloropropane ug/L 19.720 98 70-131
2-Butanone (MEK) ug/L 97.7100 98 69-125
2-Chlorotoluene ug/L 20.520 102 75-125
2-Hexanone ug/L 117100 117 73-129
2-Propanol ug/L 201200 100 50-150
4-Chlorotoluene ug/L 20.920 105 75-125
4-Methyl-2-pentanone (MIBK) ug/L 115100 115 73-125
Acetone ug/L 106100 106 66-126
Allyl chloride ug/L 17.820 89 71-125
Benzene ug/L 19.020 95 75-125
Bromobenzene ug/L 20.920 105 75-125
Bromochloromethane ug/L 19.120 96 75-126
Bromodichloromethane ug/L 19.420 97 75-133
Bromoform ug/L 18.420 92 62-142
Bromomethane ug/L 17.720 88 34-143
Carbon disulfide ug/L 17.420 87 71-125
Carbon tetrachloride ug/L 19.520 98 71-145
Chlorobenzene ug/L 19.920 99 75-125
Chloroethane ug/L 19.820 99 75-125
Chloroform ug/L 18.520 93 75-125
Chloromethane ug/L 17.920 89 54-125
cis-1,2-Dichloroethene ug/L 19.520 98 75-125
cis-1,3-Dichloropropene ug/L 18.720 93 75-125
Dibromochloromethane ug/L 20.720 104 74-141
Dibromomethane ug/L 19.120 95 75-125
Dichlorodifluoromethane ug/L 17.720 88 59-130
Dichlorofluoromethane ug/L 19.220 96 75-125
Diethyl ether (Ethyl ether) ug/L 19.520 98 75-125
Diisopropyl ether ug/L 18.020 90 69-125
Ethanol ug/L 430400 107 49-150
Ethyl-tert-butyl ether ug/L 19.020 95 73-125
Ethylbenzene ug/L 19.820 99 75-125
Hexachloro-1,3-butadiene ug/L 21.220 106 75-131
Isopropylbenzene (Cumene) ug/L 19.520 97 75-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2719451LABORATORY CONTROL SAMPLE:
LCSSpike

m&p-Xylene ug/L 40.740 102 75-125
Methyl-tert-butyl ether ug/L 19.320 97 75-125
Methylene Chloride ug/L 18.520 92 73-125
n-Butylbenzene ug/L 20.320 101 75-125
n-Propylbenzene ug/L 21.120 106 75-125
Naphthalene ug/L 19.520 97 74-125
o-Xylene ug/L 19.320 97 75-125
p-Isopropyltoluene ug/L 19.920 100 75-125
sec-Butylbenzene ug/L 20.320 102 75-125
Styrene ug/L 18.220 91 75-125
tert-Amylmethyl ether ug/L 18.920 95 71-126
tert-Butyl Alcohol ug/L 234200 117 69-131
tert-Butylbenzene ug/L 20.320 102 75-125
Tetrachloroethene ug/L 20.720 103 75-125
Tetrahydrofuran ug/L 212200 106 65-127
Toluene ug/L 20.020 100 75-125
trans-1,2-Dichloroethene ug/L 18.820 94 75-125
trans-1,3-Dichloropropene ug/L 19.720 99 75-125
Trichloroethene ug/L 20.020 100 75-125
Trichlorofluoromethane ug/L 20.520 103 71-140
Vinyl chloride ug/L 19.720 98 70-125
1,2-Dichloroethane-d4 (S) %. 101 75-137
4-Bromofluorobenzene (S) %. 98 75-125
Toluene-d8 (S) %. 105 75-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719452MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2719453

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,1,1,2-Tetrachloroethane ug/L 20 92 75-13794 2 3020ND 18.5 18.9
1,1,1-Trichloroethane ug/L 20 91 75-13992 0 3020ND 18.3 18.4
1,1,2,2-Tetrachloroethane ug/L 20 100 60-142102 1 3020ND 20.1 20.4
1,1,2-Trichloroethane ug/L 20 93 75-12895 2 3020ND 18.7 19.0
1,1,2-Trichlorotrifluoroethane ug/L 20 102 62-150106 4 3020ND 20.4 21.1
1,1-Dichloroethane ug/L 20 90 70-12991 1 3020ND 18.0 18.2
1,1-Dichloroethene ug/L 20 92 67-14195 4 3020ND 18.4 19.1
1,1-Dichloropropene ug/L 20 90 64-14490 0 3020ND 18.0 18.0
1,2,3-Trichlorobenzene ug/L 20 103 66-139101 3 3020ND 20.6 20.1
1,2,4-Trichlorobenzene ug/L 20 90 65-13888 3 3020ND 18.1 17.6
1,2,4-Trimethylbenzene ug/L 20 92 65-14393 1 3020ND 18.5 18.6
1,2-Dichlorobenzene ug/L 20 92 68-13592 0 3020ND 18.3 18.4
1,2-Dichloroethane ug/L 20 81 73-12582 1 3020ND 16.3 16.4
1,2-Dichloropropane ug/L 20 83 64-13085 3 3020ND 16.6 17.1
1,3,5-Trimethylbenzene ug/L 20 95 64-14696 1 3020ND 19.0 19.2
1,3-Dichlorobenzene ug/L 20 93 69-13594 1 3020ND 18.6 18.9
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719452MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2719453

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,3-Dichloropropane ug/L 20 91 67-12894 3 3020ND 18.2 18.8
1,4-Dichlorobenzene ug/L 20 91 66-13493 2 3020ND 18.2 18.6
2,2-Dichloropropane ug/L 20 93 50-15093 0 3020ND 18.6 18.7
2-Butanone (MEK) ug/L 100 85 58-12589 4 30100ND 85.2 88.9
2-Chlorotoluene ug/L 20 91 65-13893 2 3020ND 18.2 18.6
2-Hexanone ug/L 100 107 61-134110 2 30100ND 107 110
2-Propanol ug/L 200 79 51-15076 4 3020027.2J 185 179
4-Chlorotoluene ug/L 20 94 68-13595 2 3020ND 18.8 19.1
4-Methyl-2-pentanone
(MIBK)

ug/L 100 106 61-130106 0 30100ND 106 106

Acetone ug/L 100 121 51-140122 1 30100ND 121 122
Allyl chloride ug/L 20 82 61-12583 2 3020ND 16.3 16.6
Benzene ug/L 20 88 63-13290 3 3020ND 17.5 18.1
Bromobenzene ug/L 20 91 67-13896 5 3020ND 18.3 19.1
Bromochloromethane ug/L 20 85 66-13886 2 3020ND 17.0 17.3
Bromodichloromethane ug/L 20 88 75-13791 3 3020ND 17.7 18.2
Bromoform ug/L 20 85 65-12986 1 3020ND 17.0 17.2
Bromomethane ug/L 20 92 41-15097 5 3020ND 18.3 19.3
Carbon disulfide ug/L 20 83 72-13286 3 3020ND 16.6 17.1
Carbon tetrachloride ug/L 20 95 75-15095 0 3020ND 19.0 19.1
Chlorobenzene ug/L 20 92 73-12793 1 3020ND 18.5 18.6
Chloroethane ug/L 20 92 74-13895 3 3020ND 18.5 19.0
Chloroform ug/L 20 84 74-12585 2 3020ND 16.7 17.0
Chloromethane ug/L 20 80 58-12982 3 3020ND 16.0 16.4
cis-1,2-Dichloroethene ug/L 20 90 63-13591 1 3020ND 18.0 18.2
cis-1,3-Dichloropropene ug/L 20 80 66-12982 2 3020ND 16.0 16.3
Dibromochloromethane ug/L 20 94 75-13392 2 3020ND 18.8 18.5
Dibromomethane ug/L 20 86 68-13490 5 3020ND 17.2 18.0
Dichlorodifluoromethane ug/L 20 94 72-15096 3 3020ND 18.7 19.2
Dichlorofluoromethane ug/L 20 88 75-12990 2 3020ND 17.6 17.9
Diethyl ether (Ethyl ether) ug/L 20 85 73-12589 4 3020ND 17.1 17.8
Diisopropyl ether ug/L 20 80 62-12884 4 3020ND 16.1 16.8
Ethanol ug/L 400 98 43-15090 8 30400ND 392 362
Ethyl-tert-butyl ether ug/L 20 84 63-13286 2 3020ND 16.8 17.1
Ethylbenzene ug/L 20 91 72-13093 2 3020ND 18.1 18.5
Hexachloro-1,3-butadiene ug/L 20 115 71-150100 13 3020ND 22.9 20.0
Isopropylbenzene (Cumene) ug/L 20 89 70-13691 2 3020ND 17.8 18.1
m&p-Xylene ug/L 40 92 64-14294 2 3040ND 36.8 37.5
Methyl-tert-butyl ether ug/L 20 87 72-12589 2 3020ND 17.4 17.8
Methylene Chloride ug/L 20 84 60-13287 3 3020ND 16.8 17.3
n-Butylbenzene ug/L 20 99 60-15096 4 3020ND 19.9 19.1
n-Propylbenzene ug/L 20 94 63-14297 3 3020ND 18.8 19.3
Naphthalene ug/L 20 89 67-12589 1 3020ND 17.9 17.8
o-Xylene ug/L 20 92 60-14393 1 3020ND 18.3 18.6
p-Isopropyltoluene ug/L 20 93 64-14691 3 3020ND 18.7 18.2
sec-Butylbenzene ug/L 20 96 67-14494 2 3020ND 19.2 18.9
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Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2719452MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404666001

2719453

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Styrene ug/L 20 82 67-13682 1 3020ND 16.3 16.5
tert-Amylmethyl ether ug/L 20 85 60-13486 2 3020ND 17.0 17.3
tert-Butyl Alcohol ug/L 200 105 56-146107 2 30200ND 209 214
tert-Butylbenzene ug/L 20 96 68-13594 2 3020ND 19.2 18.8
Tetrachloroethene ug/L 20 94 67-14895 2 3020ND 18.7 19.1
Tetrahydrofuran ug/L 200 120 51-141118 2 30200ND 241 237
Toluene ug/L 20 88 61-14090 3 3020ND 17.5 18.0
trans-1,2-Dichloroethene ug/L 20 89 62-13892 3 3020ND 17.8 18.3
trans-1,3-Dichloropropene ug/L 20 88 67-13487 1 3020ND 17.5 17.4
Trichloroethene ug/L 20 93 64-14995 2 3020ND 18.7 19.0
Trichlorofluoromethane ug/L 20 103 75-150106 3 3020ND 20.6 21.2
Vinyl chloride ug/L 20 91 75-13395 3 3020ND 18.3 18.9
1,2-Dichloroethane-d4 (S) %. 99 75-13799
4-Bromofluorobenzene (S) %. 97 75-12598
Toluene-d8 (S) %. 100 75-12599
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499246
EPA 8260B

EPA 8260B
8260B MSV LLW by SIMSCAN

Associated Lab Samples: 10404666001, 10404666002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2714216
Associated Lab Samples: 10404666001, 10404666002

Matrix: Water

AnalyzedMDL

1,2,3-Trichloropropane ug/L ND 0.010 09/27/17 18:180.0045
1,2-Dibromo-3-chloropropane ug/L ND 0.50 09/27/17 18:180.24
1,2-Dibromoethane (EDB) ug/L ND 0.050 09/27/17 18:180.0071
1,2-Dichloroethane-d4 (S) %. 146 70-130 S309/27/17 18:18
4-Bromofluorobenzene (S) %. 107 70-130 09/27/17 18:18
Toluene-d8 (S) %. 109 70-130 09/27/17 18:18

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2714217LABORATORY CONTROL SAMPLE:
LCSSpike

1,2,3-Trichloropropane ug/L 9.010 90 70-130
1,2-Dibromo-3-chloropropane ug/L 21.925 88 70-130
1,2-Dibromoethane (EDB) ug/L 9.010 90 70-130
1,2-Dichloroethane-d4 (S) %. 104 70-130
4-Bromofluorobenzene (S) %. 99 70-130
Toluene-d8 (S) %. 91 70-130

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2714218MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10403967001

2714219

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

1,2,3-Trichloropropane ug/L 5 88 70-13082 6 305ND 4.4 4.1
1,2-Dibromo-3-
chloropropane

ug/L 12.5 74 70-13071 4 3012.5ND 9.2 8.8

1,2-Dibromoethane (EDB) ug/L 5 85 70-13080 6 305ND 4.3 4.0
1,2-Dichloroethane-d4 (S) %. 109 70-130110
4-Bromofluorobenzene (S) %. 96 70-13096
Toluene-d8 (S) %. 92 70-13091
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499994
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

1,2,4-Trichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,2-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.5
1,2-Diphenylhydrazine ug/L ND 10.0 10/05/17 15:361.3
1,3-Dichlorobenzene ug/L ND 10.0 10/05/17 15:364.2
1,4-Dichlorobenzene ug/L ND 10.0 10/05/17 15:363.4
1-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.1
2,4,5-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4,6-Trichlorophenol ug/L ND 10.0 10/05/17 15:361.1
2,4-Dichlorophenol ug/L ND 10.0 10/05/17 15:361.6
2,4-Dimethylphenol ug/L ND 50.0 10/05/17 15:362.8
2,4-Dinitrophenol ug/L ND 10.0 10/05/17 15:362.5
2,4-Dinitrotoluene ug/L ND 10.0 10/05/17 15:361.3
2,6-Dinitrotoluene ug/L ND 10.0 10/05/17 15:360.64
2-Chloronaphthalene ug/L ND 10.0 10/05/17 15:362.2
2-Chlorophenol ug/L ND 10.0 10/05/17 15:361.1
2-Methylnaphthalene ug/L ND 10.0 10/05/17 15:362.5
2-Methylphenol(o-Cresol) ug/L ND 10.0 10/05/17 15:361.9
2-Nitroaniline ug/L ND 10.0 10/05/17 15:361.5
2-Nitrophenol ug/L ND 10.0 10/05/17 15:361.7
3&4-Methylphenol(m&p Cresol) ug/L ND 20.0 10/05/17 15:361.0
3,3'-Dichlorobenzidine ug/L ND 50.0 10/05/17 15:361.2
3-Nitroaniline ug/L ND 10.0 10/05/17 15:361.2
4,6-Dinitro-2-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Bromophenylphenyl ether ug/L ND 10.0 10/05/17 15:362.3
4-Chloro-3-methylphenol ug/L ND 10.0 10/05/17 15:361.5
4-Chloroaniline ug/L ND 50.0 10/05/17 15:361.9
4-Chlorophenylphenyl ether ug/L ND 10.0 10/05/17 15:361.5
4-Nitroaniline ug/L ND 10.0 10/05/17 15:362.0
4-Nitrophenol ug/L ND 10.0 10/05/17 15:362.6
Benzoic acid ug/L ND 50.0 10/05/17 15:361.6
Benzyl alcohol ug/L ND 10.0 10/05/17 15:361.3
bis(2-Chloroethoxy)methane ug/L ND 10.0 10/05/17 15:361.4
bis(2-Chloroethyl) ether ug/L ND 10.0 10/05/17 15:361.1
bis(2-Chloroisopropyl) ether ug/L ND 10.0 10/05/17 15:361.4
bis(2-Ethylhexyl)phthalate ug/L ND 10.0 10/05/17 15:364.6
Butylbenzylphthalate ug/L ND 10.0 10/05/17 15:361.8
Carbazole ug/L ND 10.0 10/05/17 15:361.1
Di-n-butylphthalate ug/L ND 10.0 10/05/17 15:361.4
Di-n-octylphthalate ug/L ND 10.0 10/05/17 15:362.0
Dibenzofuran ug/L ND 10.0 10/05/17 15:361.6
Diethylphthalate ug/L ND 10.0 10/05/17 15:361.4
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Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718509
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Dimethylphthalate ug/L ND 10.0 10/05/17 15:361.3
Hexachloro-1,3-butadiene ug/L ND 10.0 10/05/17 15:363.2
Hexachlorobenzene ug/L ND 10.0 10/05/17 15:362.2
Hexachlorocyclopentadiene ug/L ND 50.0 10/05/17 15:3618.8
Hexachloroethane ug/L ND 10.0 10/05/17 15:363.4
Isophorone ug/L ND 10.0 10/05/17 15:361.2
N-Nitroso-di-n-propylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodimethylamine ug/L ND 10.0 10/05/17 15:361.0
N-Nitrosodiphenylamine ug/L ND 10.0 10/05/17 15:361.1
Nitrobenzene ug/L ND 10.0 10/05/17 15:361.3
Phenol ug/L ND 10.0 10/05/17 15:361.2
Pyridine ug/L ND 10.0 10/05/17 15:362.5
2,4,6-Tribromophenol (S) %. 89 66-125 10/05/17 15:36
2-Fluorobiphenyl (S) %. 78 30-125 10/05/17 15:36
2-Fluorophenol (S) %. 93 49-125 10/05/17 15:36
Nitrobenzene-d5 (S) %. 83 44-125 10/05/17 15:36
p-Terphenyl-d14 (S) %. 98 31-125 10/05/17 15:36
Phenol-d6 (S) %. 90 59-125 10/05/17 15:36

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

1,2,4-Trichlorobenzene ug/L 46.050 92 50-1258542.5 8 20
1,2-Dichlorobenzene ug/L 42.050 84 40-1258040.1 5 20
1,2-Diphenylhydrazine ug/L 48.750 97 66-1259446.8 4 20
1,3-Dichlorobenzene ug/L 40.950 82 37-1258040.1 2 20
1,4-Dichlorobenzene ug/L 40.650 81 38-1258039.9 2 20
1-Methylnaphthalene ug/L 47.450 95 64-1259145.3 5 20
2,4,5-Trichlorophenol ug/L 50.850 102 72-1259848.9 4 20
2,4,6-Trichlorophenol ug/L 49.450 99 70-1259547.4 4 20
2,4-Dichlorophenol ug/L 47.550 95 66-1259045.0 5 20
2,4-Dimethylphenol ug/L 32.6J50 65 30-1256432.0J 20
2,4-Dinitrophenol ug/L 47.450 95 30-1259848.8 3 20
2,4-Dinitrotoluene ug/L 52.750 105 74-12510050.1 5 20
2,6-Dinitrotoluene ug/L 49.850 100 75-1259748.7 2 20
2-Chloronaphthalene ug/L 48.450 97 68-1259346.7 4 20
2-Chlorophenol ug/L 44.650 89 59-1258341.4 7 20
2-Methylnaphthalene ug/L 46.350 93 63-1259045.1 3 20
2-Methylphenol(o-Cresol) ug/L 44.050 88 59-1258441.8 5 20
2-Nitroaniline ug/L 50.450 101 71-1259648.1 5 20
2-Nitrophenol ug/L 49.450 99 64-1259145.6 8 20
3&4-Methylphenol(m&p Cresol) ug/L 45.950 92 62-1258743.7 5 20
3,3'-Dichlorobenzidine ug/L 50.850 102 61-1259748.3J 20
3-Nitroaniline ug/L 52.550 105 60-1259748.3 8 20
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718510LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2718511

4,6-Dinitro-2-methylphenol ug/L 45.250 90 30-1369045.1 0 20
4-Bromophenylphenyl ether ug/L 50.050 100 73-1259949.4 1 20
4-Chloro-3-methylphenol ug/L 48.950 98 71-1259647.9 2 20
4-Chloroaniline ug/L 44.5J50 89 50-1258441.8J 20
4-Chlorophenylphenyl ether ug/L 49.250 98 72-1259848.8 1 20
4-Nitroaniline ug/L 49.250 98 63-1259045.2 8 20
4-Nitrophenol ug/L 47.150 94 66-1259145.7 3 20
Benzoic acid ug/L 34.6J50 69 30-1257839.2J 20
Benzyl alcohol ug/L 47.850 96 63-1259246.1 4 20
bis(2-Chloroethoxy)methane ug/L 46.850 94 66-1259045.0 4 20
bis(2-Chloroethyl) ether ug/L 43.050 86 58-1258240.8 5 20
bis(2-Chloroisopropyl) ether ug/L 40.950 82 53-1257738.5 6 20
bis(2-Ethylhexyl)phthalate ug/L 54.150 108 73-12510854.1 0 20
Butylbenzylphthalate ug/L 54.550 109 73-12510853.8 1 20
Carbazole ug/L 49.550 99 75-1259647.9 3 20
Di-n-butylphthalate ug/L 49.650 99 75-1259949.4 1 20
Di-n-octylphthalate ug/L 53.750 107 75-12510753.7 0 20
Dibenzofuran ug/L 49.150 98 72-1259447.1 4 20
Diethylphthalate ug/L 50.450 101 75-1259648.2 4 20
Dimethylphthalate ug/L 49.950 100 75-1259547.4 5 20
Hexachloro-1,3-butadiene ug/L 43.150 86 39-1258341.6 3 20
Hexachlorobenzene ug/L 46.350 93 75-1259447.2 2 20
Hexachlorocyclopentadiene ug/L ND 1M,L250 0 30-1250ND 20
Hexachloroethane ug/L 40.950 82 30-1257638.2 7 20
Isophorone ug/L 47.550 95 70-1259145.6 4 20
N-Nitroso-di-n-propylamine ug/L 44.150 88 65-1258542.6 3 20
N-Nitrosodimethylamine ug/L 43.350 87 46-1258140.5 7 20
N-Nitrosodiphenylamine ug/L 48.850 98 72-1259447.1 4 20
Nitrobenzene ug/L 46.250 92 65-1258843.8 5 20
Phenol ug/L 44.750 89 60-1258542.6 5 20
Pyridine ug/L ND L250 1 30-1252ND 20
2,4,6-Tribromophenol (S) %. 93 66-12590
2-Fluorobiphenyl (S) %. 80 30-12576
2-Fluorophenol (S) %. 84 49-12579
Nitrobenzene-d5 (S) %. 79 44-12574
p-Terphenyl-d14 (S) %. 95 31-12590
Phenol-d6 (S) %. 82 59-12578
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QUALITY CONTROL DATA

Pace Project No.:
Project:
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500020
EPA Mod. 3510C

EPA 8270D by SIM
8270D PAH by SIM MSSV

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718775
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Acenaphthene ug/L ND 0.040 10/04/17 16:080.0056
Acenaphthylene ug/L ND 0.040 10/04/17 16:080.0066
Anthracene ug/L ND 0.040 10/04/17 16:080.0079
Benzo(a)anthracene ug/L ND 0.040 10/04/17 16:080.0078
Benzo(a)pyrene ug/L ND 0.040 10/04/17 16:080.0043
Benzo(b)fluoranthene ug/L ND 0.040 10/04/17 16:080.0048
Benzo(e)pyrene ug/L ND 0.040 10/04/17 16:080.0055
Benzo(g,h,i)perylene ug/L ND 0.040 10/04/17 16:080.0075
Benzo(k)fluoranthene ug/L ND 0.040 10/04/17 16:080.0048
Chrysene ug/L ND 0.040 10/04/17 16:080.0058
Dibenz(a,h)anthracene ug/L ND 0.040 10/04/17 16:080.011
Fluoranthene ug/L ND 0.040 10/04/17 16:080.0072
Fluorene ug/L ND 0.040 10/04/17 16:080.010
Indeno(1,2,3-cd)pyrene ug/L ND 0.040 10/04/17 16:080.0036
Naphthalene ug/L ND 0.040 10/04/17 16:080.0075
Phenanthrene ug/L ND 0.040 10/04/17 16:080.0088
Pyrene ug/L ND 0.040 10/04/17 16:080.0084
2-Fluorobiphenyl (S) %. 81 55-125 10/04/17 16:08
p-Terphenyl-d14 (S) %. 96 64-125 10/04/17 16:08

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718776LABORATORY CONTROL SAMPLE:
LCSSpike

Acenaphthene ug/L 0.821 82 51-125
Acenaphthylene ug/L 0.841 84 54-125
Anthracene ug/L 0.971 97 64-125
Benzo(a)anthracene ug/L 1.01 104 63-125
Benzo(a)pyrene ug/L 1.11 109 72-125
Benzo(b)fluoranthene ug/L 1.01 103 60-125
Benzo(e)pyrene ug/L 1.01 101 69-125
Benzo(g,h,i)perylene ug/L 0.991 99 52-125
Benzo(k)fluoranthene ug/L 1.01 102 71-125
Chrysene ug/L 0.951 95 72-125
Dibenz(a,h)anthracene ug/L 0.891 89 49-125
Fluoranthene ug/L 1.11 105 71-125
Fluorene ug/L 0.851 85 56-125
Indeno(1,2,3-cd)pyrene ug/L 1.01 103 59-125
Naphthalene ug/L 0.801 80 41-125
Phenanthrene ug/L 0.891 89 57-125
Pyrene ug/L 0.951 95 71-125
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10404666
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718776LABORATORY CONTROL SAMPLE:
LCSSpike

2-Fluorobiphenyl (S) %. 87 55-125
p-Terphenyl-d14 (S) %. 97 64-125

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2718777MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10405313002

2718778

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Acenaphthene ug/L 1 75 43-12572 4 301ND 0.75 0.72
Acenaphthylene ug/L 1 75 42-12572 4 301ND 0.75 0.72
Anthracene ug/L 1 95 59-12594 0 301ND 0.95 0.94
Benzo(a)anthracene ug/L 1 94 56-12599 5 301ND 0.94 0.99
Benzo(a)pyrene ug/L 1 93 66-125102 10 301ND 0.93 1.0
Benzo(b)fluoranthene ug/L 1 87 56-125100 14 301ND 0.87 1.0
Benzo(e)pyrene ug/L 1 86 61-12593 8 301ND 0.86 0.93
Benzo(g,h,i)perylene ug/L 1 91 58-12596 6 301ND 0.91 0.96
Benzo(k)fluoranthene ug/L 1 88 64-12594 7 301ND 0.88 0.94
Chrysene ug/L 1 88 61-12591 3 301ND 0.88 0.91
Dibenz(a,h)anthracene ug/L 1 93 56-12599 7 301ND 0.93 0.99
Fluoranthene ug/L 1 101 64-125102 1 301ND 1.0 1.0
Fluorene ug/L 1 79 53-12580 1 301ND 0.79 0.80
Indeno(1,2,3-cd)pyrene ug/L 1 91 57-12599 8 301ND 0.91 0.99
Naphthalene ug/L 1 64 30-12563 1 301ND 0.64 0.63
Phenanthrene ug/L 1 86 52-12587 1 301ND 0.86 0.87
Pyrene ug/L 1 90 58-12592 3 301ND 0.90 0.92
2-Fluorobiphenyl (S) %. 70 55-12567
p-Terphenyl-d14 (S) %. 85 64-12588
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499665
EPA Mod. 3510C

EPA 8270D by SIM
8270D PCP MSSV

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2716537
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Pentachlorophenol ug/L ND 0.60 10/03/17 18:140.28
2,4,6-Tribromophenol (S) %. 77 30-132 10/03/17 18:14

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2716538LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2716539

Pentachlorophenol ug/L 0.47J1 47 30-127390.39J 20
2,4,6-Tribromophenol (S) %. 69 30-13266
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500498
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2721082
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 10/04/17 10:371.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 10/04/17 10:371.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 10/04/17 10:371.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 10/04/17 10:371.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2721083LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2721084

Alkalinity, Total as CaCO3 mg/L 42.740 107 90-11010743.0 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2721085MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404663002

2721086

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 102 80-120120 3 3040238 279 287

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2721087MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

1297698001

2721088

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 109 80-120130 2 3040341 384 393
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499927
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2718215
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 10/02/17 13:295.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2718216LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9601000 96 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10405243004
2718817SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 166 1 10165

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10405243005
2718818SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 145 1 10144
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

498976
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2712918
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 09/26/17 20:360.0070
Chloride mg/L ND 1.2 09/26/17 20:360.14
Fluoride mg/L ND 0.050 09/26/17 20:360.0028
Nitrate as N mg/L ND 0.10 09/26/17 20:360.0079
Nitrite as N mg/L ND 0.10 09/26/17 20:360.016
Sulfate mg/L 0.53J 1.2 09/26/17 20:360.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2712919LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.971 97 90-110
Chloride mg/L 12.612.5 101 90-110
Fluoride mg/L 0.991 99 90-110
Nitrate as N mg/L 0.991 99 90-110
Nitrite as N mg/L 0.961 96 90-110
Sulfate mg/L 12.212.5 98 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712920MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404331001

2712921

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 91 90-11091 0 201ND 0.96 0.96
Chloride mg/L 12.5 95 90-11095 0 2012.53.1 15.0 15.0
Fluoride mg/L 1 93 90-11093 1 2010.12 1.0 1.0
Nitrate as N mg/L 1 94 90-11094 0 2010.30 1.2 1.2
Nitrite as N mg/L 1 96 90-11096 0 201ND 0.96 0.96
Sulfate mg/L M112.5 24 90-11024 0 2012.573.6 76.6 76.6

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712922MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404331002

2712923

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 94 90-11093 1 201ND 0.94 0.93
Chloride mg/L 12.5 91 90-11090 1 2012.57.3 18.7 18.6
Fluoride mg/L 1 95 90-11091 4 2010.11 1.1 1.0
Nitrate as N mg/L 1 90 90-11090 1 201ND 0.96 0.95
Nitrite as N mg/L 1 96 90-11095 1 201ND 0.96 0.95
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Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2712922MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10404331002

2712923

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M112.5 21 90-11016 1 2012.580.3 82.9 82.3
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QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

268865
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10404666001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1579578
Associated Lab Samples: 10404666001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 09/28/17 11:520.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1579579LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 98 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1579580MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157215001

1579581

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M06 121 80-120122 0 10610 17.2 17.3

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1579582MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40157215002

1579583

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 100 102 80-120104 1 10100168 270 272
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QUALIFIERS

Pace Project No.:
Project:

10404666
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DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

The associated compound was outside of 20% for the associated continuing calibration but within 40% of the true value.1M
Analyte recovery in the laboratory control sample (LCS) was below QC limits.  Results for this analyte in associated
samples may be biased low.

L2

Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
Surrogate recovery exceeded laboratory control limits. Analyte presence below reporting limits in associated sample.S3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 02:52 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10404666
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10404666001 499047 499287PGDW41A-09252017 EPA 3010 EPA 6010C

10404666001 499870 500666PGDW41A-09252017 EPA 3020 EPA 6020A

10404666001 499994 500868PGDW41A-09252017 EPA 3520 EPA 8270D

10404666001 500020 500657PGDW41A-09252017 EPA Mod. 3510C EPA 8270D by SIM

10404666001 499665 500289PGDW41A-09252017 EPA Mod. 3510C EPA 8270D by SIM

10404666001 500222PGDW41A-09252017 EPA 8260B
10404666002 500222Trip Blank-09252017 EPA 8260B

10404666001 499246PGDW41A-09252017 EPA 8260B
10404666002 499246Trip Blank-09252017 EPA 8260B

10404666001 500498PGDW41A-09252017 SM 2320B

10404666001 499927PGDW41A-09252017 SM 2540C

10404666001 498976PGDW41A-09252017 EPA 300.0

10404666001 268865PGDW41A-09252017 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 02:52 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 46 of 181

46 of 304010404666



Page 47 of 181

47 of 304010404666



9/26/17

Page 48 of 181

48 of 304010404666



Page 49 of 181

49 of 304010404666



Page 50 of 181

50 of 304010404666



Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Lab Smp Id: 10404666001
Inj Date : 03-OCT-2017 14:05
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404666001,,msp
Misc Info : 41661
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100317A.b\V617-41553.m
Meth Date : 19-Oct-2017 13:51 dbroz Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 277474 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1752891 631.730638 632 0 0 20
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Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Lab Smp Id: 10404666001
Inj Date : 03-OCT-2017 14:05
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404666001,,msp
Misc Info : 41661
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100317A.b\V617-41553.m
Meth Date : 19-Oct-2017 13:51 dbroz Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected. (D)

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.919 1.925 (0.385) 11739 27.1625 27.2(Q)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.962 1.962 (1.000) 145963 100.000

21 Acetone 58 Compound Not Detected.

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 Compound Not Detected.

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.980 (1.000) 234810 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.992 3.998 (1.003) 188630 49.5622 49.6(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected. (D)

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.424 4.425 (1.000) 391344 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.986 (1.000) 59053 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 437907 49.0349 49.0

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 349434 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.954 6.955 (0.918) 154697 48.9024 48.9

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 165337 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected.

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.

Page 54 of 181

54 of 304010404666



Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Lab Smp Id: 10404666001
Inj Date : 03-OCT-2017 14:05
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404666001,,msp
Misc Info : 41661
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100317A.b\V617-41553.m
Meth Date : 19-Oct-2017 13:51 dbroz Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 14
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 20 Acetone-d6 (IS) 1.962 277474 100.000

CONCENTRATIONS QUANT

RT AREA ON-COL( ug/L) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Unknown CAS #:

0.871 1752891 631.730638 632 0 0 20
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Data File: ...168.10.12\chem\10msv6.i\100317A.b\276014QCP41661.D
Report Date: 19-Oct-2017 13:53

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Client SDG: SDGa03324
Lab Smp Id: 10404666001
Operator : DJB Sample Date:
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:
Analysis Type: VOA Level: LOW
Inj Date: 03-OCT-2017 14:05

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. |Unknown | 0.871| 632| _J__|
|________________|___________________________|________|_____________|_____|
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Lab Smp Id: 10404666002
Inj Date : 03-OCT-2017 12:54
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404666002,,tb
Misc Info : 41661
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100317A.b\V617-41553.m
Meth Date : 04-Oct-2017 09:34 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 11
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.386) 51977 133.229 133(QM)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 144734 100.000

21 Acetone 58 Compound Not Detected. (D)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 3.254 3.254 (0.818) 994 0.11511 0.12(aQ)

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.980 (1.000) 233569 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 191894 50.6877 50.7(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 408128 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.986 (1.000) 53308 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 459551 48.6612 48.7

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 369521 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 165844 50.4114 50.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 171945 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected. (D)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

Pace Analytical Services, Inc.

8260B/624/524.2 VOLATILE ISTD AND RATIO REPORT (UNIX)
Data file : \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Lab Smp Id: 10404666002
Inj Date : 03-OCT-2017 12:54
Operator : DJB Inst ID: 10msv6.i
Smp Info : 10404666002,,tb
Misc Info : 41661
Comment : 8260B/624/524.2 VOLATILE CAPILLARY METHOD
Method : \\192.168.10.12\chem\10msv6.i\100317A.b\V617-41553.m
Meth Date : 04-Oct-2017 09:34 10msv6.i Quant Type: ISTD
Cal Date : 25-SEP-2017 13:01 Cal File: 268016.D
Als bottle: 11
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: all.sub
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * 1/Vo * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 10.000 ng unit correction factor
Vo 10.000 Sample Volume purged (mL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 Propylene 41 Compound Not Detected.

2 Dichlorodifluoromethane 85 Compound Not Detected.

3 Chloromethane 50 Compound Not Detected.

4 Vinyl chloride 62 Compound Not Detected.

5 1,3-Butadiene 54 Compound Not Detected.

6 Bromomethane 94 Compound Not Detected.

7 Chloroethane 64 Compound Not Detected.

8 Trichlorofluoromethane 101 Compound Not Detected.

9 Dichlorofluoromethane 67 Compound Not Detected.

10 Diethyl ether (Ethyl ether) 59 Compound Not Detected.

11 1,1-Dichloroethene 96 Compound Not Detected.

12 Ethanol 45 Compound Not Detected.

13 Carbon disulfide 76 Compound Not Detected.

14 1,1,2-Trichlorotrifluoroethane 101 Compound Not Detected.

15 Iodomethane 142 Compound Not Detected.

16 Acrolein 56 Compound Not Detected.

17 Allyl chloride 41 Compound Not Detected. (D)

18 2-Propanol 45 1.925 1.925 (0.386) 51977 133.229 133(QM)

19 Methylene Chloride 84 Compound Not Detected.

* 20 Acetone-d6 (IS) 46 1.968 1.962 (1.000) 144734 100.000

21 Acetone 58 Compound Not Detected. (D)

22 trans-1,2-Dichloroethene 96 Compound Not Detected.

23 Methyl acetate 74 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

24 n-Hexane 86 Compound Not Detected.

25 Methyl-tert-butyl ether 73 Compound Not Detected.

26 tert-Butyl Alcohol 59 Compound Not Detected.

27 Acetonitrile 41 Compound Not Detected.

28 Diisopropyl ether 45 Compound Not Detected.

29 Chloroprene 53 Compound Not Detected.

30 1,1-Dichloroethane 63 Compound Not Detected.

31 Acrylonitrile 53 Compound Not Detected.

32 Ethyl-tert-butyl ether 59 Compound Not Detected.

33 Vinyl acetate 43 Compound Not Detected.

34 cis-1,2-Dichloroethene 96 Compound Not Detected.

35 2,2-Dichloropropane 77 Compound Not Detected.

36 Cyclohexane 56 Compound Not Detected.

37 Bromochloromethane 130 Compound Not Detected.

38 Chloroform 83 3.254 3.254 (0.818) 994 0.11511 0.12(aQ)

39 Carbon tetrachloride 117 Compound Not Detected.

40 Ethyl acetate 43 Compound Not Detected.

41 Tetrahydrofuran 72 Compound Not Detected.

42 1,1,1-Trichloroethane 97 Compound Not Detected.

43 sec-Butyl alcohol 45 Compound Not Detected.

44 1,1-Dichloropropene 75 Compound Not Detected.

45 2-Butanone (MEK) 43 Compound Not Detected.

46 2,2,4-Trimethylpentane 57 Compound Not Detected.

47 Benzene 78 Compound Not Detected.

48 Propionitrile 54 Compound Not Detected.

49 Methacrylonitrile 41 Compound Not Detected.

* 50 Pentafluorobenzene (IS) 168 3.979 3.980 (1.000) 233569 50.0000

$ 51 1,2-Dichloroethane-d4 (S) 65 3.998 3.998 (1.005) 191894 50.6877 50.7(Q)

52 Tert-Amylmethyl ether 73 Compound Not Detected.

53 1,2-Dichloroethane 62 Compound Not Detected.

54 Isobutanol 43 Compound Not Detected.

55 tert-Amyl Alcohol 59 Compound Not Detected.

56 Methylcyclohexane 98 Compound Not Detected.

57 Trichloroethene 130 Compound Not Detected.

* 58 1,4-Difluorobenzene (IS) 114 4.425 4.425 (1.000) 408128 50.0000

59 Tert-Amyl ethyl ether 59 Compound Not Detected.

60 Dibromomethane 174 Compound Not Detected.

61 n-Butanol 56 Compound Not Detected.

62 1,2-Dichloropropane 63 Compound Not Detected.

63 Bromodichloromethane 83 Compound Not Detected.

64 Ethyl arcylate 55 Compound Not Detected.

65 Methyl methacrylate 69 Compound Not Detected.

* 66 1,4-Dioxane-d8 (IS) 96 4.985 4.986 (1.000) 53308 2000.00

67 1,4-Dioxane (p-Dioxane) 88 Compound Not Detected.

68 3-Pentanone 57 Compound Not Detected.

69 2-Chloroethylvinyl ether 63 Compound Not Detected.

70 cis-1,3-Dichloropropene 75 Compound Not Detected.

$ 71 Toluene-d8 (S) 98 5.376 5.376 (0.855) 459551 48.6612 48.7

72 Toluene 92 Compound Not Detected.

73 2-Nitropropane 43 Compound Not Detected.

74 Tetrachloroethene 166 Compound Not Detected.

75 4-Methyl-2-pentanone (MIBK) 43 Compound Not Detected.

76 trans-1,3-Dichloropropene 75 Compound Not Detected.

77 4-Methyl-2-pentanol 45 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10msv6.i\100317A.b\276011.D
Report Date: 04-Oct-2017 09:59

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE ( ug/L) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 1,1,2-Trichloroethane 97 Compound Not Detected.

79 Ethyl methacrylate 69 Compound Not Detected.

80 Dibromochloromethane 129 Compound Not Detected.

81 1,3-Dichloropropane 76 Compound Not Detected.

82 1,2-Dibromoethane (EDB) 107 Compound Not Detected.

83 2-Hexanone 43 Compound Not Detected.

* 84 Chlorobenzene-D5 (IS) 117 6.290 6.284 (1.000) 369521 50.0000

85 Chlorobenzene 112 Compound Not Detected.

86 Ethylbenzene 91 Compound Not Detected.

87 1,1,1,2-Tetrachloroethane 131 Compound Not Detected.

88 m&p-Xylene 106 Compound Not Detected.

89 o-Xylene 106 Compound Not Detected.

90 Styrene 104 Compound Not Detected.

91 Bromoform 173 Compound Not Detected.

92 Isopropylbenzene (Cumene) 105 Compound Not Detected.

$ 93 4-Bromofluorobenzene (S) 95 6.955 6.955 (0.918) 165844 50.4114 50.4

94 cis-1,4-Dichloro-2-butene 53 Compound Not Detected.

95 Bromobenzene 156 Compound Not Detected.

96 n-Propylbenzene 91 Compound Not Detected.

97 1,1,2,2-Tetrachloroethane 83 Compound Not Detected.

98 4-Ethyltoluene 105 Compound Not Detected.

99 2-Chlorotoluene 91 Compound Not Detected.

100 1,3,5-Trimethylbenzene 105 Compound Not Detected.

101 1,2,3-Trichloropropane 110 Compound Not Detected.

102 trans-1,4-Dichloro-2-butene 53 Compound Not Detected.

103 4-Chlorotoluene 91 Compound Not Detected.

104 tert-Butylbenzene 119 Compound Not Detected.

105 1,2,4-Trimethylbenzene 105 Compound Not Detected.

106 sec-Butylbenzene 105 Compound Not Detected.

107 Dicyclopentadiene 66 Compound Not Detected.

108 p-Isopropyltoluene 119 Compound Not Detected.

109 1,3-Dichlorobenzene 146 Compound Not Detected.

* 110 1,4-Dichlorobenzene-d4 (IS) 152 7.576 7.576 (1.000) 171945 50.0000

111 1,4-Dichlorobenzene 146 Compound Not Detected.

112 1,2,3-Trimethylbenzene 105 Compound Not Detected.

113 n-Butylbenzene 91 Compound Not Detected.

114 1,2-Dichlorobenzene 146 Compound Not Detected.

115 1,2-Dibromo-3-chloropropane 157 Compound Not Detected.

116 Hexachloro-1,3-butadiene 225 Compound Not Detected.

117 1,2,4-Trichlorobenzene 180 Compound Not Detected.

118 Naphthalene 128 Compound Not Detected. (D)

119 1,2,3-Trichlorobenzene 180 Compound Not Detected.

120 2-Methylnaphthalene 142 Compound Not Detected.

121 1-Methylnaphthalene 141 Compound Not Detected.

QC Flag Legend

a - Target compound detected but, quantitated amount
Below Limit Of Quantitation(BLOQ).

Q - Qualifier signal failed the ratio test.
M - Compound response manually integrated.
D - User disabled compound identification.

Page 63 of 181

63 of 304010404666



Page 64 of 181

64 of 304010404666



Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D
Lab Smp Id: 10404666001 Client Smp ID: PGDW41A-09252017
Inj Date : 05-OCT-2017 16:58
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404666001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 990810 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 308611 12.4589331 13.0 72 NIST05.L 1032 9
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 1
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D
Lab Smp Id: 10404666001 Client Smp ID: PGDW41A-09252017
Inj Date : 05-OCT-2017 16:58
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404666001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

1 N-Nitrosodimethylamine 74 Compound Not Detected.

2 Pyridine 79 Compound Not Detected.

$ 3 2-Fluorophenol (S) 112 3.968 3.963 (0.751) 372355 72.4554 75.5

$ 4 Phenol-d6 (S) 99 4.851 4.856 (0.918) 521834 73.0916 76.1

5 Phenol 94 Compound Not Detected.

6 bis(2-Chloroethyl) ether 63 Compound Not Detected.

7 2-Chlorophenol 128 Compound Not Detected.

8 1,3-Dichlorobenzene 146 Compound Not Detected.

* 9 1,4-Dichlorobenzene-d4 (IS) 152 5.284 5.284 (1.000) 151832 40.0000

10 1,4-Dichlorobenzene 146 Compound Not Detected.

11 Benzyl alcohol 79 Compound Not Detected.

12 1,2-Dichlorobenzene 146 Compound Not Detected.

13 2-Methylphenol(o-Cresol) 107 Compound Not Detected.

14 bis(2-Chloroisopropyl) ether 45 Compound Not Detected.

15 3&4-Methylphenol(m&p Cresol) 107 Compound Not Detected.

17 N-Nitroso-di-n-propylamine 70 Compound Not Detected.

18 Hexachloroethane 117 Compound Not Detected.

$ 19 Nitrobenzene-d5 (S) 82 5.899 5.904 (0.873) 367102 51.1547 53.3

20 Nitrobenzene 77 Compound Not Detected.

21 Isophorone 82 Compound Not Detected.

22 2-Nitrophenol 139 Compound Not Detected.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 2
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

23 2,4-Dimethylphenol 107 Compound Not Detected.

24 Benzoic acid 105 Compound Not Detected. (D)

25 bis(2-Chloroethoxy)methane 93 Compound Not Detected.

26 2,4-Dichlorophenol 162 Compound Not Detected.

27 1,2,4-Trichlorobenzene 180 Compound Not Detected.

* 28 Naphthalene-d8 (IS) 136 6.755 6.760 (1.000) 504814 40.0000 (Q)

29 Naphthalene 128 Compound Not Detected.

30 4-Chloroaniline 127 Compound Not Detected.

31 Hexachloro-1,3-butadiene 225 Compound Not Detected.

32 4-Chloro-3-methylphenol 107 Compound Not Detected.

33 2-Methylnaphthalene 142 Compound Not Detected.

34 1-Methylnaphthalene 142 Compound Not Detected.

35 Hexachlorocyclopentadiene 237 Compound Not Detected.

36 2,4,6-Trichlorophenol 196 Compound Not Detected.

37 2,4,5-Trichlorophenol 196 Compound Not Detected.

$ 38 2-Fluorobiphenyl (S) 172 8.054 8.054 (0.903) 537133 53.7210 56.0

39 2-Chloronaphthalene 162 Compound Not Detected.

40 2-Nitroaniline 65 Compound Not Detected.

41 Dimethylphthalate 163 Compound Not Detected.

42 2,6-Dinitrotoluene 165 Compound Not Detected.

43 Acenaphthylene 152 Compound Not Detected.

44 3-Nitroaniline 138 Compound Not Detected.

* 45 Acenaphthene-d10 (IS) 164 8.915 8.921 (1.000) 254321 40.0000

46 Acenaphthene 154 Compound Not Detected.

47 2,4-Dinitrophenol 184 Compound Not Detected.

48 4-Nitrophenol 65 Compound Not Detected.

49 2,4-Dinitrotoluene 165 Compound Not Detected.

50 Dibenzofuran 168 Compound Not Detected.

51 Diethylphthalate 149 Compound Not Detected.

52 4-Chlorophenylphenyl ether 204 Compound Not Detected.

53 4-Nitroaniline 138 Compound Not Detected.

54 Fluorene 166 Compound Not Detected. (D)

55 4,6-Dinitro-2-methylphenol 198 Compound Not Detected.

56 N-Nitrosodiphenylamine 169 Compound Not Detected.

57 Azobenzene 77 Compound Not Detected. (D)

58 1,2-Diphenylhydrazine 77 Compound Not Detected. (D)

$ 59 2,4,6-Tribromophenol (S) 330 9.900 9.905 (1.110) 73791 81.4600 84.8

60 4-Bromophenylphenyl ether 248 Compound Not Detected. (D)

61 Hexachlorobenzene 284 Compound Not Detected.

62 Pentachlorophenol 266 Compound Not Detected.

* 63 Phenanthrene-d10 (IS) 188 10.777 10.777 (1.000) 435755 40.0000

64 Phenanthrene 178 Compound Not Detected.

65 Anthracene 178 Compound Not Detected.

66 Carbazole 167 Compound Not Detected.

67 di-n-Butylphthalate 149 Compound Not Detected.

68 Fluoranthene 202 Compound Not Detected.

69 Benzidine 184 Compound Not Detected.

70 Pyrene 202 Compound Not Detected.

$ 71 p-Terphenyl-d14 (S) 244 12.740 12.740 (0.905) 516313 65.2769 68.0

72 Butylbenzylphthalate 149 Compound Not Detected.

73 bis(2-Ethylhexyl)phthalate 149 Compound Not Detected.

74 3,3'-Dichlorobenzidine 252 Compound Not Detected.

75 Benzo(a)anthracene 228 Compound Not Detected.

* 76 Chrysene-d12 (IS) 240 14.077 14.088 (1.000) 360031 40.0000 (Q)

77 Chrysene 228 Compound Not Detected.

Page 67 of 181

67 of 304010404666



Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 3
Report Date: 13-Oct-2017 11:31

CONCENTRATIONS

QUANT SIG ON-COLUMN FINAL

Compounds MASS RT EXP RT REL RT RESPONSE (ug/mL) ( ug/L)

========================== ==== ==== ======== ======== ======== ======= =======

78 di-n-Octylphthalate 149 Compound Not Detected.

79 Benzo(b)fluoranthene 252 Compound Not Detected.

80 Benzo(k)fluoranthene 252 Compound Not Detected.

81 Benzo(a)pyrene 252 Compound Not Detected.

* 82 Perylene-d12 (IS) 264 16.120 16.125 (1.000) 357493 40.0000

83 Indeno(1,2,3-cd)pyrene 276 Compound Not Detected.

84 Dibenz(a,h)anthracene 278 Compound Not Detected.

85 Benzo(g,h,i)perylene 276 Compound Not Detected.

QC Flag Legend

Q - Qualifier signal failed the ratio test.
D - User disabled compound identification.
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 4
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

Semivolatile REPORT SW-846 Method 8270/EPA 625
Data file : \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D
Lab Smp Id: 10404666001 Client Smp ID: PGDW41A-09252017
Inj Date : 05-OCT-2017 16:58
Operator : AT1 Inst ID: 10mssD.i
Smp Info : 10404666001,
Misc Info : 16861,
Comment : RCRA 8270C/625 - SEMIVOLATILES
Method : \\192.168.10.12\chem\10mssD.i\100517C.b\8270D-100217_16839.m
Meth Date : 13-Oct-2017 11:30 jlries Quant Type: ISTD
Cal Date : 02-OCT-2017 21:44 Cal File: 10021719.D
Als bottle: 6
Dil Factor: 1.00000
Integrator: HP RTE Compound Sublist: noacetophenone.s
Target Version: 4.14

Concentration Formula: Amt * DF * Uf * Vt/(Vo * Vi) * CpndVariable

Name Value Description
-------------- ---------- -----------------------

DF 1.000 Dilution Factor
Uf 1.000 CorrectionFactor (ng)
Vt 1000.000 Volume of final extract (uL)
Vo 960.000 Volume of sample extracted (mL)
Vi 1.000 SampleVolumeInjected (uL)

Cpnd Variable Local Compound Variable

ISTD RT AREA AMOUNT
============================== ====== ====== ======

* 9 1,4-Dichlorobenzene-d4 5.284 990810 40.000

CONCENTRATIONS QUANT

RT AREA ON-COL(ug/mL) FINAL( ug/L) QUAL LIBRARY LIB ENTRY CPND #

==== ==== ============= ============ ==== ======= ========= ======

Methane, chloromethoxy- CAS #: 107-30-2

2.540 308611 12.4589331 13.0 72 NIST05.L 1032 9
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Data File: \\192.168.10.12\chem\10mssD.i\100517C.b\10051714.D Page 5
Report Date: 13-Oct-2017 11:31

Pace Analytical Services, Inc.

TENTATIVELY IDENTIFIED COMPOUNDS

Client Name: Ecology and Environ Client SDG: 10MSSD-100517C
Lab Smp Id: 10404666001 Client Smp ID: PGDW41A-09252017
Operator : AT1 Sample Date: 25-SEP-2017
Sample Location: Sample Point:
Sample Matrix: WATER Date Received:26-SEP-2017 10:00
Analysis Type: SV Level: LOW
Inj Date: 05-OCT-2017 16:58

CONCENTRATION UNITS:
Number TICs found: 1 (ug/L or ug/KG) ug/L

_________________________________________________________________________
| | | | | |
| CAS NUMBER | COMPOUND NAME | RT | EST. CONC. | Q |
|================|===========================|========|=============|=====|
| 1. 107-30-2 |Methane, chloromethoxy- | 2.540| 13.0| NJ__|
|________________|___________________________|________|_____________|_____|
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10-Oct-2017

Pace Analytical
Carol Davy

Dear Carol,

Re: 1209662 Pavillion WY Well Fld Work Order: 17091607

1700 Elm Street

Minneapolis, MN  55414
Suite 200

ALS Environmental received 1 sample on 27-Sep-2017 09:00 AM for the analyses presented in the 
following report.

Project Manager
Chad Whelton

Electronically approved by: Chad Whelton

Certificate No: MN 998501

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with industry accepted practices and Quality Control results achieved 
laboratory specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the 
report or QC batch information. Should this laboratory report need to be reproduced, it should be 
reproduced in full unless written approval has been obtained from ALS Environmental. Samples will be 
disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 8.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Ave  Holland, Michigan 49424 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis
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Date: 10-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091607
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

17091607-01 PGDW41A-09252017 Water 9/25/2017 14:20 9/27/2017 09:00

Sample Summary Page 1 of  1
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Date: 10-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091607
Case Narrative

Samples for the above noted Work Order were received on 09/27/2017.  The attached 
"Sample Receipt Checklist" documents the status of custody seals, container integrity, 
preservation, and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.  A copy of the laboratory's scope of accreditation is available 
upon request.

With the following exceptions, all sample analyses achieved analytical criteria.

Case Narrative Page 1 of  1
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ALS Group, USA Date: 10-Oct-17

QUALIFIERS, 
ACRONYMS, UNITS

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

WorkOrder: 17091607

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Milligrams per Litermg/L

Value exceeds Regulatory Limit*

Estimated Value**

Analyte is non-accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and Reporting Limit, sample results may exhibit background or 
reagent contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1
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Project: 1209662 Pavillion WY Well Fld

Sample ID: PGDW41A-09252017

Collection Date: 9/25/2017 02:20 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Pace Analytical

Work Order: 17091607

Dilution
Factor

Lab ID: 17091607-01

ALS Group, USA Date: 10-Oct-17

ACRYLAMIDE BY HPLC SW8316 Analyst: KYM

Acrylamide 10/2/2017 02:13 PM0.10 mg/L 1ND

Analytical Results Page 1 of  1

Note: See Qualifiers page for a list of qualifiers and their definitions.
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Date: 10-Oct-17ALS Group, USA

Project: 1209662 Pavillion WY Well Fld

Client: Pace Analytical

Work Order: 17091607
QC BATCH REPORT

Batch ID: R221422 Instrument ID HPLC2 Method: SW8316

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:17 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676204

MBLK

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: MB-R221422-R221422

Acrylamide 0.10ND

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:46 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: SeqNo: 4676205

LCS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: LCS-R221422-R221422

0025Acrylamide 97  50-1500.1024.26

Qual
RPD 
Limit

Analysis Date: 10/2/2017 01:55 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW41A-09252017 SeqNo: 4676222

MS

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MS

0050Acrylamide 105  50-1500.2052.72

Qual
RPD 
Limit

Analysis Date: 10/2/2017 02:04 PM

Prep Date: 10/2/2017

Analyte Result %REC %RPD

Units: mg/L

PQL

Client ID: PGDW41A-09252017 SeqNo: 4676227

MSD

Run ID: HPLC2_171002A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 2

Sample ID: 17091607-01A MSD

52.72050Acrylamide 106  50-150 300.20 0.68453.08

The following samples were analyzed in this batch: 17091607-
01A

QC Page: 1 of  1
Note: See Qualifiers Page for a list of Qualifiers and their explanation.
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ALS Group, USA

Sample Receipt Checklist

Client Name: PACE_MN

Work Order: 17091607

Date/Time Received: 27-Sep-17 09:00

Received by: DS

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: FedEx

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 4.0/4.0 c

Login Notes:

SR2

Cooler(s)/Kit(s):

27-Sep-17 28-Sep-17 Diane Shaw  Chad Whelton

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/27/2017 2:10:59 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1
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L1734475

Pace Analytical Services

10404666

1209662 PAVILLION WY WELL FLD

Client:

Project Name:

Project Number:

10/05/17

Eight Walkup Drive, Westborough, MA  01581-1019

Lab Number:

Report Date:

508-898-9220  (Fax) 508-898-9193  800-624-9220 - www.alphalab.com

1700 Elm St.

Carol DaveyATTN:

ANALYTICAL REPORT

Certifications & Approvals: MA (M-MA086), NH NELAP (2064), NJ NELAP (MA935), CT (PH-0574), IL (200077), ME (MA00086), MD (348), NY 
(11148), NC (25700/666), PA (68-03671), RI (LAO00065), TX (T104704476), VT (VT-0935), VA (460195), USDA (Permit #P330-14-00197).

Minneapolis, MN  55414

(612) 607-6436Phone:

The original project report/data package is held by Alpha Analytical. This report/data package is paginated and should be reproduced only in its
entirety. Alpha Analytical holds no responsibility for results and/or data that are not consistent with the original.

Serial_No:10051717:57

Page 1 of 20
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L1734475-01

Alpha 
Sample ID

PGDW41A-09252017

Client ID

WY

Sample 
Location

1209662 PAVILLION WY WELL FLD

10404666

Project Name:
Project Number:

Lab Number: 
Report Date:

L1734475
10/05/17

09/25/17 14:20

Collection 
Date/TimeMatrix Receive Date

WATER 09/27/17

Serial_No:10051717:57
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1209662 PAVILLION WY WELL FLD

10404666

Project Name:

Project Number:

Lab Number:

Report Date:
L1734475

10/05/17

Case Narrative

The samples were received in accordance with the Chain of Custody and no significant deviations were encountered during the preparation 

or analysis unless otherwise noted. Sample Receipt, Container Information, and the Chain of Custody are located at the back of the report.

Results contained within this report relate only to the samples submitted under this Alpha Lab Number and meet NELAP requirements for all 

NELAP accredited parameters unless otherwise noted in the following narrative. The data presented in this report is organized by parameter 

(i.e. VOC, SVOC, etc.). Sample specific Quality Control data (i.e. Surrogate Spike Recovery) is reported at the end of the target analyte list 

for each individual sample, followed by the Laboratory Batch Quality Control at the end of each parameter. Tentatively Identified Compounds

(TICs), if requested, are reported for compounds identified to be present and are not part of the method/program Target Compound List, 

even if only a subset of the TCL are being reported. If a sample was re-analyzed or re-extracted due to a required quality control corrective 

action and if both sets of data are reported, the Laboratory ID of the re-analysis or re-extraction is designated with an "R" or "RE", 

respectively. When multiple Batch Quality Control elements are reported (e.g. more than one LCS), the associated samples for each element

are noted in the grey shaded header line of each data table. Any Laboratory Batch, Sample Specific % recovery or RPD value that is outside

the listed Acceptance Criteria is bolded in the report. All specific QC information is also incorporated in the Data Usability format of our Data 

Merger tool where it can be reviewed along with any associated usability implications. Soil/sediments, solids and tissues are reported on a 

dry weight basis unless otherwise noted. Definitions of all data qualifiers and acronyms used in this report are provided in the Glossary 

located at the back of the report. 

In reference to questions H (CAM) or 4 (RCP) when "NO" is checked, the performance criteria for CAM and RCP methods allow for some 

quality control failures to occur and still be within method compliance.  In these instances the specific failure is not narrated but noted in the 

associated QC table. The information is also incorporated in the Data Usability format of our Data Merger tool where it can be reviewed 

along with any associated usability implications.

Please see the associated ADEx data file for a comparison of laboratory reporting limits that were achieved with the regulatory Numerical 

Standards requested on the Chain of Custody.

HOLD POLICY

For samples submitted on hold, Alpha's policy is to hold samples (with the exception of Air canisters) free of charge for 21 calendar days 

from the date the project is completed. After 21 calendar days, we will dispose of all samples submitted including those put on hold unless 

you have contacted your Client Service Representative and made arrangements for Alpha to continue to hold the samples. Air canisters will 

be disposed after 3 business days from the date the project is completed.

Please contact Client Services at 800-624-9220 with any questions.

    
    I, the undersigned, attest under the pains and penalties of perjury that, to the best of my knowledge and 
    belief and based upon my personal inquiry of those responsible for providing the information contained
    in this analytical report, such information is accurate and complete.  This certificate of analysis is not
    complete unless this page accompanies any and all pages of this report.

    
    Authorized Signature:    

    Title:  Technical Director/Representative                                                                          Date:  10/05/17                  

Serial_No:10051717:57
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ORGANICS

Serial_No:10051717:57
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PESTICIDES

Serial_No:10051717:57
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FF

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

Heptachlor epoxide

Oxychlordane

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Parameter Result Dilution Factor

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Qualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404666

L1734475

0.0004

0.0019

0.0004

0.0004

0.0004

0.0004

0.0008

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0048

0.0004

0.0243

0.0243

10/05/17

PGDW41A-09252017Client ID:
09/25/17 14:20Date Collected:
09/27/17Date Received:

WYSample Location:

L1734475-01Lab ID:

Field Prep: Not Specified

Matrix: Water
Extraction Method:

Analytical Method:
Analytical Date:
Analyst:

1,8081B
10/03/17 02:06
DP

EPA 3510C
Extraction Date: 09/28/17 15:45

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Column

Serial_No:10051717:57
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Parameter Result Dilution FactorQualifier Units RL

Organochlorine Pesticides by GC - Mansfield Lab

SAMPLE RESULTS

Project Name:

Project Number:

Lab Number:

Report Date:

1209662 PAVILLION WY WELL FLD

10404666

L1734475

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

61

91

65

93

30-150

30-150

30-150

30-150

Acceptance 
Criteria

A

A

B

B

Surrogate % Recovery Qualifier Column

10/05/17

PGDW41A-09252017Client ID:
09/25/17 14:20Date Collected:
09/27/17Date Received:

WYSample Location:

L1734475-01Lab ID:

Field Prep: Not Specified

MDL Column

Serial_No:10051717:57
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404666

L1734475

10/02/17 23:50
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/28/17 15:45

10/05/17

Analyst: DP

Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

Endrin ketone

Methoxychlor

Mirex

Toxaphene

Chlordane

Heptachlor epoxide

Parameter Result

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RL

0.0005

0.0020

0.0005

0.0005

0.0005

0.0005

0.0009

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.0050

0.0005

0.0250

0.0250

0.0005

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1046751-1  

MDL

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

Serial_No:10051717:57
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Method Blank Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404666

L1734475

10/02/17 23:50
1,8081BAnalytical Method:

Analytical Date:
Extraction Method: EPA 3510C
Extraction Date: 09/28/17 15:45

10/05/17

Analyst: DP

Oxychlordane

Parameter Result

ND

RL

0.0005ug/l

UnitsQualifier

Organochlorine Pesticides by GC - Mansfield Lab for sample(s):   01    Batch:   WG1046751-1  

Tetrachloro-meta-Xylene

Decachlorobiphenyl

Tetrachloro-meta-Xylene

Decachlorobiphenyl

76

89

83

90

30-150

30-150

30-150

30-150

Surrogate %Recovery Qualifier Column
Acceptance

Criteria

MDL

--

Column

B

A

A

B

B

Serial_No:10051717:57
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Alpha-BHC

Hexachlorobenzene

Beta-BHC

gamma-BHC

Delta-BHC

Heptachlor

Aldrin

trans-Chlordane

2,4'-DDE

Endosulfan I

cis-Chlordane

trans-Nonachlor

4,4'-DDE

Dieldrin

2,4'-DDD

Endrin

Endosulfan II

4,4'-DDD

2,4'-DDT

cis-Nonachlor

Endrin aldehyde

Endosulfan sulfate

4,4'-DDT

 83

 70

 74

 83

 92

 76

 78

 84

 78

 84

 80

 81

 86

 92

 79

 83

 87

 88

 86

 88

 73

 92

 88

84

72

75

84

93

77

79

85

79

85

81

81

86

93

80

84

87

89

87

89

74

92

90

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

40-140

2

4

0

1

2

1

2

1

1

1

1

0

1

1

1

1

0

1

1

1

1

0

2

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1046751-2   WG1046751-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404666

L1734475

10/05/17

Qual Qual Qual Column

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Serial_No:10051717:57
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Endrin ketone

Methoxychlor

Mirex

 105

 83

 73

105

83

73

40-140

40-140

40-140

0

0

1

50

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1046751-2   WG1046751-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404666

L1734475

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

77
91
83
92

30-150
30-150
30-150
30-150

A
A
B
B

77
91
84
91

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual

A

A

A

Serial_No:10051717:57
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Heptachlor epoxide

Oxychlordane

 87

 86

88

86

40-140

40-140

1

1

50

50

Parameter
LCS

%Recovery
LCSD

%Recovery
%Recovery

Limits RPD
RPD

 Limits

Organochlorine Pesticides by GC - Mansfield Lab  Associated sample(s):   01    Batch:   WG1046751-2   WG1046751-3     

Lab Control Sample Analysis
Batch Quality Control

Project Name: 

Project Number: 

Lab Number: 

Report Date: 

1209662 PAVILLION WY WELL FLD

10404666

L1734475

Tetrachloro-meta-Xylene
Decachlorobiphenyl
Tetrachloro-meta-Xylene
Decachlorobiphenyl

77
91
83
92

30-150
30-150
30-150
30-150

A
A
B
B

77
91
84
91

Surrogate Qual Column%Recovery Qual%Recovery
LCS LCSD

10/05/17

Acceptance
Criteria

Qual Qual Qual Column

B

B

Serial_No:10051717:57
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*Values in parentheses indicate holding time in days

L1734475-01A

L1734475-01B

Amber 1000ml unpreserved

Amber 1000ml unpreserved

A

A

7

7

4.9

4.9

Y

Y

Present/Intact

Present/Intact

A Present/Intact
Cooler Custody Seal
Cooler Information

1209662 PAVILLION WY WELL FLD

10404666

A2-PEST-8081-LOW(7)

A2-PEST-8081-LOW(7)

Project Name:

Project Number:

L1734475Lab Number:

Report Date:

Sample Receipt and Container Information

Container ID Container Type Cooler
Temp
deg C Pres Seal

Container Information

Analysis(*)

10/05/17

Were project specific reporting limits specified? YES

7

7

Frozen
Date/Time

Final
pH

Initial 
pH

Serial_No:10051717:57

Page 13 of 20
Page 92 of 181

92 of 304010404666



Report Format: Data Usability Report

GLOSSARY

Project Name:

Project Number:

Lab Number:

Report Date:

L17344751209662 PAVILLION WY WELL FLD

10404666 10/05/17

Acronyms

EDL

EPA

LCS

LCSD

LFB

MDL

MS

MSD

NA

NC

NDPA/DPA

NI

NP

RL

RPD

SRM

STLP

TIC

Estimated Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The EDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable. The use of EDLs is specific to the analysis 
of PAHs using Solid-Phase Microextraction (SPME).
Environmental Protection Agency.

Laboratory Control Sample: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Laboratory Control Sample Duplicate: Refer to LCS.

Laboratory Fortified Blank: A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.
Method Detection Limit: This value represents the level to which target analyte concentrations are reported as estimated 
values, when those target analyte concentrations are quantified below the reporting limit (RL). The MDL includes any 
adjustments from dilutions, concentrations or moisture content, where applicable.
Matrix Spike Sample: A sample prepared by adding a known mass of target analyte to a specified amount of matrix sample for
which an independent estimate of target analyte concentration is available. 
Matrix Spike Sample Duplicate: Refer to MS.

Not Applicable.

Not Calculated:  Term is utilized when one or more of the results utilized in the calculation are non-detect at the parameter's 
reporting unit.
N-Nitrosodiphenylamine/Diphenylamine.

Not Ignitable. 

Non-Plastic: Term is utilized for the analysis of Atterberg Limits in soil.

Reporting Limit:  The value at which an instrument can accurately measure an analyte at a specific concentration. The RL 
includes any adjustments from dilutions, concentrations or moisture content, where applicable.
Relative Percent Difference:  The results from matrix and/or matrix spike duplicates are primarily designed to assess the 
precision of analytical results in a given matrix and are expressed as relative percent difference (RPD).  Values which are less 
than five times the reporting limit for any individual parameter are evaluated by utilizing the absolute difference between the 
values; although the RPD value will be provided in the report.
Standard Reference Material: A reference sample of a known or certified value that is of the same or similar matrix as the 
associated field samples.
Semi-dynamic Tank Leaching Procedure per EPA Method 1315.

Tentatively Identified Compound: A compound that has been identified to be present and is not part of the target compound 
list (TCL) for the method and/or program. All TICs are qualitatively identified and reported as estimated concentrations.

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

Terms

Analytical Method: Both the document from which the method originates and the analytical reference method. (Example: EPA 8260B is 
shown as 1,8260B.) The codes for the reference method documents are provided in the References section of the Addendum.
Final pH: As it pertains to Sample Receipt & Container Information section of the report, Final pH reflects pH of container determined after 
adjustment at the laboratory, if applicable. If no adjustment required, value reflects Initial pH.
Frozen Date/Time: With respect to Volatile Organics in soil, Frozen Date/Time reflects the date/time at which associated Reagent Water-
preserved vials were initially frozen. Note: If frozen date/time is beyond 48 hours from sample collection, value will be reflected in 'bold'.
Initial pH: As it pertains to Sample Receipt & Container Information section of the report, Initial pH reflects pH of container determined upon
receipt, if applicable.
Total: With respect to Organic analyses, a 'Total' result is defined as the summation of results for individual isomers or Aroclors. If a 'Total' 
result is requested, the results of its individual components will also be reported. This is applicable to 'Total' results for methods 8260, 8081 
and 8082.

Data Qualifiers

A

B

 -

 -

Spectra identified as "Aldol Condensation Product".

The analyte was detected above the reporting limit in the associated method blank. Flag only applies to associated field samples that 
have detectable concentrations of the analyte at less than ten times (10x) the concentration found in the blank. For MCP-related 

1 The reference for this analyte should be considered modified since this analyte is absent from the target analyte list of the 
original method.

 -

Footnotes
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Report Format: Data Usability Report

Project Name:

Project Number:

Lab Number:

Report Date:

L17344751209662 PAVILLION WY WELL FLD

10404666 10/05/17

Data Qualifiers

C

D

E

G

H

I

M

NJ

P

Q

R

RE

S

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

 -

projects, flag only applies to associated field samples that have detectable concentrations of the analyte at less than ten times (10x) 
the concentration found in the blank. For DOD-related projects, flag only applies to associated field samples that have detectable 
concentrations of the analyte at less than ten times (10x) the concentration found in the blank AND the analyte was detected above 
one-half the reporting limit (or above the reporting limit for common lab contaminants) in the associated method blank. For NJ-
Air-related projects, flag only applies to associated field samples that have detectable concentrations of the analyte above the 
reporting limit. For NJ-related projects (excluding Air), flag only applies to associated field samples that have detectable 
concentrations of the analyte, which was detected above the reporting limit in the associated method blank or above five times the 
reporting limit for common lab contaminants (Phthalates, Acetone, Methylene Chloride, 2-Butanone). 
Co-elution: The target analyte co-elutes with a known lab standard (i.e. surrogate, internal standards, etc.) for co-extracted 
analyses.
Concentration of analyte was quantified from diluted analysis. Flag only applies to field samples that have detectable concentrations 
of the analyte.
Concentration of analyte exceeds the range of the calibration curve and/or linear range of the instrument.

The concentration may be biased high due to matrix interferences (i.e, co-elution) with non-target compound(s). The result should 
be considered estimated.
The analysis of pH was performed beyond the regulatory-required holding time of 15 minutes from the time of sample collection.

The lower value for the two columns has been reported due to obvious interference.

Reporting Limit (RL) exceeds the MCP CAM Reporting Limit for this analyte.

Presumptive evidence of compound. This represents an estimated concentration for Tentatively Identified Compounds (TICs), where 
the identification is based on a mass spectral library search.
The RPD between the results for the two columns exceeds the method-specified criteria.

The quality control sample exceeds the associated acceptance criteria. For DOD-related projects, LCS and/or Continuing Calibration
Standard exceedences are also qualified on all associated sample results.  Note: This flag is not applicable for matrix spike recoveries
when the sample concentration is greater than 4x the spike added or for batch duplicate RPD when the sample concentrations are less
than 5x the RL. (Metals only.)
Analytical results are from sample re-analysis.

Analytical results are from sample re-extraction.

Analytical results are from modified screening analysis. 

J

ND

 -

 -

Estimated value. This represents an estimated concentration for Tentatively Identified Compounds (TICs).

Not detected at the reporting limit (RL) for the sample.
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Alpha Analytical performs services with reasonable care and diligence normal to the analytical testing
laboratory industry.  In the event of an error, the sole and exclusive responsibility of Alpha Analytical
shall be to re-perform the work at it's own expense.  In no event shall Alpha Analytical be held liable
for any incidental, consequential or special damages, including but not limited to, damages in any way
connected with the use of, interpretation of, information or analysis provided by Alpha Analytical.

We strongly urge our clients to comply with EPA protocol regarding sample volume, preservation, cooling,
containers, sampling procedures, holding time and splitting of samples in the field.

LIMITATION OF LIABILITIES

1 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods.  EPA SW-846. 
Third Edition. Updates I - IV, 2007.

Project Name:

Project Number:

Lab Number:

Report Date:

L17344751209662 PAVILLION WY WELL FLD

10404666

REFERENCES 

10/05/17
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Alpha Analytical, Inc.  ID No.:17873   
Facility: Company-wide                    Revision 10 
Department: Quality Assurance  Published Date: 1/16/2017 11:00:05 AM 
Title: Certificate/Approval Program Summary  Page 1 of 1 

 
Document Type:  Form       Pre-Qualtrax Document ID: 08-113 

Certification Information 
 

The following analytes are not included in our Primary NELAP Scope of Accreditation: 

Westborough Facility 
EPA 624: m/p-xylene, o-xylene 
EPA 8260C: NPW: 1,2,4,5-Tetramethylbenzene; 4-Ethyltoluene, Azobenzene; SCM: Iodomethane (methyl iodide), Methyl methacrylate, 1,2,4,5-
Tetramethylbenzene; 4-Ethyltoluene. 
EPA 8270D:  NPW: Dimethylnaphthalene,1,4-Diphenylhydrazine; SCM: Dimethylnaphthalene,1,4-Diphenylhydrazine. 
EPA 300:  DW: Bromide 
EPA 6860:  NPW and SCM: Perchlorate 
EPA 9010:  NPW and SCM:  Amenable Cyanide Distillation   
EPA 9012B:  NPW: Total Cyanide 
EPA 9050A:  NPW: Specific Conductance 
SM3500:  NPW: Ferrous Iron 
SM4500: NPW:  Amenable Cyanide, Dissolved Oxygen; SCM: Total Phosphorus, TKN, NO2, NO3. 
SM5310C: DW: Dissolved Organic Carbon 
 
Mansfield Facility 
SM 2540D:  TSS 
EPA 3005A NPW 
EPA 8082A: NPW:  PCB: 1, 5, 31, 87,101, 110, 141, 151, 153, 180, 183, 187. 
EPA TO-15: Halothane, 2,4,4-Trimethyl-2-pentene, 2,4,4-Trimethyl-1-pentene, Thiophene, 2-Methylthiophene,  
3-Methylthiophene, 2-Ethylthiophene, 1,2,3-Trimethylbenzene, Indan, Indene, 1,2,4,5-Tetramethylbenzene, Benzothiophene, 1-Methylnaphthalene. 
Biological Tissue Matrix:  EPA 3050B 
 

The following analytes are included in our Massachusetts DEP Scope of Accreditation 

Westborough Facility: 

Drinking Water 
EPA 300.0: Nitrate-N, Fluoride, Sulfate; EPA 353.2: Nitrate-N, Nitrite-N; SM4500NO3-F: Nitrate-N, Nitrite-N; SM4500F-C, SM4500CN-CE, EPA 180.1, 
SM2130B, SM4500Cl-D, SM2320B, SM2540C, SM4500H-B 
EPA 332: Perchlorate; EPA 524.2:  THMs and VOCs; EPA 504.1: EDB, DBCP. 
Microbiology: SM9215B; SM9223-P/A, SM9223B-Colilert-QT,SM9222D. 
 
Non-Potable Water 
SM4500H,B, EPA 120.1, SM2510B, SM2540C, SM2320B, SM4500CL-E, SM4500F-BC, SM4500NH3-BH, EPA 350.1: Ammonia-N, LACHAT 10-107-
06-1-B: Ammonia-N, SM4500NO3-F, EPA 353.2: Nitrate-N, EPA 351.1, SM4500P-E, SM4500P-B, E, SM4500SO4-E, SM5220D, EPA 410.4, 
SM5210B, SM5310C, SM4500CL-D, EPA 1664, EPA 420.1, SM4500-CN-CE, SM2540D.  
EPA 624: Volatile Halocarbons & Aromatics,  
EPA 608: Chlordane, Toxaphene, Aldrin, alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, Dieldrin, DDD, DDE, DDT, Endosulfan I, Endosulfan II, 
Endosulfan sulfate, Endrin, Endrin Aldehyde, Heptachlor, Heptachlor Epoxide, PCBs 
EPA 625: SVOC (Acid/Base/Neutral Extractables), EPA 600/4-81-045: PCB-Oil.   
Microbiology: SM9223B-Colilert-QT; Enterolert-QT, SM9221E.  
 
Mansfield Facility: 
 
Drinking Water 
EPA 200.7: Ba, Be, Cd, Cr, Cu, Ni, Na, Ca. EPA 200.8: Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, TL. EPA 245.1 Hg. 
 
Non-Potable Water 
EPA 200.7: Al, Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Ag, Na, Sr, TL, Ti, V, Zn.  
EPA 200.8: Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag, TL, Zn. 
EPA 245.1 Hg.  
SM2340B 
 
 

For a complete listing of analytes and methods, please contact your Alpha Project Manager.	
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 1 of 12

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION 1209662/10404666

Dear Amanda Albrecht:

24009

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, September 26, 2017.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 2 of 12

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 101 of 181

101 of 304010404666



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 3 of 12

SAMPLE SUMMARY

Workorder: 24009 PAVILLION 1209662/10404666

Lab ID Sample ID Matrix Date Collected Date Received

240090001 PGDW41A-09252017 Water 9/25/2017 14:00 9/26/2017 15:53

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 4 of 12

PROJECT SUMMARY

Workorder: 24009 PAVILLION 1209662/10404666

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6368 - Gas Composition AM30 Water QC

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Helium and Hydrogen.
Results associated to the analytes in samples may be biased high.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 5 of 12

ANALYTICAL RESULTS

Workorder: 24009 PAVILLION 1209662/10404666

9/26/2017 15:53

PGDW41A-09252017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240090001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/25/2017 14:00

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 10/20/2017 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/20/2017 00:00 JT n

Analysis Desc: D18O Analytical Method: D18O

Hydrogen 2 (Deuterium)
Isotope

Complete 1 10/7/2017 00:00 NAU n

Oxygen 18 Isotope Complete 1 10/7/2017 00:00 NAU n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.074J ug/l 0.50 1 9/30/2017 08:38 TD n0.016
Ethane 0.0091J ug/l 0.10 1 9/30/2017 08:38 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 9/30/2017 08:38 TD n0.0040
Propane 0.0050U ug/l 0.10 1 9/30/2017 08:38 TD n0.0050
Propene 0.012U ug/l 0.10 1 9/30/2017 08:38 TD n0.012
Carbon Dioxide 32 mg/l 5.0 1 9/30/2017 08:38 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 9/30/2017 08:38 TD n0.019
n-Butane 0.012U ug/l 0.20 1 9/30/2017 08:38 TD n0.012
Oxygen 5.0 mg/l 0.50 1 9/30/2017 08:38 TD n0.12
Nitrogen 20 mg/l 2.0 1 9/30/2017 08:38 TD n0.34
Carbon Monoxide 0.087U mg/l 1.0 1 9/30/2017 08:38 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1800 U ug/l 1800 3 10/6/2017 10:16 AK d,n1800
Helium 30 U ug/l 30 1 9/28/2017 10:18 AK M1,n30
Hydrogen 15 U ug/l 15 1 9/28/2017 10:18 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 9/28/2017 22:11 BW D2,n5.0
Pentane 5.0 U ug/l 5.0 1 9/28/2017 22:11 BW M4,M2,n5.0
Hexane Plus 25 U ug/l 25 1 9/28/2017 22:11 BW n25

Subcontracted Work - SCIT x
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 10/25/2017 00:00 ITL s
Nitrogen 15 Isotope Complete 1 10/25/2017 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 6 of 12

ANALYTICAL RESULTS QUALIFIERS

Workorder: 24009 PAVILLION 1209662/10404666

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to Isotechx

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 7 of 12

QUALITY CONTROL DATA

Workorder: 24009 PAVILLION 1209662/10404666

QC Batch:

QC Batch Method:

DISG/6368

AM30

Analysis Method: AM30

Associated Lab Samples: 240090001

METHOD BLANK: 51208

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 M1,n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51209

RISK
Helium 570ug/l 670 M1,n118 80-120
Hydrogen 290ug/l 340 M1,n115 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 8 of 12

QUALITY CONTROL DATA

Workorder: 24009 PAVILLION 1209662/10404666

QC Batch:

QC Batch Method:

VAP/1948

AM10

Analysis Method: AM10

Associated Lab Samples: 240090001

METHOD BLANK: 51210

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 D2,n
Pentane 5.0 Uug/l 5.0 M4,M2,n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51211 51212

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 20 5.0 U 0 D2,n5.0 U 0 0
Pentane ug/l 20 13 66 70-130 M2,M4,n13 66 0 30
Hexane Plus ug/l 20 25 U 83 70-130 n25 U 82 1.2 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 9 of 12

QUALITY CONTROL DATA

Workorder: 24009 PAVILLION 1209662/10404666

QC Batch:

QC Batch Method:

DISG/6380

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240090001

METHOD BLANK: 51315

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n

METHOD BLANK: 51316

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51317 51319

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 920 120 80-120 n840 109 9.6 20
Ethane ug/l 76 75 100 80-120 n81 107 6.8 20
Ethene ug/l 71 70 100 80-120 n76 108 7.7 20
Propane ug/l 56 54 98 80-120 n58 105 6.9 20
Propene ug/l 53 46 87 80-120 n50 95 8.8 20
iso-Butane ug/l 73 71 97 80-120 n75 103 6 20
n-Butane ug/l 73 67 92 80-120 n74 101 9.3 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 10 of 12

QUALITY CONTROL DATA

Workorder: 24009 PAVILLION 1209662/10404666

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51318 51320

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 107 80-120 n130 111 3.7 20
Oxygen mg/l 11 12 104 80-120 n11 93 11 20
Nitrogen mg/l 140 130 94 80-120 n130 92 2.2 20
Carbon Monoxide mg/l 2 2.3 115 80-120 n2.3 113 1.8 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 11 of 12

QUALITY CONTROL DATA QUALIFIERS

Workorder: 24009 PAVILLION 1209662/10404666

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory control sample duplicate relative percent difference (RPD) exceeded laboratory control limits.D2

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The laboratory control sample duplicate recovery was outside laboratory control limits.M4

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 24009 - 1073035 Page 12 of 12

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24009 PAVILLION 1209662/10404666

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240090001 PGDW41A-09252017 DISG/6368AM30

240090001 PGDW41A-09252017 VAP/1948AM10

240090001 PGDW41A-09252017 DISG/6380AM20GAX

240090001 PGDW41A-09252017 DISG/6402AM30

240090001 PGDW41A-09252017 SCIT/1046D18O
Subcontracted to Isotech

240090001 PGDW41A-09252017 CSIA/1686D18O

240090001 PGDW41A-09252017 CSIA/1687AM24
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Report ID: 24042 - 1073086 Page 1 of 16

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 1209662/10404846

Dear Amanda Albrecht:

24042

Enclosed are the analytical results for sample(s) received by the laboratory between Wednesday, September
27, 2017 and Friday, September 29, 2017.  Results reported herein conform to the most current NELAC
standards, where applicable, unless otherwise narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative
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Phone: (412) 826-5245
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CERTIFICATE OF ANALYSIS
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Report ID: 24042 - 1073086 Page 2 of 16

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:
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Report ID: 24042 - 1073086 Page 3 of 16

SAMPLE SUMMARY

Workorder: 24042 PAVILLION / 1209662/10404846

Lab ID Sample ID Matrix Date Collected Date Received

240420001 PGDW20-09262017-Q Water 9/26/2017 11:30 9/27/2017 11:30

240420002 PGDW20-09262017 Water 9/26/2017 11:30 9/27/2017 11:30

240420003 PGDW20-09262017-PRE Water 9/26/2017 08:00 9/27/2017 11:30

240420004 PGDW20-09262017-PRE-Q Water 9/26/2017 08:00 9/27/2017 11:30

240420005 TRIPBLANK-09262017 Water 9/26/2017 16:00 9/29/2017 09:25
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Report ID: 24042 - 1073086 Page 4 of 16

PROJECT SUMMARY

Workorder: 24042 PAVILLION / 1209662/10404846

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: EDON/3527 - Low Level Volatile Fatty Acids

The percent recovery for the calibration verification analysis was above laboratory control limits.  Analytes Pentanoic, iso-Hexanoic
and Hexanoic acids.  Results associated to the analytes in samples may be biased high.
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Report ID: 24042 - 1073086 Page 5 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.10J mg/l 0.20 1 10/5/2017 23:18 KB B0.020
Acetic Acid 0.020U mg/l 0.10 1 10/5/2017 23:18 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 10/5/2017 23:18 KB0.0061
Formic Acid 0.074J mg/l 0.20 1 10/5/2017 23:18 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 10/5/2017 23:18 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 10/5/2017 23:18 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 10/5/2017 23:18 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 10/5/2017 23:18 KB M2,M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 10/5/2017 23:18 KB M10.041
Hexanoic Acid 0.038U mg/l 0.20 1 10/5/2017 23:18 KB M10.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 62 ug/l 0.50 1 10/4/2017 10:14 TD n0.016
Ethane 2.4 ug/l 0.10 1 10/4/2017 10:14 TD n0.0030
Ethene 0.029J ug/l 0.10 1 10/4/2017 10:14 TD n0.0040
Propane 0.32 ug/l 0.10 1 10/4/2017 10:14 TD n0.0050
Propene 0.064J ug/l 0.10 1 10/4/2017 10:14 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/4/2017 10:14 TD n0.32
iso-Butane 0.12J ug/l 0.20 1 10/4/2017 10:14 TD n0.019
n-Butane 0.084J ug/l 0.20 1 10/4/2017 10:14 TD n0.012
Oxygen 4.1 mg/l 0.50 1 10/4/2017 10:14 TD n0.12
Nitrogen 20 mg/l 2.0 1 10/4/2017 10:14 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/4/2017 10:14 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/4/2017 10:14 TD n0.087
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Report ID: 24042 - 1073086 Page 6 of 16

ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 11:30

EDonors - PAES

Analysis Desc: AM23G Analytical Method: AM23G

Lactic Acid 0.14J mg/l 0.20 1 10/6/2017 01:58 KB B0.020
Acetic Acid 0.032J mg/l 0.10 1 10/6/2017 01:58 KB0.020
Propionic Acid 0.0061U mg/l 0.10 1 10/6/2017 01:58 KB0.0061
Formic Acid 0.069U mg/l 0.20 1 10/6/2017 01:58 KB0.069
Butyric Acid 0.014U mg/l 0.10 1 10/6/2017 01:58 KB0.014
Pyruvic Acid 0.016U mg/l 0.10 1 10/6/2017 01:58 KB0.016
i-Pentanoic Acid 0.0055U mg/l 0.10 1 10/6/2017 01:58 KB0.0055
Pentanoic Acid 0.012U mg/l 0.10 1 10/6/2017 01:58 KB M2,M3,M1,M50.012
i-Hexanoic Acid 0.041U mg/l 0.20 1 10/6/2017 01:58 KB M10.041
Hexanoic Acid 0.038U mg/l 0.20 1 10/6/2017 01:58 KB M10.038

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 57 ug/l 0.50 1 10/4/2017 10:26 TD n0.016
Ethane 2.3 ug/l 0.10 1 10/4/2017 10:26 TD n0.0030
Ethene 0.030J ug/l 0.10 1 10/4/2017 10:26 TD n0.0040
Propane 0.30 ug/l 0.10 1 10/4/2017 10:26 TD n0.0050
Propene 0.061J ug/l 0.10 1 10/4/2017 10:26 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/4/2017 10:26 TD n0.32
iso-Butane 0.096J ug/l 0.20 1 10/4/2017 10:26 TD n0.019
n-Butane 0.072J ug/l 0.20 1 10/4/2017 10:26 TD n0.012
Oxygen 3.5 mg/l 0.50 1 10/4/2017 10:26 TD n0.12
Nitrogen 17 mg/l 2.0 1 10/4/2017 10:26 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/4/2017 10:26 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/4/2017 10:26 TD n0.087
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ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-PRE

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 08:00

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/27/2017 11:30

PGDW20-09262017-PRE-Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420004

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 08:00

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 11/7/2017 00:00 YD n
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ANALYTICAL RESULTS

Workorder: 24042 PAVILLION / 1209662/10404846

9/29/2017 09:25

TRIPBLANK-09262017

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

240420005

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

9/26/2017 16:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.078J ug/l 0.50 1 10/4/2017 10:39 TD n0.016
Ethane 0.0059J ug/l 0.10 1 10/4/2017 10:39 TD n0.0030
Ethene 0.011J ug/l 0.10 1 10/4/2017 10:39 TD n0.0040
Propane 0.0050U ug/l 0.10 1 10/4/2017 10:39 TD n0.0050
Propene 0.012U ug/l 0.10 1 10/4/2017 10:39 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 10/4/2017 10:39 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 10/4/2017 10:39 TD n0.019
n-Butane 0.012U ug/l 0.20 1 10/4/2017 10:39 TD n0.012
Oxygen 8.3 mg/l 0.50 1 10/4/2017 10:39 TD n0.12
Nitrogen 16 mg/l 2.0 1 10/4/2017 10:39 TD n0.34
Acetylene 0.022U ug/l 0.50 1 10/4/2017 10:39 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 10/4/2017 10:39 TD n0.087
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ANALYTICAL RESULTS QUALIFIERS

Workorder: 24042 PAVILLION / 1209662/10404846

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The matrix spike sample recovery was outside laboratory control limits.M3
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QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

DISG/6386

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 240420001, 240420002, 240420005

METHOD BLANK: 51376

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 51377

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51378 51380

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 890 115 80-120 n860 111 3.5 20
Ethane ug/l 76 79 105 80-120 n80 105 0 20
Ethene ug/l 71 74 105 80-120 n75 107 1.9 20
Propane ug/l 56 60 109 80-120 n61 109 0 20
Propene ug/l 53 52 98 80-120 n53 100 2 20
iso-Butane ug/l 73 78 107 80-120 n79 108 0.93 20
n-Butane ug/l 73 77 105 80-120 n77 105 0 20
Acetylene ug/l 33 32 96 80-120 n33 102 6.1 20
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QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

51379 51381

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 114 5.4 20
Oxygen mg/l 11 11 94 80-120 n11 97 3.1 20
Nitrogen mg/l 140 130 93 80-120 n130 94 1.1 20
Carbon Monoxide mg/l 2 2.2 111 80-120 n2.2 112 0.9 20
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QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

QC Batch:

QC Batch Method:

EDON/3527

AM23G

Analysis Method: AM23G

Associated Lab Samples: 240420001, 240420002

METHOD BLANK: 51427

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

EDonors
Lactic Acid 0.025Jmg/l 0.020 B
Acetic Acid 0.020Umg/l 0.020
Propionic Acid 0.0061Umg/l 0.0061
Formic Acid 0.069Umg/l 0.069
Butyric Acid 0.014Umg/l 0.014
Pyruvic Acid 0.016Umg/l 0.016
i-Pentanoic Acid 0.0055Umg/l 0.0055
Pentanoic Acid 0.012Umg/l 0.012 M2,M3,M1,M5
i-Hexanoic Acid 0.041Umg/l 0.041 M1
Hexanoic Acid 0.038Umg/l 0.038 M1

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

51428

EDonors
Lactic Acid 2mg/l 2.0 B101 70-130
Acetic Acid 2mg/l 1.9 95 70-130
Propionic Acid 2mg/l 2.0 100 70-130
Formic Acid 2mg/l 1.8 91 70-130
Butyric Acid 2mg/l 2.0 101 70-130
Pyruvic Acid 2mg/l 2.2 108 70-130
i-Pentanoic Acid 2mg/l 2.0 99 70-130
Pentanoic Acid 2mg/l 2.6 M2,M3,M1,M5132 70-130
i-Hexanoic Acid 2mg/l 2.3 M1114 70-130
Hexanoic Acid 2mg/l 2.2 M1109 70-130

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51429 51430

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240420001Original:

EDonors
Lactic Acid mg/l 2 2.2 105 70-130 B2.0 97 7.9 300.1
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QUALITY CONTROL DATA

Workorder: 24042 PAVILLION / 1209662/10404846

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

51429 51430

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

240420001Original:

Acetic Acid mg/l 2 2.0 102 70-1302.1 103 0.98 300.014
Propionic Acid mg/l 2 2.1 106 70-1302.1 107 0.94 300.0012
Formic Acid mg/l 2 1.8 88 70-1301.8 89 1.1 300.074
Butyric Acid mg/l 2 2.1 107 70-1302.1 105 1.9 300.0019
Pyruvic Acid mg/l 2 2.1 107 70-1302.1 106 0.94 300
i-Pentanoic Acid mg/l 2 2.1 106 70-1302.0 103 2.9 300
Pentanoic Acid mg/l 2 3.0 150 70-130 M2,M3,M1,M52.7 137 9.1 300
i-Hexanoic Acid mg/l 2 2.6 130 70-130 M12.2 112 15 300
Hexanoic Acid mg/l 2 2.6 129 70-130 M12.1 104 21 300.0054
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 24042 PAVILLION / 1209662/10404846

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The laboratory control sample recovery was outside laboratory control limits.M2

The matrix spike sample recovery was outside laboratory control limits.M3

The matrix spike duplicate sample recovery was outside laboratory control limits.M5

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 24042 PAVILLION / 1209662/10404846

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

240420001 PGDW20-09262017-Q DISG/6386AM20GAX

240420002 PGDW20-09262017 DISG/6386AM20GAX

240420005 TRIPBLANK-09262017 DISG/6386AM20GAX

240420001 PGDW20-09262017-Q EDON/3527AM23G

240420002 PGDW20-09262017 EDON/3527AM23G

240420001 PGDW20-09262017-Q MOLE/118116S

240420002 PGDW20-09262017 MOLE/118116S

240420003 PGDW20-09262017-PRE MOLE/118116S

240420004 PGDW20-09262017-PRE-Q MOLE/118116S
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November 20,  2017 

24042 Microbial Genetic Sequencing Report 

The report contains three parts.  Part one includes a summary of the results.  Part two contains the 

biomass (qPCR) results.  Part three presents the microbial community analysis which contains 

descriptions of all abundant (> ~1%) genus level identifications.    

The purpose of this project was to characterize the bacteria in the samples.  The samples were analyzed 

for biomass using quantitative a polymerase chain reaction (qPCR) assay in the first step which 

essentially counts the bacterial genes and can be used as a surrogate for total bacterial biomass. Then 

the following analysis was to identify the bacteria in the samples. This was done using next generation 

genetic sequencing of microbial DNA. 

Results  

The eubacterial biomass estimates (as measured by 16s gene copies) in sample PGDW20-09262017-Q 

was 3.62E+07 per liter of water, in sample PGDW20-09262017 was 2.08E+07 per liter of water, in 

sample PGDW20-09262017-PRE was 3.67E+0.9 per liter of water and in sample PGDW20-09262017-

PREQ was 7.34E+10 per liter of water. 

Microbial Community Composition 

PGDW26-09262017-Q: The profile consisted of a mix of aerobic and anaerobic bacteria. Most of the 

profile was identified as Gram-negative.  The dominant phylotypes included Nitrospira spp. a genus 

know as nitrite oxidizing bacteria and candidatus desulforudis a genus thought to consist of sulfate 

reducers. Several other sulfate reducing genera were identified. 

 PGDW20-09262017: The profile consisted of a mix of aerobic and anaerobic bacteria. Most of the 

profile was identified as Gram-negative. The dominant phylotypes included Nitrospira spp. a genus know 

as nitrite oxidizing and candidatus desulforudis a genus thought to consist of sulfte reducers.  Sereral 

other sulfate reducing genera were identified.  

PGDW20-09262017-PRE: The profile consisted of a mix of aerobic and anaerobic bacteria and was 

mostly gram-negative. The dominant phylotypes included Nitrospira spp. a genus known as nitrite 

oxidizers and candidatus desulforudis a genus thought to consist of sulfate reducers. Other sulfate 

reducers and oxidizers were identified.  

PGDW20-09262017-PREQ: The profile consisted of mostly anaerobic gram-positive bacteria. The most 

abundant phylotype was candidatus desulforudis spp. which consists of sulfate reducers. Other 
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dominant phylotypes included Georgfuschia spp. a nitrate/metal reducer and Nitrospira spp. a nitrite 

reducer.  
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 24042
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/26/2017
Job Number: PAVILLION / 1209662 Date Received: 9/27/2017
Project Name: Date Reported: 11/16/2017

Pace Energy ID: 240420001 Matrix: Water
Sample ID: PGDW20-09262017-Q
Description: gene copies per liter of water

Total Eubacteria: 3.62E+07

Pace Energy ID: 240420002 Matrix: Water
Sample ID: PGDW20-09262017
Description: gene copies per liter of water

Total Eubacteria: 2.08E+07

Pace Energy ID: 240420003 Matrix: Water
Sample ID: PGDW20-09262017-PRE
Description: gene copies per liter of water

Total Eubacteria: 3.67E+09
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Molecular Detection 

Quantitative Polymerase 
Chain Reaction Assay

Pace Analytical ID: 24042
Analyst: Y. Diao

220 William Pitt Way
Pittsburgh, PA 15238
412-826-5245

Company: Pace Minneapolis
Client: Pace Minneapolis Date Collected: 9/26/2017
Job Number: PAVILLION / 1209662 Date Received: 9/27/2017
Project Name: 0 Date Reported: 11/16/2017

Pace Energy ID: 240420004 Matrix: Water
Sample ID: PGDW20-09262017-PRE-Q
Description: gene copies per liter of water

Total Eubacteria: 7.34E+10

QA/QC NIC UNC UPC

Pass Pass Pass
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 82.24

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-Q

# of Total ID's:

Sample ID: PGDW20-09262017-Q

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 15

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-

335

26.78
54.6

0
18.62

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW20-09262017-Q

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 38.33
Anaerobic: 42.01
Varied: 1.9
Not Characterized: 17.76

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-Q

nitrospira Aerobic/NOB Negative28.34
candidatus desulforudis Anaerobic/SRB Positive23.60
georgfuchsia Anaerobic/Nitrate/MRB Negative4.74
desulfuromonas Anaerobic/SRB Negative4.24
desulfovibrio Anaerobic/SRB Positive3.18
thiobacillus Aerobic/SOX Negative3.15
desulfobacterium Anaerobic/SRB Negative2.45
mesorhizobium Aerobic Negative2.38
desulforegula Anaerobic/SRB Negative2.05
hyphomicrobium Aerobic/NRB Negative1.88
ignavibacterium Anaerobic Negative1.75
planctomyces Aerobic Negative1.48
sphingomonas Aerobic Negative1.10
ralstonia Varied Negative1.04
candidatus magnetobacterium Varied --0.86
Total Abundant Phylotypes: 82.24
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Candidatus Magnetobacterium
The genus ‘Candidatus Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of
hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell. These bacteria are
worldwide distributed in aquatic environments and have important roles in the biogeochemical cycles of iron and
sulfur. The genome sequence indicates an autotrophic lifestyle using the Wood–Ljungdahl pathway for CO2
fixation, which has not been described in any previously known MTB or Nitrospirae organisms. Pathways involved
in the denitrification, sulfur oxidation and sulfate reduction have been predicted, indicating its considerable
capacity for adaptation to variable geochemical conditions and roles in local biogeochemical cycles.
Lin, W., Deng, A., Wang, Z., Li, Y., Wen, T., Wu, L. F., ... & Pan, Y. (2014). Genomic insights into the uncultured
genus ‘Candidatus Magnetobacterium’in the phylum Nitrospirae. The ISME journal, 8(12), 2463-2477.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.
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Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-Q

Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.

Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.
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Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 81.32

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017

# of Total ID's:

Sample ID: PGDW20-09262017

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 16
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Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID: PGDW20-09262017

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 37.87
Anaerobic: 40.39
Varied: 3.06
Not Characterized: 18.68

Aerobic

Anaerobic

Varied

NotCharacterized
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017

nitrospira Aerobic/NOB Negative27.14
candidatus desulforudis Anaerobic/SRB Positive22.96
georgfuchsia Anaerobic/Nitrate/MRB Negative4.82
desulfuromonas Anaerobic/SRB Negative4.00
thiobacillus Aerobic/SOX Negative3.45
desulfovibrio Anaerobic/SRB Positive2.90
hyphomicrobium Aerobic/NRB Negative2.71
desulfobacterium Anaerobic/SRB Negative2.64
desulforegula Anaerobic/SRB Negative2.27
mesorhizobium Aerobic Negative2.06
sphingomonas Aerobic Negative1.31
planctomyces Aerobic Negative1.20
ralstonia Varied Negative1.11
hydrogenophaga Varied Negative1.05
candidatus magnetobacterium Varied --0.90
ignavibacterium Anaerobic Negative0.80
Total Abundant Phylotypes: 81.32
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Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Candidatus Magnetobacterium
The genus ‘Candidatus Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of
hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell. These bacteria are
worldwide distributed in aquatic environments and have important roles in the biogeochemical cycles of iron and
sulfur. The genome sequence indicates an autotrophic lifestyle using the Wood–Ljungdahl pathway for CO2
fixation, which has not been described in any previously known MTB or Nitrospirae organisms. Pathways involved
in the denitrification, sulfur oxidation and sulfate reduction have been predicted, indicating its considerable
capacity for adaptation to variable geochemical conditions and roles in local biogeochemical cycles.
Lin, W., Deng, A., Wang, Z., Li, Y., Wen, T., Wu, L. F., ... & Pan, Y. (2014). Genomic insights into the uncultured
genus ‘Candidatus Magnetobacterium’in the phylum Nitrospirae. The ISME journal, 8(12), 2463-2477.

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.
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Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.
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Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.

Ignavibacterium
Strictly anaerobic, moderately thermophilic, neutrophilic and obligately heterotrophic bacteria. No photosynthetic
growth is observed. Gram-staining negative. Non-sporulating and non-motile. Cells form short to long rods.
Catalase-negative and oxidase-negative. The G+C content of genomic DNA is 33.5 mol%. The major cellular fatty
acids are iso-C 15 : 0 and anteiso-C 15 : 0. The major isoprenoid quinone is MK-7. Represent a distinct phylogenetic
lineage in the family Ignavibacteriaceae, the order Ignavibacteriales and the class Ignavibacteria of the phylum
Chlorobi based on 16S rRNA gene sequence analysis. The type species is Ignavibacterium album.
Iino, T., Mori, K., Uchino, Y., Nakagawa, T., Harayama, S., & Suzuki, K. I. (2010). Ignavibacterium album gen. nov.,
sp. nov., a moderately thermophilic anaerobic bacterium isolated from microbial mats at a terrestrial hot spring
and proposal of Ignavibacteria classis nov., for a novel lineage at the periphery of green sulfur bacteria.
International journal of systematic and evolutionary microbiology, 60(6), 1376-1382.

Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.
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Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.
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Ralstonia
Proteobacteria / Betaproteobacteria / Burkholderiales / Burkholderiaceae / Ralstonia. Gram-negative
asporogenous rods. Motile or nonmotile; motile species have either a single polar flagellum or peritrichous
flagella. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor.
Able to grow on ordinary peptone media. One species, R. eutropha, is a facultatively chemolithoautotrophic
organism (a knallgas bacterium) and can oxidize H2 as an electron donor. Furthermore, under anaerobic
conditions, R. eutropha is able to utilize nitrate as the terminal electron acceptor. Colony color is beige in most
species. Strains of R. eutropha are regarded as having outstanding biotechnological potential. Oxidase and catalase
positive. Lysine and ornithine decarboxylase negative. Ubiquinone Q-8 is the major respiratory quinone. None of
the 26 carbohydrates tested are oxidized by the type strains of R. campinensis and R. taiwanensis. Among 95 other
organic compounds, 10—mainly salts of organic acids—were assimilated and 39 other compounds were not
assimilated by all of the 11 type strains. Cellular lipids of this genus contain two kinds of
phosphatidylethanolamine, PE-1 and PE-2. The latter possesses 2-hydroxy fatty acid at sn-2 position of the glycerol
moiety. Major components of cellular fatty acids are C16:0, a mixture of C18:1 ω9t and C18:1 ω7c, and C14:0
3OH. At present the genus is composed of 11 validated species. The sequence similarity of 11 type strains to that
of Ralstonia pickettii—the type species—ranges from 95.0% to 98.1%. The genus contains plant pathogens, human
pathogens, knallgas bacteria, and metal-resistant bacteria. The mol% G + C of the DNA is: 64.0–68.0. Yabuuchi, E.,
Kawamura, Y. and Ezaki, T. 2015. Ralstonia. Bergey's Manual of Systematics of Archaea and Bacteria. 1–21.

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 81.01

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-PRE

# of Total ID's:

Sample ID: PGDW20-09262017-PRE

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 14

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238
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Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-P

443

21.92
59.09

0
18.99

Negative:
Positive:
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Positive
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Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW20-09262017-PRE

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 45.28
Anaerobic: 34.45
Varied: 1.28
Not Characterized: 18.99

Aerobic

Anaerobic

Varied

NotCharacterized
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Abundant Phylotypes 220 William Pitt Way
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Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-PRE

nitrospira Aerobic/NOB Negative35.71
candidatus desulforudis Anaerobic/SRB Positive18.46
georgfuchsia Anaerobic/Nitrate/MRB Negative4.54
desulfuromonas Anaerobic/SRB Negative3.87
desulfovibrio Anaerobic/SRB Positive3.46
thiobacillus Aerobic/SOX Negative3.11
hyphomicrobium Aerobic/NRB Negative2.12
desulfobacterium Anaerobic/SRB Negative2.10
desulforegula Anaerobic/SRB Negative2.02
mesorhizobium Aerobic Negative1.62
hydrogenophaga Varied Negative1.28
sphingomonas Aerobic Negative1.00
acinetobacter Aerobic Negative0.88
planctomyces Aerobic Negative0.84
Total Abundant Phylotypes: 81.01
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Acinetobacter
Proteobacteria / Gammaproteobacteria / Pseudomonadales / Moraxellaceae / Acinetobacter. Rods 0.9–1.6 ×
1.5–2.5 μm, becoming spherical in the stationary phase of growth. Colonies are generally nonpigmented and are
mucoid when the cells are encapsulated. Cells commonly occur in pairs and in chains of variable length. Do not
form spores. Gram negative but occasionally difficult to destain. Swimming motility does not occur but the cells
display “twitching motility”, presumably because of the presence of fimbriae. Aerobic, having a strictly respiratory
type of metabolism with oxygen as the terminal electron acceptor. Most strains do not reduce nitrate to nitrite.
Most strains grow between 20 and 37°C, having temperature optima of 33–35°C. Some strains cannot grow at
37°C. Oxidase negative. Catalase positive. Grow well on most complex media. Most strains grow in defined media
containing a single carbon and energy source, such as acetate or lactate, using ammonium or nitrate salts, or one
of several common amino acids, as a supply of nitrogen. Frequently amino acids such as glutamic acid or aspartic
acid can serve as a single source of carbon, energy, and nitrogen in a defined mineral medium. With rare
exceptions, they display no growth factor requirements. Most frequently saprophytic, occurring naturally in soil,
water, sewage, and foods such as raw vegetables. Can also reside, possibly indigenously, on the human skin and in
the human respiratory tract. Can cause nosocomial infections such as bacteremia, secondary meningitis,
pneumonia, and urinary tract infections in humans. The mol% G + C of the DNA is: 38–47. Ref: Juni, E. 2015.
Acinetobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–26.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495
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Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.

Desulforegula
Cells are Gram-negative,  straight rods and can bemotile. Strict anaerobes that use sulfate as a terminalelectron
acceptor.Desulforegulabelongs  to  thed-subclass of theProteobacteria. The nearest
relativesareDesulfofaba,DesulfobacteriumandDesulfonema.The type species isDesulforegula conservatrix.
Rees, G. N., & Patel, B. K. (2001). Desulforegula conservatrix gen. nov., sp. nov., a long-chain fatty acid-oxidizing,
sulfate-reducing bacterium isolated from sediments of a freshwater lake. International journal of systematic and
evolutionary microbiology, 51(5), 1911-1916.
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Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.
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Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Hydrogenophaga
Proteobacteria / Betaproteobacteria / Burkholderiales / Comamonadaceae / Hydrogenophaga. Straight to slightly
curved rods, 0.3–0.6 × 0.6–5.5 µm, occurring singly or in pairs. Gram negative. Motile by means of one or, rarely,
two polar to subpolar flagella. Colonies are yellow due to the presence of carotenoid pigments. Aerobic. Oxidase
positive and catalase positive, except for H. pseudoflava, which is catalase variable. Chemoorganotrophic or
chemolithoautotrophic, using the oxidation of H2 as an energy source and CO2 as a carbon source. Oxidative
carbohydrate metabolism occurs, with oxygen as the terminal electron acceptor; alternatively, two species (H.
pseudoflava and H. taeniospiralis) are capable of heterotrophic denitrification of nitrate. Good growth occurs on
media containing organic acids, amino acids, or peptone; there is less versatility in the use of carbohydrates.
Cellular lipids contain 3-hydroxyoctanoic acid (C8:0 3OH) either alone or together with 3-hydroxydecanoic acid
(C10:0 3OH); 2-hydroxy-substituted fatty acids are absent. Ubiquinone Q-8 is the main quinone. Putrescine and 2-
hydroxyputrescine are present in approximately equimolar concentrations, either exclusively or as the dominant
polyamines. The mol% G + C of the DNA is: 65–69.
Willems, A. and Gillis, M. 2015. Hydrogenophaga. Bergey's Manual of Systematics of Archaea and Bacteria. 1–15.

Hyphomicrobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3
µm; rod-shaped with pointed ends, or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous
outgrowths (hyphae or prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but
hyphal cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; secondary
branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous aniline dyes. Gram negative and
non-acid-fast. Do not form spores. The mol% G + C of the DNA is: 59–65 (Tm).
Gliesche, C., Fesefeldt, A. and Hirsch, P. 2015. Hyphomicrobium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–34.
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Mesorhizobium
Proteobacteria / Alphaproteobacteria / Rhizobiales / Phyllobacteriaceae / Mesorhizobium.Rods 0.4–0.9 × 1.2–3.0
μm. Commonly pleomorphic under adverse growth condition or in the root nodules as bacteroids. Usually contain
granules of poly-β-hydroxybutyrate, which are refractile by phase-contrast microscopy. Nonsporeforming. Gram
negative. Motile by one polar or subpolar flagellum or by peritrichous flagella. Aerobic, possessing a respiratory
type of metabolism with oxygen as the terminal electron acceptor. Optimal temperature 25–30°C. Optimal pH
6–8. Growth in yeast extract–mannitol agar (YMA)1 produces colonies that are circular, convex, semitranslucent,
raised, and mucilaginous, 2–4 mm diameter within 5–6 d for some species or 1 mm after a 7-d incubation for
other species. The generation times of Mesorhizobium strains range from 4–15 h. Chemoorganotrophic, utilizing a
wide range of carbohydrates and salts of organic acids as carbon sources without gas production. Cellulose and
starch are not utilized. Produces an acidic reaction in YMA. Ammonium salts, nitrates, urea, and most amino acids
are utilized as nitrogen sources. Peptone is poorly utilized. Mesorhizobium strains are only weakly proteolytic, but
can produce a slow digestion in litmus milk; some strains form a clear serum zone. Some strains require thiamin,
nicotinamide, and riboflavin for growth. The organisms are characteristically able to invade the root hairs of a
wide range of temperate, subtropical, and tropical leguminous plants, inciting production of root nodules where
the bacteria reduce atmospheric nitrogen into a combined form available for the host plants. All strains exhibit
host specificity. The mol% G + C of the DNA is: 59–64. Chen, W. X., Wang, E. T. and David Kuykendall, L. 2015.
Mesorhizobium. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.
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Planctomyces
Planctomycetes / Planctomycetia / Planctomycetales / Planctomycetaceae / Planctomyces. Cells are spherical,
ovoid, ellipsoidal, teardrop-shaped, or bulbiform. Often relatively large (ignoring appendages and aggregations,
individual vegetative cells range up to 3.5 µm in greatest dimension; immature buds smaller). Have at least one
major multifibrillar (nonprosthecate) appendage (called a spike, spire, fascicle, bristle, or stalk) which does not
always have the true stalk function of connecting the cell to a substratum. Divide by budding. A holdfast-which is
not always an easily visualized, discrete structure-is often present at the distal end of an appendage or at one end
of the cell. Often form homologous aggregations, rosettes or bouquets, by attachment at the holdfasts in natural
habitats. Produce crateriform surface structures (surface pits 12 nm in diameter, circumscribed by a grommet with
a 30–36 nm outside diameter) and pili in characteristic patterns. Gram-stain-negative bacteria. Lack peptidoglycan.
Resistant to β-lactam antibiotics. Divide by budding. Some species have a dimorphic life cycle: a sessile mother cell
buds; the bud develops into a swarmer that is motile by means of a flagellum (often ensheathed); after
maturation, the swarmer loses its flagellum and becomes a sessile, budding mother cell. All cultivated species are
aerobes or facultative anaerobes. Occur worldwide in both eutrophic and oligotrophic freshwaters, as well as in
estuarine and marine habitats. Sometimes become encrusted with iron and manganese oxides. Often associated
in nature with algae and cyanobacteria. Although several species have now been isolated in pure culture, the type
species and various other rosette-forming species have not been cultivated axenically. Carbohydrates are reported
to be the main carbon source for cultivated members of the genus, which are relatively slow-growing. DNA G+C
content (mol%): 50.5–57.7.
Ward, N. L., Staley, J. T. and Schmidt, J. M. 2015. Planctomyces. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–23.

Sphingomonas
Proteobacteria / Alphaproteobacteria / Sphingomonadales / Sphingomonadaceae / Sphingomonas. Straight or
slightly curved rods or ovoid cells 0.2–1.4 × 0.5–4.0 μm. Gram negative. Asporogenous. Reproduction in most
species is by binary fission; budding or asymmetric division as visualized by electron microscopy occurs in two
species. Motile or nonmotile. A rosette-like aggregation caused by polar fimbriae occurs in some species. Aerobic,
having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Anaerobic nitrate
respiration does not occur. Esculin is hydrolyzed. Two species with bacteriochlorophyll a are facultative
photoorganotrophs. Colony color varies from orange or yellow to white to nonpigmented. Catalase positive.
Oxidase positive or negative. Glucuronosyl-(1[RIGHTWARDS ARROW]1)-ceramide (SGL-1), galacturonosyl-
β(1[RIGHTWARDS ARROW]1)-ceramide (in several species), and 2-hydroxymyristic acid occur, but not 3-hydroxy
fatty acids (Table BXII.α83, Figs.BXII.α85, BXII.α86, and BXII.α87). The lipopolysaccharide (LPS) of the cell wall is
replaced by sphingolipids (Figs. BXII.α88 and BXII.α89). C18:1 ω9c and C18:1 ω7c are the major nonpolar fatty
acids and 2-hydroxymyristic acid is the major 2-hydroxy acid (Table BXII.α84). Some species are opportunistic
pathogens, causing meningitis, septicemia, peritonitis, and neonatal infections in intensive care units.
Pathogenicity toward animals is not known. Free living in natural and man-made environments. The mol% G + C of
the DNA is: 59–68. Ref: Yabuuchi, E. and Kosako, Y. 2015. Sphingomonas. Bergey's Manual of Systematics of
Archaea and Bacteria. 1–39.
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Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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Phylotype Information

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more
than an arbitrarily chosen level of similarity of a particular gene maker.  Abundant phylotypes are
defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are
presented below are derived from the phylotypes and are reported at the genus level (closest match).  Table 1
shows what percentage of the total profile consisted of abundant phylotypes.

Table 1. Percentage of Profile Represented by Abundant Phylotypes

Sample ID:
% of Profile: 87.96

Gram-Stain Distribution

Gram staining is a common method used to distinguish two large groups of bacteria based on the properties
of their cell wall.  The two categories in Gram-stain are positive and negative.  Gram-negative bacteria tend to
be fast growing and early colonizers of disturbed environments.  Gram-negative bacteria can also be more
sensitive to perturbation and environmental stress.  Gram-positive bacteria on the other hand tend to grow
more slowly but can be more resilient to environmental stress.  The following table and graph reports the
distribution of Gram-positive and negative bacteria from the samples.

Results:

Summary:

PGDW20-09262017-PRE-Q

# of Total ID's:

Sample ID:PGDW20-09262017-PRE-Q

Figure 1. Gram Stain Distribution of Phylotypes % of Profile Table and Graph

# of Abundant ID's: 9

Pace Analytical Energy Services

Genomic Sequencing Report

220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Project: 11/9/2017

Complete profile data was transmitted to Carol Davy       carol.davy@pacelabs.com

24042

Sample ID: PGDW20-09262017-P

363

54.16
33.8

0
12.04

Negative:
Positive:
Varied:
Not Characterized:

Negative

Positive

Varied

NotCharacterized
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Pace Analytical Energy Services

Results Continued: 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE-Q

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use oxygen as a
terminal electron accepter while anaerobic bacteria use terminal electron acceptors other than oxygen (e.g.
nitrate, iron, sulfate) or through fermentation.  The following table and graph show the distribution of aerobic
and anaerobic bacteria from the identified phylotypes.

Aerobic/Anaerobic Metabolism

Figure 2. Metabolism Distribution of Phylotypes % of Profile Table and Graph

Sample ID:PGDW20-09262017-PRE-Q

- Uses oxygen as a terminal electron acceptor
- Does not use oxygen as a terminal electron accepter

- Members of the genus have multiple capabilites
- Metal reducing bacteria

- Capable of fermentation

Aerobic
Anaerobic

Fermentive
MRB
Variable

SOX
MOB
IOB
NOB
SRB

 - Sulfur oxidizing bacteria
 - Methane oxidizing bacteria

 - Iron oxidizing bacteria
 - Nitrate oxidizing bacteria

 - Sulfate reducing bacteria

Respiration Key:

Dominant phylotypes that represented more than 1% of the community profile in any sample (Genus level closest match)

Aerobic: 18.23
Anaerobic: 69.73
Varied: 0
Not Characterized: 12.04

Aerobic

Anaerobic

Varied

NotCharacterized
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Pace Analytical Energy Services

Abundant Phylotypes 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245

Genus (Closest Match): % of Profile: Metabolism: Gram:

Sample ID: PGDW20-09262017-PRE-Q

candidatus desulforudis Anaerobic/SRB Positive51.04
georgfuchsia Anaerobic/Nitrate/MRB Negative13.28
nitrospira Aerobic/NOB Negative12.67
desulfovibrio Anaerobic/SRB Positive3.12
thiobacillus Aerobic/SOX Negative2.64
pseudoalteromonas Aerobic Negative1.64
algidimarina Aerobic Negative1.28
desulfobacterium Anaerobic/SRB Negative1.27
desulfuromonas Anaerobic/SRB Negative1.02
Total Abundant Phylotypes: 87.96
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE-Q

Algidimarina
Cells are rods occurring singly or in short chains. Motile with polar flagella. Cells grow by oxidizing monocarboxylic
acids, such as butyric or iso-butyric acid, and in syntrophic coculture with a H2-utilizing methanogens. The type
species is A. butyrica.
Kendall, M.M., Liu, Y. and Boone, D.R., 2006. Butyrate-and propionate-degrading syntrophs from permanently cold
marine sediments in Skan Bay, Alaska, and description of Algorimarina butyrica gen. nov et al, sp. nov. FEMS
microbiology letters, 262(1), pp.107-114.

Candidatus Desulforudis
candidatus desulforudis is a rod shaped Gram-positive bacterium. They are motile, sporulating, sulfate reducing
chemoautotrophs, and are categorized as thermophiles and obligate anaerobes. These bacteria are the only
known resident of their environment, and therefore live independently of other organisms. candidatus
desulforudis comprises the only known ecosystem relies on radioactivity instead of sunlight, or chemical energy
from the earth (see section on metabolism).
Chivian,D., Brodie, E., Alm, E., Culley, D., Dehal, P., DeSantis,T., Gihring, T., Lapidus, A., Lin, L., Lowry, S., Moser, D.,
Richardson, P., Southam, G., Wanger, G., Pratt, L., Andersen, G., Hazen, T., Brockman, F., Arkin, A., and Onstott, T.
“Environmental Genomics Reveals a Single-Species Ecosystem Deep Within Earth.” Science, 2008, DOI:
10.1126/science.1155495

Desulfobacterium
Proteobacteria / Deltaproteobacteria / Desulfobacterales / Desulfobacteraceae / Desulfobacterium. Oval to rod-
shaped, or spherical cells, 0.9–2 × 1.5–3 μm. Occur singly or in pairs; sometimes also in loose chains. Spore
formation is not observed. Gram negative. Some species are motile, but motility may be lost during cultivation.
Strict anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or
chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and H2 + CO2 as
electron donors and as carbon sources; these compounds are completely oxidized to CO2. One species can use
nicotinate as sole electron donor and carbon source. Growth on acetate and propionate is usually very slow.
Sulfate and other oxidized sulfur compounds serve as terminal electron acceptors and are reduced to H2S. Sulfur
and nitrate are not used as terminal electron acceptors. Some species may grow slowly in the absence of an
external electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth
temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for growth.
Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. Cells contain
cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is commonly observed, indicating the
operation of the anaerobic C1 pathway (carbon monoxide dehydrogenase pathway, Wood pathway) for complete
oxidation of acetyl-CoA, or for CO2 fixation during autotrophic growth. Desulfobacterium species are widespread
in brackish or marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA is:
45–48.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfobacterium. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–6.
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE-Q

Desulfovibrio
Proteobacteria / Deltaproteobacteria / Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or
occasionally straight rods, sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced
by age and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore formation is
absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. Obligately anaerobic growth in
pure cultures. Possess mainly a respiratory type of metabolism with sulfate or other sulfur compounds as the
terminal electron acceptors, being reduced to H2S; however, the metabolism is sometimes fermentative. Media
containing a reducing agent are required for growth. In a few cases, a vitamin requirement has been reported.
Some species and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper
limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio species formerly
described have been reclassified and currently belong to the genera Thermodesulfovibrio and
Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize organic compounds such as lactate
incompletely to acetate, which cannot be oxidized further. Carbohydrates are utilized by few species. One species,
D. inopinatus, can use hydroquinone as electron donor and carbon source for growth. Cells contain c-type
cytochromes (such as c3) and usually b-type cytochromes. All members of the genus Desulfovibrio contain
desulfoviridin. Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic
growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon sources. Gelatin
is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can reduce oxygen or metal ions, but
growth has never been observed with these electron acceptors in pure cultures. Molecular nitrogen is sometimes
fixed. Species generally show some degree of antigenic cross reaction. Habitats: anoxic mud of fresh and brackish
water and marine environments; intestines of animals; manure and feces. The mol% G + C of the DNA is:
46.1–61.2.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–17.

Desulfuromonas
Proteobacteria / Deltaproteobacteria / Desulfuromonales / Desulfuromonaceae / Desulfuromonas. Straight or
slightly curved rods and elongated ovoid rods, 0.4–0.9 × 1.0–4.0 μm in length. Special resting forms such as spores
are not known to occur. Gram negative. Motile, generally by means of a single flagellum located at a lateral or
subpolar position; cells exhibit a characteristic propeller-like movement. Some strains have polar flagella. Strictly
anaerobic. Possess mainly a respiratory type of metabolism with elemental sulfur serving as the terminal electron
acceptor, and being reduced to H2S (dissimilatory sulfur reduction). l-Malate or fumarate may be fermented,
giving succinate as the main product in the presence or absence of acetate. Betaine may be fermented to acetate,
CO2, and trimethylamine. Optimal growth temperature, 30°C. Colonies on anaerobic agar media are translucent
to opaque and either peach-colored or pink. Chemoorganotrophic, using acetate and other simple organic
compounds as carbon sources (usually together with CO2) and electron donors; acetate and other substrates are
completely oxidized to CO2 via the citric acid cycle as indicated by 2-oxoglutarate dehydrogenase activity. Occur
regularly in anoxic sediments of salt lakes and in marine or brackish habitats; have also been enriched from
freshwater sediments. The mol% G + C of the DNA is: 54–62.
Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfuromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–7.
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE-Q

Georgfuchsia
Straight or slightly curved, small, rod-shaped, Gram-negative cells. Mesophilic. Strictly respiratory type of
metabolism. Chemo-organoheterotrophic. Capability to degrade aromatic compounds. The type species of the
genus is G. toluolica strain G5G6.
Weelink, S.A., Van Doesburg, W., Saia, F.T., Rijpstra, W.I.C., Röling, W.F., Smidt, H. and Stams, A.J., 2009. A strictly
anaerobic betaproteobacterium Georgfuchsia toluolica gen. nov., sp. nov. degrades aromatic compounds with Fe
(III), Mn (IV) or nitrate as an electron acceptor. FEMS microbiology ecology, 70(3), pp.575-585.

Nitrospira
Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Nitrospira. Vibrio-like to spiral-shaped rods,
0.2–0.4 × 0.9–2.2 μm. Cells reproduce by binary fission. Intracytoplasmic membranes are lacking. Gram negative.
Usually nonmotile. Aerobic. The major source of energy and reducing power is from the oxidation of nitrite to
nitrate. Lithoautotrophs, but cells can also grow mixotrophically. Cells were isolated from ocean environments and
heating systems. Also occurs in soil samples, freshwater, and activated sludge. The mol % G + C of the DNA is:
50.0–56.9.
Spieck, E. and Bock, E. 2015. Nitrospira. Bergey's Manual of Systematics of Archaea and Bacteria. 1–4.

Pseudoalteromonas
Proteobacteria / Gammaproteobacteria / Alteromonadales / Alteromonadaceae / Pseudoalteromonas. Straight
rods, approximately 1 × 2–3 µm, occurring singly or in pairs. Do not form spores or cysts. Do not accumulate poly-β
-hydroxybutyrate. Nonbioluminescent. Gram negative. Motile by means of a single polar flagellum, either
unsheathed or sheathed. Colonies are nonpigmented or pigmented. Chemoheterotrophic. Aerobic, possessing a
strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. No growth occurs
anaerobically. A constitutive arginine dihydrolase system is usually absent. One species (P. denitrificans) is able to
denitrify. Utilize a range of carbon substrates, including carbohydrates, alcohols, organic acids, and amino acids.
Form gelatinase and lipase. Ammonia serves as a nitrogen source. Amino acids may be required by some strains
for growth. Requires Na+ ions for growth. Mostly psychrotolerant, with growth occurring between 0 and 40°C.
Several species produce autotoxic antibiotic compounds. Isolated from seawater, sediment, sea ice, surfaces of
stones, marine algae, marine invertebrates, and salted foods. The major quinone is ubiquinone-8 (Q-8). Major
fatty acids are C16:0, C16:1 ω7c, C17:1 ω8c, and C18:1 ω7c. Member of the order Alteromonadales, family
Alteromonadaceae, in the Gammaproteobacteria. The mol% G + C of the DNA is: 38–48 (Tm).
Bowman, J. P. and McMeekin, T. A. 2015. Pseudoalteromonas. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–22.
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Pace Analytical Energy Services

Phylotype Descriptions 220 William Pitt Way
Pittsburgh, PA 15238

(412) 826-5245Sample ID: PGDW20-09262017-PRE-Q

Thiobacillus
Proteobacteria / Betaproteobacteria / Hydrogenophilales / Hydrogenophilaceae / Thiobacillus. Small, Gram-
negative, rod-shaped cells (0.3–0.5 × 0.9–4.0 µm). Some species are motile by means of polar flagella. No resting
stages known. Energy is derived by the oxidation of one or more reduced sulfur compounds, including sulfides,
sulfur, thiosulfate, polythionates, and thiocyanate. Sulfate is the end product of sulfur-compound oxidation, but
sulfur, sulfite, and polythionates may be accumulated by most species, sometimes transiently. All species can fix
carbon dioxide by means of the Benson–Calvin cycle and are capable of autotrophic growth; some species are
obligately chemolithotrophic, while others are chemoorganotrophic. The genus currently includes obligate
aerobes and facultative denitrifiers. Optimal pH of 2–8 with optimal temperature of 28–43°C. Distribution is
seemingly ubiquitous in marine, freshwater, and soil environments, especially where oxidizable sulfur is abundant
(e.g., sulfur springs, sulfide minerals, sulfur deposits, sewage treatment areas, and sources of sulfur gases, such as
sediments or anaerobic soils releasing H2S). The mol% G + C of the DNA is: 62–67.
Kelly, D. P., Wood, A. P. and Stackebrandt, E. 2015. Thiobacillus. Bergey's Manual of Systematics of Archaea and
Bacteria. 1–10.
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D.2 2018 Level II Laboratory Reports 

Level IV laboratory reports are very large and can be downloaded from the following website: 

http://deq.wyoming.gov/wqd/pavillion-investigation 
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428449

10428449
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 24, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428449001 LD02-04232018 Water 04/23/18 11:15 04/24/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428449001 LD02-04232018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3, KEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428449001 LD02-04232018

Calcium 112000 ug/L 05/01/18 10:22500EPA 6010D
Iron 739 ug/L 05/01/18 10:2250.0EPA 6010D
Magnesium 19200 ug/L 05/01/18 10:22 B500EPA 6010D
Manganese 569 ug/L 05/01/18 14:385.0EPA 6010D
Potassium 1460J ug/L 05/01/18 10:222500EPA 6010D
Sodium 597000 ug/L 05/01/18 11:015000EPA 6010D
Strontium 1670 ug/L 05/01/18 14:445.0EPA 6020B
Alkalinity, Total as CaCO3 51.6 mg/L 05/04/18 10:595.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 51.6 mg/L 05/04/18 10:595.0SM 2320B
Total Dissolved Solids 2230 mg/L 04/30/18 09:54100SM 2540C
Bromide 0.15 mg/L 04/25/18 09:200.080EPA 300.0
Chloride 32.5 mg/L 04/25/18 09:201.2EPA 300.0
Fluoride 1.7 mg/L 05/03/18 19:180.050EPA 300.0
Nitrate as N 0.070J mg/L 04/25/18 09:200.10EPA 300.0
Sulfate 1530 mg/L 05/03/18 19:3724.0EPA 300.0
Total Organic Carbon 0.56J mg/L 04/30/18 15:35 M00.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534208
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428289001,10429393001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2902481)

• Chloride
• Nitrite as N

• MSD  (Lab ID: 2902482)
• Chloride
• Nitrite as N

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2902482)

• Nitrite as N

QC Batch: 535414
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428106013,10428536005

M3: Matrix spike recovery was outside laboratory control limits due to matrix interferences.
• MSD  (Lab ID: 2909831)

• Fluoride
• Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 287194
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428449001,40167933006

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1680001)

• Total Organic Carbon
• MS  (Lab ID: 1681609)

• Total Organic Carbon
• MSD  (Lab ID: 1680002)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Sample: LD02-04232018 Lab ID: 10428449001 Collected: 04/23/18 11:15 Received: 04/24/18 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 112000 ug/L 05/01/18 10:22 7440-70-204/30/18 11:27500 24.7 1
Iron 739 ug/L 05/01/18 10:22 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 19200 ug/L 05/01/18 10:22 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 569 ug/L 05/01/18 14:38 7439-96-504/30/18 11:275.0 0.38 1
Potassium 1460J ug/L 05/01/18 10:22 7440-09-704/30/18 11:272500 126 1
Sodium 597000 ug/L 05/01/18 11:01 7440-23-504/30/18 11:275000 223 5

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 1670 ug/L 05/01/18 14:44 7440-24-604/30/18 11:275.0 0.75 10

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/04/18 10:595.0 1.0 1
Alkalinity, Total as CaCO3 51.6 mg/L 05/04/18 10:595.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 51.6 mg/L 05/04/18 10:595.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/04/18 10:595.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 2230 mg/L 04/30/18 09:54100 50.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.15 mg/L 04/25/18 09:20 24959-67-90.080 0.0070 1
Chloride 32.5 mg/L 04/25/18 09:20 16887-00-61.2 0.14 1
Fluoride 1.7 mg/L 05/03/18 19:18 16984-48-80.050 0.015 1
Nitrate as N 0.070J mg/L 04/25/18 09:20 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/25/18 09:20 14797-65-00.10 0.016 1
Sulfate 1530 mg/L 05/03/18 19:37 14808-79-824.0 3.9 20

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.56J mg/L 04/30/18 15:35 7440-44-0 M00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 12 of 47



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536081
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2913480
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/04/18 10:021.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/04/18 10:021.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/04/18 10:021.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/04/18 10:021.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2913481LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2913482

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.6 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913483MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429164005

2913484

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 102 80-120105 0 3040368 408 410

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913485MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428971004

2913486

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 90 80-12086 1 3040183 219 217
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535016
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906994
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 04/30/18 09:545.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906995LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2906996

Total Dissolved Solids mg/L 9841000 98 80-12097972 1 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428462001
2906997SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 170 2 10173
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534208
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2902477
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/25/18 13:440.0070
Chloride mg/L 0.34J 1.2 04/25/18 13:440.14
Nitrate as N mg/L ND 0.10 04/25/18 13:440.0079
Nitrite as N mg/L ND 0.10 04/25/18 13:440.016

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2902478LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.971 97 90-110
Chloride mg/L 11.812.5 95 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.971 97 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902479MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428289001

2902480

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 97 90-11097 0 201ND 0.97 0.97
Chloride mg/L 12.5 92 90-11092 0 2012.51.5 13.0 12.9
Nitrate as N mg/L 1 95 90-11095 0 201ND 0.95 0.95
Nitrite as N mg/L 1 94 90-11094 1 201ND 0.94 0.94

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902481MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429393001

2902482

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11096 1 201ND 0.98 0.96
Chloride mg/L M112.5 61 90-11039 7 2012.536.1 43.7 40.9
Nitrate as N mg/L 1 92 90-11090 1 201ND 0.97 0.96
Nitrite as N mg/L M1,R11 39 90-11088 77 201ND 0.39 0.88
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535414
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2909828
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Fluoride mg/L ND 0.050 FS05/02/18 11:480.015
Sulfate mg/L 0.54J 1.2 FS05/02/18 11:480.19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2909829LABORATORY CONTROL SAMPLE:
LCSSpike

Fluoride mg/L 0.92 FS1 92 90-110
Sulfate mg/L 12.4 FS12.5 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909830MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106013

2909831

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L M31 90 90-11088 1 2010.62 1.5 1.5
Sulfate mg/L M312.5 92 90-11088 1 2012.527.5 38.0 37.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909832MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428536005

2909833

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L 1 98 90-11099 1 201ND 1.0 1.0
Sulfate mg/L 12.5 107 90-110107 0 2012.517.2 30.5 30.6
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287194
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428449001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1679999
Associated Lab Samples: 10428449001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 04/30/18 14:530.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1680000LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.62.5 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1680001MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428449001

1680002

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M01 127 80-120138 6 1010.56J 1.8 1.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1681609MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167933006

1681610

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M03 125 80-120119 2 1034.4 8.1 7.9
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QUALIFIERS

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
The sample was filtered in the laboratory prior to analysis.FS
Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to matrix interferences.M3
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

RPD value was outside control limits.R1
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428449
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428449001 534657 535171LD02-04232018 EPA 3010 EPA 6010D

10428449001 534644 535176LD02-04232018 EPA 3020 EPA 6020B

10428449001 536081LD02-04232018 SM 2320B

10428449001 535016LD02-04232018 SM 2540C

10428449001 534208LD02-04232018 EPA 300.0

10428449001 535414LD02-04232018 EPA 300.0

10428449001 287194LD02-04232018 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 1 of 13

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

1209662 PAVILLION / 10428449

Dear Amanda Albrecht:

26525

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, April 24, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 27 of 47
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 2 of 13

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 3 of 13

SAMPLE SUMMARY

Workorder: 26525 1209662 PAVILLION / 10428449

Lab ID Sample ID Matrix Date Collected Date Received

265250001 LD02-04232018 Water 4/23/2018 11:15 4/24/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 29 of 47



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 4 of 13

PROJECT SUMMARY

Workorder: 26525 1209662 PAVILLION / 10428449

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6810 - Gas Composition AM30 Water QC

The percent recovery for the closing calibration verification analysis was above laboratory control limits.  Analytes Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 47



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 5 of 13

ANALYTICAL RESULTS

Workorder: 26525 1209662 PAVILLION / 10428449

4/24/2018 10:45

LD02-04232018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265250001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/23/2018 11:15

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 5/17/2018 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 5/17/2018 00:00 JT n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 21 ug/l 0.50 1 5/5/2018 06:50 TD n0.016
Ethane 1.4 ug/l 0.10 1 5/5/2018 06:50 TD B,n0.0030
Ethene 0.0058J ug/l 0.10 1 5/5/2018 06:50 TD n0.0040
Propane 0.22 ug/l 0.10 1 5/5/2018 06:50 TD n0.0050
Propene 0.022J ug/l 0.10 1 5/5/2018 06:50 TD n0.012
Carbon Dioxide 0.60J mg/l 5.0 1 5/5/2018 06:50 TD n0.32
iso-Butane 0.22 ug/l 0.20 1 5/5/2018 06:50 TD n0.019
n-Butane 0.037J ug/l 0.20 1 5/5/2018 06:50 TD n0.012
Oxygen 4.2 mg/l 0.50 1 5/5/2018 06:50 TD n0.12
Nitrogen 21 mg/l 2.0 1 5/5/2018 06:50 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 06:50 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 06:50 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 2200 ug/l 1900 3.2 5/15/2018 11:40 AK d,n1900
Helium 30 U ug/l 30 1 5/2/2018 11:38 AK n30
Hydrogen 15 U ug/l 15 1 5/2/2018 11:38 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 13:26 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 13:26 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 13:26 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 6 of 13

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26525 1209662 PAVILLION / 10428449

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 7 of 13

QUALITY CONTROL DATA

Workorder: 26525 1209662 PAVILLION / 10428449

QC Batch:

QC Batch Method:

DISG/6810

AM30

Analysis Method: AM30

Associated Lab Samples: 265250001

METHOD BLANK: 55053

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

55054

RISK
Helium 570ug/l 610 n107 80-120
Hydrogen 290ug/l 320 M1,n108 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 8 of 13

QUALITY CONTROL DATA

Workorder: 26525 1209662 PAVILLION / 10428449

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 265250001

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 34 of 47



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 9 of 13

QUALITY CONTROL DATA

Workorder: 26525 1209662 PAVILLION / 10428449

QC Batch:

QC Batch Method:

DISG/6818

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265250001

METHOD BLANK: 55107

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0036Jug/l 0.0030 B,n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55108

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55109 55111

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 790 102 80-120 n820 106 3.8 20
Ethane ug/l 76 75 99 80-120 n,B76 100 1.8 20
Ethene ug/l 71 70 100 80-120 n72 102 2.5 20
Propane ug/l 56 56 101 80-120 n57 103 1.4 20
Propene ug/l 53 49 92 80-120 n50 94 2.4 20
iso-Butane ug/l 73 73 100 80-120 n74 101 1.1 20
n-Butane ug/l 73 73 100 80-120 n74 100 0.83 20
Acetylene ug/l 33 29 88 80-120 n30 90 2 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 10 of 13

QUALITY CONTROL DATA

Workorder: 26525 1209662 PAVILLION / 10428449

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55110 55112

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 113 4.1 20
Oxygen mg/l 11 11 100 80-120 n11 96 3.3 20
Nitrogen mg/l 140 130 92 80-120 n130 92 0.12 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.2 111 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 11 of 13

QUALITY CONTROL DATA

Workorder: 26525 1209662 PAVILLION / 10428449

QC Batch:

QC Batch Method:

DISG/6837

AM30

Analysis Method: AM30

Associated Lab Samples: 265250001

METHOD BLANK: 55282

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55283 55284

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n18000 86 15 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 37 of 47



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 12 of 13

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26525 1209662 PAVILLION / 10428449

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26525 - 1073097 Page 13 of 13

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26525 1209662 PAVILLION / 10428449

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265250001 LD02-04232018 DISG/6810AM30

265250001 LD02-04232018 VAP/2041AM10

265250001 LD02-04232018 DISG/6818AM20GAX

265250001 LD02-04232018 DISG/6837AM30

265250001 LD02-04232018 CSIA/1792AM24

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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#=CL#

June 26, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428603

10428603
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 24, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 29
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428603
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428603001 LD02-04232018 Water 04/23/18 11:15 04/24/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 29
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 29
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 26, 2018

RE:
Pace  Workorder:

1209662 PAVILLION / 10428603

Dear Amanda Albrecht:

26490

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, April 25, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/26/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____
As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 29
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 6 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26490 1209662 PAVILLION / 10428603

Lab ID Sample ID Matrix Date Collected Date Received

264900002 LD02-04232018 Water 4/23/2018 11:15 4/25/2018 08:08

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 7 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26490 1209662 PAVILLION / 10428603

4/25/2018 08:08

LD02-04232018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

264900002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/23/2018 11:15

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 5/22/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 5/22/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 8 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26490 1209662 PAVILLION / 10428603

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 9 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26490 - 1067209 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26490 1209662 PAVILLION / 10428603

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

264900002 LD02-04232018 SCUP/1025D18O
Subcontracted to University of Pittsburgh

264900002 LD02-04232018 MOLE/120116S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Page 11 of 29



Page 12 of 29



Page 13 of 29



Page 14 of 29



 

16S Amplicon Sequencing Report 

Project: Z8D150-1         6/25/18 

Sample ID: LD02 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Methylocystis spp. which are aerobic, 

possessing a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. The 

identified species are obligately methanotrophic, utilizing only methane and methanol as sole carbon 

and energy sources.  The other most abundant phylotype was Hyphomicrobium spp. which are Gram-

negative, non-spore-forming, rod-shaped bacteria.  Please see the supplemental genus descriptions for 

more information. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   
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Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

Sample ID LD02

Negative 66.3

Positive 0.0

Variable 0.0

Not Described 33.7

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID LD02

Aerobic (General) 46.6

Aerobic NRB 4.6

Anaerobic (General) 11.1

Aerobic SOX/Facultative 2.2
Not Described 35.5

  

  

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Aerobic NRB Anaerobic (General)

Aerobic SOX/Facultative Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

 

Exhibit 3.  LD02

Genus (closest match) % of Profile Metabolism Gram

methylocystis 10.67 Aerobic MOB Negative

hyphomicrobium 9.67 Aerobic/NRB Negative

holophaga 6.13 Anaerobic Negative

sterolibacterium 4.57 Aerobic/NRB Negative

nitrospira 3.61 Aerobic/NOB Negative

synchytrium 3.00 -- --

pseudomonas 2.96 Aerobic Negative

nitrosovibrio 2.87 Aerobic/Ammonia oxidizer Negative

thiobacillus 2.52 Aerobic/SOX Negative

bdellovibrio 2.48 Aerobic Negative

sulfurisoma 2.24  Aerobic SOX/Facultative Negative

mesorhizobium 1.85 Aerobic Negative

rhodoferax 1.49 Varied Negative

serratia 1.48 Aerobic Negative

methylobacter 1.45 Aerobic MOB Negative

sulfuritalea 1.33 Falculative Negative

lewinella 1.21 Aerobic Negative

acidithiobacillus 1.16 Aerobic IOB Negative

ectothiorhodospira 1.10 Anaerobic -

pelobacter 1.07 Anaerobic Negative

alkalispirillum 1.05 Aerobic Negative

georgfuchsia 1.01 Anaerobic/NRB/MRB Negative

nitrosospira 1.00 Aerobic/NOB Negative

gloeobacter 0.94 Aerobic Negative

denitratisoma 0.90 NRB Negative

methyloversatilis 0.90 Aerobic Negative

desulfobacterium 0.88 Anaerobic SRB Negative

nitrobacter 0.80 NOB Negative
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16S Amplicon Sequencing Report 

Project: Z8D150-2         6/25/18 

Sample ID: PGDW30 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Pseudomonas spp. which are ubiquitous 

Gram-negative aerobic bacteria. Other abundant phylotypes included Georgfuchsia spp. (Gram-negative 

aerobes) and Thiobacillus spp. (sulfur oxidizing bacteria). Please see the supplemental genus 

descriptions for more information. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   
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Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

Sample ID PGDW30

Negative 56.7

Positive 11.9

Variable 0.0

Not Described 31.4

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW30

Aerobic (General) 48.4

Anaerobic (General) 22.6

Not Described 29.0

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

 

Exhibit 3.  PGDW30

Genus (closest match) % of Profile Metabolism Gram

pseudomonas 22.59 Aerobic Negative

georgfuchsia 7.50 Anaerobic, NRB/MRB Negative

thiobacillus 5.26 Aerobic, SOX Negative

methylocystis 5.17 Aerobic, MOB Negative

corynebacterium 4.26 Aerobic Positive

ethanoligenens 2.88 Anaerobic, Fermentive Positive

desulfobulbus 2.75 Anaerobic, MRB/SRB Negative

halospirulina 2.41 Aerobic --

sterolibacterium 2.31 Aerobic, NRB Negative

dechloromonas 2.28 Anaerobic, NRB Negative

geobacter 1.70 Anaerobic, MRB Negative

leifsonia 1.59 Aerobic Positive

nitrospira 1.52 Aerobic, NOB Negative

erythrobacter 1.49 Aerobic Negative

desulfovibrio 1.48 Anaerobic, SRB Positive

desulfobacterium 1.19 Anaerobic, SRB Negative

syntrophus 1.12 Anaerobic Negative

desulfocapsa 0.96 Aerobic, SOX Negative

enterococcus 0.85 Anaerobic, Fermenter Positive

sphingomonas 0.84 Aerobic Negative

streptococcus 0.83 Facultative Anaerobic Positive
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not all listed genus level IDs may be included.   

▪ Acidithiobacillus: Proteobacteria / Gammaproteobacteria / Acidithiobacillales / 

Acidithiobacillaceae / Acidithiobacillus. Obligately acidophilic, aerobic, Gram-negative rods, 0.4 × 

2.0 µm, motile by one or more flagella. Optimum growth below pH 4.0, using reduced sulfur 

compounds to support autotrophic growth. Some species oxidize ferrous iron or use natural and 

synthetic metal sulfides for energy generation; some species oxidize hydrogen. Optimum 

temperature 30–35°C for mesophilic species and 45°C for moderately thermophilic species. 

Contain ubiquinone Q-8. Member of the Gammaproteobacteria. The mol% G + C of the DNA is: 

52–64 (Kelly and Wood, 2015). 

▪ Bdellovibrio:  Proteobacteria / Deltaproteobacteria / Bdellovibrionales / Bdellovibrionaceae / 

Bdellovibrio. Vibrios, 0.20–0.4 × 0.5–1.4 μm. Motile by a single, polar, sheathed flagellum. Gram 

negative. Prey upon Gram-negative bacteria. Have a predatory lifestyle characterized by two 

distinct phases, a free-living attack phase and an intraperiplasmic growth phase (Figure 1). Prey-

independent mutants that have lost their requirement for prey cells occur spontaneously and 

can be isolated in the laboratory. Some of these prey-independent mutants retain the ability to 

grow predaciously and are considered to be facultative with respect to their requirement for 

prey cells. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal 

electron acceptor. Contain cytochromes a, c, and b. Mesophilic. Oxidase positive. Catalase 

variable. Occur in fresh and salt water, soil, and sewage. The mol% G + C of the DNA is: 49.5–51 

(Torrella et al., 1978). Type species: Bdellovibrio bacteriovorus Stolp and Starr 1963, 243. 

Williams, H. N., Baer, M. L. and Tudor, J. J. 2015. Bdellovibrio. Bergey's Manual of Systematics of 

Archaea and Bacteria. 1–22.  

▪ Corynebacterium: This genus can produce moderate amounts of acid from various 

carbohydrates and has been implicated in oil and gas industry MIC.  Actinobacteria / 

Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly 

curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms 

may be observed; sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, 

Corynebacterium matruchotii) or thinner rods with bulges (see below, Corynebacterium 

sundsvallense) observed. Snapping division produces angular and palisade arrangements of 

cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being 

polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), 

and no species has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are 

catalase positive. All species are oxidase negative except for Corynebacterium bovis, 

Corynebacterium aurimucosum, Corynebacterium doosanense, and Corynebacterium maris 

(below). Many species are facultatively anaerobic and some are aerobic. Chemoorganotrophs. 

Some species are lipophilic. Many species produce acid from glucose and some other sugars in 
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peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA 

G+C content (mol%): 46–74. [Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's 

Manual of Systematics of Archaea and Bacteria. 1–70] 

▪ Dechloromonas: The genus is represented by nitrate reducers that can degrade perchlorate and 

monoaromatic hydrocarbons.  Some members contain broad substrate hydroxylases that are 

thought to support the degradation of vinyl chlorides and TCE (Santos, 2011). 

▪ Denitratisoma: (De.ni.tra.ti.so9ma. L. pref. de- away from; N.L. n. nitratis nitrate; N.L. neut. n. 

from Gr. neut. n. soma body; N.L. neut. n. Denitratisoma a body that reduces nitrate). Cells are 

Gram-negative, non-spore-forming, motile, curved rods (0?4–0?860?8–2?0 mm in size) with 

rounded ends, and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, 

more elongated cells with lightrefracting inclusions predominate (length up to 2?0 mm). 

Metabolism is strictly oxidative. Nitrate is reduced to a mixture of N2O and N2; nitrite 

accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic oxidation of E2 

to CO2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as 

testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are 

used; sulfate or sulfiteare not reduced. Optimal growth occurs at 28–30uC and pH 7?0–7?2. 

Salinity range for growth is 0–1?0 % NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty 

acids are C16 : 1v7c/iso-C15 : 02-OH and C16 : 0. Minor components are C18 : 1v7c and C8:0 3-

OH (as the only hydroxylated fatty acid). The DNA G+C content of the type species is 61?4 mol%. 

The type species is Denitratisoma oestradiolicum. (Fahrbach et al. 2006). 

▪ Desulfobacterium: Proteobacteria / Deltaproteobacteria / Desulfobacterales / 

Desulfobacteraceae / Desulfobacterium.  Oval to rod-shaped, or spherical cells, 0.9–2 × 1.5–3 

μm. Occur singly or in pairs; sometimes also in loose chains. Spore formation is not observed. 

Gram negative. Some species are motile, but motility may be lost during cultivation. Strict 

anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or 

chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and 

H2 + CO2 as electron donors and as carbon sources; these compounds are completely oxidized 

to CO2. One species can use nicotinate as sole electron donor and carbon source. Growth on 

acetate and propionate is usually very slow. Sulfate and other oxidized sulfur compounds serve 

as terminal electron acceptors and are reduced to H2S. Sulfur and nitrate are not used as 

terminal electron acceptors. Some species may grow slowly in the absence of an external 

electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth 

temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for 

growth. Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. 

Cells contain cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is 

commonly observed, indicating the operation of the anaerobic C1 pathway (carbon monoxide 

dehydrogenase pathway, Wood pathway) for complete oxidation of acetyl-CoA, or for CO2 

fixation during autotrophic growth. Desulfobacterium species are widespread in brackish or 

marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA 

is: 45–48 (Kuever et al. 2015). 

▪ Desulfobulbus: Representatives are capable of iron or sulfate reducing bacteria. These types of 

bacteria can form reactive minerals that can degrade chlorinated solvents. 
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▪ Desulfocapsa: Marine bacterium reported to thrive on the disproportionation of elemental 

sulfur, a process with an unresolved enzymatic pathway in which elemental sulfur serves both as 

electron donor and electron acceptor (Finster et al 2013). 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 

sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 

H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 

sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Enterococcus: A large genus of Gram-positive fermentative lactic acid bacteria of the phylum 

Firmicutes.  Used in bioremediation of tannery effluent.   

▪ Geobacter: A well known metal reducing group of microbes (anaerobic). Many members of the 

genus are capable of hydrocarbon degradation and iron reduction. At least one Geobacter 

species (lovleyi) is capable of reductive dechlorination of PCE and TCE to cis-DCE (Sung et al 

2006).  Others have been implicated in supplying Dehalococcoides with nutrients for growth 

(Yan et al. 2012).  

Page 23 of 29



▪ Georgfuchsia: Straight or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. 

Strictly respiratory type of metabolism. Chemo-organoheterotrophic. Capability to degrade 

aromatic compounds. The type species of the genus is G. toluolica strain G5G6 ( Weelink et al 

2009). 

▪ Gleobacter: Genus of cyanobacteria, Gram-negative. 

▪ Halospirulina: A salt tolerant cyanobacteria (Nubel et al. 2000). 

▪ Holophaga: Homoacetogenic bacterium that can degrade methoxylated aromatic compounds. It 

is gram-negative, obligately anaerobic and rod-shaped. 

▪ Hyphomicrobium: Gram-negative, non-spore-forming, rod-shaped bacteria.  Some members 

can degrade dichloromethane and chloromethane under denitrifying conditions and others are 

methylotrophic.  Hyphomicrobia utilize C1 compounds, such as methanol,methylamine, 

formate, etc., for growth (Holm et al 1996).  Proteobacteria / Alphaproteobacteria / Rhizobiales 

/ Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3 µm; rod-shaped with pointed ends, 

or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous outgrowths (hyphae or 

prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but hyphal 

cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; 

secondary branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous 

aniline dyes. Gram negative and non-acid-fast. Do not form spores. The mol% G + C of the DNA 

is: 59–65 (Tm). (Gliesche et al. 2015).  

▪ Leifsonia:  Actinobacteria / Actinobacteria / Micrococcales / Microbacteriaceae / Leifsonia. 

Young cultures produce slender (mostly 0.3–0.6 μm in diameter) irregular rods or filaments. 

Primary branching and V-forms typically occur. Cultures a week or more old usually contain 

shorter rods, but some cells may be coccoid. No aerial mycelium is produced. Nonsporeforming. 

Some species are motile by means of peritrichous flagella. Gram-stain-positive cell-wall 

architecture. Non-acid-fast. Chemo-organotrophs, metabolism is primarily respiratory with 

oxygen as the terminal electron acceptor. Mostly catalase-positive. Oxidase reaction varies with 

strains or experiments. Acids are produced oxidatively rather weakly from carbohydrates. Most 

species grow well on standard laboratory media at near neutral pH. Some species are 

nutritionally very exacting. Mesophilic, optimum temperature ~24–30°C; growth range ~4–42°C. 

DNA G+C content (mol%): 66–70.7.  [Evtushenko, L. I. 2015. Leifsonia. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–32.] 

▪ Mesorhizobium: Genus of Gram-negative soil bacteria. At least one, the nitrogen fixing species, 

Mesorhizobium loti, forms symbiotic root nodules with plants in the genus Lotus. 

▪ Methylobacter: A group of methylotrophic Gram negative or Gram variable bacteria 

(methylotrophs are a diverse group of microorganisms that can use reduced one-carbon 

compounds, such as methane, as the carbon source for their growth).  Capable of co-metabolic 

degradation of TCE and other compounds (Bowman 1993). 

▪ Methylocystis: Genus contains 114 species.   Me.thyl.o.cys' tis. Fr. methyle the methyl radical; 

cystis bag; M.L. n. Methylocystis methyl bag.  Proteobacteria / Alphaproteobacteria / 

Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to reniform in shape, 

0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells 

contain type II intracytoplasmic membranes, which are arranged as multiple layers along the 
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periphery of the cell wall. May form cylindrical spinae. Cells may contain a desiccation-resistant 

lipoidal cyst resting stage. Form inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a 

strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Obligately 

methanotrophic, utilizing only methane and methanol as sole carbon and energy sources. C2+ 

and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the serine 

pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid 

pathway is complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic 

ecophysiology with optimal growth at about 25–30°C and pH 7.0. Major habitats include rice 

paddy soils, sewage, and freshwater sediments. Primary fatty acids are C18:1 ω8c and C18:1 

ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family Methylocystaceae in the 

Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm) (Bowman 2015). 

Methanatrophic bacteria that contains species with sMMO and can oxidize a wide range of 

aliphatic and aromatic compounds including TCE (McDonald et al. 1997).   

▪ Methyloversatilis: A group of methylotrophic bacteria (methylotrophs are a diverse group of 

microorganisms that can use reduced one-carbon compounds, such as methanol or methane, as 

the carbon source for their growth; and multi-carbon compounds that contain no carbon bonds, 

such as dimethyl ether and dimethylamine).  Capable of cometabolic degradation of TCE and 

other compounds. 

▪ Nitrobacter:  Proteobacteria / Alphaproteobacteria / Rhizobiales / Bradyrhizobiaceae / 

Nitrobacter. Pleomorphic rod- or pear-shaped cells 0.5–0.9 × 1.0–2.0 μm. Cells reproduce by 

budding or binary fission. Intracytoplasmic membranes occur as a polar cap of flattened vesicles 

in the cell periphery. Gram negative. Cells may be motile by means of a single polar to subpolar 

flagellum. Grows lithoautotrophically and chemoorganotrophically. Under oxic conditionsa 

nitrite is the preferred energy source and carbon dioxide is the main source of carbon. Aerobic, 

but also capable of anaerobic respiration with nitrate. Under anoxic conditions nitrate is 

reduced to nitrite, nitric oxide, and nitrous oxide. Occurs in aerobic and microaerophilic habitats 

where organic matter is mineralized. The mol% G + C of the DNA is: 59–62. [Spieck, E. and Bock, 

E. 2015. Nitrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.] 

▪ Nitrosospira: Group of Gram negative nitrite oxidizing bacteria (NOB).  Nitrospira can live in 

marine or nonmarine habitats. It has been isolated from ocean water, freshwater, aquarium 

water, deltaic sediment, deep-sea sediments, soils, and an iron pipe of a heating system.  

▪ Nitrosovibrio: An ammonia oxidizing bacterium (Ida et al. 2004).  

▪ Nitrospira: Nitrite oxidizing bacteria.  Nitrospira-like bacteria are the main nitrite oxidizers in 

wastewater treatment plants. Members can convert urea, an important ammonia source in 

nature, to ammonia.  Some members can perform complete nitrification. 

▪ Pelobacter: Consist of strictly anaerobic (fermenting), Gram-negative, nonsporeforming, rod-

shaped bacteria that use only a very limited number of substrates (Schink, 2006). 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 

degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 
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▪ Rhodoferax: Gram-negative rods, ranging in diameter from 0.5 to 0.9 µm with a single polar 

flagellum. The first two species described for the genus, R. fermentans and R. antarcticus, are 

facultative photoheterotrophs that can grow anaerobically when exposed to light and 

aerobically under dark conditions at atmospheric levels of oxygen. R. ferrireducens is a non-

phototrophic facultative anaerobe capable of reducing Fe(III) at temperatures as low as 4°C.  All 

Rhodoferax species possess ubiquinone and rhodoquinone derivatives with eight unit isoprenoid 

side chains.  

▪ Sphingomonas: Gram-negative, rod-shaped, chemoheterotrophic, strictly aerobic bacteria. They 

possess ubiquinone 10 as their major respiratory quinone, contain glycosphingolipids (GSLs) 

instead of lipopolysaccharide (LPS) in their cell envelopes.  Can degrade hydrocarbons.  Aerobic, 

some isolates utilize diphenyl ether and its 4-fluoro, 4-chloro, and (to a lesser extent) 4-bromo 

derivatives as a sole source of carbon and energy. Other isomeric monohalogenated derivatives 

are co-metabolized (White et al 1996). 

▪ Sterolibacterium: Cholesterol-oxidizing, denitrifying member of the β-Proteobacteria. Straight 

or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. Strictly respiratory type of 

metabolism with oxygen or nitrate as terminal electron acceptor. Nitrate is reduced to 

dinitrogen. Oxidase- and catalase-positive. Chemo-organoheterotrophic. Does not grow on 

complex media. Cholesterol is completely oxidized to CO2; this reaction is coupled to nitrate 

reduction. Q-8 is the sole respiratory lipoquinone. Phosphatidylethanolamine is the 

predominant polar lipid. Major fatty acids are C16 : 0, summed feature 4 (C16 : 1v7c and/or iso 

C15 : 0 2-OH), C18 : 1v7c and C10 : 0 3-OH; minor amounts of C8:0 3-OH and C16 : 0 3-OH are 

present. DNA G+C content is 65?3 mol% (HPLC). The type species of the genus is 

Sterolibacterium denitrificans (Tarlera and Denner 2003). 

▪ Streptococcus: Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus  

Coccus (spherical) gram-positive bacteria belonging to the phylum Firmicutes and the order 

Lactobacillales (lactic acid bacteria). Streptococcus strains are normally spherical or ovoid, less 

than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are 

nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively 

anaerobic, some requiring additional CO2 for growth. Chemo-organotrophic with fermentative 

metabolism. Carbohydrates are fermented to produce mainly lactic acid but no gas. Catalase-

negative. Nutritional requirements are complex and variable. The peptidoglycan is of group A 

(Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position 3 of the peptide 

subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the 

Lancefield serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent 

of almost all streptococcal cell walls and its notable absence among members of the Mitis 

species group which includes Streptococcus pneumoniae, together with the presence of 

significant amounts of ribitol, are valuable chemotaxonomic markers for these taxa. DNA G+C 

content (mol%): 33–46. Type species: Streptococcus pyogenes Rosenbach 1884 (Whiley and 

Hardie, 2015) 

▪ Sulfurisoma: Gram negative, sulfate oxidizing bacteria. Facultative nitrate reducing. 

▪ Sulfuritalea: Facultatively autotrophic bacterium, curved rods, motile and gram-reaction-

negative. Facultatively anaerobic and autotrophic growth was observed only under anaerobic 

Page 26 of 29



conditions. The isolate oxidized thiosulfate, elemental sulfur and hydrogen as sole energy 

sources for autotrophic growth and could utilize nitrate as an electron acceptor (Kojima et al 

2010). 

▪ Syntrophus:  Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / 

Syntrophus. Cells are rod shaped with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in 

pairs. Gram negative. Endospores not formed. The type species is motile by means of 

monotrichous polar flagella in the early stage of growth, other species show no motility. Strictly 

anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is 

fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and 

cinnamate are only fermented by some species. Some substrates, such as benzoate or fatty 

acids, are oxidized in the presence of H2/formate-utilizing methanogenic or sulfate-reducing 

partner bacteria. Some species can grow on some substrates in the presence of crotonate as 

electron acceptor. Substrate oxidation is incomplete and leads to acetate. Sulfate, sulfite, 

thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain cytochromes and 

menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or 

sludge from anaerobic wastewater treatment facilities.  The mol% G + C of the DNA is: 43–53..  

Known as part of a consortia that can degrade aliphatic hydrocarbons. [Kuever, J. and Schink, B. 

2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.] 

▪ Thiobacillus: Gram negative, sulfur oxidizing bacteria.   
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Ruth Wilson

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: DHC Sampling

Z8D0150

04/25/2018

06/26/2018

Analytical Testing Parameters

Z8D0150-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0150-01[TOC]

04/23/2018  11:15

LD02-042318

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  0901See Attached 

Report

04/25/18  1026Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/09/18  1034<50 04/25/18  1027Estimated Bacterial Biomass RWB

Z8D0150-02

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0150-02[TOC]

04/23/2018  15:10

PGDW30-04232018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  0901See Attached 

Report

04/25/18  1026Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/09/18  1034<50 04/25/18  1027Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Samples subcontracted to Mr. DNA for NGS analysis

Report Comments

06/26/2018 09:05

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10429737

10429737
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 03, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 43
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CERTIFICATIONS

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10429737001 PGDW05-05022018 Water 05/02/18 12:45 05/03/18 11:20

10429737002 Trip Blank Water 05/02/18 15:30 05/03/18 11:20

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10429737001 PGDW05-05022018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MRJS

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10429737001 PGDW05-05022018

Calcium 3020 ug/L 05/08/18 16:05500EPA 6010D
Iron 19.0J ug/L 05/08/18 16:0550.0EPA 6010D
Magnesium 66.7J ug/L 05/08/18 16:05500EPA 6010D
Manganese 0.80J ug/L 05/08/18 16:055.0EPA 6010D
Potassium 327J ug/L 05/08/18 16:052500EPA 6010D
Sodium 174000 ug/L 05/08/18 16:051000EPA 6010D
Strontium 57.0 ug/L 05/15/18 23:490.50EPA 6020B
Alkalinity, Total as CaCO3 86.4 mg/L 05/14/18 11:415.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 68.6 mg/L 05/14/18 11:415.0SM 2320B
Alkalinity,Carbonate (CaCO3) 17.8 mg/L 05/14/18 11:415.0SM 2320B
Total Dissolved Solids 517 mg/L 05/08/18 16:0433.3SM 2540C
Bromide 0.13 mg/L 05/04/18 11:020.080EPA 300.0
Chloride 17.9 mg/L 05/04/18 11:021.2EPA 300.0
Fluoride 1.1 mg/L 05/04/18 11:020.050EPA 300.0
Sulfate 320 mg/L 05/04/18 11:1912.0EPA 300.0
Total Organic Carbon 0.54J mg/L 05/10/18 21:590.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536406
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10429905001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2916077)

• Potassium
• MSD  (Lab ID: 2916078)

• Potassium

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2916077)

• Sodium
• MSD  (Lab ID: 2916078)

• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 535999
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10429709001,10429709002

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2913092)

• Chloride
• MS  (Lab ID: 2913094)

• Chloride
• MSD  (Lab ID: 2913093)

• Chloride
• MSD  (Lab ID: 2913095)

• Chloride

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Sample: PGDW05-05022018 Lab ID: 10429737001 Collected: 05/02/18 12:45 Received: 05/03/18 11:20 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 3020 ug/L 05/08/18 16:05 7440-70-205/07/18 12:00500 24.7 1
Iron 19.0J ug/L 05/08/18 16:05 7439-89-605/07/18 12:0050.0 16.7 1
Magnesium 66.7J ug/L 05/08/18 16:05 7439-95-405/07/18 12:00500 2.6 1
Manganese 0.80J ug/L 05/08/18 16:05 7439-96-505/07/18 12:005.0 0.38 1
Potassium 327J ug/L 05/08/18 16:05 7440-09-705/07/18 12:002500 126 1
Sodium 174000 ug/L 05/08/18 16:05 7440-23-505/07/18 12:001000 44.6 1

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 57.0 ug/L 05/15/18 23:49 7440-24-605/11/18 09:130.50 0.075 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/14/18 11:415.0 1.0 1
Alkalinity, Total as CaCO3 86.4 mg/L 05/14/18 11:415.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 68.6 mg/L 05/14/18 11:415.0 1.0 1
Alkalinity,Carbonate (CaCO3) 17.8 mg/L 05/14/18 11:415.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 517 mg/L 05/08/18 16:0433.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.13 mg/L 05/04/18 11:02 24959-67-90.080 0.011 1
Chloride 17.9 mg/L 05/04/18 11:02 16887-00-61.2 0.28 1
Fluoride 1.1 mg/L 05/04/18 11:02 16984-48-80.050 0.015 1
Nitrate as N ND mg/L 05/04/18 11:02 14797-55-80.10 0.015 1
Nitrite as N ND mg/L 05/04/18 11:02 14797-65-00.10 0.018 1
Sulfate 320 mg/L 05/04/18 11:19 14808-79-812.0 1.9 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.54J mg/L 05/10/18 21:59 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:22 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536406
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2916075
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/08/18 15:5424.7
Iron ug/L ND 50.0 05/08/18 15:5416.7
Magnesium ug/L ND 500 05/08/18 15:542.6
Manganese ug/L ND 5.0 05/08/18 15:540.38
Potassium ug/L ND 2500 05/08/18 15:54126
Sodium ug/L ND 1000 05/08/18 15:5444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2916076LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1890020000 95 80-120
Iron ug/L 1950020000 97 80-120
Magnesium ug/L 1940020000 97 80-120
Manganese ug/L 9851000 98 80-120
Potassium ug/L 1940020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2916077MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429905001

2916078

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 76 75-12575 0 2020000518000 533000 533000
Iron ug/L 20000 93 75-12594 0 202000039.8J 18700 18800
Magnesium ug/L 20000 95 75-12594 0 202000051700 70700 70500
Manganese ug/L 1000 95 75-12594 0 20100018.7 966 962
Potassium ug/L M120000 134 75-125136 1 20200005690 32600 32800
Sodium ug/L M620000 -31 75-125-69 1 20200001250000 1250000 1240000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:22 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537362
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2921133
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/15/18 22:420.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2921134LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 108100 108 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2921135MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429627001

2921136

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-12592 2 20100640 744 731

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:22 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537996
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2925339
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/14/18 10:261.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/14/18 10:261.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/14/18 10:261.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/14/18 10:261.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2925340LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2925341

Alkalinity, Total as CaCO3 mg/L 42.040 105 90-11010542.1 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2925342MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429865002

2925343

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 108 80-120106 1 304014.5 57.5 56.8

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2925344MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429875001

2925345

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 100 80-120103 2 30403.8J 43.9 44.9

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:22 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536866
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2918079
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/08/18 16:045.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2918080LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2918081

Total Dissolved Solids mg/L 9761000 98 80-12098978 0 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10429920001
2918082SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 860 8 10935

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:22 PM

Pace Analytical Services, LLC
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535999
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2913090
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 05/04/18 07:110.011
Chloride mg/L ND 1.2 05/04/18 07:110.28
Fluoride mg/L ND 0.050 05/04/18 07:110.015
Nitrate as N mg/L ND 0.10 05/04/18 07:110.015
Nitrite as N mg/L ND 0.10 05/04/18 07:110.018
Sulfate mg/L ND 1.2 05/04/18 07:110.19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2913091LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.961 96 90-110
Chloride mg/L 12.812.5 102 90-110
Fluoride mg/L 0.961 96 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 1.01 100 90-110
Sulfate mg/L 12.912.5 104 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913092MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429709001

2913093

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 100 90-110100 0 201<0.011 1.0 1.0
Chloride mg/L M112.5 62 90-11062 0 2012.546.0 53.7 53.8
Fluoride mg/L 1 97 90-11098 0 2010.33 1.3 1.3
Nitrate as N mg/L 1 96 90-11097 0 2010.84 1.8 1.8
Nitrite as N mg/L 1 92 90-11094 2 201<0.018 0.92 0.94
Sulfate mg/L 12.5 101 90-110102 0 2012.510.1 22.8 22.8

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913094MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429709002

2913095

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 100 90-11099 2 201<0.011 1.0 0.99
Chloride mg/L M112.5 58 90-11054 1 2012.545.0 52.3 51.8
Fluoride mg/L 1 98 90-11097 1 2010.31 1.3 1.3
Nitrate as N mg/L 1 95 90-11092 1 2010.85 1.8 1.8
Nitrite as N mg/L 1 93 90-11093 0 201<0.018 0.93 0.93

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913094MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429709002

2913095

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 102 90-11099 1 2012.59.8 22.5 22.2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

288239
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10429737001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1686536
Associated Lab Samples: 10429737001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/10/18 12:360.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1686537LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1686538MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429737001

1686539

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 107 80-120107 0 1010.54J 1.6 1.6

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1686540MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40168620009

1686541

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 101 80-12098 1 1068.1 14.1 13.9

REPORT OF LABORATORY ANALYSIS
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#=QL#

QUALIFIERS

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6

REPORT OF LABORATORY ANALYSIS
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10429737
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10429737001 536406 536794PGDW05-05022018 EPA 3010 EPA 6010D

10429737001 537362 537861PGDW05-05022018 EPA 3020 EPA 6020B

10429737001 537996PGDW05-05022018 SM 2320B

10429737001 536866PGDW05-05022018 SM 2540C

10429737001 535999PGDW05-05022018 EPA 300.0

10429737001 288239PGDW05-05022018 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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5/3/18

Not a short hold.
           AA1 5/3/18

LHC sent direct to Pace Energy
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 1 of 11

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION

Dear Amanda Albrecht:

26596

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, May 03, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 28 of 43
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 2 of 11

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 3 of 11

SAMPLE SUMMARY

Workorder: 26596 PAVILLION

Lab ID Sample ID Matrix Date Collected Date Received

265960001 PGDW05-05022018 Water 5/2/2018 12:45 5/3/2018 13:34

265960002 TRIP BLANK-05022018 Water 5/2/2018 15:30 5/3/2018 13:34

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 4 of 11

PROJECT SUMMARY

Workorder: 26596 PAVILLION

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 5 of 11

ANALYTICAL RESULTS

Workorder: 26596 PAVILLION

5/3/2018 13:34

PGDW05-05022018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265960001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/2/2018 12:45

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 43 ug/l 0.50 1 5/7/2018 06:04 TD n0.016
Ethane 0.0084J ug/l 0.10 1 5/7/2018 06:04 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 5/7/2018 06:04 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/7/2018 06:04 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/7/2018 06:04 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/7/2018 06:04 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/7/2018 06:04 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/7/2018 06:04 TD n0.012
Oxygen 3.2 mg/l 0.50 1 5/7/2018 06:04 TD n0.12
Nitrogen 21 mg/l 2.0 1 5/7/2018 06:04 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/7/2018 06:04 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/7/2018 06:04 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 6 of 11

ANALYTICAL RESULTS

Workorder: 26596 PAVILLION

5/3/2018 13:34

TRIP BLANK-05022018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265960002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/2/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.064J ug/l 0.50 1 5/7/2018 06:25 TD n0.016
Ethane 0.0030U ug/l 0.10 1 5/7/2018 06:25 TD n0.0030
Ethene 0.0096J ug/l 0.10 1 5/7/2018 06:25 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/7/2018 06:25 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/7/2018 06:25 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/7/2018 06:25 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/7/2018 06:25 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/7/2018 06:25 TD n0.012
Oxygen 8.4 mg/l 0.50 1 5/7/2018 06:25 TD n0.12
Nitrogen 16 mg/l 2.0 1 5/7/2018 06:25 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/7/2018 06:25 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/7/2018 06:25 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 7 of 11

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26596 PAVILLION

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 8 of 11

QUALITY CONTROL DATA

Workorder: 26596 PAVILLION

QC Batch:

QC Batch Method:

DISG/6820

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265960001, 265960002

METHOD BLANK: 55119

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55120

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55121 55123

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 760 99 80-120 n730 96 3.3 20
Ethane ug/l 76 74 98 80-120 n75 99 0.61 20
Ethene ug/l 71 70 100 80-120 n71 101 1.1 20
Propane ug/l 56 54 98 80-120 n55 99 0.89 20
Propene ug/l 53 47 89 80-120 n48 90 1.5 20
iso-Butane ug/l 73 70 96 80-120 n71 97 1.2 20
n-Butane ug/l 73 69 95 80-120 n70 96 1.4 20
Acetylene ug/l 33 30 93 80-120 n31 95 2.3 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26596 - 1073150 Page 9 of 11

QUALITY CONTROL DATA

Workorder: 26596 PAVILLION

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55122 55124

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 104 80-120 n120 106 1.5 20
Oxygen mg/l 11 11 101 80-120 n11 100 0.97 20
Nitrogen mg/l 140 130 92 80-120 n130 91 0.61 20
Carbon Monoxide mg/l 2 2.4 117 80-120 n2.2 108 8.2 20

220 William Pitt Way
Pittsburgh, PA 15238
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Report ID: 26596 - 1073150 Page 10 of 11

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26596 PAVILLION

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26596 PAVILLION

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265960001 PGDW05-05022018 DISG/6820AM20GAX

265960002 TRIP BLANK-05022018 DISG/6820AM20GAX
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October 11, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428734

10428734
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 26, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

This report was further revised on October 11, 2018 to update sulfate results for PGDW14-
04252018, after a data review.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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October 11, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428734

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 44
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CERTIFICATIONS

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: via A2LA 2926.01

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10428734001 PGDW14-04252018 Water 04/25/18 14:58 04/26/18 09:50

10428734002 Trip Blank - 04252018 Water 04/25/18 15:30 04/26/18 10:45

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428734001 PGDW14-04252018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MKEO

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428734001 PGDW14-04252018

Calcium 165000 ug/L 05/01/18 10:27500EPA 6010D
Magnesium 21200 ug/L 05/01/18 10:27 B500EPA 6010D
Manganese 3.4J ug/L 05/01/18 14:445.0EPA 6010D
Potassium 5160 ug/L 05/01/18 10:272500EPA 6010D
Sodium 790000 ug/L 05/01/18 11:075000EPA 6010D
Strontium 1890 ug/L 05/01/18 14:475.0EPA 6020B
Alkalinity, Total as CaCO3 154 mg/L 05/08/18 10:415.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 154 mg/L 05/08/18 10:415.0SM 2320B
Total Dissolved Solids 2930 mg/L 05/01/18 20:0420.0SM 2540C
Bromide 0.097 mg/L 04/26/18 12:300.080EPA 300.0
Chloride 26.2 mg/L 04/26/18 12:301.2EPA 300.0
Fluoride 0.44 mg/L 04/26/18 12:300.050EPA 300.0
Nitrate as N 0.36 mg/L 04/26/18 12:300.10EPA 300.0
Sulfate 1070 mg/L 04/26/18 12:30 E1.2EPA 300.0
Total Organic Carbon 0.95 mg/L 05/04/18 16:330.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 6 of 44

6 of 517 9 of 75610428734



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010D

Date: October 11, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020B

Date: October 11, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: October 11, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536782
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10424076008,10424076014

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2917464)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2917465)

• Alkalinity, Total as CaCO3

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: October 11, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: October 11, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534491
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428659008,10428686003

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2903858)

• Chloride
• Nitrite as N
• Sulfate

• MS  (Lab ID: 2903860)
• Nitrite as N

• MSD  (Lab ID: 2903859)
• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2903861)
• Chloride

Additional Comments:

Analyte Comments:

QC Batch: 534491
1M: Analyte was detected in the method blank. All associated samples had concentrations of at least five times greater than the
blank or were below the reporting limit.

• BLANK  (Lab ID: 2903856)
• Sulfate

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• PGDW14-04252018  (Lab ID: 10428734001)

• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: October 11, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW14-04252018 Lab ID: 10428734001 Collected: 04/25/18 14:58 Received: 04/26/18 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 165000 ug/L 05/01/18 10:27 7440-70-204/30/18 11:27500 24.7 1
Iron ND ug/L 05/01/18 10:27 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 21200 ug/L 05/01/18 10:27 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 3.4J ug/L 05/01/18 14:44 7439-96-504/30/18 11:275.0 0.38 1
Potassium 5160 ug/L 05/01/18 10:27 7440-09-704/30/18 11:272500 126 1
Sodium 790000 ug/L 05/01/18 11:07 7440-23-504/30/18 11:275000 223 5

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 1890 ug/L 05/01/18 14:47 7440-24-604/30/18 11:275.0 0.75 10

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/08/18 10:415.0 1.0 1
Alkalinity, Total as CaCO3 154 mg/L 05/08/18 10:415.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 154 mg/L 05/08/18 10:415.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/08/18 10:415.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 2930 mg/L 05/01/18 20:0420.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.097 mg/L 04/26/18 12:30 24959-67-90.080 0.0070 1
Chloride 26.2 mg/L 04/26/18 12:30 16887-00-61.2 0.14 1
Fluoride 0.44 mg/L 04/26/18 12:30 16984-48-80.050 0.0028 1
Nitrate as N 0.36 mg/L 04/26/18 12:30 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/26/18 12:30 14797-65-00.10 0.016 1
Sulfate 1070 mg/L 04/26/18 12:30 14808-79-8 E1.2 0.27 1

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.95 mg/L 05/04/18 16:33 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:47 PM

Pace Analytical Services, LLC
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:47 PM
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:47 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536782
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2917461
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/08/18 09:191.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/08/18 09:191.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/08/18 09:191.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/08/18 09:191.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2917462LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2917463

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.3 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917464MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076008

2917465

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 121 80-120124 0 3040447 496 497

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917466MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076014

2917467

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 88 80-12083 0 3040407 442 440

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:47 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535457
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2910172
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/01/18 20:045.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2910173LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 10001000 100 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428952013
2910174SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 637 0 10636

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534491
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2903856
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/26/18 13:210.0070
Chloride mg/L 0.33J 1.2 04/26/18 13:210.14
Fluoride mg/L ND 0.050 04/26/18 13:210.0028
Nitrate as N mg/L ND 0.10 04/26/18 13:210.0079
Nitrite as N mg/L ND 0.10 04/26/18 13:210.016
Sulfate mg/L 0.69J 1.2 1M04/26/18 13:210.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2903857LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.112.5 97 90-110
Fluoride mg/L 0.981 98 90-110
Nitrate as N mg/L 0.941 94 90-110
Nitrite as N mg/L 0.941 94 90-110
Sulfate mg/L 12.512.5 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903858MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428659008

2903859

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11095 0 2010.14 1.1 1.1
Chloride mg/L M112.5 83 90-11084 0 2012.517.1 27.5 27.6
Fluoride mg/L 1 93 90-11092 0 2010.64 1.6 1.6
Nitrate as N mg/L 1 92 90-11094 1 2010.85 1.8 1.8
Nitrite as N mg/L M11 87 90-11087 0 201<0.016 0.87 0.87
Sulfate mg/L M112.5 -39 90-110-33 0 2012.5175 170 171

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903860MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428686003

2903861

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11094 1 2010.045J 1.0 0.98
Chloride mg/L M112.5 93 90-11089 3 2012.56.1 17.7 17.2
Fluoride mg/L 1 101 90-11098 2 2010.18J 1.2 1.2
Nitrate as N mg/L 1 95 90-11091 3 2010.33 1.3 1.2
Nitrite as N mg/L M11 89 90-11090 1 201<0.016 0.89 0.90
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903860MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428686003

2903861

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 99 90-11094 4 2012.55.9 18.3 17.6

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287734
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428734001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1683442
Associated Lab Samples: 10428734001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/04/18 08:340.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1683443LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1683444MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076023

1683445

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 109 80-12099 3 1012.4 3.5 3.4

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1683446MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076024

1683447

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 101 80-120106 2 1068.4 14.5 14.8
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QUALIFIERS

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the method blank. All associated samples had concentrations of at least five times greater than
the blank or were below the reporting limit.

1M

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428734
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428734001 534657 535171PGDW14-04252018 EPA 3010 EPA 6010D

10428734001 534644 535176PGDW14-04252018 EPA 3020 EPA 6020B

10428734001 536782PGDW14-04252018 SM 2320B

10428734001 535457PGDW14-04252018 SM 2540C

10428734001 534491PGDW14-04252018 EPA 300.0

10428734001 287734PGDW14-04252018 SM 5310C
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428734

Dear Amanda Albrecht:

26531

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, April 26, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 3 of 14

SAMPLE SUMMARY

Workorder: 26531 PAVILLION / 10428734

Lab ID Sample ID Matrix Date Collected Date Received

265310001 PGDW14-04252018 Water 4/25/2018 14:58 4/26/2018 10:45

265310002 TRIPBLANK-04252018 Water 4/25/2018 15:30 4/26/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 4 of 14

PROJECT SUMMARY

Workorder: 26531 PAVILLION / 10428734

Workorder Comments

The methane concentration is not high enough to perform CSIA determinations

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6810 - Gas Composition AM30 Water QC

The percent recovery for the closing calibration verification analysis was above laboratory control limits.  Analytes Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 44
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 26531 PAVILLION / 10428734

4/26/2018 10:45

PGDW14-04252018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265310001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/25/2018 14:58

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.070J ug/l 0.50 1 4/28/2018 06:30 TD n0.016
Ethane 0.0030U ug/l 0.10 1 4/28/2018 06:30 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 4/28/2018 06:30 TD n0.0040
Propane 0.0053J ug/l 0.10 1 4/28/2018 06:30 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 06:30 TD n0.012
Carbon Dioxide 4.7J mg/l 5.0 1 4/28/2018 06:30 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 06:30 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 06:30 TD n0.012
Oxygen 2.7 mg/l 0.50 1 4/28/2018 06:30 TD n0.12
Nitrogen 22 mg/l 2.0 1 4/28/2018 06:30 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 06:30 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 06:30 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/15/2018 12:39 AK d,n1900
Helium 30 U ug/l 30 1 5/2/2018 11:58 AK n30
Hydrogen 15 U ug/l 15 1 5/2/2018 11:58 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 15:33 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 15:33 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 15:33 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 26531 PAVILLION / 10428734

4/26/2018 10:45

TRIPBLANK-04252018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265310002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/25/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.061J ug/l 0.50 1 4/28/2018 06:42 TD n0.016
Ethane 0.0030U ug/l 0.10 1 4/28/2018 06:42 TD n0.0030
Ethene 0.0097J ug/l 0.10 1 4/28/2018 06:42 TD n0.0040
Propane 0.0050U ug/l 0.10 1 4/28/2018 06:42 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 06:42 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 06:42 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 06:42 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 06:42 TD n0.012
Oxygen 8.8 mg/l 0.50 1 4/28/2018 06:42 TD n0.12
Nitrogen 16 mg/l 2.0 1 4/28/2018 06:42 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 06:42 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 06:42 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 7 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26531 PAVILLION / 10428734

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 8 of 14

QUALITY CONTROL DATA

Workorder: 26531 PAVILLION / 10428734

QC Batch:

QC Batch Method:

DISG/6801

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265310001, 265310002

METHOD BLANK: 54988

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 54989

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54990 54992

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 810 105 80-120 n810 105 0.036 20
Ethane ug/l 76 77 102 80-120 n77 102 0.11 20
Ethene ug/l 71 74 105 80-120 n74 105 0.055 20
Propane ug/l 56 58 104 80-120 n58 104 0.32 20
Propene ug/l 53 51 96 80-120 n51 96 0.04 20
iso-Butane ug/l 73 75 102 80-120 n75 102 0.24 20
n-Butane ug/l 73 74 101 80-120 n74 100 0.47 20
Acetylene ug/l 33 33 100 80-120 n33 101 0.87 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 26531 PAVILLION / 10428734

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54991 54993

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 115 80-120 n140 116 0.97 20
Oxygen mg/l 11 11 93 80-120 n11 94 0.82 20
Nitrogen mg/l 140 120 90 80-120 n120 90 0.25 20
Carbon Monoxide mg/l 2 2.4 119 80-120 n2.3 117 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 35 of 44
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 10 of 14

QUALITY CONTROL DATA

Workorder: 26531 PAVILLION / 10428734

QC Batch:

QC Batch Method:

DISG/6810

AM30

Analysis Method: AM30

Associated Lab Samples: 265310001

METHOD BLANK: 55053

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

55054

RISK
Helium 570ug/l 610 n107 80-120
Hydrogen 290ug/l 320 M1,n108 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 11 of 14

QUALITY CONTROL DATA

Workorder: 26531 PAVILLION / 10428734

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 265310001

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 37 of 44

37 of 517 40 of 75610428734



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 12 of 14

QUALITY CONTROL DATA

Workorder: 26531 PAVILLION / 10428734

QC Batch:

QC Batch Method:

DISG/6837

AM30

Analysis Method: AM30

Associated Lab Samples: 265310001

METHOD BLANK: 55282

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55283 55284

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n18000 86 15 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 38 of 44
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 13 of 14

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26531 PAVILLION / 10428734

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26531 - 1073123 Page 14 of 14

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26531 PAVILLION / 10428734

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265310001 PGDW14-04252018 DISG/6801AM20GAX

265310002 TRIPBLANK-04252018 DISG/6801AM20GAX

265310001 PGDW14-04252018 DISG/6810AM30

265310001 PGDW14-04252018 VAP/2041AM10

265310001 PGDW14-04252018 DISG/6837AM30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 40 of 44
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July 02, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10437397

10437397
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 11, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 25
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SAMPLE SUMMARY

Pace Project No.:
Project:

10437397
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10437397001 PGDW14-05102018 Water 05/10/18 11:30 05/11/18 11:18

10437398001 PGDW14-05102018A Water 05/10/18 12:30 05/11/18 11:18

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 25
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 25
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430454

10430454
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 09, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on May 30, 2018 to update the sample ID to PGDW20-05082018.

This report was further revised on June 1, 2018 to only report bis(2-ethylhexyl)phthalate by 8270D,
and to remove the tentatively identified compound documentation at the end of the report.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 51
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July 23, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430454

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 51
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CERTIFICATIONS

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 51
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SAMPLE SUMMARY

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10430454001 PGDW20-05082018 Water 05/08/18 13:50 05/09/18 09:30

10430454002 Trip Blank-05082018 Water 05/08/18 15:30 05/09/18 09:30

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 4 of 51
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10430454001 PGDW20-05082018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MRJS

EPA 8270D 7 PASI-MAT1

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 5 of 51
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10430454001 PGDW20-05082018

Calcium 79400 ug/L 05/16/18 15:07 B500EPA 6010D
Iron 371 ug/L 05/16/18 15:0750.0EPA 6010D
Magnesium 8720 ug/L 05/16/18 15:07 B500EPA 6010D
Manganese 27.4 ug/L 05/16/18 15:075.0EPA 6010D
Potassium 1170J ug/L 05/16/18 15:072500EPA 6010D
Sodium 530000 ug/L 05/16/18 15:43 B5000EPA 6010D
Strontium 1140 ug/L 05/22/18 13:462.5EPA 6020B
Alkalinity, Total as CaCO3 69.2 mg/L 05/21/18 09:125.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 64.0 mg/L 05/21/18 09:125.0SM 2320B
Alkalinity,Carbonate (CaCO3) 5.2 mg/L 05/21/18 09:125.0SM 2320B
Total Dissolved Solids 1910 mg/L 05/14/18 13:29100SM 2540C
Bromide 0.17 mg/L 05/09/18 19:060.080EPA 300.0
Chloride 34.4 mg/L 05/09/18 19:061.2EPA 300.0
Fluoride 0.96 mg/L 05/09/18 19:060.050EPA 300.0
Sulfate 1260 mg/L 05/10/18 02:4824.0EPA 300.0
Total Organic Carbon 0.84J mg/L 05/21/18 12:180.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 6 of 51
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 538557

B: Analyte was detected in the associated method blank.
• BLANK for HBN 538557 [MPRP/819  (Lab ID: 2928311)

• Calcium
• Magnesium
• Sodium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 7 of 51
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 8 of 51
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 8270D

Date: July 23, 2018

Description: 8270D MSSV

General Information:

1 sample was analyzed for EPA 8270D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3520 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 9 of 51
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 539511
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10430452001,10431392003

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2934317)

• Alkalinity, Total as CaCO3

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 10 of 51
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 289288
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  40168753024,40168791002

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1692673)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW20-05082018 Lab ID: 10430454001 Collected: 05/08/18 13:50 Received: 05/09/18 09:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 79400 ug/L 05/16/18 15:07 7440-70-2 B05/16/18 10:03500 24.7 1
Iron 371 ug/L 05/16/18 15:07 7439-89-605/16/18 10:0350.0 16.7 1
Magnesium 8720 ug/L 05/16/18 15:07 7439-95-4 B05/16/18 10:03500 2.6 1
Manganese 27.4 ug/L 05/16/18 15:07 7439-96-505/16/18 10:035.0 0.38 1
Potassium 1170J ug/L 05/16/18 15:07 7440-09-705/16/18 10:032500 126 1
Sodium 530000 ug/L 05/16/18 15:43 7440-23-5 B05/16/18 10:035000 223 5

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 1140 ug/L 05/22/18 13:46 7440-24-605/16/18 13:132.5 0.37 5

Analytical Method: EPA 8270D  Preparation Method: EPA 35208270D MSSV

bis(2-Ethylhexyl)phthalate ND ug/L 05/15/18 21:09 117-81-705/11/18 09:599.9 4.5 1
Surrogates
Nitrobenzene-d5 (S) 77 %. 05/15/18 21:09 4165-60-005/11/18 09:5960-125 1
2-Fluorobiphenyl (S) 72 %. 05/15/18 21:09 321-60-805/11/18 09:5956-125 1
p-Terphenyl-d14 (S) 84 %. 05/15/18 21:09 1718-51-005/11/18 09:5958-125 1
Phenol-d6 (S) 74 %. 05/15/18 21:09 13127-88-305/11/18 09:5958-125 1
2-Fluorophenol (S) 72 %. 05/15/18 21:09 367-12-405/11/18 09:5955-125 1
2,4,6-Tribromophenol (S) 77 %. 05/15/18 21:09 118-79-605/11/18 09:5965-125 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/21/18 09:125.0 1.0 1
Alkalinity, Total as CaCO3 69.2 mg/L 05/21/18 09:125.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 64.0 mg/L 05/21/18 09:125.0 1.0 1
Alkalinity,Carbonate (CaCO3) 5.2 mg/L 05/21/18 09:125.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 1910 mg/L 05/14/18 13:29100 50.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.17 mg/L 05/09/18 19:06 24959-67-90.080 0.011 1
Chloride 34.4 mg/L 05/09/18 19:06 16887-00-61.2 0.28 1
Fluoride 0.96 mg/L 05/09/18 19:06 16984-48-80.050 0.015 1
Nitrate as N ND mg/L 05/09/18 19:06 14797-55-80.10 0.015 1
Nitrite as N ND mg/L 05/09/18 19:06 14797-65-00.10 0.018 1
Sulfate 1260 mg/L 05/10/18 02:48 14808-79-824.0 3.9 20

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.84J mg/L 05/21/18 12:18 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538557
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2928311
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Calcium ug/L 54.4J 500 05/16/18 14:3424.7
Iron ug/L ND 50.0 05/16/18 14:3416.7
Magnesium ug/L 4.9J 500 05/16/18 14:342.6
Manganese ug/L 0.81J 5.0 05/16/18 14:340.38
Potassium ug/L ND 2500 05/16/18 14:34126
Sodium ug/L 52.2J 1000 05/16/18 14:3444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2928312LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1990020000 100 80-120
Iron ug/L 2010020000 101 80-120
Magnesium ug/L 2010020000 101 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 1970020000 99 80-120
Sodium ug/L 1950020000 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2928313MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2928314

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 97 75-125100 2 20200007340 26800 27400
Iron ug/L 20000 99 75-125101 2 2020000ND 19700 20200
Magnesium ug/L 20000 100 75-125103 2 202000087.0J 20200 20600
Manganese ug/L 1000 100 75-125102 2 2010002.7J 998 1020
Potassium ug/L 20000 112 75-125114 2 2020000384J 22700 23200
Sodium ug/L 20000 89 75-125105 1 2020000209000 227000 230000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:24 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538560
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2928323
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/22/18 13:260.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2928324LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 104100 104 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2928325MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2928326

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 99 75-125100 1 2010093.3 192 194

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537712
EPA 3520

EPA 8270D
8270D Water MSSV

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2923537
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

bis(2-Ethylhexyl)phthalate ug/L ND 10.0 05/13/18 18:544.6
2,4,6-Tribromophenol (S) %. 93 65-125 05/13/18 18:54
2-Fluorobiphenyl (S) %. 88 56-125 05/13/18 18:54
2-Fluorophenol (S) %. 87 55-125 05/13/18 18:54
Nitrobenzene-d5 (S) %. 92 60-125 05/13/18 18:54
p-Terphenyl-d14 (S) %. 102 58-125 05/13/18 18:54
Phenol-d6 (S) %. 90 58-125 05/13/18 18:54

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2923538LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2923539

bis(2-Ethylhexyl)phthalate ug/L 54.050 108 72-1299547.3 13 20
2,4,6-Tribromophenol (S) %. 116 65-125100
2-Fluorobiphenyl (S) %. 110 56-12593
2-Fluorophenol (S) %. 111 55-12591
Nitrobenzene-d5 (S) %. 118 60-12594
p-Terphenyl-d14 (S) %. 124 58-125106
Phenol-d6 (S) %. 112 58-12593

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

539511
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2934313
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/21/18 10:491.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/21/18 10:491.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/21/18 10:491.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/21/18 10:491.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2934314LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2934315

Alkalinity, Total as CaCO3 mg/L 41.840 105 90-11010642.3 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2934316MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10431392003

2934317

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 115 80-120125 2 3040197 242 246

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2934318MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2934319

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 106 80-120106 0 304065.5 108 108
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538010
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2925363
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/14/18 13:295.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2925364LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9881000 99 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10430232001
2925365SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 2030 2 102070

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10430452001
2925366SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 657 3 10677
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536903
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2918487
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 05/09/18 18:360.011
Chloride mg/L ND 1.2 05/09/18 18:360.28
Fluoride mg/L ND 0.050 05/09/18 18:360.015
Nitrate as N mg/L ND 0.10 05/09/18 18:360.015
Nitrite as N mg/L ND 0.10 05/09/18 18:360.018
Sulfate mg/L ND 1.2 05/09/18 18:360.19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2918488LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.981 98 90-110
Chloride mg/L 13.012.5 104 90-110
Fluoride mg/L 1.01 103 90-110
Nitrate as N mg/L 0.971 97 90-110
Nitrite as N mg/L 1.01 100 90-110
Sulfate mg/L 12.312.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918489MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588001

2918490

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 96 90-11096 1 201<0.080 0.96 0.96
Chloride mg/L 12.5 102 90-110102 1 2012.50.44J 13.2 13.1
Fluoride mg/L 1 100 90-11099 0 2010.019J 1.0 1.0
Nitrate as N mg/L 1 94 90-11094 1 2010.061J 1.0 1.0
Nitrite as N mg/L 1 98 90-11097 1 201<0.10 0.98 0.97
Sulfate mg/L 12.5 106 90-110106 1 2012.52.5 15.8 15.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918491MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588012

2918492

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11097 1 201<0.080 0.98 0.97
Chloride mg/L 12.5 103 90-110103 1 2012.50.36J 13.3 13.2
Fluoride mg/L 1 100 90-11099 1 2010.017J 1.0 1.0
Nitrate as N mg/L 1 95 90-11095 1 2010.046J 1.0 0.99
Nitrite as N mg/L 1 97 90-11098 0 201<0.10 0.97 0.98
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918491MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588012

2918492

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 107 90-110106 0 2012.51.4 14.8 14.7
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

289288
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10430454001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1692669
Associated Lab Samples: 10430454001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/19/18 07:560.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1692670LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.52.5 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1692671MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40168753024

1692672

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 98 80-120100 1 1010.76J 1.7 1.8

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1692673MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40168791002

1692674

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M06 123 80-120111 4 10611.0 18.4 17.7
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QUALIFIERS

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10430454
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10430454001 538557 538694PGDW20-05082018 EPA 3010 EPA 6010D

10430454001 538560 539031PGDW20-05082018 EPA 3020 EPA 6020B

10430454001 537712 537890PGDW20-05082018 EPA 3520 EPA 8270D

10430454001 539511PGDW20-05082018 SM 2320B

10430454001 538010PGDW20-05082018 SM 2540C

10430454001 536903PGDW20-05082018 EPA 300.0

10430454001 289288PGDW20-05082018 SM 5310C
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5/9/18

Kyle Smith05/30/18

Sample ID updated to PGDW20-05082018.            AA1
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10430454

Dear Amanda Albrecht:

26655

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, May 09, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 51
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 3 of 14

SAMPLE SUMMARY

Workorder: 26655 PAVILLION / 10430454

Lab ID Sample ID Matrix Date Collected Date Received

266550001 PGDW20-05082018 Water 5/8/2018 13:50 5/9/2018 12:00

266550002 TRIPBLANK-05082018 Water 5/8/2018 15:30 5/9/2018 12:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 4 of 14

PROJECT SUMMARY

Workorder: 26655 PAVILLION / 10430454

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 26655 PAVILLION / 10430454

5/9/2018 12:00

PGDW20-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266550001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 13:50

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 5/17/2018 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 5/17/2018 00:00 JT n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 45 ug/l 0.50 1 5/16/2018 09:41 TD n0.016
Ethane 2.0 ug/l 0.10 1 5/16/2018 09:41 TD n0.0030
Ethene 0.0058J ug/l 0.10 1 5/16/2018 09:41 TD n0.0040
Propane 0.25 ug/l 0.10 1 5/16/2018 09:41 TD n0.0050
Propene 0.034J ug/l 0.10 1 5/16/2018 09:41 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/16/2018 09:41 TD D3,n0.32
iso-Butane 0.13J ug/l 0.20 1 5/16/2018 09:41 TD n0.019
n-Butane 0.068J ug/l 0.20 1 5/16/2018 09:41 TD n0.012
Oxygen 4.8 mg/l 0.50 1 5/16/2018 09:41 TD D3,n0.12
Nitrogen 18 mg/l 2.0 1 5/16/2018 09:41 TD D3,n0.34
Acetylene 0.022U ug/l 0.50 1 5/16/2018 09:41 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/16/2018 09:41 TD D3,n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/16/2018 11:56 AK d,n1900
Helium 30 U ug/l 30 1 5/16/2018 16:42 MM n30
Hydrogen 15 U ug/l 15 1 5/16/2018 16:42 MM n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/16/2018 14:06 BW n5.0
Pentane 5.0 U ug/l 5.0 1 5/16/2018 14:06 BW n5.0
Hexane Plus 25 U ug/l 25 1 5/16/2018 14:06 BW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 34 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 26655 PAVILLION / 10430454

5/9/2018 12:00

TRIPBLANK-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266550002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.063J ug/l 0.50 1 5/16/2018 09:54 TD n0.016
Ethane 0.0030U ug/l 0.10 1 5/16/2018 09:54 TD n0.0030
Ethene 0.018J ug/l 0.10 1 5/16/2018 09:54 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/16/2018 09:54 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/16/2018 09:54 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/16/2018 09:54 TD D3,n0.32
iso-Butane 0.019U ug/l 0.20 1 5/16/2018 09:54 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/16/2018 09:54 TD n0.012
Oxygen 8.5 mg/l 0.50 1 5/16/2018 09:54 TD D3,n0.12
Nitrogen 16 mg/l 2.0 1 5/16/2018 09:54 TD D3,n0.34
Acetylene 0.022U ug/l 0.50 1 5/16/2018 09:54 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/16/2018 09:54 TD D3,n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 7 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26655 PAVILLION / 10430454

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The analyte concentration was determined from a dilution.d

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 8 of 14

QUALITY CONTROL DATA

Workorder: 26655 PAVILLION / 10430454

QC Batch:

QC Batch Method:

DISG/6839

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 266550001, 266550002

METHOD BLANK: 55290

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55291

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 D3,n
Oxygen 0.12Umg/l 0.12 D3,n
Nitrogen 0.34Umg/l 0.34 D3,n
Carbon Monoxide 0.087Umg/l 0.087 D3,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55292 55294

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 820 106 80-120 n810 105 0.89 20
Ethane ug/l 76 80 106 80-120 n81 107 0.67 20
Ethene ug/l 71 76 108 80-120 n77 109 1 20
Propane ug/l 56 61 109 80-120 n61 109 0.041 20
Propene ug/l 53 53 99 80-120 n53 100 0.51 20
iso-Butane ug/l 73 79 108 80-120 n79 108 0.053 20
n-Butane ug/l 73 80 110 80-120 n80 110 0.15 20
Acetylene ug/l 33 33 101 80-120 n33 100 0.38 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 26655 PAVILLION / 10430454

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55293 55295

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 109 80-120 D3,n130 109 0.12 20
Oxygen mg/l 11 11 96 80-120 D3,n10 89 7.1 20
Nitrogen mg/l 140 130 92 80-120 D3,n130 91 1 20
Carbon Monoxide mg/l 2 2.3 113 80-120 D3,n2.3 115 1.9 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

55308 55309

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

266570001Original:

RISK
Carbon Dioxide mg/l 120 130 109 70-130 D3,n130 111 1.6 200
Oxygen mg/l 11 12 80 70-130 D3,n12 78 2.4 203.3
Nitrogen mg/l 140 140 88 70-130 D3,n140 90 2.3 2020
Carbon Monoxide mg/l 2 2.1 107 70-130 D3,n2.3 113 5.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

55310 55311

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

266570001Original:

RISK
Methane ug/l 770 1100 115 70-130 n1100 118 1.6 20180
Ethane ug/l 76 79 104 70-130 n79 105 0.79 200.056
Ethene ug/l 71 75 107 70-130 n76 107 0.71 200.0041
Propane ug/l 56 60 108 70-130 n60 109 0.88 200.0081
Propene ug/l 53 53 100 70-130 n54 101 0.96 200
iso-Butane ug/l 73 78 106 70-130 n79 107 0.91 200.67
n-Butane ug/l 73 77 106 70-130 n79 108 2.2 200
Acetylene ug/l 33 36 111 70-130 n34 105 5.6 200

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 10 of 14

QUALITY CONTROL DATA

Workorder: 26655 PAVILLION / 10430454

QC Batch:

QC Batch Method:

VAP/2046

AM10

Analysis Method: AM10

Associated Lab Samples: 266550001

METHOD BLANK: 55296

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55297 55298

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 101 n50 100 0.52
Pentane ug/l 50 46 93 70-130 n46 93 0.67 30
Hexane Plus ug/l 50 52 105 70-130 n52 104 0.79 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 11 of 14

QUALITY CONTROL DATA

Workorder: 26655 PAVILLION / 10430454

QC Batch:

QC Batch Method:

DISG/6841

AM30

Analysis Method: AM30

Associated Lab Samples: 266550001

METHOD BLANK: 55305

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55306 55307

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n21000 97 1.8 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 12 of 14

QUALITY CONTROL DATA

Workorder: 26655 PAVILLION / 10430454

QC Batch:

QC Batch Method:

DISG/6844

AM30

Analysis Method: AM30

Associated Lab Samples: 266550001

METHOD BLANK: 55343

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55344 55345

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Helium ug/l 1100 1200 104 80-120 n1200 106 2.3 20
Hydrogen ug/l 590 570 97 80-120 n570 97 0.18 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 13 of 14

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26655 PAVILLION / 10430454

QUALITY CONTROL PARAMETER QUALIFIERS

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26655 - 1073167 Page 14 of 14

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26655 PAVILLION / 10430454

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266550001 PGDW20-05082018 DISG/6839AM20GAX

266550002 TRIPBLANK-05082018 DISG/6839AM20GAX

266550001 PGDW20-05082018 VAP/2046AM10

266550001 PGDW20-05082018 DISG/6841AM30

266550001 PGDW20-05082018 DISG/6844AM30

266550001 PGDW20-05082018 CSIA/1792AM24

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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July 03, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430607

10430607
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 09, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 3, 2018 to include a second subcontracted report for the next
generation sequencing.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 29
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SAMPLE SUMMARY

Pace Project No.:
Project:

10430607
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10430607001 PGDW20-05182018 Water 05/08/18 13:50 05/09/18 12:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 29
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 29



Chain of Custody

Workorder:

LAB USE ONLY

Preserved Containers

Requested Analysis

Item Lab ID

Collect

Date/Time Matrix

10430607

Amanda Albrecht
Pace Analytical Minnesota
1700 Elm Street
Suite 200
Minneapolis, MN  55414
Phone (612)607-6382
Email: amanda.albrecht@pacelabs.com

Report / Invoice To Subcontract To

1209662 Pavillion WY Well FldWorkorder Name:

Sample ID

Results Requested By: 6/21/2018

P.O.___________________

State of Sample Origin: WY

1 104306070015/8/2018 13:50 Water XPGDW20-05182018

2

3

4

5
Comments

Transfers

1

2

3

Date/Time Received By Date/TimeReleased By

 Cooler Temperature on Receipt  ______°C  Custody Seal    Y   or    N  Received on Ice    Y   or    N  Samples Intact   Y   or    N

Thursday, May 10, 2018 11:25:26 AM FMT-ALL-C-002rev.00 24March2009 Page  1 of  1Page 4 of 29

paceuser
Typewritten Text
10430607

paceuser
Typewritten Text
Pace Energy

paceuser
Typewritten Text
Sent direct to lab.34S and 18O



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 11, 2018

RE:
Pace  Workorder:

PAVILLION / 10430607

Dear Amanda Albrecht:

26654

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, May 09, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/11/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 29

ruthw
Typewritten Text
10



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 6 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26654 PAVILLION / 10430607

Lab ID Sample ID Matrix Date Collected Date Received

266540001 PGDW20-05082018 Water 5/8/2018 13:50 5/9/2018 12:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 7 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26654 PAVILLION / 10430607

5/9/2018 12:00

PGDW20-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266540001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 13:50

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 6/7/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 6/7/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 8 of 29



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26654 PAVILLION / 10430607

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26654 - 1061798 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26654 PAVILLION / 10430607

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266540001 PGDW20-05082018 SCUP/1026D18O
Subcontracted to Isotech

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 28, 2018

RE:
Pace  Workorder:

PAVILLION / 10430607

Dear Amanda Albrecht:

27257

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, June 27, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/28/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 3 of 6

SAMPLE SUMMARY

Workorder: 27257 PAVILLION / 10430607

Lab ID Sample ID Matrix Date Collected Date Received

272570001 PGDW20-05082018 Water 5/8/2018 13:50 6/27/2018 09:52

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 27257 PAVILLION / 10430607

6/27/2018 09:52

PGDW20-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

272570001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 13:50

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/27/2018 00:00 MLI n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 27257 PAVILLION / 10430607

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27257 - 1068231 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 27257 PAVILLION / 10430607

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

272570001 PGDW20-05082018 MOLE/120416S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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16S Amplicon Sequencing Report 

Project: Z8E53-1         6/27/18 

Sample ID: PGDW20 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Candidatus Desulforudis which is a sulfate 

reducer.  The next most abundant phylotype was Desulfovibio spp. also known as a genus of sulfate 

reducers.  The top three most abundant genera identified in the profile were anaerobic.  Please see the 

supplemental genus descriptions for more information on other identified genera. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   
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Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

 

Sample ID PGDW20

Negative 39.9

Positive 21.7

Variable 0.0

Not Described 38.4

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW20

Aerobic (General) 22.0

Anaerobic (General) 39.2

Facultative Anaerobic 0.9
Not Described 38.8

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Facultative Anaerobic Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW20

Genus (closest match) % of Profile Metabolism Gram

candidatus desulforudis 11.71 Anaerobic SRB Positive

desulfovibrio 10.04 Anaerobic SRB Positive

georgfuchsia 9.83 Anaerobic Nitrate, MRB Negative

nitrospira 7.82 Aerobic, NOB Negative

thiobacillus 6.50 Aerobic SOX Negative

desulfobacterium 3.37 Anaerobic SRB Negative

serratia 2.77 Aerobic Negative

pseudomonas 1.89 Aerobic Negative

sphingomonas 1.61 Aerobic Negative

hydrogenophaga 1.31 Variable Negative

candidatus magnetobacterium 1.24 Varied --

thermococcus 1.23 Anaerobic --

syntrophus 1.23 Anaerobic Negative

dechloromonas 0.98 Anaerobic NRB --

mesorhizobium 0.92 Aerobic Negative

brevundimonas 0.91 Aerobic Negative

hyphomicrobium 0.86 Aerobic and NRB Negative

desulfosporosinus 0.85 Anaerobic SRB/Fermentive Negative
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not genera are described. 

▪ Brevundimonas:  Most likely aerobic.  Members have been isolated from slime deposits on 

machines in paper mills. Proteobacteria / Alphaproteobacteria / Caulobacterales / 

Caulobacteraceae / Brevundimonas. Gram-negative, rod-shaped, subvibrioid or vibrioid cells, 

0.4–0.5 × 1–2 µm. Cells of some species can form prosthecae (stalks). These species are 

characterized by an asymmetric cell division whereby fission results in a prosthecate (nonmotile) 

and a flagellated (motile) cell. Motility by means of single polar flagella. Nonsporeforming. A 

yellow or orange carotenoid pigment may be formed. The mol% G + C of the DNA is: 62–68. 

(Vancanneyt et al. 2015). 

▪ Candidatus magnetobacterium: Magnetotactic bacteria (MTB) of the genus 'Candidatus 

Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of 

hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell (Lin 

et al 2014). These bacteria are worldwide distributed in aquatic environments and have 

important roles in the biogeochemical cycles of iron and sulfur. 

▪ Dechloromonas: The genus is represented by nitrate reducers that can degrade perchlorate and 

monoaromatic hydrocarbons.  Some members contain broad substrate hydroxylases that are 

thought to support the degradation of vinyl chlorides and TCE (Santos, 2011). 

▪ Desulfobacterium: Proteobacteria / Deltaproteobacteria / Desulfobacterales / 

Desulfobacteraceae / Desulfobacterium.  Oval to rod-shaped, or spherical cells, 0.9–2 × 1.5–3 

μm. Occur singly or in pairs; sometimes also in loose chains. Spore formation is not observed. 

Gram negative. Some species are motile, but motility may be lost during cultivation. Strict 

anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or 

chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and 

H2 + CO2 as electron donors and as carbon sources; these compounds are completely oxidized 

to CO2. One species can use nicotinate as sole electron donor and carbon source. Growth on 

acetate and propionate is usually very slow. Sulfate and other oxidized sulfur compounds serve 

as terminal electron acceptors and are reduced to H2S. Sulfur and nitrate are not used as 

terminal electron acceptors. Some species may grow slowly in the absence of an external 

electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth 

temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for 

growth. Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. 

Cells contain cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is 

commonly observed, indicating the operation of the anaerobic C1 pathway (carbon monoxide 

dehydrogenase pathway, Wood pathway) for complete oxidation of acetyl-CoA, or for CO2 

fixation during autotrophic growth. Desulfobacterium species are widespread in brackish or 
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marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA 

is: 45–48 (Kuever et al. 2015). 

▪ Desulfosporosinus:  Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / 

Desulfosporosinus. Gram-negative rods that have a multilayered cell-wall structure. Endospores 

present, oval and subterminal to (almost) terminal, causing the cells to swell slightly. Motile with 

lateral or peritrichous flagella or nonmotile. Strictly anaerobic. If determined, desulfoviridin and 

cytochrome c3 absent and bisulfite reductase P582 present. Sulfate and thiosulfate are reduced 

to sulfide in the presence of lactate but not in the presence of acetate or fructose. Incomplete 

oxidation of organic compounds to acetate. Acetate is the fermentation end product. 

Autotrophic growth with hydrogen plus sulfate. ll-Diaminopimelic acid is the diagnostic diamino 

acid of peptidoglycan. Contains menaquinone with a side chain with seven isoprene units (MK-7 

type) as major component. Predominant fatty acids are even-numbered, saturated and 

unsaturated fatty acids; significant amounts of aldehydes, detected as 1,1-dimethylacetals. 

Phylogenetically, a member of the Clostridium/Bacillus subphylum of Gram-positive bacteria. 

DNA G+C content (mol%): 41.6–45.9 (Tm). (Hippe and Stackebrandt, 2015). [Hippe, H. and 

Stackebrandt, E. 2015. Desulfosporosinus. Bergey's Manual of Systematics of Archaea and 

Bacteria. 1–10.] 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 

sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 

H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 
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sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Georgfuchsia: Straight or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. 

Strictly respiratory type of metabolism. Chemo-organoheterotrophic. Capability to degrade 

aromatic compounds. The type species of the genus is G. toluolica strain G5G6( Weelink et al 

2009). 

▪ Hydrogenophaga:  Members of this genus are described as hydrogen oxidizers.  At least two of 

the described species are capable of nitrate reduction (Willems et al 1989).   Also identified as 

members of a microbial community that metabolize biphenyl and appeared to dominate 

biphenyl catabolism (Uhlik, 2009). 

▪ Hyphomicrobium: Gram-negative, non-spore-forming, rod-shaped bacteria.  Some members 

can degrade dichloromethane and chloromethane under denitrifying conditions and others are 

methylotrophic.  Hyphomicrobia utilize C1 compounds, such as methanol,methylamine, 

formate, etc., for growth (Holm et al 1996).  Proteobacteria / Alphaproteobacteria / Rhizobiales 

/ Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3 µm; rod-shaped with pointed ends, 

or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous outgrowths (hyphae or 

prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but hyphal 

cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; 

secondary branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous 

aniline dyes. Gram negative and non-acid-fast. Do not form spores. The mol% G + C of the DNA 

is: 59–65 (Tm). (Gliesche et al. 2015).  

▪ Mesorhizobium: Genus of Gram-negative soil bacteria. At least one, the nitrogen fixing species, 

Mesorhizobium loti, forms symbiotic root nodules with plants in the genus Lotus. 

▪ Nitrospira: Nitrite oxidizing bacteria.  Nitrospira-like bacteria are the main nitrite oxidizers in 

wastewater treatment plants. Members can convert urea, an important ammonia source in 

nature, to ammonia.  Some members can perform complete nitrification. 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 

degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 

▪ Sphingomonas: Gram-negative, rod-shaped, chemoheterotrophic, strictly aerobic bacteria. They 

possess ubiquinone 10 as their major respiratory quinone, contain glycosphingolipids (GSLs) 

instead of lipopolysaccharide (LPS) in their cell envelopes.  Can degrade hydrocarbons.  Aerobic, 

some isolates utilize diphenyl ether and its 4-fluoro, 4-chloro, and (to a lesser extent) 4-bromo 

derivatives as a sole source of carbon and energy. Other isomeric monohalogenated derivatives 

are co-metabolized (White et al 1996). 
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▪ Syntrophus:  Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / 

Syntrophus. Cells are rod shaped with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in 

pairs. Gram negative. Endospores not formed. The type species is motile by means of 

monotrichous polar flagella in the early stage of growth, other species show no motility. Strictly 

anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is 

fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and 

cinnamate are only fermented by some species. Some substrates, such as benzoate or fatty 

acids, are oxidized in the presence of H2/formate-utilizing methanogenic or sulfate-reducing 

partner bacteria. Some species can grow on some substrates in the presence of crotonate as 

electron acceptor. Substrate oxidation is incomplete and leads to acetate. Sulfate, sulfite, 

thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain cytochromes and 

menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or 

sludge from anaerobic wastewater treatment facilities.  The mol% G + C of the DNA is: 43–53..  

Known as part of a consortia that can degrade aliphatic hydrocarbons. [Kuever, J. and Schink, B. 

2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.] 

▪ Thiobacillus: Gram negative, sulfur oxidizing bacteria.   
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Ruth Wilson

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: Pavillion

Z8E0053

05/09/2018

06/27/2018

Analytical Testing Parameters

Z8E0053-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8E0053-01[TOC]

05/08/2018  13:50

PGDW20-05082018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/27/18  1305See Attached 

Report

05/09/18  1027Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  170612800000 05/17/18  1148Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Sample subcontracted to Mr. DNA for NGS analysis

Report Comments

06/27/2018 13:07

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430452

10430452
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 09, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10430452001 PGDW23-05082018 Water 05/08/18 11:05 05/09/18 09:30
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10430452001 PGDW23-05082018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MRJS

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10430452001 PGDW23-05082018

Calcium 7340 ug/L 05/16/18 14:42 B500EPA 6010D
Magnesium 87.0J ug/L 05/16/18 14:42 B500EPA 6010D
Manganese 2.7J ug/L 05/16/18 14:425.0EPA 6010D
Potassium 384J ug/L 05/16/18 14:422500EPA 6010D
Sodium 209000 ug/L 05/16/18 15:29 B2000EPA 6010D
Strontium 93.3 ug/L 05/22/18 13:312.5EPA 6020B
Alkalinity, Total as CaCO3 65.5 mg/L 05/21/18 08:565.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 56.1 mg/L 05/21/18 08:565.0SM 2320B
Alkalinity,Carbonate (CaCO3) 9.4 mg/L 05/21/18 08:565.0SM 2320B
Total Dissolved Solids 677 mg/L 05/14/18 13:2933.3SM 2540C
Bromide 0.12 mg/L 05/09/18 18:510.080EPA 300.0
Chloride 20.0 mg/L 05/09/18 18:511.2EPA 300.0
Fluoride 1.0 mg/L 05/09/18 18:510.050EPA 300.0
Sulfate 409 mg/L 05/10/18 02:3112.0EPA 300.0
Total Organic Carbon 0.59J mg/L 05/22/18 09:110.84SM 5310C
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#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 538557

B: Analyte was detected in the associated method blank.
• BLANK for HBN 538557 [MPRP/819  (Lab ID: 2928311)

• Calcium
• Magnesium
• Sodium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 539511
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10430452001,10431392003

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2934317)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Sample: PGDW23-05082018 Lab ID: 10430452001 Collected: 05/08/18 11:05 Received: 05/09/18 09:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 7340 ug/L 05/16/18 14:42 7440-70-2 B05/16/18 10:03500 24.7 1
Iron ND ug/L 05/16/18 14:42 7439-89-605/16/18 10:0350.0 16.7 1
Magnesium 87.0J ug/L 05/16/18 14:42 7439-95-4 B05/16/18 10:03500 2.6 1
Manganese 2.7J ug/L 05/16/18 14:42 7439-96-505/16/18 10:035.0 0.38 1
Potassium 384J ug/L 05/16/18 14:42 7440-09-705/16/18 10:032500 126 1
Sodium 209000 ug/L 05/16/18 15:29 7440-23-5 B05/16/18 10:032000 89.2 2

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 93.3 ug/L 05/22/18 13:31 7440-24-605/16/18 13:132.5 0.37 5

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/21/18 08:565.0 1.0 1
Alkalinity, Total as CaCO3 65.5 mg/L 05/21/18 08:565.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 56.1 mg/L 05/21/18 08:565.0 1.0 1
Alkalinity,Carbonate (CaCO3) 9.4 mg/L 05/21/18 08:565.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 677 mg/L 05/14/18 13:2933.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.12 mg/L 05/09/18 18:51 24959-67-90.080 0.011 1
Chloride 20.0 mg/L 05/09/18 18:51 16887-00-61.2 0.28 1
Fluoride 1.0 mg/L 05/09/18 18:51 16984-48-80.050 0.015 1
Nitrate as N ND mg/L 05/09/18 18:51 14797-55-80.10 0.015 1
Nitrite as N ND mg/L 05/09/18 18:51 14797-65-00.10 0.018 1
Sulfate 409 mg/L 05/10/18 02:31 14808-79-812.0 1.9 10

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.59J mg/L 05/22/18 09:11 7440-44-00.84 0.25 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538557
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2928311
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Calcium ug/L 54.4J 500 05/16/18 14:3424.7
Iron ug/L ND 50.0 05/16/18 14:3416.7
Magnesium ug/L 4.9J 500 05/16/18 14:342.6
Manganese ug/L 0.81J 5.0 05/16/18 14:340.38
Potassium ug/L ND 2500 05/16/18 14:34126
Sodium ug/L 52.2J 1000 05/16/18 14:3444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2928312LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1990020000 100 80-120
Iron ug/L 2010020000 101 80-120
Magnesium ug/L 2010020000 101 80-120
Manganese ug/L 10201000 102 80-120
Potassium ug/L 1970020000 99 80-120
Sodium ug/L 1950020000 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2928313MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2928314

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 97 75-125100 2 20200007340 26800 27400
Iron ug/L 20000 99 75-125101 2 2020000ND 19700 20200
Magnesium ug/L 20000 100 75-125103 2 202000087.0J 20200 20600
Manganese ug/L 1000 100 75-125102 2 2010002.7J 998 1020
Potassium ug/L 20000 112 75-125114 2 2020000384J 22700 23200
Sodium ug/L 20000 89 75-125105 1 2020000209000 227000 230000
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538560
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2928323
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/22/18 13:260.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2928324LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 104100 104 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2928325MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2928326

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 99 75-125100 1 2010093.3 192 194
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

539511
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2934313
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/21/18 10:491.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/21/18 10:491.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/21/18 10:491.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/21/18 10:491.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2934314LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2934315

Alkalinity, Total as CaCO3 mg/L 41.840 105 90-11010642.3 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2934316MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10431392003

2934317

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 115 80-120125 2 3040197 242 246

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2934318MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

2934319

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 106 80-120106 0 304065.5 108 108
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538010
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2925363
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/14/18 13:295.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2925364LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9881000 99 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10430232001
2925365SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 2030 2 102070

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10430452001
2925366SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 657 3 10677

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:23 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 16 of 51



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536903
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2918487
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 05/09/18 18:360.011
Chloride mg/L ND 1.2 05/09/18 18:360.28
Fluoride mg/L ND 0.050 05/09/18 18:360.015
Nitrate as N mg/L ND 0.10 05/09/18 18:360.015
Nitrite as N mg/L ND 0.10 05/09/18 18:360.018
Sulfate mg/L ND 1.2 05/09/18 18:360.19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2918488LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.981 98 90-110
Chloride mg/L 13.012.5 104 90-110
Fluoride mg/L 1.01 103 90-110
Nitrate as N mg/L 0.971 97 90-110
Nitrite as N mg/L 1.01 100 90-110
Sulfate mg/L 12.312.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918489MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588001

2918490

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 96 90-11096 1 201<0.080 0.96 0.96
Chloride mg/L 12.5 102 90-110102 1 2012.50.44J 13.2 13.1
Fluoride mg/L 1 100 90-11099 0 2010.019J 1.0 1.0
Nitrate as N mg/L 1 94 90-11094 1 2010.061J 1.0 1.0
Nitrite as N mg/L 1 98 90-11097 1 201<0.10 0.98 0.97
Sulfate mg/L 12.5 106 90-110106 1 2012.52.5 15.8 15.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918491MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588012

2918492

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11097 1 201<0.080 0.98 0.97
Chloride mg/L 12.5 103 90-110103 1 2012.50.36J 13.3 13.2
Fluoride mg/L 1 100 90-11099 1 2010.017J 1.0 1.0
Nitrate as N mg/L 1 95 90-11095 1 2010.046J 1.0 0.99
Nitrite as N mg/L 1 97 90-11098 0 201<0.10 0.97 0.98
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2918491MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429588012

2918492

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 107 90-110106 0 2012.51.4 14.8 14.7

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:23 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

289397
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10430452001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1694025
Associated Lab Samples: 10430452001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/21/18 18:230.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1694026LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.62.5 105 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1694027MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430452001

1694028

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 105 80-120107 1 1010.59J 1.6 1.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1694029MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430641003

1694030

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 106 80-12087 9 1011.2 2.3 2.1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:23 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=QL#

QUALIFIERS

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:23 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 20 of 51



#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10430452
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10430452001 538557 538694PGDW23-05082018 EPA 3010 EPA 6010D

10430452001 538560 539031PGDW23-05082018 EPA 3020 EPA 6020B

10430452001 539511PGDW23-05082018 SM 2320B

10430452001 538010PGDW23-05082018 SM 2540C

10430452001 536903PGDW23-05082018 EPA 300.0

10430452001 289397PGDW23-05082018 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:23 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 1 of 15

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10430452

Dear Amanda Albrecht:

26657

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, May 09, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 51
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 31 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 3 of 15

SAMPLE SUMMARY

Workorder: 26657 PAVILLION / 10430452

Lab ID Sample ID Matrix Date Collected Date Received

266570001 PGDW23-05082018 Water 5/8/2018 11:05 5/9/2018 12:00

266570002 PGDW23-05082018 MS Water 5/8/2018 11:05 5/9/2018 12:00

266570003 PGDW23-05082018 MSD Water 5/8/2018 11:05 5/9/2018 12:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 32 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 4 of 15

PROJECT SUMMARY

Workorder: 26657 PAVILLION / 10430452

Workorder Comments

Sample PGDW23-05082018 (266570001) had a very heavy delta-13C. This was double checked, and the result was confirmed. The
sample pH was checked to see if there were any abnormalities. The pH was slightly elevated. While this would not affect the
methane it does suggest several possibilities that could lead to such a heavy methane.
This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 33 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 26657 PAVILLION / 10430452

5/9/2018 12:00

PGDW23-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266570001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 11:05

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 5/24/2018 00:00 JT n
Hydrogen 2 (Deuterium)
Isotope

Complete 1 5/24/2018 00:00 JT n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 180 ug/l 0.50 1 5/16/2018 09:01 TD n0.016
Ethane 0.056J ug/l 0.10 1 5/16/2018 09:01 TD n0.0030
Ethene 0.0041J ug/l 0.10 1 5/16/2018 09:01 TD n0.0040
Propane 0.0081J ug/l 0.10 1 5/16/2018 09:01 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/16/2018 09:01 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/16/2018 09:01 TD D3,n0.32
iso-Butane 0.67 ug/l 0.20 1 5/16/2018 09:01 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/16/2018 09:01 TD n0.012
Oxygen 3.3 mg/l 0.50 1 5/16/2018 09:01 TD D3,n0.12
Nitrogen 20 mg/l 2.0 1 5/16/2018 09:01 TD D3,n0.34
Acetylene 0.022U ug/l 0.50 1 5/16/2018 09:01 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/16/2018 09:01 TD D3,n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/16/2018 13:04 AK d,n1900
Helium 30 U ug/l 30 1 5/16/2018 16:52 MM n30
Hydrogen 15 U ug/l 15 1 5/16/2018 16:52 MM n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/16/2018 15:10 BW n5.0
Pentane 5.0 U ug/l 5.0 1 5/16/2018 15:10 BW n5.0
Hexane Plus 25 U ug/l 25 1 5/16/2018 15:10 BW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 34 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 26657 PAVILLION / 10430452

5/9/2018 12:00

PGDW23-05082018 MS

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266570002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 11:05

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 1100 ug/l 0.50 1 5/16/2018 09:15 TD n0.016
Ethane 79 ug/l 0.10 1 5/16/2018 09:15 TD n0.0030
Ethene 75 ug/l 0.10 1 5/16/2018 09:15 TD n0.0040
Propane 60 ug/l 0.10 1 5/16/2018 09:15 TD n0.0050
Propene 53 ug/l 0.10 1 5/16/2018 09:15 TD n0.012
Carbon Dioxide 130 mg/l 5.0 1 5/16/2018 09:15 TD D3,n0.32
iso-Butane 78 ug/l 0.20 1 5/16/2018 09:15 TD n0.019
n-Butane 79 ug/l 0.20 1 5/16/2018 09:15 TD n0.012
Oxygen 12 mg/l 0.50 1 5/16/2018 09:15 TD D3,n0.12
Nitrogen 140 mg/l 2.0 1 5/16/2018 09:15 TD D3,n0.34
Acetylene 32 ug/l 0.50 1 5/16/2018 09:15 TD n0.022
Carbon Monoxide 2.1 mg/l 1.0 1 5/16/2018 09:15 TD D3,n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 35 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 7 of 15

ANALYTICAL RESULTS

Workorder: 26657 PAVILLION / 10430452

5/9/2018 12:00

PGDW23-05082018 MSD

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266570003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 11:05

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 1100 ug/l 0.50 1 5/16/2018 09:28 TD n0.016
Ethane 79 ug/l 0.10 1 5/16/2018 09:28 TD n0.0030
Ethene 76 ug/l 0.10 1 5/16/2018 09:28 TD n0.0040
Propane 60 ug/l 0.10 1 5/16/2018 09:28 TD n0.0050
Propene 54 ug/l 0.10 1 5/16/2018 09:28 TD n0.012
Carbon Dioxide 130 mg/l 5.0 1 5/16/2018 09:28 TD D3,n0.32
iso-Butane 79 ug/l 0.20 1 5/16/2018 09:28 TD n0.019
n-Butane 79 ug/l 0.20 1 5/16/2018 09:28 TD n0.012
Oxygen 12 mg/l 0.50 1 5/16/2018 09:28 TD D3,n0.12
Nitrogen 140 mg/l 2.0 1 5/16/2018 09:28 TD D3,n0.34
Acetylene 34 ug/l 0.50 1 5/16/2018 09:28 TD n0.022
Carbon Monoxide 2.3 mg/l 1.0 1 5/16/2018 09:28 TD D3,n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 8 of 15

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26657 PAVILLION / 10430452

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The analyte concentration was determined from a dilution.d

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 9 of 15

QUALITY CONTROL DATA

Workorder: 26657 PAVILLION / 10430452

QC Batch:

QC Batch Method:

DISG/6839

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 266570001, 266570002, 266570003

METHOD BLANK: 55290

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55291

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 D3,n
Oxygen 0.12Umg/l 0.12 D3,n
Nitrogen 0.34Umg/l 0.34 D3,n
Carbon Monoxide 0.087Umg/l 0.087 D3,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55292 55294

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 820 106 80-120 n810 105 0.89 20
Ethane ug/l 76 80 106 80-120 n81 107 0.67 20
Ethene ug/l 71 76 108 80-120 n77 109 1 20
Propane ug/l 56 61 109 80-120 n61 109 0.041 20
Propene ug/l 53 53 99 80-120 n53 100 0.51 20
iso-Butane ug/l 73 79 108 80-120 n79 108 0.053 20
n-Butane ug/l 73 80 110 80-120 n80 110 0.15 20
Acetylene ug/l 33 33 101 80-120 n33 100 0.38 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 10 of 15

QUALITY CONTROL DATA

Workorder: 26657 PAVILLION / 10430452

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55293 55295

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 109 80-120 D3,n130 109 0.12 20
Oxygen mg/l 11 11 96 80-120 n,D310 89 7.1 20
Nitrogen mg/l 140 130 92 80-120 n,D3130 91 1 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n,D32.3 115 1.9 20

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

55308 55309

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

266570001Original:

RISK
Carbon Dioxide mg/l 120 130 109 70-130 D3,n130 111 1.6 200
Oxygen mg/l 11 12 80 70-130 D3,n12 78 2.4 203.3
Nitrogen mg/l 140 140 88 70-130 D3,n140 90 2.3 2020
Carbon Monoxide mg/l 2 2.1 107 70-130 D3,n2.3 113 5.9 200

MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

Parameter Units Conc.
Spike

Result
MS

55310 55311

MSD
Result % Rec

MS MSD
% Rec

% Rec
Limit RPD RPD

Max
QualifiersResult

Original

266570001Original:

RISK
Methane ug/l 770 1100 115 70-130 n1100 118 1.6 20180
Ethane ug/l 76 79 104 70-130 n79 105 0.79 200.056
Ethene ug/l 71 75 107 70-130 n76 107 0.71 200.0041
Propane ug/l 56 60 108 70-130 n60 109 0.88 200.0081
Propene ug/l 53 53 100 70-130 n54 101 0.96 200
iso-Butane ug/l 73 78 106 70-130 n79 107 0.91 200.67
n-Butane ug/l 73 77 106 70-130 n79 108 2.2 200
Acetylene ug/l 33 36 111 70-130 n34 105 5.6 200

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 39 of 51
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CERTIFICATE OF ANALYSIS
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Report ID: 26657 - 1073175 Page 11 of 15

QUALITY CONTROL DATA

Workorder: 26657 PAVILLION / 10430452

QC Batch:

QC Batch Method:

VAP/2046

AM10

Analysis Method: AM10

Associated Lab Samples: 266570001

METHOD BLANK: 55296

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55297 55298

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 101 n50 100 0.52
Pentane ug/l 50 46 93 70-130 n46 93 0.67 30
Hexane Plus ug/l 50 52 105 70-130 n52 104 0.79 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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CERTIFICATE OF ANALYSIS
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Report ID: 26657 - 1073175 Page 12 of 15

QUALITY CONTROL DATA

Workorder: 26657 PAVILLION / 10430452

QC Batch:

QC Batch Method:

DISG/6841

AM30

Analysis Method: AM30

Associated Lab Samples: 266570001

METHOD BLANK: 55305

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55306 55307

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n21000 97 1.8 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 26657 - 1073175 Page 13 of 15

QUALITY CONTROL DATA

Workorder: 26657 PAVILLION / 10430452

QC Batch:

QC Batch Method:

DISG/6844

AM30

Analysis Method: AM30

Associated Lab Samples: 266570001

METHOD BLANK: 55343

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55344 55345

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Helium ug/l 1100 1200 104 80-120 n1200 106 2.3 20
Hydrogen ug/l 590 570 97 80-120 n570 97 0.18 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Report ID: 26657 - 1073175 Page 14 of 15

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26657 PAVILLION / 10430452

QUALITY CONTROL PARAMETER QUALIFIERS

The matrix spike duplicate relative percent difference (RPD) exceeded laboratory control limits.D3

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26657 - 1073175 Page 15 of 15

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26657 PAVILLION / 10430452

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266570001 PGDW23-05082018 DISG/6839AM20GAX

266570002 PGDW23-05082018 MS DISG/6839AM20GAX

266570003 PGDW23-05082018 MSD DISG/6839AM20GAX

266570001 PGDW23-05082018 VAP/2046AM10

266570001 PGDW23-05082018 DISG/6841AM30

266570001 PGDW23-05082018 DISG/6844AM30

266570001 PGDW23-05082018 CSIA/1797AM24

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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July 11, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430608

10430608
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 09, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 3, 2018 to include a second subcontracted report for the next
generation sequencing.

This report was further revised on July 11, 2018 as the second report did not sync properly on July 3,
2018.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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July 11, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10430608

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 30



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

10430608
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10430608001 PGDW23-05182019 Water 05/08/18 11:05 05/09/18 12:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Chain of Custody

Workorder:

LAB USE ONLY

Preserved Containers

Requested Analysis

Item Lab ID

Collect

Date/Time Matrix

10430608

Amanda Albrecht
Pace Analytical Minnesota
1700 Elm Street
Suite 200
Minneapolis, MN  55414
Phone (612)607-6382
Email: amanda.albrecht@pacelabs.com

Report / Invoice To Subcontract To

1209662 Pavillion WY Well FldWorkorder Name:

Sample ID

Results Requested By: 6/21/2018

P.O.___________________

State of Sample Origin: WY

1 104306080015/8/2018 11:05 Water XPGDW23-05182019

2

3

4

5
Comments

Transfers

1

2

3

Date/Time Received By Date/TimeReleased By

 Cooler Temperature on Receipt  ______°C  Custody Seal    Y   or    N  Received on Ice    Y   or    N  Samples Intact   Y   or    N

Thursday, May 10, 2018 11:23:27 AM FMT-ALL-C-002rev.00 24March2009 Page  1 of  1Page 5 of 30

paceuser
Typewritten Text
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Pace Energy
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 11, 2018

RE:
Pace  Workorder:

PAVILLION / 10430608

Dear Amanda Albrecht:

26656

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, May 09, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/11/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 6 of 30
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 7 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26656 PAVILLION / 10430608

Lab ID Sample ID Matrix Date Collected Date Received

266560001 PGDW23-05082018 Water 5/8/2018 11:05 5/9/2018 12:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 8 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26656 PAVILLION / 10430608

5/9/2018 12:00

PGDW23-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266560001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 11:05

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 6/7/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 6/7/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26656 PAVILLION / 10430608

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 10 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26656 - 1061802 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26656 PAVILLION / 10430608

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266560001 PGDW23-05082018 SCUP/1026D18O
Subcontracted to Isotech

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 28, 2018

RE:
Pace  Workorder:

PAVILLION / 10430608

Dear Amanda Albrecht:

27255

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, June 27, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/28/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 16 of 30
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 17 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 3 of 6

SAMPLE SUMMARY

Workorder: 27255 PAVILLION / 10430608

Lab ID Sample ID Matrix Date Collected Date Received

272550001 PGDW23-05082018 Water 5/8/2018 11:05 6/27/2018 09:48

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 18 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 27255 PAVILLION / 10430608

6/27/2018 09:48

PGDW23-05082018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

272550001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/8/2018 11:05

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/27/2018 00:00 MLI n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 19 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 27255 PAVILLION / 10430608

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 20 of 30



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27255 - 1068226 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 27255 PAVILLION / 10430608

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

272550001 PGDW23-05082018 MOLE/120416S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 21 of 30



 

16S Amplicon Sequencing Report 

Project: Z8E54-1         6/27/18 

Sample ID: PGDW23 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Serratia spp. which a facultative aerobe 

(makes ATP by aerobic respiration if oxygen is present but is capable of switching to fermentation or 

anaerobic respiration if oxygen is absent). The organisms occur in the natural environment (soil, water, 

plant surfaces).  Thiobacillus spp. was the next most abundant phylotype.  The genus is known as sulfur 

oxidizers.  Please see the supplemental genus descriptions for more information on other identified 

genera. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   

Page 22 of 30



 

 

Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

 

Sample ID PGDW23

Negative 43.8

Positive 4.4

Variable 0.0

Not Described 51.7

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW23

Aerobic (General) 39.5

Anaerobic (General) 15.9
Not Described 44.5

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW23

Genus (closest match) % of Profile Metabolism Gram

serratia 12.61 Aerobic Negative

thiobacillus 9.12 Aerobic SOX Negative

thermococcus 8.07 Anaerobic --

methylocystis 3.75 Aerobic MOB Negative

methanomassiliicoccus 3.45 Anaerobic Methanogenic Positive

pseudomonas 3.13 Aerobic Negative

nitrospira 2.69 Aerobic NOB Negative

rhodothermus 1.99 Aerobic Negative

dechloromonas 1.74 Aerobic and NRB Negative

erythrobacter 1.48 Aerobic Negative

georgfuchsia 1.37 Anaerobic NRB, MRB Negative

methylobacillus 1.16 Aerobic Negative

opitutus 1.14 Anaerobic Negative

phenylobacterium 1.00 Aerobic Negative

dethiobacter 0.98 Anaerobic Positive

desulfomonile 0.92 Anaerobic SRB Negative

sphingobium 0.88 Aerobic Negative

hydrogenophaga 0.87 Variable Negative

Page 24 of 30



Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not genera are described. 

▪ Brevundimonas:  Most likely aerobic.  Members have been isolated from slime deposits on 

machines in paper mills. Proteobacteria / Alphaproteobacteria / Caulobacterales / 

Caulobacteraceae / Brevundimonas. Gram-negative, rod-shaped, subvibrioid or vibrioid cells, 

0.4–0.5 × 1–2 µm. Cells of some species can form prosthecae (stalks). These species are 

characterized by an asymmetric cell division whereby fission results in a prosthecate (nonmotile) 

and a flagellated (motile) cell. Motility by means of single polar flagella. Nonsporeforming. A 

yellow or orange carotenoid pigment may be formed. The mol% G + C of the DNA is: 62–68. 

(Vancanneyt et al. 2015). 

▪ Candidatus magnetobacterium: Magnetotactic bacteria (MTB) of the genus 'Candidatus 

Magnetobacterium' in phylum Nitrospirae are of great interest because of the formation of 

hundreds of bullet-shaped magnetite magnetosomes in multiple bundles of chains per cell (Lin 

et al 2014). These bacteria are worldwide distributed in aquatic environments and have 

important roles in the biogeochemical cycles of iron and sulfur. 

▪ Dechloromonas: The genus is represented by nitrate reducers that can degrade perchlorate and 

monoaromatic hydrocarbons.  Some members contain broad substrate hydroxylases that are 

thought to support the degradation of vinyl chlorides and TCE (Santos, 2011). 

▪ Desulfobacterium: Proteobacteria / Deltaproteobacteria / Desulfobacterales / 

Desulfobacteraceae / Desulfobacterium.  Oval to rod-shaped, or spherical cells, 0.9–2 × 1.5–3 

μm. Occur singly or in pairs; sometimes also in loose chains. Spore formation is not observed. 

Gram negative. Some species are motile, but motility may be lost during cultivation. Strict 

anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or 

chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and 

H2 + CO2 as electron donors and as carbon sources; these compounds are completely oxidized 

to CO2. One species can use nicotinate as sole electron donor and carbon source. Growth on 

acetate and propionate is usually very slow. Sulfate and other oxidized sulfur compounds serve 

as terminal electron acceptors and are reduced to H2S. Sulfur and nitrate are not used as 

terminal electron acceptors. Some species may grow slowly in the absence of an external 

electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth 

temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for 

growth. Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. 

Cells contain cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is 

commonly observed, indicating the operation of the anaerobic C1 pathway (carbon monoxide 

dehydrogenase pathway, Wood pathway) for complete oxidation of acetyl-CoA, or for CO2 

fixation during autotrophic growth. Desulfobacterium species are widespread in brackish or 
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marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA 

is: 45–48 (Kuever et al. 2015). 

▪ Desulfosporosinus:  Firmicutes / “Clostridia” / Clostridiales / Peptococcaceae / 

Desulfosporosinus. Gram-negative rods that have a multilayered cell-wall structure. Endospores 

present, oval and subterminal to (almost) terminal, causing the cells to swell slightly. Motile with 

lateral or peritrichous flagella or nonmotile. Strictly anaerobic. If determined, desulfoviridin and 

cytochrome c3 absent and bisulfite reductase P582 present. Sulfate and thiosulfate are reduced 

to sulfide in the presence of lactate but not in the presence of acetate or fructose. Incomplete 

oxidation of organic compounds to acetate. Acetate is the fermentation end product. 

Autotrophic growth with hydrogen plus sulfate. ll-Diaminopimelic acid is the diagnostic diamino 

acid of peptidoglycan. Contains menaquinone with a side chain with seven isoprene units (MK-7 

type) as major component. Predominant fatty acids are even-numbered, saturated and 

unsaturated fatty acids; significant amounts of aldehydes, detected as 1,1-dimethylacetals. 

Phylogenetically, a member of the Clostridium/Bacillus subphylum of Gram-positive bacteria. 

DNA G+C content (mol%): 41.6–45.9 (Tm). (Hippe and Stackebrandt, 2015). [Hippe, H. and 

Stackebrandt, E. 2015. Desulfosporosinus. Bergey's Manual of Systematics of Archaea and 

Bacteria. 1–10.] 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 

sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 

H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 
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sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Georgfuchsia: Straight or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. 

Strictly respiratory type of metabolism. Chemo-organoheterotrophic. Capability to degrade 

aromatic compounds. The type species of the genus is G. toluolica strain G5G6( Weelink et al 

2009). 

▪ Hydrogenophaga:  Members of this genus are described as hydrogen oxidizers.  At least two of 

the described species are capable of nitrate reduction (Willems et al 1989).   Also identified as 

members of a microbial community that metabolize biphenyl and appeared to dominate 

biphenyl catabolism (Uhlik, 2009). 

▪ Hyphomicrobium: Gram-negative, non-spore-forming, rod-shaped bacteria.  Some members 

can degrade dichloromethane and chloromethane under denitrifying conditions and others are 

methylotrophic.  Hyphomicrobia utilize C1 compounds, such as methanol,methylamine, 

formate, etc., for growth (Holm et al 1996).  Proteobacteria / Alphaproteobacteria / Rhizobiales 

/ Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3 µm; rod-shaped with pointed ends, 

or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous outgrowths (hyphae or 

prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but hyphal 

cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; 

secondary branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous 

aniline dyes. Gram negative and non-acid-fast. Do not form spores. The mol% G + C of the DNA 

is: 59–65 (Tm). (Gliesche et al. 2015).  

▪ Mesorhizobium: Genus of Gram-negative soil bacteria. At least one, the nitrogen fixing species, 

Mesorhizobium loti, forms symbiotic root nodules with plants in the genus Lotus. 

▪ Nitrospira: Nitrite oxidizing bacteria.  Nitrospira-like bacteria are the main nitrite oxidizers in 

wastewater treatment plants. Members can convert urea, an important ammonia source in 

nature, to ammonia.  Some members can perform complete nitrification. 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 

degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 

▪ Sphingomonas: Gram-negative, rod-shaped, chemoheterotrophic, strictly aerobic bacteria. They 

possess ubiquinone 10 as their major respiratory quinone, contain glycosphingolipids (GSLs) 

instead of lipopolysaccharide (LPS) in their cell envelopes.  Can degrade hydrocarbons.  Aerobic, 

some isolates utilize diphenyl ether and its 4-fluoro, 4-chloro, and (to a lesser extent) 4-bromo 

derivatives as a sole source of carbon and energy. Other isomeric monohalogenated derivatives 

are co-metabolized (White et al 1996). 
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▪ Syntrophus:  Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / 

Syntrophus. Cells are rod shaped with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in 

pairs. Gram negative. Endospores not formed. The type species is motile by means of 

monotrichous polar flagella in the early stage of growth, other species show no motility. Strictly 

anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is 

fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and 

cinnamate are only fermented by some species. Some substrates, such as benzoate or fatty 

acids, are oxidized in the presence of H2/formate-utilizing methanogenic or sulfate-reducing 

partner bacteria. Some species can grow on some substrates in the presence of crotonate as 

electron acceptor. Substrate oxidation is incomplete and leads to acetate. Sulfate, sulfite, 

thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain cytochromes and 

menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or 

sludge from anaerobic wastewater treatment facilities.  The mol% G + C of the DNA is: 43–53..  

Known as part of a consortia that can degrade aliphatic hydrocarbons. [Kuever, J. and Schink, B. 

2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.] 

▪ Thiobacillus: Gram negative, sulfur oxidizing bacteria.   
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Ruth Wilson

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: Pavillion

Z8E0054

05/09/2018

06/27/2018

Analytical Testing Parameters

Z8E0054-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8E0054-01[TOC]

05/08/2018  11:05

PGDW23-05082018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/27/18  1305See Attached 

Report

05/09/18  1027Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  1706<50 05/17/18  1148Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Sample subcontracted to Mr. DNA for NGS analysis

Report Comments

06/27/2018 13:08

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428448

10428448
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 24, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428448001 PGDW30-04232018 Water 04/23/18 15:10 04/24/18 10:00

10428448002 Trip Blank - 04232018 Water 04/23/18 15:30 04/24/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428448001 PGDW30-04232018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3, KEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428448001 PGDW30-04232018

Calcium 4360 ug/L 05/01/18 10:19500EPA 6010D
Iron 23.7J ug/L 05/01/18 10:1950.0EPA 6010D
Magnesium 98.6J ug/L 05/01/18 10:19 B500EPA 6010D
Manganese 1.4J ug/L 05/01/18 14:355.0EPA 6010D
Potassium 278J ug/L 05/01/18 10:192500EPA 6010D
Sodium 213000 ug/L 05/01/18 10:582000EPA 6010D
Strontium 75.3 ug/L 05/01/18 14:130.50EPA 6020B
Alkalinity, Total as CaCO3 93.3 mg/L 05/04/18 10:565.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 39.3 mg/L 05/04/18 10:565.0SM 2320B
Alkalinity,Carbonate (CaCO3) 54.0 mg/L 05/04/18 10:565.0SM 2320B
Total Dissolved Solids 597 mg/L 04/30/18 09:5433.3SM 2540C
Bromide 0.13 mg/L 04/25/18 09:040.080EPA 300.0
Chloride 15.7 mg/L 04/25/18 09:041.2EPA 300.0
Fluoride 1.0 mg/L 05/03/18 18:020.050EPA 300.0
Sulfate 331 mg/L 04/25/18 12:416.0EPA 300.0
Total Organic Carbon 0.61J mg/L 04/30/18 16:590.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534208
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428289001,10429393001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2902481)

• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2902482)
• Chloride
• Nitrite as N
• Sulfate

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2902479)

• Sulfate
• MSD  (Lab ID: 2902480)

• Sulfate

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2902480)

• Sulfate
• MSD  (Lab ID: 2902482)

• Nitrite as N

QC Batch: 535414
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428106013,10428536005

M3: Matrix spike recovery was outside laboratory control limits due to matrix interferences.
• MSD  (Lab ID: 2909831)

• Fluoride

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

Additional Comments:

Analyte Comments:

QC Batch: 534208

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• MSD  (Lab ID: 2902480)

• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 287194
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428449001,40167933006

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1680001)

• Total Organic Carbon
• MS  (Lab ID: 1681609)

• Total Organic Carbon
• MSD  (Lab ID: 1680002)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Sample: PGDW30-04232018 Lab ID: 10428448001 Collected: 04/23/18 15:10 Received: 04/24/18 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 4360 ug/L 05/01/18 10:19 7440-70-204/30/18 11:27500 24.7 1
Iron 23.7J ug/L 05/01/18 10:19 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 98.6J ug/L 05/01/18 10:19 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 1.4J ug/L 05/01/18 14:35 7439-96-504/30/18 11:275.0 0.38 1
Potassium 278J ug/L 05/01/18 10:19 7440-09-704/30/18 11:272500 126 1
Sodium 213000 ug/L 05/01/18 10:58 7440-23-504/30/18 11:272000 89.2 2

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 75.3 ug/L 05/01/18 14:13 7440-24-604/30/18 11:270.50 0.075 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/04/18 10:565.0 1.0 1
Alkalinity, Total as CaCO3 93.3 mg/L 05/04/18 10:565.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 39.3 mg/L 05/04/18 10:565.0 1.0 1
Alkalinity,Carbonate (CaCO3) 54.0 mg/L 05/04/18 10:565.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 597 mg/L 04/30/18 09:5433.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.13 mg/L 04/25/18 09:04 24959-67-90.080 0.0070 1
Chloride 15.7 mg/L 04/25/18 09:04 16887-00-61.2 0.14 1
Fluoride 1.0 mg/L 05/03/18 18:02 16984-48-80.050 0.015 1
Nitrate as N ND mg/L 04/25/18 09:04 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/25/18 09:04 14797-65-00.10 0.016 1
Sulfate 331 mg/L 04/25/18 12:41 14808-79-86.0 1.4 5

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.61J mg/L 04/30/18 16:59 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536081
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2913480
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/04/18 10:021.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/04/18 10:021.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/04/18 10:021.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/04/18 10:021.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2913481LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2913482

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.6 1 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913483MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429164005

2913484

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 102 80-120105 0 3040368 408 410

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2913485MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428971004

2913486

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 90 80-12086 1 3040183 219 217

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535016
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906994
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 04/30/18 09:545.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906995LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2906996

Total Dissolved Solids mg/L 9841000 98 80-12097972 1 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428462001
2906997SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 170 2 10173

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534208
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2902477
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/25/18 13:440.0070
Chloride mg/L 0.34J 1.2 04/25/18 13:440.14
Nitrate as N mg/L ND 0.10 04/25/18 13:440.0079
Nitrite as N mg/L ND 0.10 04/25/18 13:440.016
Sulfate mg/L 0.65J 1.2 04/25/18 13:440.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2902478LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.971 97 90-110
Chloride mg/L 11.812.5 95 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.971 97 90-110
Sulfate mg/L 12.412.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902479MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428289001

2902480

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 97 90-11097 0 201ND 0.97 0.97
Chloride mg/L 12.5 92 90-11092 0 2012.51.5 13.0 12.9
Nitrate as N mg/L 1 95 90-11095 0 201ND 0.95 0.95
Nitrite as N mg/L 1 94 90-11094 1 201ND 0.94 0.94
Sulfate mg/L E,M6,

R1
12.5 1420 90-11010900 52 2012.51520 1700 2880

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902481MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429393001

2902482

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11096 1 201ND 0.98 0.96
Chloride mg/L M112.5 61 90-11039 7 2012.536.1 43.7 40.9
Nitrate as N mg/L 1 92 90-11090 1 201ND 0.97 0.96
Nitrite as N mg/L M1,R11 39 90-11088 77 201ND 0.39 0.88
Sulfate mg/L M112.5 84 90-11071 6 2012.518.2 28.7 27.1

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535414
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2909828
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Fluoride mg/L ND 0.050 FS05/02/18 11:480.015

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2909829LABORATORY CONTROL SAMPLE:
LCSSpike

Fluoride mg/L 0.92 FS1 92 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909830MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106013

2909831

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L M31 90 90-11088 1 2010.62 1.5 1.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909832MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428536005

2909833

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L 1 98 90-11099 1 201ND 1.0 1.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287194
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428448001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1679999
Associated Lab Samples: 10428448001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 04/30/18 14:530.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1680000LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.62.5 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1680001MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428449001

1680002

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M01 127 80-120138 6 1010.56J 1.8 1.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1681609MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167933006

1681610

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M03 125 80-120119 2 1034.4 8.1 7.9
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QUALIFIERS

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
The sample was filtered in the laboratory prior to analysis.FS
Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to matrix interferences.M3
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

RPD value was outside control limits.R1
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428448
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428448001 534657 535171PGDW30-04232018 EPA 3010 EPA 6010D

10428448001 534644 535176PGDW30-04232018 EPA 3020 EPA 6020B

10428448001 536081PGDW30-04232018 SM 2320B

10428448001 535016PGDW30-04232018 SM 2540C

10428448001 534208PGDW30-04232018 EPA 300.0

10428448001 535414PGDW30-04232018 EPA 300.0

10428448001 287194PGDW30-04232018 SM 5310C
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428448

Dear Amanda Albrecht:

26527

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, April 24, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 28 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 3 of 14

SAMPLE SUMMARY

Workorder: 26527 PAVILLION / 10428448

Lab ID Sample ID Matrix Date Collected Date Received

265270001 PGDW30-04232018 Water 4/23/2018 15:10 4/24/2018 10:45

265270002 TRIP BLANK-04232018 Water 4/23/2018 15:30 4/24/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 4 of 14

PROJECT SUMMARY

Workorder: 26527 PAVILLION / 10428448

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6810 - Gas Composition AM30 Water QC

The percent recovery for the closing calibration verification analysis was above laboratory control limits.  Analytes Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 26527 PAVILLION / 10428448

4/24/2018 10:45

PGDW30-04232018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265270001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/23/2018 15:10

Compound Specific Isotopic - PAES

Analysis Desc: AM24 Analytical Method: AM24

Carbon 13 Isotope Complete 1 5/17/2018 00:00 JT n

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 770 ug/l 0.50 1 4/28/2018 07:20 TD n0.016
Ethane 0.36 ug/l 0.10 1 4/28/2018 07:20 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 4/28/2018 07:20 TD n0.0040
Propane 0.0050U ug/l 0.10 1 4/28/2018 07:20 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 07:20 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 07:20 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 07:20 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 07:20 TD n0.012
Oxygen 3.8 mg/l 0.50 1 4/28/2018 07:20 TD n0.12
Nitrogen 20 mg/l 2.0 1 4/28/2018 07:20 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 07:20 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 07:20 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/15/2018 12:10 AK d,n1900
Helium 30 U ug/l 30 1 5/2/2018 11:48 AK n30
Hydrogen 15 U ug/l 15 1 5/2/2018 11:48 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 14:29 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 14:29 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 14:29 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 26527 PAVILLION / 10428448

4/24/2018 10:45

TRIP BLANK-04232018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265270002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/23/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.067J ug/l 0.50 1 4/28/2018 05:50 TD n0.016
Ethane 0.0042J ug/l 0.10 1 4/28/2018 05:50 TD n0.0030
Ethene 0.0095J ug/l 0.10 1 4/28/2018 05:50 TD n0.0040
Propane 0.0058J ug/l 0.10 1 4/28/2018 05:50 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 05:50 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 05:50 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 05:50 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 05:50 TD n0.012
Oxygen 9.0 mg/l 0.50 1 4/28/2018 05:50 TD n0.12
Nitrogen 16 mg/l 2.0 1 4/28/2018 05:50 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 05:50 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 05:50 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 7 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26527 PAVILLION / 10428448

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 8 of 14

QUALITY CONTROL DATA

Workorder: 26527 PAVILLION / 10428448

QC Batch:

QC Batch Method:

DISG/6801

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265270001, 265270002

METHOD BLANK: 54988

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 54989

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54990 54992

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 810 105 80-120 n810 105 0.036 20
Ethane ug/l 76 77 102 80-120 n77 102 0.11 20
Ethene ug/l 71 74 105 80-120 n74 105 0.055 20
Propane ug/l 56 58 104 80-120 n58 104 0.32 20
Propene ug/l 53 51 96 80-120 n51 96 0.04 20
iso-Butane ug/l 73 75 102 80-120 n75 102 0.24 20
n-Butane ug/l 73 74 101 80-120 n74 100 0.47 20
Acetylene ug/l 33 33 100 80-120 n33 101 0.87 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 26527 PAVILLION / 10428448

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54991 54993

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 115 80-120 n140 116 0.97 20
Oxygen mg/l 11 11 93 80-120 n11 94 0.82 20
Nitrogen mg/l 140 120 90 80-120 n120 90 0.25 20
Carbon Monoxide mg/l 2 2.4 119 80-120 n2.3 117 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 10 of 14

QUALITY CONTROL DATA

Workorder: 26527 PAVILLION / 10428448

QC Batch:

QC Batch Method:

DISG/6810

AM30

Analysis Method: AM30

Associated Lab Samples: 265270001

METHOD BLANK: 55053

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

55054

RISK
Helium 570ug/l 610 n107 80-120
Hydrogen 290ug/l 320 M1,n108 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 37 of 51



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 11 of 14

QUALITY CONTROL DATA

Workorder: 26527 PAVILLION / 10428448

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 265270001

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 12 of 14

QUALITY CONTROL DATA

Workorder: 26527 PAVILLION / 10428448

QC Batch:

QC Batch Method:

DISG/6837

AM30

Analysis Method: AM30

Associated Lab Samples: 265270001

METHOD BLANK: 55282

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55283 55284

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n18000 86 15 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 13 of 14

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26527 PAVILLION / 10428448

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26527 - 1073104 Page 14 of 14

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26527 PAVILLION / 10428448

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265270001 PGDW30-04232018 DISG/6801AM20GAX

265270002 TRIP BLANK-04232018 DISG/6801AM20GAX

265270001 PGDW30-04232018 DISG/6810AM30

265270001 PGDW30-04232018 VAP/2041AM10

265270001 PGDW30-04232018 DISG/6837AM30

265270001 PGDW30-04232018 CSIA/1793AM24

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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#=CL#

June 26, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428602

10428602
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 24, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 29



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

10428602
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428602001 PGDW30-04232018 Water 04/23/18 15:10 04/24/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 29



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 26, 2018

RE:
Pace  Workorder:

1209662 PAVILLION / 10428602

Dear Amanda Albrecht:

26526

Enclosed are the analytical results for sample(s) received by the laboratory on Tuesday, April 24, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/26/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____
As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 29
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26526 1209662 PAVILLION / 10428602

Lab ID Sample ID Matrix Date Collected Date Received

265260001 PGDW30-04232018 Water 4/23/2018 15:10 4/24/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26526 1209662 PAVILLION / 10428602

4/24/2018 10:45

PGDW30-04232018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265260001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/23/2018 15:10

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 5/22/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 5/22/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26526 1209662 PAVILLION / 10428602

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26526 - 1067219 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26526 1209662 PAVILLION / 10428602

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265260001 PGDW30-04232018 SCUP/1025D18O
Subcontracted to Isotech

265260001 PGDW30-04232018 MOLE/120116S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Ruth Wilson

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: DHC Sampling

Z8D0150

04/25/2018

06/26/2018

Analytical Testing Parameters

Z8D0150-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0150-01[TOC]

04/23/2018  11:15

LD02-042318

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  0901See Attached 

Report

04/25/18  1026Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/09/18  1034<50 04/25/18  1027Estimated Bacterial Biomass RWB

Z8D0150-02

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0150-02[TOC]

04/23/2018  15:10

PGDW30-04232018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  0901See Attached 

Report

04/25/18  1026Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/09/18  1034<50 04/25/18  1027Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Samples subcontracted to Mr. DNA for NGS analysis

Report Comments

06/26/2018 09:05

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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16S Amplicon Sequencing Report 

Project: Z8D150-2         6/25/18 

Sample ID: PGDW30 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Pseudomonas spp. which are ubiquitous 

Gram-negative aerobic bacteria. Other abundant phylotypes included Georgfuchsia spp. (Gram-negative 

aerobes) and Thiobacillus spp. (sulfur oxidizing bacteria). Please see the supplemental genus 

descriptions for more information. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   

Page 20 of 29



 

 

Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

Sample ID PGDW30

Negative 56.7

Positive 11.9

Variable 0.0

Not Described 31.4

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW30

Aerobic (General) 48.4

Anaerobic (General) 22.6

Not Described 29.0

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Not Described

Page 21 of 29



Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

 

Exhibit 3.  PGDW30

Genus (closest match) % of Profile Metabolism Gram

pseudomonas 22.59 Aerobic Negative

georgfuchsia 7.50 Anaerobic, NRB/MRB Negative

thiobacillus 5.26 Aerobic, SOX Negative

methylocystis 5.17 Aerobic, MOB Negative

corynebacterium 4.26 Aerobic Positive

ethanoligenens 2.88 Anaerobic, Fermentive Positive

desulfobulbus 2.75 Anaerobic, MRB/SRB Negative

halospirulina 2.41 Aerobic --

sterolibacterium 2.31 Aerobic, NRB Negative

dechloromonas 2.28 Anaerobic, NRB Negative

geobacter 1.70 Anaerobic, MRB Negative

leifsonia 1.59 Aerobic Positive

nitrospira 1.52 Aerobic, NOB Negative

erythrobacter 1.49 Aerobic Negative

desulfovibrio 1.48 Anaerobic, SRB Positive

desulfobacterium 1.19 Anaerobic, SRB Negative

syntrophus 1.12 Anaerobic Negative

desulfocapsa 0.96 Aerobic, SOX Negative

enterococcus 0.85 Anaerobic, Fermenter Positive

sphingomonas 0.84 Aerobic Negative

streptococcus 0.83 Facultative Anaerobic Positive
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not all listed genus level IDs may be included.   

▪ Acidithiobacillus: Proteobacteria / Gammaproteobacteria / Acidithiobacillales / 

Acidithiobacillaceae / Acidithiobacillus. Obligately acidophilic, aerobic, Gram-negative rods, 0.4 × 

2.0 µm, motile by one or more flagella. Optimum growth below pH 4.0, using reduced sulfur 

compounds to support autotrophic growth. Some species oxidize ferrous iron or use natural and 

synthetic metal sulfides for energy generation; some species oxidize hydrogen. Optimum 

temperature 30–35°C for mesophilic species and 45°C for moderately thermophilic species. 

Contain ubiquinone Q-8. Member of the Gammaproteobacteria. The mol% G + C of the DNA is: 

52–64 (Kelly and Wood, 2015). 

▪ Bdellovibrio:  Proteobacteria / Deltaproteobacteria / Bdellovibrionales / Bdellovibrionaceae / 

Bdellovibrio. Vibrios, 0.20–0.4 × 0.5–1.4 μm. Motile by a single, polar, sheathed flagellum. Gram 

negative. Prey upon Gram-negative bacteria. Have a predatory lifestyle characterized by two 

distinct phases, a free-living attack phase and an intraperiplasmic growth phase (Figure 1). Prey-

independent mutants that have lost their requirement for prey cells occur spontaneously and 

can be isolated in the laboratory. Some of these prey-independent mutants retain the ability to 

grow predaciously and are considered to be facultative with respect to their requirement for 

prey cells. Aerobic, having a strictly respiratory type of metabolism with oxygen as the terminal 

electron acceptor. Contain cytochromes a, c, and b. Mesophilic. Oxidase positive. Catalase 

variable. Occur in fresh and salt water, soil, and sewage. The mol% G + C of the DNA is: 49.5–51 

(Torrella et al., 1978). Type species: Bdellovibrio bacteriovorus Stolp and Starr 1963, 243. 

Williams, H. N., Baer, M. L. and Tudor, J. J. 2015. Bdellovibrio. Bergey's Manual of Systematics of 

Archaea and Bacteria. 1–22.  

▪ Corynebacterium: This genus can produce moderate amounts of acid from various 

carbohydrates and has been implicated in oil and gas industry MIC.  Actinobacteria / 

Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly 

curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms 

may be observed; sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, 

Corynebacterium matruchotii) or thinner rods with bulges (see below, Corynebacterium 

sundsvallense) observed. Snapping division produces angular and palisade arrangements of 

cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being 

polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), 

and no species has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are 

catalase positive. All species are oxidase negative except for Corynebacterium bovis, 

Corynebacterium aurimucosum, Corynebacterium doosanense, and Corynebacterium maris 

(below). Many species are facultatively anaerobic and some are aerobic. Chemoorganotrophs. 

Some species are lipophilic. Many species produce acid from glucose and some other sugars in 

Page 23 of 29



peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA 

G+C content (mol%): 46–74. [Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's 

Manual of Systematics of Archaea and Bacteria. 1–70] 

▪ Dechloromonas: The genus is represented by nitrate reducers that can degrade perchlorate and 

monoaromatic hydrocarbons.  Some members contain broad substrate hydroxylases that are 

thought to support the degradation of vinyl chlorides and TCE (Santos, 2011). 

▪ Denitratisoma: (De.ni.tra.ti.so9ma. L. pref. de- away from; N.L. n. nitratis nitrate; N.L. neut. n. 

from Gr. neut. n. soma body; N.L. neut. n. Denitratisoma a body that reduces nitrate). Cells are 

Gram-negative, non-spore-forming, motile, curved rods (0?4–0?860?8–2?0 mm in size) with 

rounded ends, and occur singly or in pairs. In cultures grown on sodium acetate and nitrate, 

more elongated cells with lightrefracting inclusions predominate (length up to 2?0 mm). 

Metabolism is strictly oxidative. Nitrate is reduced to a mixture of N2O and N2; nitrite 

accumulates intermediately. Oxidase-positive and catalase-negative. Anaerobic oxidation of E2 

to CO2 with nitrate as electron acceptor, but no growth with cholesterol or C-19 steroids such as 

testosterone or 4-androstene-3,17-dione. Electron acceptors nitrate, nitrite or (per)chlorate are 

used; sulfate or sulfiteare not reduced. Optimal growth occurs at 28–30uC and pH 7?0–7?2. 

Salinity range for growth is 0–1?0 % NaCl (w/v). Ubiquinone Q-8 is the only quinone. Major fatty 

acids are C16 : 1v7c/iso-C15 : 02-OH and C16 : 0. Minor components are C18 : 1v7c and C8:0 3-

OH (as the only hydroxylated fatty acid). The DNA G+C content of the type species is 61?4 mol%. 

The type species is Denitratisoma oestradiolicum. (Fahrbach et al. 2006). 

▪ Desulfobacterium: Proteobacteria / Deltaproteobacteria / Desulfobacterales / 

Desulfobacteraceae / Desulfobacterium.  Oval to rod-shaped, or spherical cells, 0.9–2 × 1.5–3 

μm. Occur singly or in pairs; sometimes also in loose chains. Spore formation is not observed. 

Gram negative. Some species are motile, but motility may be lost during cultivation. Strict 

anaerobes with a respiratory and a fermentative type of metabolism. Chemoorganotrophs or 

chemoautotrophs, using formate, butyrate, higher fatty acids, other organic acids, alcohols, and 

H2 + CO2 as electron donors and as carbon sources; these compounds are completely oxidized 

to CO2. One species can use nicotinate as sole electron donor and carbon source. Growth on 

acetate and propionate is usually very slow. Sulfate and other oxidized sulfur compounds serve 

as terminal electron acceptors and are reduced to H2S. Sulfur and nitrate are not used as 

terminal electron acceptors. Some species may grow slowly in the absence of an external 

electron acceptor by fermentation of lactate, pyruvate, malate, and fumarate. Optimal growth 

temperature, 26–29°C. Anoxic media (with sulfide as a reductant) and vitamins are required for 

growth. Desulfobacterium species require brackish or marine concentrations of NaCl and MgCl2. 

Cells contain cytochromes of the b- and c-type. Carbon monoxide dehydrogenase activity is 

commonly observed, indicating the operation of the anaerobic C1 pathway (carbon monoxide 

dehydrogenase pathway, Wood pathway) for complete oxidation of acetyl-CoA, or for CO2 

fixation during autotrophic growth. Desulfobacterium species are widespread in brackish or 

marine sediments, but occur less frequently in freshwater habitats. The mol% G + C of the DNA 

is: 45–48 (Kuever et al. 2015). 

▪ Desulfobulbus: Representatives are capable of iron or sulfate reducing bacteria. These types of 

bacteria can form reactive minerals that can degrade chlorinated solvents. 
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▪ Desulfocapsa: Marine bacterium reported to thrive on the disproportionation of elemental 

sulfur, a process with an unresolved enzymatic pathway in which elemental sulfur serves both as 

electron donor and electron acceptor (Finster et al 2013). 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 

sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 

H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 

sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Enterococcus: A large genus of Gram-positive fermentative lactic acid bacteria of the phylum 

Firmicutes.  Used in bioremediation of tannery effluent.   

▪ Geobacter: A well known metal reducing group of microbes (anaerobic). Many members of the 

genus are capable of hydrocarbon degradation and iron reduction. At least one Geobacter 

species (lovleyi) is capable of reductive dechlorination of PCE and TCE to cis-DCE (Sung et al 

2006).  Others have been implicated in supplying Dehalococcoides with nutrients for growth 

(Yan et al. 2012).  
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▪ Georgfuchsia: Straight or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. 

Strictly respiratory type of metabolism. Chemo-organoheterotrophic. Capability to degrade 

aromatic compounds. The type species of the genus is G. toluolica strain G5G6 ( Weelink et al 

2009). 

▪ Gleobacter: Genus of cyanobacteria, Gram-negative. 

▪ Halospirulina: A salt tolerant cyanobacteria (Nubel et al. 2000). 

▪ Holophaga: Homoacetogenic bacterium that can degrade methoxylated aromatic compounds. It 

is gram-negative, obligately anaerobic and rod-shaped. 

▪ Hyphomicrobium: Gram-negative, non-spore-forming, rod-shaped bacteria.  Some members 

can degrade dichloromethane and chloromethane under denitrifying conditions and others are 

methylotrophic.  Hyphomicrobia utilize C1 compounds, such as methanol,methylamine, 

formate, etc., for growth (Holm et al 1996).  Proteobacteria / Alphaproteobacteria / Rhizobiales 

/ Hyphomicrobiaceae / Hyphomicrobium. Cells 0.3–1.2 × 1–3 µm; rod-shaped with pointed ends, 

or oval, egg-, or bean-shaped; produce monopolar or bipolar filamentous outgrowths (hyphae or 

prosthecae) of varying length and 0.2–0.3 µm in diameter. Hyphae are not septate, but hyphal 

cytoplasmic membranes show conspicuous constrictions. Hyphae may be truly branched; 

secondary branches are rare. Cells stain with carbol fuchsin, but stain weakly with aqueous 

aniline dyes. Gram negative and non-acid-fast. Do not form spores. The mol% G + C of the DNA 

is: 59–65 (Tm). (Gliesche et al. 2015).  

▪ Leifsonia:  Actinobacteria / Actinobacteria / Micrococcales / Microbacteriaceae / Leifsonia. 

Young cultures produce slender (mostly 0.3–0.6 μm in diameter) irregular rods or filaments. 

Primary branching and V-forms typically occur. Cultures a week or more old usually contain 

shorter rods, but some cells may be coccoid. No aerial mycelium is produced. Nonsporeforming. 

Some species are motile by means of peritrichous flagella. Gram-stain-positive cell-wall 

architecture. Non-acid-fast. Chemo-organotrophs, metabolism is primarily respiratory with 

oxygen as the terminal electron acceptor. Mostly catalase-positive. Oxidase reaction varies with 

strains or experiments. Acids are produced oxidatively rather weakly from carbohydrates. Most 

species grow well on standard laboratory media at near neutral pH. Some species are 

nutritionally very exacting. Mesophilic, optimum temperature ~24–30°C; growth range ~4–42°C. 

DNA G+C content (mol%): 66–70.7.  [Evtushenko, L. I. 2015. Leifsonia. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–32.] 

▪ Mesorhizobium: Genus of Gram-negative soil bacteria. At least one, the nitrogen fixing species, 

Mesorhizobium loti, forms symbiotic root nodules with plants in the genus Lotus. 

▪ Methylobacter: A group of methylotrophic Gram negative or Gram variable bacteria 

(methylotrophs are a diverse group of microorganisms that can use reduced one-carbon 

compounds, such as methane, as the carbon source for their growth).  Capable of co-metabolic 

degradation of TCE and other compounds (Bowman 1993). 

▪ Methylocystis: Genus contains 114 species.   Me.thyl.o.cys' tis. Fr. methyle the methyl radical; 

cystis bag; M.L. n. Methylocystis methyl bag.  Proteobacteria / Alphaproteobacteria / 

Rhizobiales / Methylocystaceae / Methylocystis. Cells are small, rod-like to reniform in shape, 

0.3–0.5 × 0.5–1.5 µm, usually arranged singly. Reproduce by binary division. Nonmotile. Cells 

contain type II intracytoplasmic membranes, which are arranged as multiple layers along the 
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periphery of the cell wall. May form cylindrical spinae. Cells may contain a desiccation-resistant 

lipoidal cyst resting stage. Form inclusions of poly-β-hydroxybutyrate. Aerobic, possessing a 

strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Obligately 

methanotrophic, utilizing only methane and methanol as sole carbon and energy sources. C2+ 

and other C1 compounds are not utilized. Fixes formaldehyde for cell carbon via the serine 

pathway. Enzymes for the Benson-Calvin cycle pathway are absent and the tricarboxylic acid 

pathway is complete. Fixes atmospheric nitrogen. Mesophilic, neutrophilic, and nonhalophilic 

ecophysiology with optimal growth at about 25–30°C and pH 7.0. Major habitats include rice 

paddy soils, sewage, and freshwater sediments. Primary fatty acids are C18:1 ω8c and C18:1 

ω7c. Primary quinone is ubiquinone-8 (Q-8). Member of the family Methylocystaceae in the 

Alphaproteobacteria. The mol% G + C of the DNA is: 61–67 (Tm) (Bowman 2015). 

Methanatrophic bacteria that contains species with sMMO and can oxidize a wide range of 

aliphatic and aromatic compounds including TCE (McDonald et al. 1997).   

▪ Methyloversatilis: A group of methylotrophic bacteria (methylotrophs are a diverse group of 

microorganisms that can use reduced one-carbon compounds, such as methanol or methane, as 

the carbon source for their growth; and multi-carbon compounds that contain no carbon bonds, 

such as dimethyl ether and dimethylamine).  Capable of cometabolic degradation of TCE and 

other compounds. 

▪ Nitrobacter:  Proteobacteria / Alphaproteobacteria / Rhizobiales / Bradyrhizobiaceae / 

Nitrobacter. Pleomorphic rod- or pear-shaped cells 0.5–0.9 × 1.0–2.0 μm. Cells reproduce by 

budding or binary fission. Intracytoplasmic membranes occur as a polar cap of flattened vesicles 

in the cell periphery. Gram negative. Cells may be motile by means of a single polar to subpolar 

flagellum. Grows lithoautotrophically and chemoorganotrophically. Under oxic conditionsa 

nitrite is the preferred energy source and carbon dioxide is the main source of carbon. Aerobic, 

but also capable of anaerobic respiration with nitrate. Under anoxic conditions nitrate is 

reduced to nitrite, nitric oxide, and nitrous oxide. Occurs in aerobic and microaerophilic habitats 

where organic matter is mineralized. The mol% G + C of the DNA is: 59–62. [Spieck, E. and Bock, 

E. 2015. Nitrobacter. Bergey's Manual of Systematics of Archaea and Bacteria. 1–11.] 

▪ Nitrosospira: Group of Gram negative nitrite oxidizing bacteria (NOB).  Nitrospira can live in 

marine or nonmarine habitats. It has been isolated from ocean water, freshwater, aquarium 

water, deltaic sediment, deep-sea sediments, soils, and an iron pipe of a heating system.  

▪ Nitrosovibrio: An ammonia oxidizing bacterium (Ida et al. 2004).  

▪ Nitrospira: Nitrite oxidizing bacteria.  Nitrospira-like bacteria are the main nitrite oxidizers in 

wastewater treatment plants. Members can convert urea, an important ammonia source in 

nature, to ammonia.  Some members can perform complete nitrification. 

▪ Pelobacter: Consist of strictly anaerobic (fermenting), Gram-negative, nonsporeforming, rod-

shaped bacteria that use only a very limited number of substrates (Schink, 2006). 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 

degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 
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▪ Rhodoferax: Gram-negative rods, ranging in diameter from 0.5 to 0.9 µm with a single polar 

flagellum. The first two species described for the genus, R. fermentans and R. antarcticus, are 

facultative photoheterotrophs that can grow anaerobically when exposed to light and 

aerobically under dark conditions at atmospheric levels of oxygen. R. ferrireducens is a non-

phototrophic facultative anaerobe capable of reducing Fe(III) at temperatures as low as 4°C.  All 

Rhodoferax species possess ubiquinone and rhodoquinone derivatives with eight unit isoprenoid 

side chains.  

▪ Sphingomonas: Gram-negative, rod-shaped, chemoheterotrophic, strictly aerobic bacteria. They 

possess ubiquinone 10 as their major respiratory quinone, contain glycosphingolipids (GSLs) 

instead of lipopolysaccharide (LPS) in their cell envelopes.  Can degrade hydrocarbons.  Aerobic, 

some isolates utilize diphenyl ether and its 4-fluoro, 4-chloro, and (to a lesser extent) 4-bromo 

derivatives as a sole source of carbon and energy. Other isomeric monohalogenated derivatives 

are co-metabolized (White et al 1996). 

▪ Sterolibacterium: Cholesterol-oxidizing, denitrifying member of the β-Proteobacteria. Straight 

or slightly curved, small, rod-shaped, Gram negative cells. Mesophilic. Strictly respiratory type of 

metabolism with oxygen or nitrate as terminal electron acceptor. Nitrate is reduced to 

dinitrogen. Oxidase- and catalase-positive. Chemo-organoheterotrophic. Does not grow on 

complex media. Cholesterol is completely oxidized to CO2; this reaction is coupled to nitrate 

reduction. Q-8 is the sole respiratory lipoquinone. Phosphatidylethanolamine is the 

predominant polar lipid. Major fatty acids are C16 : 0, summed feature 4 (C16 : 1v7c and/or iso 

C15 : 0 2-OH), C18 : 1v7c and C10 : 0 3-OH; minor amounts of C8:0 3-OH and C16 : 0 3-OH are 

present. DNA G+C content is 65?3 mol% (HPLC). The type species of the genus is 

Sterolibacterium denitrificans (Tarlera and Denner 2003). 

▪ Streptococcus: Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus  

Coccus (spherical) gram-positive bacteria belonging to the phylum Firmicutes and the order 

Lactobacillales (lactic acid bacteria). Streptococcus strains are normally spherical or ovoid, less 

than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are 

nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively 

anaerobic, some requiring additional CO2 for growth. Chemo-organotrophic with fermentative 

metabolism. Carbohydrates are fermented to produce mainly lactic acid but no gas. Catalase-

negative. Nutritional requirements are complex and variable. The peptidoglycan is of group A 

(Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position 3 of the peptide 

subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the 

Lancefield serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent 

of almost all streptococcal cell walls and its notable absence among members of the Mitis 

species group which includes Streptococcus pneumoniae, together with the presence of 

significant amounts of ribitol, are valuable chemotaxonomic markers for these taxa. DNA G+C 

content (mol%): 33–46. Type species: Streptococcus pyogenes Rosenbach 1884 (Whiley and 

Hardie, 2015) 

▪ Sulfurisoma: Gram negative, sulfate oxidizing bacteria. Facultative nitrate reducing. 

▪ Sulfuritalea: Facultatively autotrophic bacterium, curved rods, motile and gram-reaction-

negative. Facultatively anaerobic and autotrophic growth was observed only under anaerobic 
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conditions. The isolate oxidized thiosulfate, elemental sulfur and hydrogen as sole energy 

sources for autotrophic growth and could utilize nitrate as an electron acceptor (Kojima et al 

2010). 

▪ Syntrophus:  Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / 

Syntrophus. Cells are rod shaped with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in 

pairs. Gram negative. Endospores not formed. The type species is motile by means of 

monotrichous polar flagella in the early stage of growth, other species show no motility. Strictly 

anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is 

fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and 

cinnamate are only fermented by some species. Some substrates, such as benzoate or fatty 

acids, are oxidized in the presence of H2/formate-utilizing methanogenic or sulfate-reducing 

partner bacteria. Some species can grow on some substrates in the presence of crotonate as 

electron acceptor. Substrate oxidation is incomplete and leads to acetate. Sulfate, sulfite, 

thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain cytochromes and 

menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or 

sludge from anaerobic wastewater treatment facilities.  The mol% G + C of the DNA is: 43–53..  

Known as part of a consortia that can degrade aliphatic hydrocarbons. [Kuever, J. and Schink, B. 

2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.] 

▪ Thiobacillus: Gram negative, sulfur oxidizing bacteria.   
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Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 25, 2018. The
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cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.
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CERTIFICATIONS

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428571001 PGDW32-04242018 Water 04/24/18 13:30 04/25/18 09:45
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428571001 PGDW32-04242018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3, KEO

SM 5310C 1 PASI-GTJJ
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428571001 PGDW32-04242018

Calcium 7470 ug/L 05/01/18 09:57500EPA 6010D
Iron 50.1 ug/L 05/01/18 09:5750.0EPA 6010D
Magnesium 16.5J ug/L 05/01/18 09:57 B500EPA 6010D
Manganese 1.2J ug/L 05/01/18 09:575.0EPA 6010D
Potassium 245J ug/L 05/01/18 09:572500EPA 6010D
Sodium 196000 ug/L 05/01/18 09:571000EPA 6010D
Strontium 100 ug/L 05/01/18 13:520.50EPA 6020B
Alkalinity, Total as CaCO3 26.1 mg/L 05/08/18 10:375.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 26.1 mg/L 05/08/18 10:375.0SM 2320B
Total Dissolved Solids 597 mg/L 04/30/18 11:2833.3SM 2540C
Bromide 0.14 mg/L 04/25/18 13:590.080EPA 300.0
Chloride 21.6 mg/L 04/25/18 13:591.2EPA 300.0
Fluoride 2.7 mg/L 05/03/18 19:540.25EPA 300.0
Sulfate 358 mg/L 04/26/18 08:586.0EPA 300.0
Total Organic Carbon 0.30J mg/L 04/30/18 17:400.84SM 5310C
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536756
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10429922001,10429922002

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2917365)

• Alkalinity, Total as CaCO3
• MS  (Lab ID: 2917367)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2917366)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2917368)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534208
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428289001,10429393001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2902481)

• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2902482)
• Chloride
• Nitrite as N
• Sulfate

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2902479)

• Sulfate
• MSD  (Lab ID: 2902480)

• Sulfate

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2902480)

• Sulfate
• MSD  (Lab ID: 2902482)

• Nitrite as N

QC Batch: 535414
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428106013,10428536005

M3: Matrix spike recovery was outside laboratory control limits due to matrix interferences.
• MSD  (Lab ID: 2909831)

• Fluoride
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

Additional Comments:

Analyte Comments:

QC Batch: 534208

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• MSD  (Lab ID: 2902480)

• Sulfate
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 287194
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428449001,40167933006

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1680001)

• Total Organic Carbon
• MS  (Lab ID: 1681609)

• Total Organic Carbon
• MSD  (Lab ID: 1680002)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Sample: PGDW32-04242018 Lab ID: 10428571001 Collected: 04/24/18 13:30 Received: 04/25/18 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 7470 ug/L 05/01/18 09:57 7440-70-204/30/18 11:27500 24.7 1
Iron 50.1 ug/L 05/01/18 09:57 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 16.5J ug/L 05/01/18 09:57 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 1.2J ug/L 05/01/18 09:57 7439-96-504/30/18 11:275.0 0.38 1
Potassium 245J ug/L 05/01/18 09:57 7440-09-704/30/18 11:272500 126 1
Sodium 196000 ug/L 05/01/18 09:57 7440-23-504/30/18 11:271000 44.6 1

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 100 ug/L 05/01/18 13:52 7440-24-604/30/18 11:270.50 0.075 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/08/18 10:375.0 1.0 1
Alkalinity, Total as CaCO3 26.1 mg/L 05/08/18 10:375.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 26.1 mg/L 05/08/18 10:375.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/08/18 10:375.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 597 mg/L 04/30/18 11:2833.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.14 mg/L 04/25/18 13:59 24959-67-90.080 0.0070 1
Chloride 21.6 mg/L 04/25/18 13:59 16887-00-61.2 0.14 1
Fluoride 2.7 mg/L 05/03/18 19:54 16984-48-80.25 0.074 5
Nitrate as N ND mg/L 04/25/18 13:59 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/25/18 13:59 14797-65-00.10 0.016 1
Sulfate 358 mg/L 04/26/18 08:58 14808-79-86.0 1.4 5

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.30J mg/L 04/30/18 17:40 7440-44-00.84 0.25 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536756
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2917362
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/08/18 07:511.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/08/18 07:511.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/08/18 07:511.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/08/18 07:511.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2917363LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2917364

Alkalinity, Total as CaCO3 mg/L 39.840 99 90-11010039.9 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917365MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429922001

2917366

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 161 80-120181 1 3040736 801 809

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917367MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429922002

2917368

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 152 80-120137 1 3040539 599 593
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535017
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906998
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 04/30/18 11:285.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906999LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2907000

Total Dissolved Solids mg/L 9881000 99 80-12098984 0 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428378001
2907001SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 2130 1 102100
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534208
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2902477
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/25/18 13:440.0070
Chloride mg/L 0.34J 1.2 04/25/18 13:440.14
Nitrate as N mg/L ND 0.10 04/25/18 13:440.0079
Nitrite as N mg/L ND 0.10 04/25/18 13:440.016
Sulfate mg/L 0.65J 1.2 04/25/18 13:440.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2902478LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.971 97 90-110
Chloride mg/L 11.812.5 95 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.971 97 90-110
Sulfate mg/L 12.412.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902479MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428289001

2902480

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 97 90-11097 0 201ND 0.97 0.97
Chloride mg/L 12.5 92 90-11092 0 2012.51.5 13.0 12.9
Nitrate as N mg/L 1 95 90-11095 0 201ND 0.95 0.95
Nitrite as N mg/L 1 94 90-11094 1 201ND 0.94 0.94
Sulfate mg/L E,M6,

R1
12.5 1420 90-11010900 52 2012.51520 1700 2880

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902481MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429393001

2902482

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11096 1 201ND 0.98 0.96
Chloride mg/L M112.5 61 90-11039 7 2012.536.1 43.7 40.9
Nitrate as N mg/L 1 92 90-11090 1 201ND 0.97 0.96
Nitrite as N mg/L M1,R11 39 90-11088 77 201ND 0.39 0.88
Sulfate mg/L M112.5 84 90-11071 6 2012.518.2 28.7 27.1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535414
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2909828
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Fluoride mg/L ND 0.050 FS05/02/18 11:480.015

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2909829LABORATORY CONTROL SAMPLE:
LCSSpike

Fluoride mg/L 0.92 FS1 92 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909830MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106013

2909831

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L M31 90 90-11088 1 2010.62 1.5 1.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909832MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428536005

2909833

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L 1 98 90-11099 1 201ND 1.0 1.0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287194
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428571001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1679999
Associated Lab Samples: 10428571001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 04/30/18 14:530.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1680000LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.62.5 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1680001MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428449001

1680002

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M01 127 80-120138 6 1010.56J 1.8 1.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1681609MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167933006

1681610

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M03 125 80-120119 2 1034.4 8.1 7.9

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC
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(612)607-1700
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QUALIFIERS

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
The sample was filtered in the laboratory prior to analysis.FS
Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to matrix interferences.M3
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

RPD value was outside control limits.R1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428571
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428571001 534657 535171PGDW32-04242018 EPA 3010 EPA 6010D

10428571001 534644 535176PGDW32-04242018 EPA 3020 EPA 6020B

10428571001 536756PGDW32-04242018 SM 2320B

10428571001 535017PGDW32-04242018 SM 2540C

10428571001 534208PGDW32-04242018 EPA 300.0

10428571001 535414PGDW32-04242018 EPA 300.0

10428571001 287194PGDW32-04242018 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 03:18 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 22 of 41



Page 23 of 41



4/25/18

Page 24 of 41



Page 25 of 41



Page 26 of 41



Page 27 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 1 of 11

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428571

Dear Amanda Albrecht:

26529

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, April 25, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 28 of 41
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 2 of 11

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 29 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 3 of 11

SAMPLE SUMMARY

Workorder: 26529 PAVILLION / 10428571

Lab ID Sample ID Matrix Date Collected Date Received

265290001 PGDW32-04242018 Water 4/24/2018 13:30 4/25/2018 11:00

265290002 TRIPBLANK-04242018 Water 4/24/2018 15:30 4/25/2018 11:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 4 of 11

PROJECT SUMMARY

Workorder: 26529 PAVILLION / 10428571

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 31 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 5 of 11

ANALYTICAL RESULTS

Workorder: 26529 PAVILLION / 10428571

4/25/2018 11:00

PGDW32-04242018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265290001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/24/2018 13:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 36 ug/l 0.50 1 4/28/2018 06:05 TD n0.016
Ethane 0.068J ug/l 0.10 1 4/28/2018 06:05 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 4/28/2018 06:05 TD n0.0040
Propane 0.037J ug/l 0.10 1 4/28/2018 06:05 TD n0.0050
Propene 0.046J ug/l 0.10 1 4/28/2018 06:05 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 06:05 TD n0.32
iso-Butane 0.42 ug/l 0.20 1 4/28/2018 06:05 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 06:05 TD n0.012
Oxygen 4.8 mg/l 0.50 1 4/28/2018 06:05 TD n0.12
Nitrogen 23 mg/l 2.0 1 4/28/2018 06:05 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 06:05 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 06:05 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 32 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 6 of 11

ANALYTICAL RESULTS

Workorder: 26529 PAVILLION / 10428571

4/25/2018 11:00

TRIPBLANK-04242018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265290002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/24/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.054J ug/l 0.50 1 4/28/2018 06:18 TD n0.016
Ethane 0.0032J ug/l 0.10 1 4/28/2018 06:18 TD n0.0030
Ethene 0.0051J ug/l 0.10 1 4/28/2018 06:18 TD n0.0040
Propane 0.0098J ug/l 0.10 1 4/28/2018 06:18 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 06:18 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 06:18 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 06:18 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 06:18 TD n0.012
Oxygen 8.2 mg/l 0.50 1 4/28/2018 06:18 TD n0.12
Nitrogen 16 mg/l 2.0 1 4/28/2018 06:18 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 06:18 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 06:18 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 7 of 11

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26529 PAVILLION / 10428571

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 34 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 8 of 11

QUALITY CONTROL DATA

Workorder: 26529 PAVILLION / 10428571

QC Batch:

QC Batch Method:

DISG/6801

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265290001, 265290002

METHOD BLANK: 54988

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 54989

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54990 54992

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 810 105 80-120 n810 105 0.036 20
Ethane ug/l 76 77 102 80-120 n77 102 0.11 20
Ethene ug/l 71 74 105 80-120 n74 105 0.055 20
Propane ug/l 56 58 104 80-120 n58 104 0.32 20
Propene ug/l 53 51 96 80-120 n51 96 0.04 20
iso-Butane ug/l 73 75 102 80-120 n75 102 0.24 20
n-Butane ug/l 73 74 101 80-120 n74 100 0.47 20
Acetylene ug/l 33 33 100 80-120 n33 101 0.87 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 9 of 11

QUALITY CONTROL DATA

Workorder: 26529 PAVILLION / 10428571

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54991 54993

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 115 80-120 n140 116 0.97 20
Oxygen mg/l 11 11 93 80-120 n11 94 0.82 20
Nitrogen mg/l 140 120 90 80-120 n120 90 0.25 20
Carbon Monoxide mg/l 2 2.4 119 80-120 n2.3 117 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 36 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 10 of 11

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26529 PAVILLION / 10428571

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 37 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26529 - 1073115 Page 11 of 11

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26529 PAVILLION / 10428571

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265290001 PGDW32-04242018 DISG/6801AM20GAX

265290002 TRIPBLANK-04242018 DISG/6801AM20GAX

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 38 of 41
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428572

10428572
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 25, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 40
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CERTIFICATIONS

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428572001 PGDW33-04242018 Water 04/24/18 15:00 04/25/18 09:45
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428572001 PGDW33-04242018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3, KEO

SM 5310C 1 PASI-GTJJ
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428572001 PGDW33-04242018

Calcium 7290 ug/L 05/01/18 09:59500EPA 6010D
Iron 368 ug/L 05/01/18 09:5950.0EPA 6010D
Magnesium 19.2J ug/L 05/01/18 09:59 B500EPA 6010D
Manganese 4.9J ug/L 05/01/18 14:165.0EPA 6010D
Potassium 227J ug/L 05/01/18 09:592500EPA 6010D
Sodium 202000 ug/L 05/01/18 10:35 P62000EPA 6010D
Strontium 97.3 ug/L 05/01/18 13:510.50EPA 6020B
Alkalinity, Total as CaCO3 26.6 mg/L 04/30/18 11:365.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 26.6 mg/L 04/30/18 11:365.0SM 2320B
Total Dissolved Solids 623 mg/L 04/30/18 11:2833.3SM 2540C
Bromide 0.14 mg/L 04/25/18 14:140.080EPA 300.0
Chloride 21.6 mg/L 04/25/18 14:141.2EPA 300.0
Fluoride 2.5 mg/L 05/03/18 17:470.25EPA 300.0
Sulfate 358 mg/L 04/26/18 09:156.0EPA 300.0
Total Organic Carbon 0.27J mg/L 04/30/18 17:190.84SM 5310C
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 535010
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428106002,10428106007

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2906970)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2906969)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2906971)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534208
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428289001,10429393001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2902481)

• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2902482)
• Chloride
• Nitrite as N
• Sulfate

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2902479)

• Sulfate
• MSD  (Lab ID: 2902480)

• Sulfate

R1: RPD value was outside control limits.
• MSD  (Lab ID: 2902480)

• Sulfate
• MSD  (Lab ID: 2902482)

• Nitrite as N

QC Batch: 535414
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428106013,10428536005

M3: Matrix spike recovery was outside laboratory control limits due to matrix interferences.
• MSD  (Lab ID: 2909831)

• Fluoride
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

Additional Comments:

Analyte Comments:

QC Batch: 534208

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• MSD  (Lab ID: 2902480)

• Sulfate
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 287194
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428449001,40167933006

M0: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.
• MS  (Lab ID: 1680001)

• Total Organic Carbon
• MS  (Lab ID: 1681609)

• Total Organic Carbon
• MSD  (Lab ID: 1680002)

• Total Organic Carbon

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Sample: PGDW33-04242018 Lab ID: 10428572001 Collected: 04/24/18 15:00 Received: 04/25/18 09:45 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 7290 ug/L 05/01/18 09:59 7440-70-204/30/18 11:27500 24.7 1
Iron 368 ug/L 05/01/18 09:59 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 19.2J ug/L 05/01/18 09:59 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 4.9J ug/L 05/01/18 14:16 7439-96-504/30/18 11:275.0 0.38 1
Potassium 227J ug/L 05/01/18 09:59 7440-09-704/30/18 11:272500 126 1
Sodium 202000 ug/L 05/01/18 10:35 7440-23-5 P604/30/18 11:272000 89.2 2

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 97.3 ug/L 05/01/18 13:51 7440-24-604/30/18 11:270.50 0.075 1

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 04/30/18 11:365.0 1.4 1
Alkalinity, Total as CaCO3 26.6 mg/L 04/30/18 11:365.0 1.4 1
Alkalinity,Bicarbonate (CaCO3) 26.6 mg/L 04/30/18 11:365.0 1.4 1
Alkalinity,Carbonate (CaCO3) ND mg/L 04/30/18 11:365.0 1.4 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 623 mg/L 04/30/18 11:2833.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.14 mg/L 04/25/18 14:14 24959-67-90.080 0.0070 1
Chloride 21.6 mg/L 04/25/18 14:14 16887-00-61.2 0.14 1
Fluoride 2.5 mg/L 05/03/18 17:47 16984-48-80.25 0.074 5
Nitrate as N ND mg/L 04/25/18 14:14 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/25/18 14:14 14797-65-00.10 0.016 1
Sulfate 358 mg/L 04/26/18 09:15 14808-79-86.0 1.4 5

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.27J mg/L 04/30/18 17:19 7440-44-00.84 0.25 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535010
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906965
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 04/30/18 07:591.4
Alkalinity, Total as CaCO3 mg/L ND 5.0 04/30/18 07:591.4
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 04/30/18 07:591.4
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 04/30/18 07:591.4

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906966LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2906967

Alkalinity, Total as CaCO3 mg/L 41.840 104 90-11010541.9 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906968MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106002

2906969

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 91 80-120147 2 3040872 908 931

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906970MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106007

2906971

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 179 80-120193 1 3040787 859 865
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535017
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906998
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 04/30/18 11:285.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906999LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2907000

Total Dissolved Solids mg/L 9881000 99 80-12098984 0 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428378001
2907001SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 2130 1 102100
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534208
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2902477
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/25/18 13:440.0070
Chloride mg/L 0.34J 1.2 04/25/18 13:440.14
Nitrate as N mg/L ND 0.10 04/25/18 13:440.0079
Nitrite as N mg/L ND 0.10 04/25/18 13:440.016
Sulfate mg/L 0.65J 1.2 04/25/18 13:440.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2902478LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.971 97 90-110
Chloride mg/L 11.812.5 95 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.971 97 90-110
Sulfate mg/L 12.412.5 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902479MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428289001

2902480

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 97 90-11097 0 201ND 0.97 0.97
Chloride mg/L 12.5 92 90-11092 0 2012.51.5 13.0 12.9
Nitrate as N mg/L 1 95 90-11095 0 201ND 0.95 0.95
Nitrite as N mg/L 1 94 90-11094 1 201ND 0.94 0.94
Sulfate mg/L E,M6,

R1
12.5 1420 90-11010900 52 2012.51520 1700 2880

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2902481MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429393001

2902482

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11096 1 201ND 0.98 0.96
Chloride mg/L M112.5 61 90-11039 7 2012.536.1 43.7 40.9
Nitrate as N mg/L 1 92 90-11090 1 201ND 0.97 0.96
Nitrite as N mg/L M1,R11 39 90-11088 77 201ND 0.39 0.88
Sulfate mg/L M112.5 84 90-11071 6 2012.518.2 28.7 27.1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 18 of 40
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535414
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2909828
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Fluoride mg/L ND 0.050 FS05/02/18 11:480.015

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2909829LABORATORY CONTROL SAMPLE:
LCSSpike

Fluoride mg/L 0.92 FS1 92 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909830MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428106013

2909831

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L M31 90 90-11088 1 2010.62 1.5 1.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2909832MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428536005

2909833

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Fluoride mg/L 1 98 90-11099 1 201ND 1.0 1.0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 19 of 40
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287194
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428572001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1679999
Associated Lab Samples: 10428572001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 04/30/18 14:530.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1680000LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.62.5 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1680001MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428449001

1680002

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M01 127 80-120138 6 1010.56J 1.8 1.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1681609MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167933006

1681610

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L M03 125 80-120119 2 1034.4 8.1 7.9

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALIFIERS

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
The sample was filtered in the laboratory prior to analysis.FS
Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.M0
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to matrix interferences.M3
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

RPD value was outside control limits.R1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428572
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428572001 534657 535171PGDW33-04242018 EPA 3010 EPA 6010D

10428572001 534644 535176PGDW33-04242018 EPA 3020 EPA 6020B

10428572001 535010PGDW33-04242018 SM 2320B

10428572001 535017PGDW33-04242018 SM 2540C

10428572001 534208PGDW33-04242018 EPA 300.0

10428572001 535414PGDW33-04242018 EPA 300.0

10428572001 287194PGDW33-04242018 SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 07/23/2018 12:14 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 1 of 10

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428572

Dear Amanda Albrecht:

26528

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, April 25, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 28 of 40
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 2 of 10

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 29 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 3 of 10

SAMPLE SUMMARY

Workorder: 26528 PAVILLION / 10428572

Lab ID Sample ID Matrix Date Collected Date Received

265280001 PGDW33-04242018 Water 4/24/2018 15:00 4/25/2018 11:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 30 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 4 of 10

PROJECT SUMMARY

Workorder: 26528 PAVILLION / 10428572

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 31 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 5 of 10

ANALYTICAL RESULTS

Workorder: 26528 PAVILLION / 10428572

4/25/2018 11:00

PGDW33-04242018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265280001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/24/2018 15:00

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 41 ug/l 0.50 1 5/5/2018 07:47 TD n0.016
Ethane 0.075J ug/l 0.10 1 5/5/2018 07:47 TD B,n0.0030
Ethene 0.0040U ug/l 0.10 1 5/5/2018 07:47 TD n0.0040
Propane 0.034J ug/l 0.10 1 5/5/2018 07:47 TD n0.0050
Propene 0.041J ug/l 0.10 1 5/5/2018 07:47 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/5/2018 07:47 TD n0.32
iso-Butane 0.42 ug/l 0.20 1 5/5/2018 07:47 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 07:47 TD n0.012
Oxygen 2.8 mg/l 0.50 1 5/5/2018 07:47 TD n0.12
Nitrogen 22 mg/l 2.0 1 5/5/2018 07:47 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 07:47 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 07:47 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 32 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 6 of 10

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26528 PAVILLION / 10428572

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 33 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 7 of 10

QUALITY CONTROL DATA

Workorder: 26528 PAVILLION / 10428572

QC Batch:

QC Batch Method:

DISG/6818

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265280001

METHOD BLANK: 55107

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0036Jug/l 0.0030 B,n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55108

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55109 55111

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 790 102 80-120 n820 106 3.8 20
Ethane ug/l 76 75 99 80-120 B,n76 100 1.8 20
Ethene ug/l 71 70 100 80-120 n72 102 2.5 20
Propane ug/l 56 56 101 80-120 n57 103 1.4 20
Propene ug/l 53 49 92 80-120 n50 94 2.4 20
iso-Butane ug/l 73 73 100 80-120 n74 101 1.1 20
n-Butane ug/l 73 73 100 80-120 n74 100 0.83 20
Acetylene ug/l 33 29 88 80-120 n30 90 2 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 34 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 8 of 10

QUALITY CONTROL DATA

Workorder: 26528 PAVILLION / 10428572

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55110 55112

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 113 4.1 20
Oxygen mg/l 11 11 100 80-120 n11 96 3.3 20
Nitrogen mg/l 140 130 92 80-120 n130 92 0.12 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.2 111 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 35 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 9 of 10

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26528 PAVILLION / 10428572

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 36 of 40



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26528 - 1073110 Page 10 of 10

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26528 PAVILLION / 10428572

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265280001 PGDW33-04242018 DISG/6818AM20GAX

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 37 of 40
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July 03, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10429929

10429929
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 04, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 3, 2018 to include a second subcontracted report for the next
generation sequencing.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 34
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SAMPLE SUMMARY

Pace Project No.:
Project:

10429929
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10429929001 PGDW41A-05032018 Water 05/03/18 15:20 05/04/18 09:20

10429929002 PGDW41A-05032018Q Water 05/03/18 10:30 05/04/18 09:20

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 34
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 34



Chain of Custody

Workorder:

LAB USE ONLY

Preserved Containers

Requested Analysis

Item Lab ID

Collect

Date/Time Matrix

10429929

Amanda Albrecht
Pace Analytical Minnesota
1700 Elm Street
Suite 200
Minneapolis, MN  55414
Phone (612)607-6382
Email: amanda.albrecht@pacelabs.com

Report / Invoice To Subcontract To

1209662 Pavillion WY Well FldWorkorder Name:

Sample ID

Results Requested By: 5/18/2018

P.O.___________________

State of Sample Origin: WY

1 104299290015/3/2018 15:20 Water XPGDW41A-05032018

2 104299290025/3/2018 10:30 Water XPGDW41A-05032018Q

3

4

5
Comments

Transfers

1

2

3

Date/Time Received By Date/TimeReleased By

 Cooler Temperature on Receipt  ______°C  Custody Seal    Y   or    N  Received on Ice    Y   or    N  Samples Intact   Y   or    N

Friday, May 04, 2018 2:11:05 PM FMT-ALL-C-002rev.00 24March2009 Page  1 of  1Page 4 of 34

paceuser
Typewritten Text
Sent direct to lab.

paceuser
Typewritten Text
10429929

paceuser
Typewritten Text
Pace -Energy

paceuser
Typewritten Text
34S and 18O



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 1 of 7

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 11, 2018

RE:
Pace  Workorder:

PAVILLION

Dear Amanda Albrecht:

26610

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, May 04, 2018.  Results
reported herein conform to the most current NELAC standards, where applicable, unless otherwise narrated in
the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/11/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 34
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11



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 2 of 7

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 3 of 7

SAMPLE SUMMARY

Workorder: 26610 PAVILLION

Lab ID Sample ID Matrix Date Collected Date Received

266100001 PGDW41A-05032018 Water 5/3/2018 15:20 5/4/2018 11:30

266100002 PGDW41A-05032018Q Water 5/3/2018 10:30 5/4/2018 13:00

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 7 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 4 of 7

ANALYTICAL RESULTS

Workorder: 26610 PAVILLION

5/4/2018 11:30

PGDW41A-05032018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266100001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 15:20

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 6/7/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 6/7/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 8 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 5 of 7

ANALYTICAL RESULTS

Workorder: 26610 PAVILLION

5/4/2018 13:00

PGDW41A-05032018Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266100002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 10:30

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 6/7/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 6/7/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 6 of 7

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26610 PAVILLION

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26610 - 1061807 Page 7 of 7

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26610 PAVILLION

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266100001 PGDW41A-05032018 SCUP/1026D18O
Subcontracted to Isotech

266100002 PGDW41A-05032018Q SCUP/1026D18O
Subcontracted to Isotech

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 11 of 34
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 1 of 7

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 27, 2018

RE:
Pace  Workorder:

PAVILLION / 10429905

Dear Amanda Albrecht:

27254

Enclosed are the analytical results for sample(s) received by the laboratory on Wednesday, June 27, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/27/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 16 of 34
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 2 of 7

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 17 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 3 of 7

SAMPLE SUMMARY

Workorder: 27254 PAVILLION / 10429905

Lab ID Sample ID Matrix Date Collected Date Received

272540001 PGDW41A-05032018 Water 5/3/2018 15:20 6/27/2018 09:29

272540002 PGDW41A-05032018Q Water 5/3/2018 10:30 6/27/2018 09:29

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 18 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 4 of 7

ANALYTICAL RESULTS

Workorder: 27254 PAVILLION / 10429905

6/27/2018 09:29

PGDW41A-05032018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

272540001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 15:20

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 19 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 5 of 7

ANALYTICAL RESULTS

Workorder: 27254 PAVILLION / 10429905

6/27/2018 09:29

PGDW41A-05032018Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

272540002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 10:30

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 20 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 6 of 7

ANALYTICAL RESULTS QUALIFIERS

Workorder: 27254 PAVILLION / 10429905

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 21 of 34



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 27254 - 1067820 Page 7 of 7

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 27254 PAVILLION / 10429905

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

272540001 PGDW41A-05032018 MOLE/120316S

272540002 PGDW41A-05032018Q MOLE/120316S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 22 of 34
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Lauren McGrath

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: Pavillion

Z8E0031

05/04/2018

06/26/2018

Analytical Testing Parameters

Z8E0031-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8E0031-01[TOC]

05/03/2018  15:20

PGDW41A-05032018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  1500See Attached 

Report

05/04/18  1314Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  1706948000000 05/17/18  1148Estimated Bacterial Biomass RWB

Z8E0031-02

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8E0031-02[TOC]

05/03/2018  10:30

PGDW41A-05032018 Q

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  1500See Attached 

Report

05/04/18  1314Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  170624900000 05/17/18  1148Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Samples subcrontacted to Mr. DNA for NGS analysis.

Report Comments

06/26/2018 15:02

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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16S Amplicon Sequencing Report 

Project: Z8E31-1         6/26/18 

Sample ID: PGDW41A 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Methanosaeta spp. which is a methanogen.  

The top four most abundant genera identified in the profile were anaerobic.  Please see the 

supplemental genus descriptions for more information on other identified genera. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   
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Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

Sample ID PGDW41A

Negative 28.6

Positive 10.2

Variable 0.0

Not Described 61.1

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW41A

Aerobic (General) 14.3

Anaerobic (General) 43.0

Facultative Anaerobic 0.0
Not Described 42.8

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Facultative Anaerobic Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW41A

Genus (closest match) % of Profile Metabolism Gram

methanosaeta 13.70 Anaerobic Methanogenic --

methanobrevibacter 4.12 Anaerobic Positive

verrucomicrobium 3.77 Anaerobic Negative

pelobacter 3.72 Anaerobic Negative

acidobacterium 3.68 Aerobic Negative

syntrophus 3.61 Anaerobic Negative

methanococcus 2.73 Anaerobic Methanogenic --

anaeromyxobacter 2.16 Anaerobic MRB Negative

thioprofundum 1.91 Aerobic SOX, NRB --

nitrospira 1.68 Aerobic NOB Negative

desulfovibrio 1.62 Anaerobic SRB Positive

nodosilinea 1.50 -- --

methanospirillum 1.47 Anaerobic Methanogenic Negative

pseudomonas 1.41 Aerobic Negative

prochlorococcus 1.40 Aerobic Negative

geobacter 1.39 Anaerobic MRB Negative

holophaga 1.35 Anaerobic Negative

pelotomaculum 1.28 Anaerobic Positive

rubrobacter 1.17 Aerobic Positive

helicobacter 1.08 Aerobic Negative

dehalococcoides 1.08 Anaerobic Positive

nitrosovibrio 1.07 Aerobic, Ammonia oxidizer Negative

clostridium 0.98 Anaerobic, Fermentive Positive

thiobacillus 0.85 Aerobic SOX Negative
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16S Amplicon Sequencing Report 

Project: Z8E31-2         6/26/18 

Sample ID: PGDW41AQ 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Methanosaeta spp. which is a methanogen.  

The top four most abundant genera identified in the profile were anaerobic.  Please see the 

supplemental genus descriptions for more information on other identified genera. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   

Page 28 of 34



 

 

Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

 

Sample ID PGDW41AQ

Negative 30.1

Positive 7.9

Variable 0.0

Not Described 62.0

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW41AQ

Aerobic (General) 14.2

Anaerobic (General) 42.4

Facultative Anaerobic 0.0
Not Described 43.4

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Facultative Anaerobic Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW41AQ

Genus (closest match) % of Profile Metabolism Gram

methanosaeta 14.14 Anaerobic Methanogenic --

verrucomicrobium 4.30 Anaerobic Negative

pelobacter 3.95 Anaerobic Negative

syntrophus 3.94 Anaerobic Negative

acidobacterium 3.92 Aerobic Negative

methanobrevibacter 3.88 Anaerobic Positive

methanococcus 2.73 Anaerobic Methanogenic --

anaeromyxobacter 2.16 Anaerobic MRB Negative

nitrospira 1.90 Aerobic NOB Negative

thioprofundum 1.76 Aerobic SOX, NRB --

desulfovibrio 1.74 Anaerobic SRB Positive

geobacter 1.59 Anaerobic MRB Negative

pseudomonas 1.48 Aerobic Negative

methanospirillum 1.44 Anaerobic Methanogenic Negative

holophaga 1.37 Anaerobic Negative

nodosilinea 1.34 -- --

prochlorococcus 1.14 Aerobic Negative

helicobacter 1.13 Aerobic Negative

dehalococcoides 1.13 Anaerobic Positive

rubrobacter 1.10 Aerobic Positive

nitrosovibrio 0.94 Aerobic/Ammonia oxidizer Negative

thiobacillus 0.87 Aerobic/SOX Negative
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not all genus may be included.   

▪ Acidobacterium: Members include chemoorganotrophic bacteria containing menaquinone from 

acidic mineral environments.  The presence of menaquinone suggests the capability for 

anaerobic metabolism.  Reports say these bacteria can reduce ferric iron. Moderately 

acidophilic, versatile heterotroph.  Catalyzes dissimilatory ferric iron reduction under oxygen-

limited conditions.  Contains genes that encode plant cell wall-degrading enzymes, with a 

particularly large cluster that encodes pectin degradation.  Isolated from sediments in acidic 

drainage from the Yanahara pyrite mine in Japan. It is gram-negative, aerobic, mesophilic, non-

spore-forming, capsulated, saccharolytic and rod-shaped. It is also motile by peritrichous flagella 

(MicrobeWiki). 

▪ Anaeromyxobacter:  Known as a Gram-negative metal reducing bacteria.  One strain is capable 

of oxidation of both acetate or hydrogen, to the reduction of ortho-substituted halophenols, 

ferric iron, nitrate, nitrite, nitrous oxide, manganese oxide, uranium (VI) and fumarate. Of 

interest is its unique respiratory reduction of nitrate and nitrite to ammonia which is not linked 

to its ability to reduce nitrous oxide to nitrogen gas (MicrobeWiki 2016). 

▪ Clostridium: This genus is comprised Gram-positive endospore forming obligate anaerobes. 

Participation in dechlorination can be via substrate generation for other community members 

via fermentation.  May be a potential corrinoid (vitamin B12) provider for Dehalococcoides 

(Men et, al. 2013). 

▪ Dehalococcoides: Genus of bacteria within class Dehalococcoidetes that obtain energy via the 

oxidation of hydrogen gas and subsequent reductive dehalogenation of halogenated organic 

compounds in a mode of anaerobic respiration called dehalorespiration.  Can degrade PCE and 

TCE to ethene. 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 

sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 
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H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 

sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Geobacter: A well known metal reducing group of microbes (anaerobic). Many members of the 

genus are capable of hydrocarbon degradation and iron reduction. At least one Geobacter 

species (lovleyi) is capable of reductive dechlorination of PCE and TCE to cis-DCE (Sung et al 

2006).  Others have been implicated in supplying Dehalococcoides with nutrients for growth 

(Yan et al. 2012).  

▪ Holophaga: Homoacetogenic bacterium that can degrade methoxylated aromatic compounds. It 

is gram-negative, obligately anaerobic and rod-shaped. 

▪ Nitrosovibrio: An ammonia oxidizing bacterium (Ida et al. 2004).  

▪ Nitrospira: Nitrite oxidizing bacteria.  Nitrospira-like bacteria are the main nitrite oxidizers in 

wastewater treatment plants. Members can convert urea, an important ammonia source in 

nature, to ammonia.  Some members can perform complete nitrification. 

▪ Pelobacter: Consist of strictly anaerobic (fermenting), Gram-negative, nonsporeforming, rod-

shaped bacteria that use only a very limited number of substrates (Schink, 2006). 

▪ Pelotomaculum: Group of anaerobic Gram-positive, spore-forming, syntrophic propionate-

oxidizing bacterium.  Is an obligate syntroph with methanogenic bacteria (de Bok et al 2005). 

▪ Prochlorococcus: a genus of very small (0.6 µm) gram negative marine cyanobacteria with an 

unusual pigmentation (chlorophyll b). These bacteria belong to the photosynthetic picoplankton 

and are probably the most abundant photosynthetic organism on Earth. Microbes of the genus 

Prochlorococcus are among the major primary producers in the ocean, responsible for a large 

percentage of the photosynthetic production of oxygen. 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 
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degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 

▪ Rubrobacter: a genus of Actinobacteria, given its own subclass (Rubrobacteridae). It is 

radiotolerant (Rothchild and Mancinelli 2001). 

▪ Syntrophus:  Proteobacteria / Deltaproteobacteria / Syntrophobacterales / Syntrophaceae / 

Syntrophus. Cells are rod shaped with rounded ends, 0.5–0.8 × 1.0–2.0 μm. Occur singly and in 

pairs. Gram negative. Endospores not formed. The type species is motile by means of 

monotrichous polar flagella in the early stage of growth, other species show no motility. Strictly 

anaerobic and chemoorganotrophic. Possesses a fermentative type of metabolism. Crotonate is 

fermented by all species, whereas aromatic compounds such as gentisate, hydroquinone, and 

cinnamate are only fermented by some species. Some substrates, such as benzoate or fatty 

acids, are oxidized in the presence of H2/formate-utilizing methanogenic or sulfate-reducing 

partner bacteria. Some species can grow on some substrates in the presence of crotonate as 

electron acceptor. Substrate oxidation is incomplete and leads to acetate. Sulfate, sulfite, 

thiosulfate, sulfur, and nitrate are not used as electron acceptors. Cells contain cytochromes and 

menaquinones. Optimal growth temperature, 28–37°C. Occur in anoxic freshwater sediment or 

sludge from anaerobic wastewater treatment facilities.  The mol% G + C of the DNA is: 43–53..  

Known as part of a consortia that can degrade aliphatic hydrocarbons. [Kuever, J. and Schink, B. 

2015. Syntrophus. Bergey's Manual of Systematics of Archaea and Bacteria. 1–5.] 

▪ Thiobacillus: Gram negative, sulfur oxidizing bacteria.   

▪ Verrucomicrobium: Heterotrophic and can ferment sugars, anaerobic, Gram-negative, 

nonmotile bacteria with appendages called prosthecae that can be wart-like or long and 

extended in shape (MicrobeWiki 2016). 
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October 10, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10429905

10429905
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on May 04, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

This report was further revised on October 10, 2018 to update sulfate results for PGDW41A-
05032018 and PGDW41A-05032018Q, after a data review.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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October 10, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10429905

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 46
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CERTIFICATIONS

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: via A2LA 2926.01

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 46



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10429905001 PGDW41A-05032018 Water 05/03/18 15:20 05/04/18 09:20

10429905002 PGDW41A-05032018Q Water 05/03/18 10:30 05/04/18 09:20

10429905003 Trip Blank - 05032018 Water 05/03/18 15:30 05/04/18 09:20

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10429905001 PGDW41A-05032018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MRJS

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

10429905002 PGDW41A-05032018Q EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MRJS

SM 2320B 4 PASI-MDCL

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10429905001 PGDW41A-05032018

Calcium 518000 ug/L 05/08/18 16:07500EPA 6010D
Iron 39.8J ug/L 05/08/18 16:0750.0EPA 6010D
Magnesium 51700 ug/L 05/08/18 16:07500EPA 6010D
Manganese 18.7 ug/L 05/08/18 16:075.0EPA 6010D
Potassium 5690 ug/L 05/08/18 16:07 M12500EPA 6010D
Sodium 1250000 ug/L 05/09/18 09:46 M610000EPA 6010D
Strontium 5340 ug/L 05/16/18 19:1425.0EPA 6020B
Alkalinity, Total as CaCO3 311 mg/L 05/16/18 09:085.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 311 mg/L 05/16/18 09:085.0SM 2320B
Total Dissolved Solids 5960 mg/L 05/09/18 14:04200SM 2540C
Bromide 0.41 mg/L 05/04/18 19:050.080EPA 300.0
Chloride 142 mg/L 05/04/18 19:356.0EPA 300.0
Fluoride 0.25 mg/L 05/04/18 19:050.050EPA 300.0
Nitrate as N 20.1 mg/L 05/04/18 19:350.50EPA 300.0
Sulfate 3710 mg/L 05/07/18 16:2260.0EPA 300.0
Total Organic Carbon 9.3 mg/L 05/10/18 23:032.5SM 5310C

10429905002 PGDW41A-05032018Q

Calcium 516000 ug/L 05/08/18 16:31500EPA 6010D
Iron 49.0J ug/L 05/08/18 16:3150.0EPA 6010D
Magnesium 51600 ug/L 05/08/18 16:31500EPA 6010D
Manganese 18.6 ug/L 05/08/18 16:315.0EPA 6010D
Potassium 5500 ug/L 05/08/18 16:312500EPA 6010D
Sodium 1220000 ug/L 05/09/18 10:0010000EPA 6010D
Strontium 5440 ug/L 05/16/18 19:1825.0EPA 6020B
Alkalinity, Total as CaCO3 308 mg/L 05/16/18 09:135.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 308 mg/L 05/16/18 09:135.0SM 2320B
Total Dissolved Solids 5800 mg/L 05/09/18 14:04200SM 2540C
Chloride 142 mg/L 05/04/18 19:556.0EPA 300.0
Fluoride 0.25 mg/L 05/04/18 19:200.050EPA 300.0
Nitrate as N 20.0 mg/L 05/04/18 19:550.50EPA 300.0
Sulfate 3760 mg/L 05/07/18 08:3760.0EPA 300.0
Total Organic Carbon 11.3 mg/L 05/10/18 23:235.0SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010D

Date: October 10, 2018

Description: 6010D MET ICP

General Information:

2 samples were analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536406
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10429905001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2916077)

• Potassium
• MSD  (Lab ID: 2916078)

• Potassium

M6: Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.
• MS  (Lab ID: 2916077)

• Sodium
• MSD  (Lab ID: 2916078)

• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020B

Date: October 10, 2018

Description: 6020B MET ICPMS

General Information:

2 samples were analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: October 10, 2018

Description: 2320B Alkalinity

General Information:

2 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 538281
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10430418016,10430418018

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2926620)

• Alkalinity, Total as CaCO3

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: October 10, 2018

Description: 2540C Total Dissolved Solids

General Information:

2 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: October 10, 2018

Description: 300.0 IC Anions

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536279
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10429684001,10429684002

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2914896)

• Nitrate as N
• Sulfate

• MSD  (Lab ID: 2914897)
• Nitrate as N
• Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: October 10, 2018

Description: 5310C TOC

General Information:

2 samples were analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-05032018 Lab ID: 10429905001 Collected: 05/03/18 15:20 Received: 05/04/18 09:20 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 518000 ug/L 05/08/18 16:07 7440-70-205/07/18 12:00500 24.7 1
Iron 39.8J ug/L 05/08/18 16:07 7439-89-605/07/18 12:0050.0 16.7 1
Magnesium 51700 ug/L 05/08/18 16:07 7439-95-405/07/18 12:00500 2.6 1
Manganese 18.7 ug/L 05/08/18 16:07 7439-96-505/07/18 12:005.0 0.38 1
Potassium 5690 ug/L 05/08/18 16:07 7440-09-7 M105/07/18 12:002500 126 1
Sodium 1250000 ug/L 05/09/18 09:46 7440-23-5 M605/07/18 12:0010000 446 10

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 5340 ug/L 05/16/18 19:14 7440-24-605/11/18 09:1325.0 3.7 50

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/16/18 09:085.0 1.0 1
Alkalinity, Total as CaCO3 311 mg/L 05/16/18 09:085.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 311 mg/L 05/16/18 09:085.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/16/18 09:085.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 5960 mg/L 05/09/18 14:04200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.41 mg/L 05/04/18 19:05 24959-67-90.080 0.011 1
Chloride 142 mg/L 05/04/18 19:35 16887-00-66.0 1.4 5
Fluoride 0.25 mg/L 05/04/18 19:05 16984-48-80.050 0.015 1
Nitrate as N 20.1 mg/L 05/04/18 19:35 14797-55-80.50 0.073 5
Nitrite as N ND mg/L 05/04/18 19:05 14797-65-00.10 0.018 1
Sulfate 3710 mg/L 05/07/18 16:22 14808-79-860.0 9.6 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 9.3 mg/L 05/10/18 23:03 7440-44-02.5 0.76 3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/10/2018 05:34 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW41A-05032018Q Lab ID: 10429905002 Collected: 05/03/18 10:30 Received: 05/04/18 09:20 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 516000 ug/L 05/08/18 16:31 7440-70-205/07/18 12:00500 24.7 1
Iron 49.0J ug/L 05/08/18 16:31 7439-89-605/07/18 12:0050.0 16.7 1
Magnesium 51600 ug/L 05/08/18 16:31 7439-95-405/07/18 12:00500 2.6 1
Manganese 18.6 ug/L 05/08/18 16:31 7439-96-505/07/18 12:005.0 0.38 1
Potassium 5500 ug/L 05/08/18 16:31 7440-09-705/07/18 12:002500 126 1
Sodium 1220000 ug/L 05/09/18 10:00 7440-23-505/07/18 12:0010000 446 10

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 5440 ug/L 05/16/18 19:18 7440-24-605/11/18 09:1325.0 3.7 50

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/16/18 09:135.0 1.0 1
Alkalinity, Total as CaCO3 308 mg/L 05/16/18 09:135.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 308 mg/L 05/16/18 09:135.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/16/18 09:135.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 5800 mg/L 05/09/18 14:04200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide ND mg/L 05/04/18 19:20 24959-67-90.080 0.011 1
Chloride 142 mg/L 05/04/18 19:55 16887-00-66.0 1.4 5
Fluoride 0.25 mg/L 05/04/18 19:20 16984-48-80.050 0.015 1
Nitrate as N 20.0 mg/L 05/04/18 19:55 14797-55-80.50 0.073 5
Nitrite as N ND mg/L 05/04/18 19:20 14797-65-00.10 0.018 1
Sulfate 3760 mg/L 05/07/18 08:37 14808-79-860.0 9.6 50

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 11.3 mg/L 05/10/18 23:23 7440-44-05.0 1.5 6

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/10/2018 05:34 PM

Pace Analytical Services, LLC
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536406
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2916075
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/08/18 15:5424.7
Iron ug/L ND 50.0 05/08/18 15:5416.7
Magnesium ug/L ND 500 05/08/18 15:542.6
Manganese ug/L ND 5.0 05/08/18 15:540.38
Potassium ug/L ND 2500 05/08/18 15:54126
Sodium ug/L ND 1000 05/08/18 15:5444.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2916076LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1890020000 95 80-120
Iron ug/L 1950020000 97 80-120
Magnesium ug/L 1940020000 97 80-120
Manganese ug/L 9851000 98 80-120
Potassium ug/L 1940020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2916077MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429905001

2916078

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 76 75-12575 0 2020000518000 533000 533000
Iron ug/L 20000 93 75-12594 0 202000039.8J 18700 18800
Magnesium ug/L 20000 95 75-12594 0 202000051700 70700 70500
Manganese ug/L 1000 95 75-12594 0 20100018.7 966 962
Potassium ug/L M120000 134 75-125136 1 20200005690 32600 32800
Sodium ug/L M620000 -31 75-125-69 1 20200001250000 1250000 1240000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/10/2018 05:34 PM

Pace Analytical Services, LLC
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537362
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2921133
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/15/18 22:420.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2921134LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 108100 108 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2921135MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429627001

2921136

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 104 75-12592 2 20100640 744 731

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/10/2018 05:34 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

538281
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2926614
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/16/18 07:431.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/16/18 07:431.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/16/18 07:431.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/16/18 07:431.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2926615LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2926616

Alkalinity, Total as CaCO3 mg/L 41.040 103 90-11010541.8 2 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2926617MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430418016

2926618

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 105 80-120117 1 3040279 321 325

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2926619MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10430418018

2926620

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 116 80-120123 1 3040190 236 239

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/10/2018 05:34 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537074
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2919666
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/09/18 14:045.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2919667LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2919668

Total Dissolved Solids mg/L 9801000 98 80-12096960 2 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10429966003
2919669SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 724 3 10700

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536279
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2914892
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 05/05/18 07:390.011
Chloride mg/L ND 1.2 05/05/18 07:390.28
Fluoride mg/L ND 0.050 05/05/18 07:390.015
Nitrate as N mg/L ND 0.10 05/05/18 07:390.015
Nitrite as N mg/L ND 0.10 05/05/18 07:390.018
Sulfate mg/L ND 1.2 05/05/18 07:390.19

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2914893LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.941 94 90-110
Chloride mg/L 12.512.5 100 90-110
Fluoride mg/L 0.931 93 90-110
Nitrate as N mg/L 0.961 96 90-110
Nitrite as N mg/L 0.941 94 90-110
Sulfate mg/L 12.612.5 101 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2914894MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429684001

2914895

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 97 90-11096 0 2010.050J 1.0 1.0
Chloride mg/L 12.5 96 90-11096 0 2012.59.6 21.6 21.6
Fluoride mg/L 10 98 90-110100 1 20106.2 16.0 16.2
Nitrate as N mg/L 1 99 90-11099 0 2010.32 1.3 1.3
Nitrite as N mg/L 1 95 90-11095 0 201ND 0.95 0.95
Sulfate mg/L 125 106 90-110109 1 20125121 255 258

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2914896MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429684002

2914897

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 98 90-11096 2 2010.070J 1.0 1.0
Chloride mg/L 12.5 94 90-11092 1 2012.513.9 25.6 25.4
Fluoride mg/L 10 100 90-110100 0 20102.0 12.0 12.0
Nitrate as N mg/L M11 87 90-11084 1 2012.0 2.9 2.9
Nitrite as N mg/L 1 95 90-11094 2 201ND 0.95 0.94

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2914896MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429684002

2914897

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M112.5 72 90-11069 1 2012.548.0 57.0 56.6

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

288239
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10429905001, 10429905002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1686536
Associated Lab Samples: 10429905001, 10429905002

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/10/18 12:360.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1686537LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1686538MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429737001

1686539

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 107 80-120107 0 1010.54J 1.6 1.6

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1686540MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40168620009

1686541

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 101 80-12098 1 1068.1 14.1 13.9
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QUALIFIERS

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike and Matrix spike duplicate recovery not evaluated against control limits due to sample dilution.M6

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10429905
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10429905001 536406 536794PGDW41A-05032018 EPA 3010 EPA 6010D
10429905002 536406 536794PGDW41A-05032018Q EPA 3010 EPA 6010D

10429905001 537362 537861PGDW41A-05032018 EPA 3020 EPA 6020B
10429905002 537362 537861PGDW41A-05032018Q EPA 3020 EPA 6020B

10429905001 538281PGDW41A-05032018 SM 2320B
10429905002 538281PGDW41A-05032018Q SM 2320B

10429905001 537074PGDW41A-05032018 SM 2540C
10429905002 537074PGDW41A-05032018Q SM 2540C

10429905001 536279PGDW41A-05032018 EPA 300.0
10429905002 536279PGDW41A-05032018Q EPA 300.0

10429905001 288239PGDW41A-05032018 SM 5310C
10429905002 288239PGDW41A-05032018Q SM 5310C

REPORT OF LABORATORY ANALYSIS
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 1 of 15

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION

Dear Amanda Albrecht:

26611

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, May 04, 2018.  Results
reported herein conform to the most current NELAC standards, where applicable, unless otherwise narrated in
the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 29 of 46

ruthw
Typewritten Text
18



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 2 of 15

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 3 of 15

SAMPLE SUMMARY

Workorder: 26611 PAVILLION

Lab ID Sample ID Matrix Date Collected Date Received

266110001 PGDW41A-05032018 Water 5/3/2018 15:20 5/4/2018 11:30

266110002 PGDW41A-05032018Q Water 5/3/2018 10:30 5/4/2018 11:30

266110003 TRIPBLANK-05032018 Water 5/3/2018 15:30 5/4/2018 11:30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 4 of 15

PROJECT SUMMARY

Workorder: 26611 PAVILLION

Workorder Comments

The methane concentrations were not high enough to perform CSIA analyses

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 32 of 46



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 5 of 15

ANALYTICAL RESULTS

Workorder: 26611 PAVILLION

5/4/2018 11:30

PGDW41A-05032018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266110001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 15:20

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.072J ug/l 0.50 1 5/5/2018 07:05 TD n0.016
Ethane 0.012J ug/l 0.10 1 5/5/2018 07:05 TD B,n0.0030
Ethene 0.0040U ug/l 0.10 1 5/5/2018 07:05 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/5/2018 07:05 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/5/2018 07:05 TD n0.012
Carbon Dioxide 33 mg/l 5.0 1 5/5/2018 07:05 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/5/2018 07:05 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 07:05 TD n0.012
Oxygen 4.2 mg/l 0.50 1 5/5/2018 07:05 TD n0.12
Nitrogen 17 mg/l 2.0 1 5/5/2018 07:05 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 07:05 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 07:05 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/16/2018 10:56 AK d,n1900
Helium 30 U ug/l 30 1 5/16/2018 16:22 MM n30
Hydrogen 15 U ug/l 15 1 5/16/2018 16:22 MM n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 18:45 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 18:45 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 18:45 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 33 of 46



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 6 of 15

ANALYTICAL RESULTS

Workorder: 26611 PAVILLION

5/4/2018 11:30

PGDW41A-05032018Q

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266110002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 10:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.062J ug/l 0.50 1 5/5/2018 07:17 TD n0.016
Ethane 0.013J ug/l 0.10 1 5/5/2018 07:17 TD B,n0.0030
Ethene 0.0040U ug/l 0.10 1 5/5/2018 07:17 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/5/2018 07:17 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/5/2018 07:17 TD n0.012
Carbon Dioxide 34 mg/l 5.0 1 5/5/2018 07:17 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/5/2018 07:17 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 07:17 TD n0.012
Oxygen 4.0 mg/l 0.50 1 5/5/2018 07:17 TD n0.12
Nitrogen 17 mg/l 2.0 1 5/5/2018 07:17 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 07:17 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 07:17 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/16/2018 11:26 AK d,n1900
Helium 30 U ug/l 30 1 5/16/2018 16:32 MM n30
Hydrogen 15 U ug/l 15 1 5/16/2018 16:32 MM n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 19:48 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 19:48 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 19:48 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 7 of 15

ANALYTICAL RESULTS

Workorder: 26611 PAVILLION

5/4/2018 11:30

TRIPBLANK-05032018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

266110003

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

5/3/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.061J ug/l 0.50 1 5/5/2018 07:35 TD n0.016
Ethane 0.0099J ug/l 0.10 1 5/5/2018 07:35 TD B,n0.0030
Ethene 0.0092J ug/l 0.10 1 5/5/2018 07:35 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/5/2018 07:35 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/5/2018 07:35 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/5/2018 07:35 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/5/2018 07:35 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 07:35 TD n0.012
Oxygen 8.5 mg/l 0.50 1 5/5/2018 07:35 TD n0.12
Nitrogen 16 mg/l 2.0 1 5/5/2018 07:35 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 07:35 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 07:35 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 8 of 15

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26611 PAVILLION

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 9 of 15

QUALITY CONTROL DATA

Workorder: 26611 PAVILLION

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 266110001, 266110002

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 10 of 15

QUALITY CONTROL DATA

Workorder: 26611 PAVILLION

QC Batch:

QC Batch Method:

DISG/6818

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 266110001, 266110002, 266110003

METHOD BLANK: 55107

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0036Jug/l 0.0030 B,n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55108

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55109 55111

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 790 102 80-120 n820 106 3.8 20
Ethane ug/l 76 75 99 80-120 B,n76 100 1.8 20
Ethene ug/l 71 70 100 80-120 n72 102 2.5 20
Propane ug/l 56 56 101 80-120 n57 103 1.4 20
Propene ug/l 53 49 92 80-120 n50 94 2.4 20
iso-Butane ug/l 73 73 100 80-120 n74 101 1.1 20
n-Butane ug/l 73 73 100 80-120 n74 100 0.83 20
Acetylene ug/l 33 29 88 80-120 n30 90 2 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 11 of 15

QUALITY CONTROL DATA

Workorder: 26611 PAVILLION

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55110 55112

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 113 4.1 20
Oxygen mg/l 11 11 100 80-120 n11 96 3.3 20
Nitrogen mg/l 140 130 92 80-120 n130 92 0.12 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.2 111 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 12 of 15

QUALITY CONTROL DATA

Workorder: 26611 PAVILLION

QC Batch:

QC Batch Method:

DISG/6841

AM30

Analysis Method: AM30

Associated Lab Samples: 266110001, 266110002

METHOD BLANK: 55305

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55306 55307

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n21000 97 1.8 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 13 of 15

QUALITY CONTROL DATA

Workorder: 26611 PAVILLION

QC Batch:

QC Batch Method:

DISG/6844

AM30

Analysis Method: AM30

Associated Lab Samples: 266110001, 266110002

METHOD BLANK: 55343

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55344 55345

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Helium ug/l 1100 1200 104 80-120 n1200 106 2.3 20
Hydrogen ug/l 590 570 97 80-120 n570 97 0.18 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 14 of 15

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26611 PAVILLION

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26611 - 1073158 Page 15 of 15

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26611 PAVILLION

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

266110001 PGDW41A-05032018 VAP/2041AM10

266110002 PGDW41A-05032018Q VAP/2041AM10

266110001 PGDW41A-05032018 DISG/6818AM20GAX

266110002 PGDW41A-05032018Q DISG/6818AM20GAX

266110003 TRIPBLANK-05032018 DISG/6818AM20GAX

266110001 PGDW41A-05032018 DISG/6841AM30

266110002 PGDW41A-05032018Q DISG/6841AM30

266110001 PGDW41A-05032018 DISG/6844AM30

266110002 PGDW41A-05032018Q DISG/6844AM30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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October 11, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428733

10428733
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 26, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

This report was further revised on October 11, 2018 to update sulfate results for PGDW44-
04252018, after a data review.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 45
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October 11, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428733

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 45
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CERTIFICATIONS

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: via A2LA 2926.01

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10428733001 PGDW44-04252018 Water 04/25/18 12:30 04/26/18 09:50

10428733002 Trip Blank - 04252018 Water 04/25/18 12:30 04/26/18 10:45

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428733001 PGDW44-04252018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MKEO

EPA 300.0 6 PASI-MKEO

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428733001 PGDW44-04252018

Calcium 163000 ug/L 05/01/18 10:24500EPA 6010D
Iron 16.7J ug/L 05/01/18 10:2450.0EPA 6010D
Magnesium 20800 ug/L 05/01/18 10:24 B500EPA 6010D
Manganese 2.9J ug/L 05/01/18 14:415.0EPA 6010D
Potassium 5100 ug/L 05/01/18 10:242500EPA 6010D
Sodium 790000 ug/L 05/01/18 11:045000EPA 6010D
Strontium 2160 ug/L 05/01/18 14:455.0EPA 6020B
Alkalinity, Total as CaCO3 154 mg/L 05/08/18 10:385.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 154 mg/L 05/08/18 10:385.0SM 2320B
Total Dissolved Solids 2870 mg/L 05/01/18 20:0420.0SM 2540C
Bromide 0.096 mg/L 04/26/18 12:060.080EPA 300.0
Chloride 25.9 mg/L 04/26/18 12:061.2EPA 300.0
Fluoride 0.44 mg/L 04/26/18 12:060.050EPA 300.0
Nitrate as N 0.37 mg/L 04/26/18 12:060.10EPA 300.0
Sulfate 1060 mg/L 04/26/18 12:06 E1.2EPA 300.0
Total Organic Carbon 0.98 mg/L 05/03/18 04:030.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010D

Date: October 11, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020B

Date: October 11, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: October 11, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 536782
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10424076008,10424076014

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2917464)

• Alkalinity, Total as CaCO3
• MSD  (Lab ID: 2917465)

• Alkalinity, Total as CaCO3

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: October 11, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: October 11, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534491
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428659008,10428686003

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2903858)

• Chloride
• Nitrite as N
• Sulfate

• MS  (Lab ID: 2903860)
• Nitrite as N

• MSD  (Lab ID: 2903859)
• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2903861)
• Chloride

Additional Comments:

Analyte Comments:

QC Batch: 534491
1M: Analyte was detected in the method blank. All associated samples had concentrations of at least five times greater than the
blank or were below the reporting limit.

• BLANK  (Lab ID: 2903856)
• Sulfate

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• PGDW44-04252018  (Lab ID: 10428733001)

• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: October 11, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW44-04252018 Lab ID: 10428733001 Collected: 04/25/18 12:30 Received: 04/26/18 09:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 163000 ug/L 05/01/18 10:24 7440-70-204/30/18 11:27500 24.7 1
Iron 16.7J ug/L 05/01/18 10:24 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 20800 ug/L 05/01/18 10:24 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 2.9J ug/L 05/01/18 14:41 7439-96-504/30/18 11:275.0 0.38 1
Potassium 5100 ug/L 05/01/18 10:24 7440-09-704/30/18 11:272500 126 1
Sodium 790000 ug/L 05/01/18 11:04 7440-23-504/30/18 11:275000 223 5

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 2160 ug/L 05/01/18 14:45 7440-24-604/30/18 11:275.0 0.75 10

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/08/18 10:385.0 1.0 1
Alkalinity, Total as CaCO3 154 mg/L 05/08/18 10:385.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 154 mg/L 05/08/18 10:385.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/08/18 10:385.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 2870 mg/L 05/01/18 20:0420.0 10.0 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.096 mg/L 04/26/18 12:06 24959-67-90.080 0.0070 1
Chloride 25.9 mg/L 04/26/18 12:06 16887-00-61.2 0.14 1
Fluoride 0.44 mg/L 04/26/18 12:06 16984-48-80.050 0.0028 1
Nitrate as N 0.37 mg/L 04/26/18 12:06 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/26/18 12:06 14797-65-00.10 0.016 1
Sulfate 1060 mg/L 04/26/18 12:06 14808-79-8 E1.2 0.27 1

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 0.98 mg/L 05/03/18 04:03 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:46 PM

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 13 of 45



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

536782
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2917461
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/08/18 09:191.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/08/18 09:191.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/08/18 09:191.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/08/18 09:191.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2917462LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2917463

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.3 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917464MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076008

2917465

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L M140 121 80-120124 0 3040447 496 497

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2917466MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076014

2917467

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 88 80-12083 0 3040407 442 440
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535457
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2910172
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 10.0 05/01/18 20:045.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2910173LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 10001000 100 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428952013
2910174SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 637 0 10636
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534491
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2903856
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/26/18 13:210.0070
Chloride mg/L 0.33J 1.2 04/26/18 13:210.14
Fluoride mg/L ND 0.050 04/26/18 13:210.0028
Nitrate as N mg/L ND 0.10 04/26/18 13:210.0079
Nitrite as N mg/L ND 0.10 04/26/18 13:210.016
Sulfate mg/L 0.69J 1.2 1M04/26/18 13:210.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2903857LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.112.5 97 90-110
Fluoride mg/L 0.981 98 90-110
Nitrate as N mg/L 0.941 94 90-110
Nitrite as N mg/L 0.941 94 90-110
Sulfate mg/L 12.512.5 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903858MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428659008

2903859

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11095 0 2010.14 1.1 1.1
Chloride mg/L M112.5 83 90-11084 0 2012.517.1 27.5 27.6
Fluoride mg/L 1 93 90-11092 0 2010.64 1.6 1.6
Nitrate as N mg/L 1 92 90-11094 1 2010.85 1.8 1.8
Nitrite as N mg/L M11 87 90-11087 0 201<0.016 0.87 0.87
Sulfate mg/L M112.5 -39 90-110-33 0 2012.5175 170 171

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903860MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428686003

2903861

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11094 1 2010.045J 1.0 0.98
Chloride mg/L M112.5 93 90-11089 3 2012.56.1 17.7 17.2
Fluoride mg/L 1 101 90-11098 2 2010.18J 1.2 1.2
Nitrate as N mg/L 1 95 90-11091 3 2010.33 1.3 1.2
Nitrite as N mg/L M11 89 90-11090 1 201<0.016 0.89 0.90
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2903860MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428686003

2903861

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L 12.5 99 90-11094 4 2012.55.9 18.3 17.6
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287479
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428733001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1682015
Associated Lab Samples: 10428733001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/02/18 10:420.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1682016LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 95 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1682017MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428976001

1682018

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 112 80-120115 1 1012.0 3.1 3.1

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1682019MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167995001

1682020

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 103 80-120105 1 10610 16.2 16.3
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QUALIFIERS

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the method blank. All associated samples had concentrations of at least five times greater than
the blank or were below the reporting limit.

1M

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428733
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428733001 534657 535171PGDW44-04252018 EPA 3010 EPA 6010D

10428733001 534644 535176PGDW44-04252018 EPA 3020 EPA 6020B

10428733001 536782PGDW44-04252018 SM 2320B

10428733001 535457PGDW44-04252018 SM 2540C

10428733001 534491PGDW44-04252018 EPA 300.0

10428733001 287479PGDW44-04252018 SM 5310C
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428733

Dear Amanda Albrecht:

26533

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, April 26, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 28 of 45

ruthw
Typewritten Text
18



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 3 of 14

SAMPLE SUMMARY

Workorder: 26533 PAVILLION / 10428733

Lab ID Sample ID Matrix Date Collected Date Received

265330001 PGDW44-04252018 Water 4/25/2018 12:30 4/26/2018 10:45

265330002 TRIPBLANK-04252018 Water 4/25/2018 12:30 4/26/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 4 of 14

PROJECT SUMMARY

Workorder: 26533 PAVILLION / 10428733

Workorder Comments

The methane concentrations were not high enough to performCSIA determinations

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6810 - Gas Composition AM30 Water QC

The percent recovery for the closing calibration verification analysis was above laboratory control limits.  Analytes Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 26533 PAVILLION / 10428733

4/26/2018 10:45

PGDW44-04252018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265330001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/25/2018 12:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.076J ug/l 0.50 1 4/28/2018 06:55 TD n0.016
Ethane 0.0030U ug/l 0.10 1 4/28/2018 06:55 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 4/28/2018 06:55 TD n0.0040
Propane 0.0050U ug/l 0.10 1 4/28/2018 06:55 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 06:55 TD n0.012
Carbon Dioxide 4.8J mg/l 5.0 1 4/28/2018 06:55 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 06:55 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 06:55 TD n0.012
Oxygen 3.6 mg/l 0.50 1 4/28/2018 06:55 TD n0.12
Nitrogen 24 mg/l 2.0 1 4/28/2018 06:55 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 06:55 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 06:55 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/15/2018 13:09 AK d,n1900
Helium 30 U ug/l 30 1 5/2/2018 12:10 AK n30
Hydrogen 15 U ug/l 15 1 5/2/2018 12:10 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 16:37 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 16:37 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 16:37 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 26533 PAVILLION / 10428733

4/26/2018 10:45

TRIPBLANK-04252018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265330002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/25/2018 12:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.049J ug/l 0.50 1 4/28/2018 07:07 TD n0.016
Ethane 0.0030U ug/l 0.10 1 4/28/2018 07:07 TD n0.0030
Ethene 0.0064J ug/l 0.10 1 4/28/2018 07:07 TD n0.0040
Propane 0.0050U ug/l 0.10 1 4/28/2018 07:07 TD n0.0050
Propene 0.012U ug/l 0.10 1 4/28/2018 07:07 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 4/28/2018 07:07 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 4/28/2018 07:07 TD n0.019
n-Butane 0.012U ug/l 0.20 1 4/28/2018 07:07 TD n0.012
Oxygen 8.1 mg/l 0.50 1 4/28/2018 07:07 TD n0.12
Nitrogen 16 mg/l 2.0 1 4/28/2018 07:07 TD n0.34
Acetylene 0.022U ug/l 0.50 1 4/28/2018 07:07 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 4/28/2018 07:07 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 7 of 14

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26533 PAVILLION / 10428733

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 8 of 14

QUALITY CONTROL DATA

Workorder: 26533 PAVILLION / 10428733

QC Batch:

QC Batch Method:

DISG/6801

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265330001, 265330002

METHOD BLANK: 54988

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 54989

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54990 54992

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 810 105 80-120 n810 105 0.036 20
Ethane ug/l 76 77 102 80-120 n77 102 0.11 20
Ethene ug/l 71 74 105 80-120 n74 105 0.055 20
Propane ug/l 56 58 104 80-120 n58 104 0.32 20
Propene ug/l 53 51 96 80-120 n51 96 0.04 20
iso-Butane ug/l 73 75 102 80-120 n75 102 0.24 20
n-Butane ug/l 73 74 101 80-120 n74 100 0.47 20
Acetylene ug/l 33 33 100 80-120 n33 101 0.87 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 26533 PAVILLION / 10428733

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

54991 54993

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 115 80-120 n140 116 0.97 20
Oxygen mg/l 11 11 93 80-120 n11 94 0.82 20
Nitrogen mg/l 140 120 90 80-120 n120 90 0.25 20
Carbon Monoxide mg/l 2 2.4 119 80-120 n2.3 117 1.5 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 10 of 14

QUALITY CONTROL DATA

Workorder: 26533 PAVILLION / 10428733

QC Batch:

QC Batch Method:

DISG/6810

AM30

Analysis Method: AM30

Associated Lab Samples: 265330001

METHOD BLANK: 55053

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

55054

RISK
Helium 570ug/l 610 n107 80-120
Hydrogen 290ug/l 320 M1,n108 80-120

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 11 of 14

QUALITY CONTROL DATA

Workorder: 26533 PAVILLION / 10428733

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 265330001

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 12 of 14

QUALITY CONTROL DATA

Workorder: 26533 PAVILLION / 10428733

QC Batch:

QC Batch Method:

DISG/6837

AM30

Analysis Method: AM30

Associated Lab Samples: 265330001

METHOD BLANK: 55282

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55283 55284

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n18000 86 15 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 13 of 14

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26533 PAVILLION / 10428733

QUALITY CONTROL PARAMETER QUALIFIERS

The continuing calibration verification recovery was outside laboratory control limits.M1

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26533 - 1073131 Page 14 of 14

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26533 PAVILLION / 10428733

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265330001 PGDW44-04252018 DISG/6801AM20GAX

265330002 TRIPBLANK-04252018 DISG/6801AM20GAX

265330001 PGDW44-04252018 DISG/6810AM30

265330001 PGDW44-04252018 VAP/2041AM10

265330001 PGDW44-04252018 DISG/6837AM30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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July 03, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428801

10428801
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 26, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 24
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428801
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428801001 PGDW44-04252018 Water 04/25/18 12:30 04/26/18 10:45

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 24
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 3 of 24
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 27, 2018

RE:
Pace  Workorder:

PAVILLION / 10428801

Dear Amanda Albrecht:

26532

Enclosed are the analytical results for sample(s) received by the laboratory on Thursday, April 26, 2018.
Results reported herein conform to the most current NELAC standards, where applicable, unless otherwise
narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/27/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 24
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 6 of 24



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26532 PAVILLION / 10428801

Lab ID Sample ID Matrix Date Collected Date Received

265320001 PGDW44-04252018 Water 4/25/2018 12:30 4/26/2018 10:45

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 7 of 24



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26532 PAVILLION / 10428801

4/26/2018 10:45

PGDW44-04252018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265320001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/25/2018 12:30

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 5/22/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 5/22/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 8 of 24



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26532 PAVILLION / 10428801

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 9 of 24



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26532 - 1067482 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26532 PAVILLION / 10428801

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265320001 PGDW44-04252018 SCUP/1025D18O
Subcontracted to Isotech

265320001 PGDW44-04252018 MOLE/120216S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 10 of 24
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Lauren McGrath

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: Pavillion

Z8D0159

04/26/2018

06/26/2018

Analytical Testing Parameters

Z8D0159-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0159-01[TOC]

04/25/2018  12:30

PGDW44-04252018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  0902See Attached 

Report

04/26/18  1030Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  1706184000 05/17/18  1148Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Sample subcontracted to Mr. DNA for NGS analysis

Report Comments

06/26/2018 09:07

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 
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16S Amplicon Sequencing Report 

Project: Z8D159-1         6/26/18 

Sample ID: PGDW44 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Pelobacter spp. which consist of strictly 

anaerobic (fermenting), Gram-negative, nonsporeforming, rod-shaped bacteria that use only a very 

limited number of substrates. Other abundant phylotypes included Pseudomonas spp. (common Gram-

negative aerobes) and Acidobacterium spp., chemoorganotrophic bacteria that are a moderately 

acidophilic, versatile heterotroph.  Please see the supplemental genus descriptions for more 

information. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   
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Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

Sample ID PGDW44

Negative 33.5

Positive 12.4

Variable 2.8

Not Described 51.3

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW44

Aerobic (General) 29.2

Anaerobic (General) 23.8

Varied 2.8

Not Described 44.3

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Varied Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW44

Genus (closest match) % of Profile Metabolism Gram

pelobacter 4.39 Anaerobic Negative

pseudomonas 3.49 Aerobic Negative

acidobacterium 3.16 Aerobic Negative

erythrobacter 2.81 Aerobic Negative

nitrospira 2.78 Aerobic NOB Negative

chloroflexus 2.76 Varied Varied

desulfovibrio 2.76 Anaerobic SRB Positive

anaeromyxobacter 2.61 Anaerobic MRB Negative

staphylococcus 2.51 Aerobic Positive

gemmatimonas 2.46 Aerobic Negative

gallionella 2.40 Aerobic IOB Negative

micrococcus 2.36 Aerobic Positive

methanosaeta 2.27 Anaerobic Methanogenic --

verrucomicrobium 2.03 Anaerobic Negative

dehalococcoides 1.90 Anaerobic Positive

thermodesulfovibrio 1.86 Anaerobic SRB, Fermentive Negative

halospirulina 1.72 Aerobic --

acetivibrio 1.71 Anaerobic Negative

sporomusa 1.57 Anaerobic Negative

acidocella 1.32 Aerobic Negative

acidiferrobacter 1.25 Aerobic IOB, SOX --

rubrobacter 1.08 Aerobic Positive

candidatus kuenenia 0.93 Anaerobic/Anammox --

conexibacter 0.92 Aerobic Positive

geobacter 0.90 Anaerobic/MRB Negative

hazenella 0.89 Aerobic Positive

methanococcus 0.86 Anaerobic Methanogenic --
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  Not all genera are described. 

▪ Acetivibrio: A genus of Clostridia, Gram negative, anaerobic and produce acetic acid and 

ethanol. Firmicutes / “Clostridia” / Clostridiales / “Ruminococcaceae” / Acetivibrio. Gram-stain-

negative rods or slightly curved rods. Spores are not formed. Obligate anaerobe. 

Chemoorganotroph. End products of fermentation include acetic acid, ethanol, H2, and CO2. 

Member of the family Ruminococcaceae on the basis of 16S rRNA gene sequence comparisons. 

DNA G+C content (mol%): 38–44 (Tm/HPLC). [Rainey, F. A. 2015. Acetivibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–3.] 

▪ Acidiferrobacter:  Acidophilic, thermo-tolerant, facultatively anaerobic iron- and sulfur-oxidizer 

(Hallberg et al. 2011). 

▪ Acidobacterium: Members include chemoorganotrophic bacteria containing menaquinone from 

acidic mineral environments.  The presence of menaquinone suggests the capability for 

anaerobic metabolism.  Reports say these bacteria can reduce ferric iron. Moderately 

acidophilic, versatile heterotroph.  Catalyzes dissimilatory ferric iron reduction under oxygen-

limited conditions.  Contains genes that encode plant cell wall-degrading enzymes, with a 

particularly large cluster that encodes pectin degradation.  Isolated from sediments in acidic 

drainage from the Yanahara pyrite mine in Japan. It is gram-negative, aerobic, mesophilic, non-

spore-forming, capsulated, saccharolytic and rod-shaped. It is also motile by peritrichous flagella 

(MicrobeWiki). 

▪ Anaeromyxobacter:  Known as a Gram-negative metal reducing bacteria.  One strain is capable 

of oxidation of both acetate or hydrogen, to the reduction of ortho-substituted halophenols, 

ferric iron, nitrate, nitrite, nitrous oxide, manganese oxide, uranium (VI) and fumarate. Of 

interest is its unique respiratory reduction of nitrate and nitrite to ammonia which is not linked 

to its ability to reduce nitrous oxide to nitrogen gas (MicrobeWiki 2016). 

▪ Conexibacter: Strictly aerobic and can reduce nitrate to nitrite. Gram-positive, aerobic, non-

sporulating and are motile by characteristic long peritrichous flagella. 

▪ Dehalococcoides: Genus of bacteria within class Dehalococcoidetes that obtain energy via the 

oxidation of hydrogen gas and subsequent reductive dehalogenation of halogenated organic 

compounds in a mode of anaerobic respiration called dehalorespiration.  Can degrade PCE and 

TCE to ethene. 

▪ Desulfovibrio: Gram-negative sulfate-reducing bacteria. Desulfovibrio species are commonly 

found in aquatic environments with high levels of organic material, as well as in water-logged 

soils, and form major community members of extreme oligotrophic habitats such as deep 

granitic fractured rock aquifers.  Sulfate reducing bacteria can aid in the production of sulfide 

minerals that can degrade chlorinated solvents abiotically.  Commonly found in conjunction with 

Dehalococcoides bacteria. Members have been shown to degrade TCE and also have shown 
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sustainable syntrophic growth with Dehalococcoides.  Proteobacteria / Deltaproteobacteria / 

Desulfovibrionales / Desulfovibrionaceae / Desulfovibrio. Curved or occasionally straight rods, 

sometimes sigmoid or spirilloid, 0.5–1.5 × 2.5–10.0 μm. The morphology is influenced by age 

and environment; descriptions refer to freshly grown cultures in anoxic sulfate media. Spore 

formation is absent. Gram negative. Motile by means of a single or lophotrichous polar flagella. 

Obligately anaerobic growth in pure cultures. Possess mainly a respiratory type of metabolism 

with sulfate or other sulfur compounds as the terminal electron acceptors, being reduced to 

H2S; however, the metabolism is sometimes fermentative. Media containing a reducing agent 

are required for growth. In a few cases, a vitamin requirement has been reported. Some species 

and subspecies are moderately halophilic. Optimal growth temperature, usually 25–35°C; upper 

limit normally 44°C. No thermophilic species have been reported. Thermophilic Desulfovibrio 

species formerly described have been reclassified and currently belong to the genera 

Thermodesulfovibrio and Thermodesulfobacterium. Chemoorganotrophic. Most species oxidize 

organic compounds such as lactate incompletely to acetate, which cannot be oxidized further. 

Carbohydrates are utilized by few species. One species, D. inopinatus, can use hydroquinone as 

electron donor and carbon source for growth. Cells contain c-type cytochromes (such as c3) and 

usually b-type cytochromes. All members of the genus Desulfovibrio contain desulfoviridin. 

Hydrogenase is usually present. Strains of some species may show chemolithoheterotrophic 

growth, using H2 as electron donor and assimilating acetate and CO2, or yeast extract, as carbon 

sources. Gelatin is not liquefied. Nitrate is sometimes reduced to ammonia. Some species can 

reduce oxygen or metal ions, but growth has never been observed with these electron acceptors 

in pure cultures. Molecular nitrogen is sometimes fixed. Species generally show some degree of 

antigenic cross reaction. Habitats: anoxic mud of fresh and brackish water and marine 

environments; intestines of animals; manure and feces. The mol% G + C of the DNA is: 46.1–

61.2. [Kuever, J., Rainey, F. A. and Widdel, F. 2015. Desulfovibrio. Bergey's Manual of 

Systematics of Archaea and Bacteria. 1–17.] 

▪ Gallionella: Gram negative iron oxidizing bacterium (Hanert H. 2006).  Been known to foul wells. 

▪ Gemmatimonas: Gram-negative. Makes up about 2% of soil bacterial communities and has 

been identified as one of the top nine phyla found in soils.  The range of environments where 

Gemmatimonadetes have been found suggests an adaptation to low soil moisture. The first 

member of this phylum was discovered in 2003 in activated sludge in a sewage treatment 

system. The bacterium was named Gemmatimonas aurantiaca. This bacterium is identified as 

strain T-27T, is Gram-negative, and is the only member of this phylum that has been studied in 

depth. The metabolic pathways and enzymes of this bacterium are unique and it is able to grow 

by both aerobic and anaerobic respiration (Zhang et al. 2003).  

▪ Geobacter: A well known metal reducing group of microbes (anaerobic). Many members of the 

genus are capable of hydrocarbon degradation and iron reduction. At least one Geobacter 

species (lovleyi) is capable of reductive dechlorination of PCE and TCE to cis-DCE (Sung et al 

2006).  Others have been implicated in supplying Dehalococcoides with nutrients for growth 

(Yan et al. 2012).  

▪ Halospirulina: A salt tolerant cyanobacteria (Nubel et al. 2000). 
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▪ Micrococcus: Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Micrococcus. 

Micrococcus occurs in a wide range of environments, including water, dust, and soil. Micrococci 

have Gram-positive spherical cells ranging from about 0.5 to 3 micrometers in diameter and 

typically appear in tetrads.  Can be catabolically versatile, with the ability to utilize a wide range 

of unusual substrates, such as pyridine, herbicides, chlorinated biphenyls, and oil. Cells are 

spherical and nonmotile. Endospores are not formed. Gram-stain-positive. Aerobic. Chemo-

organotrophic, metabolism is strictly respiratory. Catalase- and oxidase-positive. Mesophilic. 

Non halophilic. The peptidoglycan contains I-lysine as the diagnostic diamino acid. The 

peptidoglycan type is either A2, with the interpeptide bridge consisting of a stem peptide or A4α 

both with lysine as the diagnostic diamino acid. The predominant menaquinones are either MK-

8 and MK-8(H2) or MK-8(H2) or MK-7(H2). The cytochromes are aa3, b557, b567, d626; 

cytochromes c550, c551, b563, b564 and b567 may be present. Polar lipids are 

phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, an unknown glycolipid, and 

an unknown ninhydrin-negative phospholipid. The cellular fatty acids are iso- and anteiso-

branched fatty acids, with C15:0 anteiso and C15:0 iso predominating. The major aliphatic 

hydrocarbons (br-Δ-C) are C27 to C29. Mycolic acids and teichonic acids are absent; teichuronic 

acids may be present. Mannosamine-uronic acid may be present as an amino sugar in the cell-

wall polysaccharide. d-Arabinose, p-arbutin, d-cellobiose, d-galactose, d-melibiose, d-ribose, and 

salicin are not assimilated. Members of the genus share the Micrococcaceae-specific signature 

nucleotides at positions 293:304, 610, 598, 615:625, 1025:1036, 1026:1035, 1265:1270, and 

1278 of the 16S rRNA gene sequence (Escherichia coli numbering) and lack the signature 

nucleotides at positions 640, 839:847, and 859 (Stackebrandt et al., 1997). DNA G+C content 

(mol%): 69–76. (Busse, 2015). 

▪ Nitrosospira: Group of Gram negative nitrite oxidizing bacteria (NOB).  Nitrospira can live in 

marine or nonmarine habitats. It has been isolated from ocean water, freshwater, aquarium 

water, deltaic sediment, deep-sea sediments, soils, and an iron pipe of a heating system.  

▪ Pelobacter: Consist of strictly anaerobic (fermenting), Gram-negative, nonsporeforming, rod-

shaped bacteria that use only a very limited number of substrates (Schink, 2006). 

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 

degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 

▪ Rubrobacter: a genus of Actinobacteria, given its own subclass (Rubrobacteridae). It is 

radiotolerant (Rothchild and Mancinelli 2001). 

▪ Sporomusa: Strictly anaerobic, gram-negative, banana-shaped bacteria. Organic substrates that 

were fermented included N-methyl compounds, such as betaine, N,N-dimethylglycine and 

sarcosine, primary alcohols, hydroxy fatty acids, and 2,3-butanediol. In addition, molecular 

hydrogen and carbon dioxide were fermented to acetate. The latter was the characteristic 

fermentation product in general (Moller et al. 1984).  These types of bacteria have been 

identified in dechlorinating cultures such as KB-1 and may possibly provide Dehalococcoides 

with compounds that increase growth yields (Yan et al. 2013). 

Page 22 of 24



▪ Staphylococcus: Aerobic Gram-positive group of coccal bacteria, the best-known species of 

which are universally present in great numbers on the mucous membranes and skin of humans 

and other warm-blooded animals.  Has been found in tannery effluent and used in the 

biosorption of Cr (VI) (Mythili and Karthikeyan 2011). 

▪ Thermodesulfovibrio: Anaerobic, thermophilic, sulfate-reducing bacteria (Sekiguchi et al. 2008). 

Nitrospirae / “Nitrospira” / “Nitrospirales” / “Nitrospiraceae” / Thermodesulfovibrio. Curved or 

vibrioid rod-shaped single cells or in chains, 0.3 × 1.7 μm, spore formation not observed. Gram 

negative. Motile by means of single polar flagellum. Strict anaerobe. Growth between 40 and 

70°C, with optimal growth at 65°C. pH optimum 6.8–7.0. Chemoorganotroph, fermentative and 

dissimilatory sulfate-reducing metabolism. Contains desulfofuscidin, does not contain 

desulfoviridin. Sulfate and thiosulfate used as electron acceptors for growth. Sulfite and nitrate 

may also be electron acceptors. Organic substrates oxidized to acetate. The genus is among the 

deeply brancing Bacteria based upon 16S rRNA sequence analysis. The mol% G + C of the DNA is: 

29.5–38 (Maki, 2015). 

▪ Verrucomicrobium: Heterotrophic and can ferment sugars, anaerobic, Gram-negative, 

nonmotile bacteria with appendages called prosthecae that can be wart-like or long and 

extended in shape (MicrobeWiki 2016). 
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July 23, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428976

10428976
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 27, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Carol Davy
carol.davy@pacelabs.com

Project Manager
1(612)607-6436

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: 2926.01 via A2LA

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10428976001 PGDW45-04262018 Water 04/26/18 08:25 04/27/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428976001 PGDW45-04262018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428976001 PGDW45-04262018

Calcium 141000 ug/L 05/01/18 10:30500EPA 6010D
Magnesium 30000 ug/L 05/01/18 10:30 B500EPA 6010D
Manganese 15.4 ug/L 05/01/18 14:465.0EPA 6010D
Potassium 2840 ug/L 05/01/18 10:302500EPA 6010D
Sodium 59500 ug/L 05/01/18 10:301000EPA 6010D
Strontium 2200 ug/L 05/01/18 15:0210.0EPA 6020B
Alkalinity, Total as CaCO3 328 mg/L 05/09/18 16:255.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 328 mg/L 05/09/18 16:255.0SM 2320B
Total Dissolved Solids 660 mg/L 05/03/18 10:4333.3SM 2540C
Bromide 0.27 mg/L 04/28/18 08:550.080EPA 300.0
Chloride 49.9 mg/L 04/28/18 08:551.2EPA 300.0
Fluoride 1.6 mg/L 04/28/18 08:550.050EPA 300.0
Nitrate as N 0.57 mg/L 04/28/18 08:550.10EPA 300.0
Sulfate 85.5 mg/L 04/28/18 12:442.4EPA 300.0
Total Organic Carbon 2.0 mg/L 05/02/18 19:230.84SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6010D

Date: July 23, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 6020B

Date: July 23, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2320B

Date: July 23, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 2540C

Date: July 23, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 9 of 41



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534874
P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2906086)
• Sulfate

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534874
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428845001,10428952001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2906088)

• Bromide
• Chloride
• Fluoride
• Nitrite as N
• Sulfate

• MS  (Lab ID: 2906090)
• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2906089)
• Bromide
• Chloride
• Fluoride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2906091)
• Chloride
• Nitrite as N
• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

EPA 300.0

Date: July 23, 2018

Description: 300.0 IC Anions

Additional Comments:

Analyte Comments:

QC Batch: 534874
P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2906086)
• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Method:

Client: Ecology and Environment

SM 5310C

Date: July 23, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Sample: PGDW45-04262018 Lab ID: 10428976001 Collected: 04/26/18 08:25 Received: 04/27/18 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 141000 ug/L 05/01/18 10:30 7440-70-204/30/18 11:27500 24.7 1
Iron ND ug/L 05/01/18 10:30 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 30000 ug/L 05/01/18 10:30 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 15.4 ug/L 05/01/18 14:46 7439-96-504/30/18 11:275.0 0.38 1
Potassium 2840 ug/L 05/01/18 10:30 7440-09-704/30/18 11:272500 126 1
Sodium 59500 ug/L 05/01/18 10:30 7440-23-504/30/18 11:271000 44.6 1

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 2200 ug/L 05/01/18 15:02 7440-24-604/30/18 11:2710.0 1.5 20

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/09/18 16:255.0 1.0 1
Alkalinity, Total as CaCO3 328 mg/L 05/09/18 16:255.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 328 mg/L 05/09/18 16:255.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/09/18 16:255.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 660 mg/L 05/03/18 10:4333.3 16.7 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.27 mg/L 04/28/18 08:55 24959-67-90.080 0.0070 1
Chloride 49.9 mg/L 04/28/18 08:55 16887-00-61.2 0.14 1
Fluoride 1.6 mg/L 04/28/18 08:55 16984-48-80.050 0.0028 1
Nitrate as N 0.57 mg/L 04/28/18 08:55 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/28/18 08:55 14797-65-00.10 0.016 1
Sulfate 85.5 mg/L 04/28/18 12:44 14808-79-82.4 0.54 2

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 2.0 mg/L 05/02/18 19:23 7440-44-00.84 0.25 1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537050
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2919597
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/09/18 15:011.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/09/18 15:011.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/09/18 15:011.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/09/18 15:011.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2919598LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2919599

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.4 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2919600MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429689004

2919601

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 102 80-120101 0 304048.2 89.0 88.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2919602MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429689005

2919603

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 94 80-120102 3 304060.2 97.7 101

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535788
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2912074
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L 7.0J 10.0 05/03/18 10:435.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2912075LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2912076

Total Dissolved Solids mg/L 9741000 97 80-12096962 1 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428976001
2912077SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 647 2 10660

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534874
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906086
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/28/18 09:260.0070
Chloride mg/L 0.34J 1.2 04/28/18 09:260.14
Fluoride mg/L ND 0.050 04/28/18 09:260.0028
Nitrate as N mg/L ND 0.10 04/28/18 09:260.0079
Nitrite as N mg/L ND 0.10 04/28/18 09:260.016
Sulfate mg/L 0.65J 1.2 P804/27/18 22:440.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906087LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.012.5 96 90-110
Fluoride mg/L 0.951 95 90-110
Nitrate as N mg/L 0.931 93 90-110
Nitrite as N mg/L 0.921 92 90-110
Sulfate mg/L 12.112.5 97 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906088MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428845001

2906089

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L M11 86 90-11089 2 2010.67 1.5 1.6
Chloride mg/L M112.5 -11 90-1105 3 2012.569.0 67.7 69.7
Fluoride mg/L M11 87 90-11089 1 2010.50 1.4 1.4
Nitrate as N mg/L 1 93 90-11092 1 201ND 0.93 0.92
Nitrite as N mg/L M11 0 90-1100 201ND ND ND
Sulfate mg/L M162.5 73 90-11069 1 2062.5320 366 363

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906090MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428952001

2906091

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11094 0 201ND 0.95 0.94
Chloride mg/L M112.5 78 90-11078 0 2012.512.5 22.2 22.3
Fluoride mg/L 1 94 90-11094 0 2010.14 1.1 1.1
Nitrate as N mg/L 1 92 90-11092 0 201ND 0.92 0.92
Nitrite as N mg/L M11 0 90-1100 201ND ND ND
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906090MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428952001

2906091

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M162.5 71 90-11077 1 2062.5376 421 424
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287479
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428976001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1682015
Associated Lab Samples: 10428976001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/02/18 10:420.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1682016LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 95 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1682017MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428976001

1682018

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 112 80-120115 1 1012.0 3.1 3.1

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1682019MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

40167995001

1682020

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 103 80-120105 1 10610 16.2 16.3
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QUALIFIERS

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than
the blank or were below the reporting limit.

P8
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428976
1209662 Pavillion WY Well Fld

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428976001 534657 535171PGDW45-04262018 EPA 3010 EPA 6010D

10428976001 534644 535176PGDW45-04262018 EPA 3020 EPA 6020B

10428976001 537050PGDW45-04262018 SM 2320B

10428976001 535788PGDW45-04262018 SM 2540C

10428976001 534874PGDW45-04262018 EPA 300.0

10428976001 287479PGDW45-04262018 SM 5310C
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 1 of 10

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428976

Dear Amanda Albrecht:

26547

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, April 27, 2018.  Results
reported herein conform to the most current NELAC standards, where applicable, unless otherwise narrated in
the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 2 of 10

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 3 of 10

SAMPLE SUMMARY

Workorder: 26547 PAVILLION / 10428976

Lab ID Sample ID Matrix Date Collected Date Received

265470001 PGDW45-09262018 Water 4/26/2018 08:25 4/27/2018 11:30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 4 of 10

PROJECT SUMMARY

Workorder: 26547 PAVILLION / 10428976

Workorder Comments

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 5 of 10

ANALYTICAL RESULTS

Workorder: 26547 PAVILLION / 10428976

4/27/2018 11:30

PGDW45-09262018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265470001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/26/2018 08:25

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.041J ug/l 0.50 1 5/7/2018 04:52 TD n0.016
Ethane 0.0030U ug/l 0.10 1 5/7/2018 04:52 TD n0.0030
Ethene 0.0040U ug/l 0.10 1 5/7/2018 04:52 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/7/2018 04:52 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/7/2018 04:52 TD n0.012
Carbon Dioxide 34 mg/l 5.0 1 5/7/2018 04:52 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/7/2018 04:52 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/7/2018 04:52 TD n0.012
Oxygen 4.0 mg/l 0.50 1 5/7/2018 04:52 TD n0.12
Nitrogen 19 mg/l 2.0 1 5/7/2018 04:52 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/7/2018 04:52 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/7/2018 04:52 TD n0.087

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 6 of 10

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26547 PAVILLION / 10428976

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 33 of 41



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 7 of 10

QUALITY CONTROL DATA

Workorder: 26547 PAVILLION / 10428976

QC Batch:

QC Batch Method:

DISG/6820

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265470001

METHOD BLANK: 55119

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0030Uug/l 0.0030 n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55120

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55121 55123

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 760 99 80-120 n730 96 3.3 20
Ethane ug/l 76 74 98 80-120 n75 99 0.61 20
Ethene ug/l 71 70 100 80-120 n71 101 1.1 20
Propane ug/l 56 54 98 80-120 n55 99 0.89 20
Propene ug/l 53 47 89 80-120 n48 90 1.5 20
iso-Butane ug/l 73 70 96 80-120 n71 97 1.2 20
n-Butane ug/l 73 69 95 80-120 n70 96 1.4 20
Acetylene ug/l 33 30 93 80-120 n31 95 2.3 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 8 of 10

QUALITY CONTROL DATA

Workorder: 26547 PAVILLION / 10428976

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55122 55124

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 120 104 80-120 n120 106 1.5 20
Oxygen mg/l 11 11 101 80-120 n11 100 0.97 20
Nitrogen mg/l 140 130 92 80-120 n130 91 0.61 20
Carbon Monoxide mg/l 2 2.4 117 80-120 n2.2 108 8.2 20

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 9 of 10

QUALITY CONTROL DATA QUALIFIERS

Workorder: 26547 PAVILLION / 10428976

QUALITY CONTROL PARAMETER QUALIFIERS

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26547 - 1073145 Page 10 of 10

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26547 PAVILLION / 10428976

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265470001 PGDW45-09262018 DISG/6820AM20GAX

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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#=CL#

June 26, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10429183

10429183
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 27, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 1 of 24



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

10429183
1209662 Pavillion WY Well Fld

Lab ID Sample ID Matrix Date Collected Date Received

10429183001 PGDW49-04262018 Water 04/26/18 11:10 04/27/18 11:30

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 2 of 24
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PROJECT NARRATIVE

Pace Project No.:
Project:

Method:

Client:

Date:

Description:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 1 of 6

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

June 26, 2018

RE:
Pace  Workorder:

PAVILLION / 10429183

Dear Amanda Albrecht:

26545

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, April 27, 2018.  Results
reported herein conform to the most current NELAC standards, where applicable, unless otherwise narrated in
the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            06/26/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____
As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 5 of 24
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 2 of 6

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 3 of 6

SAMPLE SUMMARY

Workorder: 26545 PAVILLION / 10429183

Lab ID Sample ID Matrix Date Collected Date Received

265450001 PGDW49-04262018 Water 4/26/2018 11:10 4/27/2018 11:30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 4 of 6

ANALYTICAL RESULTS

Workorder: 26545 PAVILLION / 10429183

4/27/2018 11:30

PGDW49-04262018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265450001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/26/2018 11:10

Molecular Diagnostics - PAES

Analysis Desc: 16S Analytical Method: 16S

DNA Sequencing Complete 1 6/26/2018 00:00 MLI n

Subcontracted Work - SCUP u
Analysis Desc: D18O Analytical Method: D18O

Oxygen 18 Isotope Complete 1 5/22/2018 00:00 ITL s
Sulfur 34 Isotope Complete 1 5/22/2018 00:00 ITL s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 5 of 6

ANALYTICAL RESULTS QUALIFIERS

Workorder: 26545 PAVILLION / 10429183

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

Subcontracted to University of Pittsburghu

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

Subcontracted; for any related quality nonconformance see additional report(s)s

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26545 - 1067214 Page 6 of 6

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26545 PAVILLION / 10429183

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265450001 PGDW49-04262018 SCUP/1025D18O
Subcontracted to Isotech

265450001 PGDW49-04262018 MOLE/120116S

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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16S Amplicon Sequencing Report 

Project: Z8D168-1         6/26/18 

Sample ID: PGDW49 

Complete profile data was transmitted to Pace Energy 

Summary:  

The most abundant phylotype identified (genus level) was Pseudomonas spp.  which is a common Gram-

negative aerobic bacterium. Please see the supplemental genus descriptions for more information on 

other identified genera. 

Results: 

Phylotype Information 

In microbiology, a phylotype is an environmental DNA sequence or group of sequences sharing more 

than an arbitrarily chosen level of similarity of a particular gene marker.  Abundant phylotypes are 

defined as any identified phylotype that comprised ~1% or more of the total profile.  The results that are 

presented below are derived from the phylotpyes and are reported at the genus level (closest match).  

 

Gram-Stain Distribution 

Gram staining is a common method used to distinguish two large groups of bacteria based on the 

properties of their cell wall.  The two categories of Gram-stain are positive and negative.  Gram-negative 

bacteria tend to be fast growing and early colonizers of disturbed environments.  Gram-negative 

bacteria can also be more sensitive to perturbation and environmental stress.  Gram-positive bacteria 

on the other hand tend to grow more slowly but can be more resilient to environmental stress.  The 

following table reports the distribution of Gram-positive and negative bacteria from the sample.   

Page 16 of 24



 

 

Putative Bacterial Metabolism 

Bacteria can use a number of terminal electron acceptors other than oxygen.  Aerobic bacteria use 

oxygen as a terminal electron acceptor while anaerobic bacteria use terminal electron acceptors other 

than oxygen (e.g. nitrate, iron, sulfate) or through fermentation.  The following table shows the putative 

distribution of aerobic and anaerobic bacteria from the identified phylotypes.  

 

 

 

 

Sample ID PGDW49

Negative 58.8

Positive 18.5

Variable 0.0

Not Described 22.7

Exhibit 1. Gram-stain distribution of phylotypes % of profile

Negative Positive Variable Not Described

Sample ID PGDW49

Aerobic (General) 65.9

Anaerobic (General) 1.8

Facultative Anaerobic 10.5
Not Described 21.9

  

 

 

Exhibit 2. Metabolism distribution of phylotypes % of profile

Aerobic (General) Anaerobic (General) Facultative Anaerobic Not Described
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Abundant phylotypes that represented ~1% of the community profile in any sample (Genus level, 

closest match) 

Putative Respiration Key:  

Aerobic (uses oxygen as a terminal electron acceptor), Anaerobic (does not use oxygen as a terminal 

electron acceptor), NRB (nitrate reducing bacteria), MRB (metal reducing bacteria), SRB (sulfate 

reducing bacteria), Fermentive (capable of fermentation), IOB (iron oxidizing bacteria), NOB (nitrite 

oxidizing bacteria), SOX (sulfur oxidizing bacteria), MOB (methane oxidizing bacteria) Variable (members 

of the genus have multiple capabilities), Methanogen (generates methane).  

 

Exhibit 3.  PGDW49

Genus (closest match) % of Profile Metabolism Gram

pseudomonas 55.80 Aerobic Negative

listeria 9.11 Aerobic/Facultative Anaerobic Positive

corynebacterium 3.29 Aerobic Positive

erythrobacter 2.02 Aerobic Negative

micrococcus 1.87 Aerobic Positive

dehalococcoides 1.77 Anaerobic Positive

streptococcus 1.38 Aerobic/Facultative Anaerobic Positive

staphylococcus 1.07 Aerobic Positive

aquicella 0.98 Aerobic Negative

gaiella 0.85 Aerobic --
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Supplemental Genus Descriptions 

Disclaimer:  These descriptions and associated references do not constitute a rigorous or necessarily 

complete description of genus members.  Bacterial function at the genus level can vary greatly.  

Biomarker data can be robust when combined with other lines of evidence (contaminant and 

geochemistry).  

▪ Aquicella: Aerobic, Gram-negative non-motile rods.  Live as intracellular parasite of amoeba 

(Santos et al. 2003). 

▪ Corynebacterium: This genus can produce moderate amounts of acid from various 

carbohydrates and has been implicated in oil and gas industry MIC.  Actinobacteria / 

Actinobacteria / Corynebacteriales / Corynebacteriaceae / Corynebacterium. Straight to slightly 

curved rods with tapered ends. Rods are usually short or of medium length. Club-shaped forms 

may be observed; sometimes ellipsoidal, ovoid or rarely, “whip handles” (see below, 

Corynebacterium matruchotii) or thinner rods with bulges (see below, Corynebacterium 

sundsvallense) observed. Snapping division produces angular and palisade arrangements of 

cells. Gram-stain-positive; some cells stain unevenly. Metachromatic (synonym being 

polyphosphate) granules may be observed for some species. Not-acid-fast (Ziehl–Neelsen stain), 

and no species has aerial mycelium. Nonsporeforming. All species are nonmotile. All species are 

catalase positive. All species are oxidase negative except for Corynebacterium bovis, 

Corynebacterium aurimucosum, Corynebacterium doosanense, and Corynebacterium maris 

(below). Many species are facultatively anaerobic and some are aerobic. Chemoorganotrophs. 

Some species are lipophilic. Many species produce acid from glucose and some other sugars in 

peptone media. Several species alkalinize citrate as sole carbon sources, but most do not. DNA 

G+C content (mol%): 46–74. [Bernard, K. A. and Funke, G. 2015. Corynebacterium. Bergey's 

Manual of Systematics of Archaea and Bacteria. 1–70] 

▪ Dehalococcoides: Genus of bacteria within class Dehalococcoidetes that obtain energy via the 

oxidation of hydrogen gas and subsequent reductive dehalogenation of halogenated organic 

compounds in a mode of anaerobic respiration called dehalorespiration.  Can degrade PCE and 

TCE to ethene. 

▪ Erythrobacter: Aerobic chemoorganotrophs, metabolism is predominantly respiratory. Gram-

negative. The G+C content of the DNA ranges from 60 to 64 mol%. 

▪ Gaiella: Deep branching phylogenetic lineage within the class Actinobacteria. Strictly aerobic, 

Gram-positive. 

▪ Listeria: Regular, short rods, 0.4–0.5 × 1–2 µm with parallel sides and blunt ends. Usually occur 

singly or in short chains. In older or rough cultures, filaments of ≥6 µm in length may develop. 

Gram‐positive with even staining, but some cells, especially in older cultures, lose their ability to 

retain the Gram strain. Not acid‐fast. Capsules not formed. Do not form spores. All species 

motile with peritrichous flagella when cultured <30°C. Aerobic and facultative anaerobic. 

Colonies (24–48 h) are 0.5–1.5 mm in diameter, round, translucent, low convex with a smooth 

surface and entire margin, non‐pigmented with a crystalline central appearance. May be sticky 

when removed from agar surfaces, usually emulsify easily, and may leave a slight impression on 
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the agar surface after removal. Older cultures (3–7 d) are larger, 3–5 mm in diameter, have a 

more opaque appearance, sometimes with a sunken center: rough colonial forms may develop. 

In 0.25% (w/v) agar, 8% (w/v) gelatin and 1.0% (w/v) glucose semi‐solid medium, growth along 

the stab after 24 h at 37°C is followed by irregular, cloudy extensions into the medium. Growth 

spreads slowly through the entire medium. An umbrella‐like zone of maximal growth occurs 3–5 

mm below the surface. Temperature limits of growth <0 to 45°C; optimal growth at 30–37°C. Do 

not survive heating at 60°C for 30 min. Growth occurs between pH 6 and pH 9. Growth occurs in 

nutrient broth supplemented with up to 10% (w/v) NaCl. Catalase‐positive, oxidase‐negative. 

Cytochromes produced. Homofermentative anaerobic catabolism of glucose results in 

production of L(+)‐lactic acid, acetic acid plus other end products. Acid but no gas produced 

from other sugars. Methyl‐red‐positive, Voges–Proskauer‐positive. Exogenous citrate not 

utilized. Organic growth factors are required. Indole is not produced. Esculin and sodium 

hippurate are hydrolyzed. Urea is not hydrolyzed. Gelatin, casein, and milk are not hydrolyzed. 

[James McLauchlin, Catherine E. D. Rees, Bergey's Manual of Systematics of Archaea and 

Bacteria September 2015]. 

▪ Micrococcus: Actinobacteria / Actinobacteria / Micrococcales / Micrococcaceae / Micrococcus. 

Micrococcus occurs in a wide range of environments, including water, dust, and soil. Micrococci 

have Gram-positive spherical cells ranging from about 0.5 to 3 micrometers in diameter and 

typically appear in tetrads.  Can be catabolically versatile, with the ability to utilize a wide range 

of unusual substrates, such as pyridine, herbicides, chlorinated biphenyls, and oil. Cells are 

spherical and nonmotile. Endospores are not formed. Gram-stain-positive. Aerobic. Chemo-

organotrophic, metabolism is strictly respiratory. Catalase- and oxidase-positive. Mesophilic. 

Non halophilic. The peptidoglycan contains I-lysine as the diagnostic diamino acid. The 

peptidoglycan type is either A2, with the interpeptide bridge consisting of a stem peptide or A4α 

both with lysine as the diagnostic diamino acid. The predominant menaquinones are either MK-

8 and MK-8(H2) or MK-8(H2) or MK-7(H2). The cytochromes are aa3, b557, b567, d626; 

cytochromes c550, c551, b563, b564 and b567 may be present. Polar lipids are 

phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, an unknown glycolipid, and 

an unknown ninhydrin-negative phospholipid. The cellular fatty acids are iso- and anteiso-

branched fatty acids, with C15:0 anteiso and C15:0 iso predominating. The major aliphatic 

hydrocarbons (br-Δ-C) are C27 to C29. Mycolic acids and teichonic acids are absent; teichuronic 

acids may be present. Mannosamine-uronic acid may be present as an amino sugar in the cell-

wall polysaccharide. d-Arabinose, p-arbutin, d-cellobiose, d-galactose, d-melibiose, d-ribose, and 

salicin are not assimilated. Members of the genus share the Micrococcaceae-specific signature 

nucleotides at positions 293:304, 610, 598, 615:625, 1025:1036, 1026:1035, 1265:1270, and 

1278 of the 16S rRNA gene sequence (Escherichia coli numbering) and lack the signature 

nucleotides at positions 640, 839:847, and 859 (Stackebrandt et al., 1997). DNA G+C content 

(mol%): 69–76. (Busse, 2015).  

▪ Pseudomonas:  A genus of Gram-negative, aerobic gammaproteobacteria, belonging to the 

family Pseudomonadaceae containing 191 validly described species. The members of the genus 

demonstrate a great deal of metabolic diversity.  They have been identified in hydrocarbon 
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degrading and other xenobiotics.  Some members can degrade TCE (Chen et al 2007) and cis-

DCE (Lu et al 2015). 

▪ Staphylococcus: Aerobic Gram-positive group of coccal bacteria, the best-known species of 

which are universally present in great numbers on the mucous membranes and skin of humans 

and other warm-blooded animals.  Has been found in tannery effluent and used in the 

biosorption of Cr (VI) (Mythili and Karthikeyan 2011). 

▪ Streptococcus: Firmicutes / “Bacilli” / “Lactobacillales” / Streptococcaceae / Streptococcus  

Coccus (spherical) gram-positive bacteria belonging to the phylum Firmicutes and the order 

Lactobacillales (lactic acid bacteria). Streptococcus strains are normally spherical or ovoid, less 

than 2 µm in diameter, occurring in chains or in pairs when grown in liquid media. Cells are 

nonmotile. Endospores are not formed. Gram-positive. Virtually all species are facultatively 

anaerobic, some requiring additional CO2 for growth. Chemo-organotrophic with fermentative 

metabolism. Carbohydrates are fermented to produce mainly lactic acid but no gas. Catalase-

negative. Nutritional requirements are complex and variable. The peptidoglycan is of group A 

(Schleifer and Kandler, 1972) with l-lysine as the diamino acid in position 3 of the peptide 

subunit. Menaquinones are not present. Cell-wall polysaccharides form the basis of the 

Lancefield serological grouping scheme (Lancefield, 1933). Rhamnose is a common constituent 

of almost all streptococcal cell walls and its notable absence among members of the Mitis 

species group which includes Streptococcus pneumoniae, together with the presence of 

significant amounts of ribitol, are valuable chemotaxonomic markers for these taxa. DNA G+C 

content (mol%): 33–46. Type species: Streptococcus pyogenes Rosenbach 1884 (Whiley and 

Hardie, 2015). 
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Pittsburgh, PA 15238

Project / PO Number: N/A

Received: 

Pace Analytical Pittsburg, PA

220 William Pitt Way

Lauren McGrath

CERTIFICATE OF ANALYSIS

Reported: 

Microbac Laboratories, Inc., Oak Ridge

Project Name: Pavillion

Z8D0168

04/27/2018

06/26/2018

Analytical Testing Parameters

Z8D0168-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - Z8D0168-01[TOC]

04/26/2018  11:10

PGDW49-04262018

Sample Matrix: Water

Molecular - PCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: PCR

06/26/18  1143See Attached 

Report

04/27/18  1117Bacterial ID - 16s OST MNC

Molecular - QPCR Result RL PreparedUnits AnalyzedNote  Analyst

Method: QPCR

gene 

copies/L

05/17/18  1706315000 05/17/18  1148Estimated Bacterial Biomass RWB

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

OST: Sample subcontracted to Mr. DNA for NGS analysis

Report Comments

06/26/2018 11:45

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents 

only the sample(s) analyzed.  This report is incomplete unless all pages indicated 

in the footnote are present and an authorized signature is included.
maraea.clark@microbac.com

Maraea Clark

Project Manager

Reviewed and Approved By:

Microbac Laboratories, Inc.

800 Oak Ridge Turnpike | Oak Ridge, TN 37830 | 703-925-0100 p | www.microbac.com Page 1 of 2
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October 11, 2018

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428977

10428977
Project:
Pace Project No.:

RE:

Kyle Smith
Strike Consulting Group, LLC
205 South 3rd Street
Lander, WY 82520

1209662 Pavillion WY Well Fld-Revised Report

Dear Kyle Smith:
Enclosed are the analytical results for sample(s) received by the laboratory on April 27, 2018. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

This report was revised on July 23, 2018 to add J-flagging.

This report was further revised on October 11, 2018 to update sulfate results for PGDW49-
04262018, after a data review.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Amanda Albrecht
amanda.albrecht@pacelabs.com

Project Manager
(612)607-6382

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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October 11, 2018
Page 2

LIMS USE: FR - KYLE SMITH
LIMS OBJECT ID: 10428977

Enclosures

cc: Hannah Mason, Ecology and Environment
Lynne Parker, Ecology and Environment, Inc.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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CERTIFICATIONS

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Minnesota Certification IDs

1700 Elm Street SE, Minneapolis, MN  55414-2485
A2LA Certification #: 2926.01
Alabama Certification #: 40770
Alaska Contaminated Sites Certification #: 17-009
Alaska DW Certification #: MN00064
Arizona Certification #: AZ0014
Arkansas DW Certification #: MN00064
Arkansas WW Certification #: 88-0680
California Certification #: 2929
CNMI Saipan Certification #: MP0003
Colorado Certification #: MN00064
Connecticut Certification #: PH-0256
EPA Region 8+Wyoming DW Certification #: via MN 027-
053-137
Florida Certification #: E87605
Georgia Certification #: 959
Guam EPA Certification #: MN00064
Hawaii Certification #: MN00064
Idaho Certification #: MN00064
Illinois Certification #: 200011
Indiana Certification #: C-MN-01
Iowa Certification #: 368
Kansas Certification #: E-10167
Kentucky DW Certification #: 90062
Kentucky WW Certification #: 90062
Louisiana DEQ Certification #: 03086
Louisiana DW Certification #: MN00064
Maine Certification #: MN00064
Maryland Certification #: 322
Massachusetts Certification #: M-MN064
Michigan Certification #: 9909

Minnesota Certification #: 027-053-137
Minnesota Dept of Ag Certifcation #: via MN 027-053-137
Minnesota Petrofund Certification #: 1240
Mississippi Certification #: MN00064
Montana Certification #: CERT0092
Nebraska Certification #: NE-OS-18-06
Nevada Certification #: MN00064
New Hampshire Certification #: 2081
New Jersey Certification #: MN002
New York Certification #: 11647
North Carolina DW Certification #: 27700
North Carolina WW Certification #: 530
North Dakota Certification #: R-036
Ohio DW Certification #: 41244
Ohio VAP Certification #: CL101
Oklahoma Certification #: 9507
Oregon NwTPH Certification #: MN300001
Oregon Secondary Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification #: MN00064
South Carolina Certification #:74003001
Tennessee Certification #: TN02818
Texas Certification #: T104704192
Utah Certification #: MN00064
Virginia Certification #: 460163
Washington Certification #: C486
West Virginia DW Certification #: 9952 C
West Virginia DEP Certification #: 382
Wisconsin Certification #: 999407970
Wyoming UST Certification #: via A2LA 2926.01

Green Bay Certification IDs

1241 Bellevue Street, Green Bay, WI  54302
Florida/NELAP Certification #: E87948
Illinois Certification #: 200050
Kentucky UST Certification #: 82
Louisiana Certification #: 04168
Minnesota Certification #: 055-999-334
New York Certification #: 12064
North Dakota Certification #: R-150

Virginia VELAP ID: 460263
South Carolina Certification #: 83006001
Texas Certification #: T104704529-14-1
Wisconsin Certification #: 405132750
Wisconsin DATCP Certification #: 105-444
USDA Soil Permit #: P330-16-00157
Federal Fish & Wildlife Permit #: LE51774A-0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Matrix Date Collected Date Received

10428977001 PGDW49-04262018 Water 04/26/18 11:10 04/27/18 10:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

10428977001 PGDW49-04262018 EPA 6010D 6 PASI-MDM

EPA 6020B 1 PASI-MTT3

SM 2320B 4 PASI-MAR3

SM 2540C 1 PASI-MNAS

EPA 300.0 6 PASI-MAR3

SM 5310C 1 PASI-GTJJ

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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SUMMARY OF DETECTION

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

10428977001 PGDW49-04262018

Calcium 440000 ug/L 05/01/18 10:33500EPA 6010D
Iron 521 ug/L 05/01/18 10:3350.0EPA 6010D
Magnesium 140000 ug/L 05/01/18 10:33 B500EPA 6010D
Manganese 117 ug/L 05/01/18 14:495.0EPA 6010D
Potassium 14900 ug/L 05/01/18 10:332500EPA 6010D
Sodium 1090000 ug/L 05/01/18 11:0910000EPA 6010D
Strontium 9010 ug/L 05/01/18 15:0325.0EPA 6020B
Alkalinity, Total as CaCO3 319 mg/L 05/09/18 16:295.0SM 2320B
Alkalinity,Bicarbonate (CaCO3) 319 mg/L 05/09/18 16:295.0SM 2320B
Total Dissolved Solids 5600 mg/L 05/03/18 10:43200SM 2540C
Bromide 0.28 mg/L 04/28/18 09:110.080EPA 300.0
Chloride 64.1 mg/L 04/28/18 09:111.2EPA 300.0
Fluoride 0.47 mg/L 04/28/18 09:110.050EPA 300.0
Nitrate as N 4.4 mg/L 04/28/18 09:110.10EPA 300.0
Sulfate 1540 mg/L 04/28/18 09:11 E1.2EPA 300.0
Total Organic Carbon 6.5 mg/L 05/04/18 16:532.5SM 5310C

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6010D

Date: October 11, 2018

Description: 6010D MET ICP

General Information:

1 sample was analyzed for EPA 6010D.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534657

B: Analyte was detected in the associated method blank.
• BLANK for HBN 534657 [MPRP/813  (Lab ID: 2904883)

• Magnesium

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534657
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428572001

P6: Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the spike
level.

• MS  (Lab ID: 2904885)
• Sodium

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 6020B

Date: October 11, 2018

Description: 6020B MET ICPMS

General Information:

1 sample was analyzed for EPA 6020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 3020 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Page 8 of 46



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2320B

Date: October 11, 2018

Description: 2320B Alkalinity

General Information:

1 sample was analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 2540C

Date: October 11, 2018

Description: 2540C Total Dissolved Solids

General Information:

1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: October 11, 2018

Description: 300.0 IC Anions

General Information:

1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

QC Batch: 534874
P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2906086)
• Sulfate

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 534874
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  10428845001,10428952001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2906088)

• Bromide
• Chloride
• Fluoride
• Nitrite as N
• Sulfate

• MS  (Lab ID: 2906090)
• Chloride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2906089)
• Bromide
• Chloride
• Fluoride
• Nitrite as N
• Sulfate

• MSD  (Lab ID: 2906091)
• Chloride
• Nitrite as N
• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

EPA 300.0

Date: October 11, 2018

Description: 300.0 IC Anions

Additional Comments:

Analyte Comments:

QC Batch: 534874

E: Analyte concentration exceeded the calibration range. The reported result is estimated.
• PGDW49-04262018  (Lab ID: 10428977001)

• Sulfate
P8: Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than the blank
or were below the reporting limit.

• BLANK  (Lab ID: 2906086)
• Sulfate

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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PROJECT NARRATIVE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Method:

Client: Ecology and Environment

SM 5310C

Date: October 11, 2018

Description: 5310C TOC

General Information:

1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1700 Elm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Sample: PGDW49-04262018 Lab ID: 10428977001 Collected: 04/26/18 11:10 Received: 04/27/18 10:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Analytical Method: EPA 6010D  Preparation Method: EPA 30106010D MET ICP

Calcium 440000 ug/L 05/01/18 10:33 7440-70-204/30/18 11:27500 24.7 1
Iron 521 ug/L 05/01/18 10:33 7439-89-604/30/18 11:2750.0 16.7 1
Magnesium 140000 ug/L 05/01/18 10:33 7439-95-4 B04/30/18 11:27500 2.6 1
Manganese 117 ug/L 05/01/18 14:49 7439-96-504/30/18 11:275.0 0.38 1
Potassium 14900 ug/L 05/01/18 10:33 7440-09-704/30/18 11:272500 126 1
Sodium 1090000 ug/L 05/01/18 11:09 7440-23-504/30/18 11:2710000 446 10

Analytical Method: EPA 6020B  Preparation Method: EPA 30206020B MET ICPMS

Strontium 9010 ug/L 05/01/18 15:03 7440-24-604/30/18 11:2725.0 3.7 50

Analytical Method: SM 2320B2320B Alkalinity

Alkalinity, Hydroxide (CaCO3) ND mg/L 05/09/18 16:295.0 1.0 1
Alkalinity, Total as CaCO3 319 mg/L 05/09/18 16:295.0 1.0 1
Alkalinity,Bicarbonate (CaCO3) 319 mg/L 05/09/18 16:295.0 1.0 1
Alkalinity,Carbonate (CaCO3) ND mg/L 05/09/18 16:295.0 1.0 1

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 5600 mg/L 05/03/18 10:43200 100 1

Analytical Method: EPA 300.0300.0 IC Anions

Bromide 0.28 mg/L 04/28/18 09:11 24959-67-90.080 0.0070 1
Chloride 64.1 mg/L 04/28/18 09:11 16887-00-61.2 0.14 1
Fluoride 0.47 mg/L 04/28/18 09:11 16984-48-80.050 0.0028 1
Nitrate as N 4.4 mg/L 04/28/18 09:11 14797-55-80.10 0.0079 1
Nitrite as N ND mg/L 04/28/18 09:11 14797-65-00.10 0.016 1
Sulfate 1540 mg/L 04/28/18 09:11 14808-79-8 E1.2 0.27 1

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 6.5 mg/L 05/04/18 16:53 7440-44-02.5 0.76 3

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:48 PM

Pace Analytical Services, LLC
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534657
EPA 3010

EPA 6010D
6010D Water

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904883
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Calcium ug/L ND 500 05/01/18 09:5124.7
Iron ug/L ND 50.0 05/01/18 09:5116.7
Magnesium ug/L 3.1J 500 05/01/18 09:512.6
Manganese ug/L ND 5.0 05/01/18 09:510.38
Potassium ug/L ND 2500 05/01/18 09:51126
Sodium ug/L ND 1000 05/01/18 09:5144.6

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904884LABORATORY CONTROL SAMPLE:
LCSSpike

Calcium ug/L 1910020000 96 80-120
Iron ug/L 1960020000 98 80-120
Magnesium ug/L 1950020000 98 80-120
Manganese ug/L 9981000 100 80-120
Potassium ug/L 1930020000 97 80-120
Sodium ug/L 1920020000 96 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904885MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428572001

2904886

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium ug/L 20000 104 75-12599 4 20200007290 28100 27100
Iron ug/L 20000 104 75-125101 3 2020000368 21200 20600
Magnesium ug/L 20000 106 75-125103 3 202000019.2J 21300 20600
Manganese ug/L 1000 98 75-12599 2 2010004.9J 985 1000
Potassium ug/L 20000 119 75-125114 4 2020000227J 23900 23100
Sodium ug/L P620000 136 75-125117 2 2020000202000 229000 225000

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534644
EPA 3020

EPA 6020B
6020B Water UPD5

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2904831
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Strontium ug/L ND 0.50 05/01/18 13:480.075

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2904832LABORATORY CONTROL SAMPLE:
LCSSpike

Strontium ug/L 111100 111 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2904833MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428571001

2904834

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Strontium ug/L 100 119 75-125115 1 20100100 219 216

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.Date: 10/11/2018 03:48 PM
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

537050
SM 2320B

SM 2320B
2320B Alkalinity

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2919597
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Alkalinity, Hydroxide (CaCO3) mg/L ND 5.0 05/09/18 15:011.0
Alkalinity, Total as CaCO3 mg/L ND 5.0 05/09/18 15:011.0
Alkalinity,Bicarbonate (CaCO3) mg/L ND 5.0 05/09/18 15:011.0
Alkalinity,Carbonate (CaCO3) mg/L ND 5.0 05/09/18 15:011.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2919598LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2919599

Alkalinity, Total as CaCO3 mg/L 42.440 106 90-11010642.4 0 20

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2919600MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429689004

2919601

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 102 80-120101 0 304048.2 89.0 88.7

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2919602MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10429689005

2919603

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Alkalinity, Total as CaCO3 mg/L 40 94 80-120102 3 304060.2 97.7 101

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

535788
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2912074
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L 7.0J 10.0 05/03/18 10:435.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2912075LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

2912076

Total Dissolved Solids mg/L 9741000 97 80-12096962 1 10

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

10428976001
2912077SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 647 2 10660

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

534874
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2906086
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Bromide mg/L ND 0.080 04/28/18 09:260.0070
Chloride mg/L 0.34J 1.2 04/28/18 09:260.14
Fluoride mg/L ND 0.050 04/28/18 09:260.0028
Nitrate as N mg/L ND 0.10 04/28/18 09:260.0079
Nitrite as N mg/L ND 0.10 04/28/18 09:260.016
Sulfate mg/L 0.65J 1.2 P804/27/18 22:440.27

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2906087LABORATORY CONTROL SAMPLE:
LCSSpike

Bromide mg/L 0.951 95 90-110
Chloride mg/L 12.012.5 96 90-110
Fluoride mg/L 0.951 95 90-110
Nitrate as N mg/L 0.931 93 90-110
Nitrite as N mg/L 0.921 92 90-110
Sulfate mg/L 12.112.5 97 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906088MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428845001

2906089

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L M11 86 90-11089 2 2010.67 1.5 1.6
Chloride mg/L M112.5 -11 90-1105 3 2012.569.0 67.7 69.7
Fluoride mg/L M11 87 90-11089 1 2010.50 1.4 1.4
Nitrate as N mg/L 1 93 90-11092 1 201ND 0.93 0.92
Nitrite as N mg/L M11 0 90-1100 201ND ND ND
Sulfate mg/L M162.5 73 90-11069 1 2062.5320 366 363

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906090MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428952001

2906091

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Bromide mg/L 1 95 90-11094 0 201ND 0.95 0.94
Chloride mg/L M112.5 78 90-11078 0 2012.512.5 22.2 22.3
Fluoride mg/L 1 94 90-11094 0 2010.14 1.1 1.1
Nitrate as N mg/L 1 92 90-11092 0 201ND 0.92 0.92
Nitrite as N mg/L M11 0 90-1100 201ND ND ND
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2906090MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10428952001

2906091

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Sulfate mg/L M162.5 71 90-11077 1 2062.5376 421 424
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QUALITY CONTROL DATA

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

287734
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 10428977001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1683442
Associated Lab Samples: 10428977001

Matrix: Water

AnalyzedMDL

Total Organic Carbon mg/L <0.25 0.84 05/04/18 08:340.25

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1683443LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 2.42.5 97 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1683444MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076023

1683445

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 1 109 80-12099 3 1012.4 3.5 3.4

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1683446MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

10424076024

1683447

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Total Organic Carbon mg/L 6 101 80-120106 2 1068.4 14.5 14.8
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QUALIFIERS

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Green BayPASI-G
Pace Analytical Services - MinneapolisPASI-M

ANALYTE QUALIFIERS

Analyte was detected in the associated method blank.B
Analyte concentration exceeded the calibration range. The reported result is estimated.E
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
Matrix spike recovery was outside laboratory control limits due to a parent sample concentration notably higher than the
spike level.

P6

Analyte was detected in the method blank. All associated samples had concentrations of at least ten times greater than
the blank or were below the reporting limit.

P8

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

10428977
1209662 Pavillion WY Well Fld-Revised Report

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

10428977001 534657 535171PGDW49-04262018 EPA 3010 EPA 6010D

10428977001 534644 535176PGDW49-04262018 EPA 3020 EPA 6020B

10428977001 537050PGDW49-04262018 SM 2320B

10428977001 535788PGDW49-04262018 SM 2540C

10428977001 534874PGDW49-04262018 EPA 300.0

10428977001 287734PGDW49-04262018 SM 5310C
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 1 of 14

Amanda Albrecht
Pace Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN  55414

July 19, 2018

RE:
Pace  Workorder:

PAVILLION / 10428977

Dear Amanda Albrecht:

26546

Enclosed are the analytical results for sample(s) received by the laboratory on Friday, April 27, 2018.  Results
reported herein conform to the most current NELAC standards, where applicable, unless otherwise narrated in
the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Enclosures

Ruth Welsh            07/19/2018
Ruth.Welsh@pacelabs.com

Total Number of Pages ____

As a valued client we would appreciate your comments on our service.

Please email PAESfeedback@pacelabs.com.

Customer Service Representative

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 29 of 46
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 2 of 14

LABORATORY ACCREDITATIONS & CERTIFICATIONS

Pennsylvania Department of Environmental Protection, Bureau of Laboratories
02-00538
NELAP Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

West Virginia Department of Environmental Protection, Division of Water and Waste
Management
395
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

South Carolina Department of Health and Environmental Control, Office of Environmental
Laboratory Certification
89009003
Clean Water Act (CWA);  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

State of Virginia
460201
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP: New Jersey, Department of Environmental Protection
PA026
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

NELAP:  New York, Department of  Health Wadsworth Center
11815
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of Connecticut, Department of Public Health, Division of Environmental Health
PH-0263
Clean Water Act (CWA)  Resource Conservation and Recovery Act (RCRA)

Accreditor:

Accreditation ID:

Scope:

NELAP: Texas, Commission on Environmental Quality
T104704453-09-TX
Non-Potable Water

Accreditor:

Accreditation ID:

Scope:

State of New Hampshire
299409
Non-potable water

Accreditor:

Accreditation ID:

Scope:

State of Georgia
Chapter 391-3-26
As per the Georgia EPD Rules and Regulations for Commercial Laboratories, PAES is
accredited by the Pennsylvania Department of Environmental Protection Bureau of
Laboratories under the National Environmental Laboratory Approval Program (NELAC).

Accreditor:

Accreditation ID:

Scope:

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 3 of 14

SAMPLE SUMMARY

Workorder: 26546 PAVILLION / 10428977

Lab ID Sample ID Matrix Date Collected Date Received

265460001 PGDW49-04262018 Water 4/26/2018 11:10 4/27/2018 11:30

265460002 TRIPBLANK-04262018 Water 4/26/2018 15:30 4/27/2018 11:30

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 4 of 14

PROJECT SUMMARY

Workorder: 26546 PAVILLION / 10428977

Workorder Comments

The methane concentration was not high enough to perform CSIA analyses

This report is being re-issued following corrections made to process the available results against the MDL reporting properties and to
incorporate the available result qualifiers; 07/17/2018.

Batch Comments

Batch: DISG/6810 - Gas Composition AM30 Water QC

The percent recovery for the closing calibration verification analysis was above laboratory control limits.  Analytes Hydrogen.
Results associated to the analytes in samples were unaffected by high bias.

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 5 of 14

ANALYTICAL RESULTS

Workorder: 26546 PAVILLION / 10428977

4/27/2018 11:30

PGDW49-04262018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265460001

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/26/2018 11:10

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.086J ug/l 0.50 1 5/5/2018 08:02 TD n0.016
Ethane 0.0075J ug/l 0.10 1 5/5/2018 08:02 TD B,n0.0030
Ethene 0.0051J ug/l 0.10 1 5/5/2018 08:02 TD n0.0040
Propane 0.0077J ug/l 0.10 1 5/5/2018 08:02 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/5/2018 08:02 TD n0.012
Carbon Dioxide 23 mg/l 5.0 1 5/5/2018 08:02 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/5/2018 08:02 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 08:02 TD n0.012
Oxygen 4.5 mg/l 0.50 1 5/5/2018 08:02 TD n0.12
Nitrogen 21 mg/l 2.0 1 5/5/2018 08:02 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 08:02 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 08:02 TD n0.087

Analysis Desc: AM30 Analytical Method: AM30

Argon 1900 U ug/l 1900 3.2 5/16/2018 10:26 AK d,n1900
Helium 30 U ug/l 30 1 5/2/2018 12:51 AK n30
Hydrogen 15 U ug/l 15 1 5/2/2018 12:51 AK M1,n15

Analysis Desc: AM10 Analytical Method: AM10

Iso-Pentane 5.0 U ug/l 5.0 1 5/7/2018 17:41 RW n5.0
Pentane 5.0 U ug/l 5.0 1 5/7/2018 17:41 RW n5.0
Hexane Plus 25 U ug/l 25 1 5/7/2018 17:41 RW n25

220 William Pitt Way
Pittsburgh, PA 15238

Phone: (412) 826-5245
Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
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Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 6 of 14

ANALYTICAL RESULTS

Workorder: 26546 PAVILLION / 10428977

4/27/2018 11:30

TRIPBLANK-04262018

Matrix: Water

RegLmtParameters

Lab ID:

Sample ID:

RegLmt

265460002

Results Units PQL DF ByAnalyzedMDL Qualifiers

Date Collected:

Date Received:

4/26/2018 15:30

RISK - PAES

Analysis Desc: AM20GAX Analytical Method: AM20GAX

Methane 0.061J ug/l 0.50 1 5/5/2018 08:14 TD n0.016
Ethane 0.0030U ug/l 0.10 1 5/5/2018 08:14 TD B,n0.0030
Ethene 0.0099J ug/l 0.10 1 5/5/2018 08:14 TD n0.0040
Propane 0.0050U ug/l 0.10 1 5/5/2018 08:14 TD n0.0050
Propene 0.012U ug/l 0.10 1 5/5/2018 08:14 TD n0.012
Carbon Dioxide 0.32U mg/l 5.0 1 5/5/2018 08:14 TD n0.32
iso-Butane 0.019U ug/l 0.20 1 5/5/2018 08:14 TD n0.019
n-Butane 0.012U ug/l 0.20 1 5/5/2018 08:14 TD n0.012
Oxygen 8.7 mg/l 0.50 1 5/5/2018 08:14 TD n0.12
Nitrogen 17 mg/l 2.0 1 5/5/2018 08:14 TD n0.34
Acetylene 0.022U ug/l 0.50 1 5/5/2018 08:14 TD n0.022
Carbon Monoxide 0.087U mg/l 1.0 1 5/5/2018 08:14 TD n0.087
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ANALYTICAL RESULTS QUALIFIERS

Workorder: 26546 PAVILLION / 10428977

DEFINITIONS/QUALIFIERS

U

J

Indicates the compound was analyzed for, but not detected at or above the noted concentration.

Estimated concentration greater than the set method detection limit (MDL) and less than the set reporting limit (PQL).

MDL Method Detection Limit.  Can be used synonymously with LOD; Limit Of Detection.

PQL Practical Quanitation Limit.  Can be used synonymously with LOQ; Limit Of Quantitation.

ND Not detected at or above reporting limit.

DF Dilution Factor.

S Surrogate.

RPD Relative Percent Difference.

% Rec Percent Recovery.

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n

The analyte was detected in the associated blank.B

The analyte concentration was determined from a dilution.d

The continuing calibration verification recovery was outside laboratory control limits.M1
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QUALITY CONTROL DATA

Workorder: 26546 PAVILLION / 10428977

QC Batch:

QC Batch Method:

DISG/6810

AM30

Analysis Method: AM30

Associated Lab Samples: 265460001

METHOD BLANK: 55053

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Helium 30 Uug/l 30 n
Hydrogen 15 Uug/l 15 M1,n

LABORATORY CONTROL SAMPLE:

Parameter Units Conc.
Spike

Result
LCS

Qualifiers
LCS

% Rec
% Rec
Limits

55054

RISK
Helium 570ug/l 610 n107 80-120
Hydrogen 290ug/l 320 M1,n108 80-120
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Fax: (412) 826-3433

without the written consent of Pace Analytical Energy Services LLC.
Page 36 of 46



Pace Analytical Energy Services LLC

CERTIFICATE OF ANALYSIS
This report shall not be reproduced, except in full,

Report ID: 26546 - 1073139 Page 9 of 14

QUALITY CONTROL DATA

Workorder: 26546 PAVILLION / 10428977

QC Batch:

QC Batch Method:

VAP/2041

AM10

Analysis Method: AM10

Associated Lab Samples: 265460001

METHOD BLANK: 55075

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Iso-Pentane 5.0 Uug/l 5.0 n
Pentane 5.0 Uug/l 5.0 n
Hexane Plus 25 Uug/l 25 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55076 55077

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Iso-Pentane ug/l 50 50 99 n50 99 0.16
Pentane ug/l 50 46 92 70-130 n46 92 0.044 30
Hexane Plus ug/l 50 51 102 70-130 n51 102 0.02 30
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QUALITY CONTROL DATA

Workorder: 26546 PAVILLION / 10428977

QC Batch:

QC Batch Method:

DISG/6818

AM20GAX

Analysis Method: AM20GAX

Associated Lab Samples: 265460001, 265460002

METHOD BLANK: 55107

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Methane 0.016Uug/l 0.016 n
Ethane 0.0036Jug/l 0.0030 B,n
Ethene 0.0040Uug/l 0.0040 n
Propane 0.0050Uug/l 0.0050 n
Propene 0.012Uug/l 0.012 n
iso-Butane 0.019Uug/l 0.019 n
n-Butane 0.012Uug/l 0.012 n
Acetylene 0.022Uug/l 0.022 n

METHOD BLANK: 55108

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Carbon Dioxide 0.32Umg/l 0.32 n
Oxygen 0.12Umg/l 0.12 n
Nitrogen 0.34Umg/l 0.34 n
Carbon Monoxide 0.087Umg/l 0.087 n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55109 55111

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Methane ug/l 770 790 102 80-120 n820 106 3.8 20
Ethane ug/l 76 75 99 80-120 B,n76 100 1.8 20
Ethene ug/l 71 70 100 80-120 n72 102 2.5 20
Propane ug/l 56 56 101 80-120 n57 103 1.4 20
Propene ug/l 53 49 92 80-120 n50 94 2.4 20
iso-Butane ug/l 73 73 100 80-120 n74 101 1.1 20
n-Butane ug/l 73 73 100 80-120 n74 100 0.83 20
Acetylene ug/l 33 29 88 80-120 n30 90 2 20
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QUALITY CONTROL DATA

Workorder: 26546 PAVILLION / 10428977

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55110 55112

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Carbon Dioxide mg/l 120 130 108 80-120 n130 113 4.1 20
Oxygen mg/l 11 11 100 80-120 n11 96 3.3 20
Nitrogen mg/l 140 130 92 80-120 n130 92 0.12 20
Carbon Monoxide mg/l 2 2.3 113 80-120 n2.2 111 1.5 20
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QUALITY CONTROL DATA

Workorder: 26546 PAVILLION / 10428977

QC Batch:

QC Batch Method:

DISG/6841

AM30

Analysis Method: AM30

Associated Lab Samples: 265460001

METHOD BLANK: 55305

Parameter Units Result
Blank

Limit
Reporting

Qualifiers

RISK
Argon 1900 Uug/l 1900 d,n

LABORATORY CONTROL SAMPLE & LCSD:

Parameter Units Conc.
Spike

Result
LCS

55306 55307

LCSD
Result % Rec

LCS LCSD
% Rec

% Rec
Limit RPD RPD

Max
Qualifiers

RISK
Argon ug/l 21000 21000 99 80-120 d,n21000 97 1.8 20
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QUALITY CONTROL DATA QUALIFIERS

Workorder: 26546 PAVILLION / 10428977

QUALITY CONTROL PARAMETER QUALIFIERS

The analyte was detected in the associated blank.B

The continuing calibration verification recovery was outside laboratory control limits.M1

The analyte concentration was determined from a dilution.d

The laboratory does not hold NELAP/TNI accreditation for this method or analyte.n
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Workorder: 26546 PAVILLION / 10428977

Lab ID Sample ID Prep Method Analysis MethodPrep Batch Batch
Analysis

265460001 PGDW49-04262018 DISG/6810AM30

265460001 PGDW49-04262018 VAP/2041AM10

265460001 PGDW49-04262018 DISG/6818AM20GAX

265460002 TRIPBLANK-04262018 DISG/6818AM20GAX

265460001 PGDW49-04262018 DISG/6841AM30
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Pavillion Wyoming Groundwater Quality Report  
First Sampling Event (2017) 
Evaluation of Microbial Community Composition 
  

Aaron D. Peacock, PhD. Environmental Scientist, Microbac Inc.  

  

Executive Summary   

  

The main objective in the review of this data was to investigate if the subsurface microbial community 

might be causing or contributing to palatability issues in private groundwater wells.  Further, if the microbial 

community was the cause of palatability issues, would it be possible to treat or remediate the wells to 

improve water quality.  

  

A review of the collected data shows that the major palatability issues may have more to do with general 

water chemical parameters than with the extant well microbiology.  The groundwater in the area of 

Pavillion is high in sulfate, total dissolved solids, iron and manganese.  Each of these parameters are 

listed as secondary “nuisance” contaminants (at certain levels) by the Environmental Protection Agency 

mainly due to their impact on water palatability.  Every well tested had exceedances in more than one 

secondary contaminant parameter.  Secondarily, most of the wells tested in Pavillion draw water from 

areas in the aquifer that are anaerobic, and since there is a high amount of sulfate in the groundwater, 

there are degrees of sulfur cycling and sulfur related bioactivity in and around the well bores.  The act of 

drawing water from wells creates an inviting environment for the growth of microbes due to 

geochemical gradients and nutrient flux.  The bacteria in and around the wells, specifically sulfate 

reducing and oxidizing bacteria, may be contributing to the loss of palatability of the water.   

  

As long as there is no impact on the production of the well (biofouling or aquifer plugging) there is no 

need to treat or remediate the well itself.  In a perfect world the groundwater could be collected from 

areas in the aquifer that would eliminate or highly reduce the geochemical redox gradients around the 

well bore. In such cases water would be pulled from only oxidized zones thereby eliminating or 

minimizing the mixing of aerobic and anaerobic water. However, those approaches are expensive and 

perhaps impracticable in most cases.  The palatability issues related to general water chemical 

parameters (i.e. TDS, sulfate, etc.) are not uncommon and can be mitigated with point of entry treatment 

systems.  Iron and sulfur removal systems are inexpensive and relatively easy to maintain.  More 

elaborate home sized reverse osmosis (RO) systems may be warranted to provide high quality drinking 

water from this aquifer.   

  

Background   

  

Residents and well owners have made complaints to the Wyoming Department of Environmental Quality 

(WDEQ) of deteriorating water quality from the area aquifer.  The reported changes in water quality from the 

wells prompted WDEQ to undertake testing to assess water quality and identify parameters or conditions that 

may be causing palatability issues.   
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Samples were collected from private groundwater wells in the area of Pavillion, Wyoming in September 2017.  

The water was analyzed for a broad range of parameters, including: organic contaminants, dissolved gases 

(including isotopic analysis), microbial, and general chemistry parameters. The field team also collected data 

regarding dissolved oxygen, oxidation‐reduction potential, pH, specific conductance, temperature, and 

turbidity during purging. In addition, in‐field testing for ferrous iron and sulfide was also performed.  The 

purpose of this report was to detail the analytical results and their possible impact to water palatability.  

  

Explanation of groundwater quality parameters measured in the private wells.  

 pH: The Environmental Protection Agency (EPA) lists pH as a “Secondary” contaminant.  pH is not 

a chemical but rather a measure of the acidity or alkalinity of a solution.  The EPA states the 

desirable pH range for drinking water is 6.5 to 8.5.  pH can impact the mobility and concentration 

of metals in water and if the water is acidic can create a bitter metallic taste and contribute to 

corrosion of water distribution systems.  High pH water can also cause problems with scaling in 

water distribution systems and contribute to a slippery feel or soda like taste. pH is also a master 

variable in microbial community structure, and influences the types of microorganisms that 

colonize wells and other subsurface biomes. The majority of microbes  

function most effectively at neutral or slightly alkaline pH values (7.4‐8.6).  

 Temperature: The temperature of the water can directly impact the growth of microorganisms.  

As a rule of thumb the higher the temperature (1‐30+ degrees C) the higher the microbial biomass 

and activity.  

 Oxidation Reduction Potential (ORP):  A measure of a chemical species tendency to gain 

electrons.    Usually measured in millivolts (mV).  Groundwater can typically range from 400 to 

400 mV and the higher the number the more aerobic, or oxygenated is the system.  The ORP has 

a direct influence on the types of microorganisms in the water and their metabolic capabilities.  

ORP can be used in conjunction with dissolved oxygen (DO) and usually positively correlates with 

DO.  

 Dissolved Oxygen (DO):  The amount of oxygen dissolved in the groundwater.  Usually between 

zero and ~8 parts per million (ppm) in groundwater.  DO and ORP are often used in conjunction to 

understand the redox poise of an aquifer.  The amount of DO in a groundwater directly impacts 

the type and amount of microorganisms that inhabit the subsurface.  

 Methane gas: Based on earlier investigations the majority of the methane in the groundwater is 

thermogenic, meaning that it was not produced by microbes in the ground water.  Our use of this 

parameter is mainly for differentiation of locales etc. and not as a redox indicator.  

 Total Dissolved Solids (TDS):  The Environmental Protection Agency (EPA) lists TDS as a  

“Secondary” contaminant.  TDS is not a chemical but a measure of dissolved solid constituents 

(e.g. inorganic salts) in the water.  The secondary limit set by the EPA for TDS is 500 mg/L.  An 

excess of TDS in a water distribution system can cause scaling and deposits.  High TDS can cause 

colored water, staining and a salty taste.  TDS levels above 1000 mg/L will usually result in poor 

tasting water and levels above 2000 mg/L are considered undrinkable due to taste.     

 Sulfate:  Sulfate is an anion that can be used by microbes as a terminal electron acceptor (TEA).  

Much like humans breathe oxygen and expire carbon dioxide, certain microorganisms can 

breathe sulfate and produce sulfide.  Sulfate is also on the EPA list of secondary contaminants.  

The secondary limit for sulfate is 250 mg/L and high sulfate can create a salty taste to drinking 

water.  
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 Sulfide: Sulfide can be produced by sulfate reducing microbes and can create hydrogen sulfide 

gas.  The telltale sign of the presence of hydrogen sulfide gas is a “rotten egg” smell.  Along with 

the unpleasant odor and taste, sulfides can cause corrosion to the water distribution system and 

darken water.  Sulfide is also a marker for the presence and activity of sulfate reducing microbes.  

 Manganese and Iron: Manganese and iron are both metal cations and are listed by the EPA as 

secondary contaminants.  The secondary limit for iron in drinking water is 0.3 mg/L.  Too much 

iron in drinking water can cause a rusty color, metallic taste and reddish or orange staining.  The 

secondary limit for manganese in drinking water is 0.05 mg/L.  Too much manganese in drinking 

water can lead to a black or brown color of the water, black staining and a bitter metallic taste.  

 Eubacterial biomass:  A measure of the population of bacteria in a given amount of water.  The 

amount of eubacterial biomass can impact drinking water quality and interacts with the other 

parameters to compound negative impacts.  

 Microbial Community Composition:  A characterization of the bacterial population and 

community composition using DNA methods.  The data produced shows what the dominant 

microbial groups are and how they may impact water quality and distribution system fouling.  

 Semi Volatile Organic Compounds (SVOCs), Volatile Organic Compounds (VOCs) and Pesticides: 

SVOCs and VOCs are constituents of a wide variety of chemicals that are considered contaminants 

such as fuel oils, gasoline, solvents, cleaners and degreasers, paints, inks, dyes, refrigerants and 

pesticides.  These contaminants are highly regulated in ground water aquifers and their presence 

usually indicates industrial or dumping activities in the vicinity.  

 Volatile Fatty Acids (VFA’s):  VFA’s are produced from microbial metabolism and can be an 

indicator of both degradation of more complex organic material and a source of carbon for 

microbes that require simple organic substrates.  The presence of VFA’s can also be a source of 

odor(s) in the groundwater.  

 Sulfate Isotopic Measurement (34S and 18O): The isotopic enrichment of sulfate in an aquifer can 

be an indicator of bacterial sulfate reduction.  The more fractionated or enriched (relatively) the 

stronger the indication of sulfate reduction.  

 Water Isotopic Measurement (Deuterium and 18O):  Water isotope data provides an indication of 

a water source and connectivity in an aquifer.  Waters from different aquifers or sources could 

have different isotopic signatures.  The isotopic data may be used to group the samples and 

provide indications as to provenance.  

 Strontium: EPA has a drinking water equivalent level (DWEL) of 20 mg/L for strontium.  

Microbial Colonization and Growth in Potable Water Wells   

Microbes thrive at geochemical interfaces, if the bulk aquifer water is anaerobic a geochemical gradient 

can be established in the vicinity of a water supply well.  The advantages to the bacteria for colonization 

of the well area include the potential presence of oxygen to support aerobic microbes and a more rapid 

and turbulent flow of water that brings nutrients.  Oxygen diffuses out of the well area into the 

surrounding formation, while nutrients flow into the well area from the formation.  In general, microbial 

activity occurs under conditions where the environment is shifting from a generally reductive regime to a 

more oxidative regime towards the well.  The most noticeable impacts of this phenomena in the 

sampled wells appears to be sulfur cycling.  There is abundant sulfate in the groundwater and much of 

the aquifer appears to support sulfate reduction.  Reduced sulfur species such as H2S and HS‐ are 

transported into the vicinity of the well due to pumping and then mix with the more aerobic water.  
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Sulfur oxidizing bacteria like Thiobacillus spp. then use oxygen to oxidize the reduced sulfur species.  The 

cycling is sustained through the action of pumping water from the more reduced aquifer into the more 

oxidized well bore area.  The results of such bacterial action can cause problems for general water 

quality, well biofouling and aquifer plugging.  Specific palatability issues related to sulfate reduction and 

oxidation are odor (rotten egg) and dark staining of laundry and plumbing fixtures.  The presence of 

bacteria such as Thiobacillus spp. can be an indicator of sulfur cycling in the area of the well.  The 

majority of microbes function most effectively at neutral or slightly alkaline pH values (7.4‐8.6) and so 

the pH in this aquifer is amenable to microbial growth.  Additionally, most of the microbial biomass in 

the subsurface and the well area exist as biofilms where the microbes can create buffers to 

environmental pressures.  

Another general observation was the presence of methanotrophs (methane oxidizing bacteria).  

Methanotrophs are bacteria that metabolize methane as their only source of carbon and energy (food 

source).  These bacteria were detected in notable numbers throughout the area and may be considered 

ubiquitous in groundwater aquifers.  

Direct Evidence of Microbial Problems in Drinking Water Wells  

 White or clear slime – These slimes have not taken up significant amount of metallic salts which 

cause coloration.     

 Grey slime – This slime is an intermediate between the clear and black slime.  Usually caused by a 

limited concentration of metallic sulfides in the material (iron and manganese).   

 Black slime – When the slime is intensely black throughout it is usually dominated by sulfate 

reducing bacteria.  There is usually an associated rotten egg odor.   

 Orange, red and brown slimes – These slimes are most common in areas where there is a mix of 

aerobic and anaerobic groundwater.  Reduced iron and other metals can be oxidized and then 

entrained in biofilms.  The oxides and hydroxides can create an orange or red color.     

 Microbial tuberculous type growth – Can occur in areas with hardened salt and oxide encrustation.  

The outer shell takes on a series of bulbous or stratified extensions wound around each other.  The 

color tends to be brown due to the concentrations of iron and manganese oxides and hydroxides.   

 Cloudiness and flocculent growths – Buoyant particles in the water that are clumped or not readily 

dissolved may be an indication of microbial contamination.   

 Coloration – The microbial community can pick up coloration from the organic or inorganic material 

in the water that may be entrained in the bacterial biomass.   

 Rotten egg smell – Commonly generated by anaerobic bacteria such as sulfate reducers.  

 Fish smell – Many Pseudomonas spp. frequently give off these odors during rapid growth.    

 Earthy smell – Mold like Streptomyces spp., Actinomyces spp. and algal like cyanobacteria can 

produce smells that resemble soils.     

 Sewage smell – These odors can be generated by enteric bacteria which commonly occur in fecal 

material.   

 Fresh vegetable smell – Green algae, diatoms and others can generate odors of different fresh or 

rotting vegetables.   
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Results   

  

There were a couple of common observations in the data with regards to the microbial community.  First 

was the observation of sulfur cycling in and around the well bores.  As discussed there is abundant 

sulfate in the groundwater and much of the aquifer appears to support sulfate reduction.  Reduced 

sulfur species such as H2S and HS‐ are transported into the vicinity of the well due to pumping and then 

mix with the more aerobic water.  Sulfur oxidizing bacteria like Thiobacillus spp. then use oxygen to 

oxidize the reduced sulfur species.  The cycling is sustained through the action of pumping water from 

the more reduced aquifer into the more oxidized well bore area.  Second, in most wells there was 

roughly two orders of magnitude more eubacterial biomass in the pre‐purge vs the post‐purge samples.  

This is most likely due to more eubacterial growth in the vicinity of the well bore than from the bulk 

aquifer.  The data provide a line of evidence supporting the model of the well bore providing a more 

dynamic ecology for eubacterial growth.  

  

Figure 1 shows the results of the water isotope analysis.  There appears to be two groups of wells based 

on the isotopic data, the first in the upper right‐hand corner of the plot, and the second at the lower left‐

hand corner of the plot.  A review of the available parameters showed the group at the lower left of the 

plot had relatively higher strontium and alkalinity than the wells in the upper right.  The wells in the 

lower left also had no measurable methane.  It’s not clear if any of these observations are significant or if 

the data has any direct impact on the palatability issues.    

  

  

    

Figure 2 shows the results of the sulfur isotope analysis.  The data shows the relative impact of bacterial 

sulfate reduction in the wells.  Generally, the more fractionated sulfate indicates more bacterial sulfate 
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reduction.  This doesn’t mean that there is no or limited sulfate reduction occurring in the other wells, 

only that within this data set there is a measure of relative differences.  Other factors such as source water 

and location can influence the isotopic values.  
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LD02  

Table 1 shows the geochemical and eubacterial biomass data collected from well  LD02.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  5.69  o 
Temp* ( C)  

16.1  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

1.85  

7.62  

ORP* (mV)  

DO* (mg/L)  

280.3  

2.92  

(16S gene copies/L)  

Pre purge  

NA  

Sulfate (mg/L)  

Strontium (mg/L)  

TDS (mg/L)  

1430  

1.38  

1780  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

240  

0.12  

0.05  

Bacterial Population 

(16S gene copies/L)  

4.03E+11  

  

ND (Not Detected), * Field Measurement, NA (Not Available)  

  

General water quality   

The general water quality in the well is poor.  Iron, Manganese, Sulfate and TDS exceeded the EPA 

secondary maximum contaminant limit (MCL).  The palatability issues with these levels include metallic 

and salty taste and various staining (laundry and fixtures).  There was a high level of microbial biomass in 

the well and sulfate reducing/oxidizing bacteria (sulfur cycling) were identified along with the detection 

of a low level of sulfide that could also cause palatability and possible odor issues.  There were no 

detections of VOCs, SVOCs, or pesticides in the water.  

Observations   

  

The samples from this well were collected via passive sampling or by bailing.  As such there was no 

purging in order to sample formation water.  The ORP and DO showed the well water to be aerobic, 

however the detection of iron, manganese, field‐measured ferrous iron and sulfide show that the well 

water is more than likely a mixing zone of oxygenated water in the well bore while the formation water 

is mostly anaerobic.  The field notes stated that “water from the well was clear, colorless, and odorless 

with small flakes in suspension. The flakes were dark in color and averaged a few millimeters in size.”  

These dark flakes could have been a metal precipitate (either an oxidized or reduced species) given the 

redox differential in the well vicinity.  

  

The eubacterial biomass in this well was the highest measured in the data set.  This could be due to the 

nature of sample collection but shows that the water in the well bore has much higher eubacterial 

biomass than the surrounding formation.  High eubacterial biomass alone may not be a problem, but 

could be a nuisance and lead to biofouling.  The bacterial microbiome analysis showed the most 

abundant phylotype in the well water was Rhodoferax spp.  This genus of bacteria contains species that 

are capable of growth in aerobic conditions and also capable of growth under anaerobic conditions via 

iron reduction.  Other major bacterial genus identified in the well were Pseudomonas spp., which is a 

ubiquitous genus in aerobic subsurface environments.  Pseudomonas spp. have been shown to grow in 

association with sulfate reducing microbes such as Desulfobacterium spp. in biofilms, sulfate reducing 

bacteria were identified at over one percent of the bacterial community.  This well had relatively more 

isotopically fractionated sulfate compared to the rest of the wells sampled (Figure 2) which is another 

line of evidence that sulfur cycling is ongoing in the vicinity of the well.  Methylocystis spp. an aerobic 

methane oxidizing genus (uses methane as a primary substrate) was also identified.   
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PGDW05    

Table 2 shows the geochemical and eubacterial biomass data collected from well PGDW05.     

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  0.105  Temp* (oC)  11.3  Bacterial Population   

Manganese (mg/L) 

pH   

ND  

9.23  

ORP* (mV)  

DO* (mg/L)  

72  

0.81  

(16S gene copies/L)  

Pre purge  

6.50E+08  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

285  

0.0567  

558  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

43  

ND  

0.1  

Bacterial Population 

(16S gene copies/L)  
2.24E+06   

ND (Not Detected), * Field Measurement   

General water quality   

  

Sulfate, pH and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The palatability 

issues with these levels include salty soda taste.  Sulfate oxidizing and reducing bacteria (sulfur cycling) 

were identified along with the detection of a low level of sulfide that could also cause palatability and 

possible odor issues.  There were no detections of VOCs, SVOCs, or pesticides in the water. The overall 

microbial biomass in is line with that expected in ground water and there was no overgrowth in the well 

bore.   

  

Observations   

  

The pre‐purge ORP level was 140.5 and dropped to 72.2 by the end of the well purge.  Interval purging 

was conducted to prevent the well from being purged dry and so needed to have time to recover before 

sampling.  The pre‐purge bacterial population was two orders of magnitude higher than the post purge 

population.  This observation is a theme in this data set showing the mixing of waters of differing redox 

in the vicinity of the well.  The field notes state that “the owner reported that previous monitoring 

events have produced a ‘sludge’ from the sampling point”.  This is most likely due to a combination of 

the interval purging the well causing physical disturbances and entraining sediment and/or stressing the 

biofilms that are built up around the well causing biofilm sloughing.  The field notes also state “the 

observed water quality changed throughout the purge. At times it was clear and colorless and at others 

it was opaque and ranged in color from brown to gray. The water had a petroleum‐like odor that varied 

in strength and consistency and the water was intermittently effervescent. At 10:39 the odor from the 

water intensified and a translucent film was noticed in the purge water bucket (no sheen, no color)”.   

The coloration of the water may have been due to the mobilization of general subsurface material or 

oxidized/reduced material that was entrained in biofilms.   

  

The most abundant bacterial phylotype in the pre‐purge sample was Thiobacillus spp. which is a genus 

of aerobic sulfur oxidizing bacteria.  The post purge sample showed a high level of methane oxidizing 

bacteria and bacteria involved in nitrogen cycling.  
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PGDW14   

Table 3 shows  PGDW14.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  ND  Temp* (oC)  10.4  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

ND  

7.7  

ORP* (mV)  

DO* (mg/L)  

139 ND  (16S gene copies/L)  

Pre purge  

1.10E+07  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

1720  

1.67  

2380  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

ND  

ND  

0.02  

Bacterial Population 

(16S gene copies/L)  
7.97E+06  

ND (Not Detected), * Field Measurement    

General water quality   

Sulfate and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The palatability issues 

with these levels include a salty taste.  The TDS levels in this well may make the water undrinkable due 

to taste.  Sulfate oxidizing and reducing bacteria were identified (showing sulfur cycling in the vicinity of 

the well), along with a low level of sulfide that could also cause palatability and possible odor issues.  

There were no detections of VOCs, SVOCs, or pesticides in the water.  The pre and post purge microbial 

biomass differed by an order of magnitude showing the propensity of bacterial growth in the vicinity of 

the well, however the total biomass was in the expected range for groundwater.    

Observations   

Based on the ORP measurements the area in the vicinity of the well is generally aerobic.  There was no 

detection of methane, iron or manganese in the water.  Given this information the redox gradient 

between the well and the aquifer in this area is not acute.  The bacterial profile in the pre‐purge water 

contained a variety of genus including aerobic, and anaerobic groups.  
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Well PGDW20  

Table 4 shows the geochemical and eubacterial biomass data collected from well PGDW20.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  2.67  Temp* (oC)  10.6  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

0.0553  

8.75  

ORP* (mV)  

DO* (mg/L)  

‐140.5 0.91  (16S gene copies/L)  

Pre purge  

3.67E+09  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

1200  

1.33  

1710  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

62  

ND  

0.13  

Bacterial Population 

(16S gene copies/L)  
2.08E+07  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

Iron, pH, Manganese, Sulfate and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  

The palatability issues with these levels include a salty and metallic taste, and staining of laundry and 

plumbing fixtures.  Sulfate oxidizing and reducing bacteria were identified along with the detection of a 

relatively higher amount of sulfide that could also cause palatability and possible odor issues.  There 

were no detections of VOCs, SVOCs, or pesticides in the water.  The pre and post purge microbial 

biomass differed by two orders of magnitude showing the propensity of bacterial growth in the vicinity 

of the well.     

  

Observations   

  

The geochemical data suggests that the area in the vicinity of this well is highly anaerobic.  Field notes 

state the water was cloudy, light brown and smelled of hydrocarbons.  The pre purge microbial profile 

was dominated by sulfate reducing bacteria and some sulfur oxidizers, the post purge microbial sample 

also showed abundant sulfate reducers suggesting sulfur cycling in the vicinity of this well.  The activity 

of the sulfate reducers can cause odor and taste issues as described.   
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Well PGDW23   

Table 5 shows the geochemical and eubacterial biomass data collected from well PGDW23.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  ND  Temp* (oC)  12.1  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

ND  

9.01  

ORP* (mV)  

DO* (mg/L)  

‐134.5 

ND  

(16S gene copies/L)  

Pre purge  

1.38E+07  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

389  

0.0938  

708  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

200 ND  
0.03  

Bacterial Population 

(16S gene copies/L)  
1.47E+05  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

pH, Sulfate and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The palatability 

issues with these levels include a salty and/or soapy taste. There were no detections of VOCs, SVOCs, or 

pesticides in the water.  The pre purge microbial biomass was two orders of magnitude higher than the 

post purge sample, indicating the propensity for bacterial growth in wellbore or near wellbore vicinity.  

The overall microbial biomass in is line with that expected in ground water.   

  

Observations   

  

The pre purge microbial community was dominated by sulfur and methane oxidizers while the post 

purge sampling was mixed with both aerobic and anaerobic phylotypes.  This is consistent with overall 

observations of mixing redox zones in the vicinity of the wells that promote sulfur cycling and the 

accumulation of eubacterial biomass in the vicinity of the well.  
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Well PGDW30   

Table 6 shows the geochemical and eubacterial biomass data collected from well PGDW30.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  ND  Temp* (oC)  10.7  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

ND  

9  

ORP* (mV)  

DO* (mg/L)  

‐174 ND  (16S gene copies/L)  

Pre purge  

2.81E+05  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

311  

0.0706  

628  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

970 ND  
0.18  

Bacterial Population 

(16S gene copies/L)  
5.04E+05  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

pH, Sulfate and TDS slightly exceeded the EPA secondary maximum contaminant limit (MCL).  The 

palatability issues with these levels include a salty and/or soapy taste. There were no detections of 

VOCs, SVOCs, or pesticides in the water.  The overall microbial biomass in is line with that expected in 

ground water and there was no overgrowth in the well bore.   

  

Observations   

  

The purge ORP record, methane level and relatively high sulfide level indicate that there are strong 

anaerobic areas in the vicinity of the well.  The pre purge bacterial community consisted of aerobic 

phylotypes but also contained some sulfate reducers.  The post purge microbial samples were 

dominated by anaerobic bacteria such as: Georgfuchsia spp. an anaerobic microbe and Petrimonas spp. 

which has a fermentive lifestyle.  The presence of these phylotypes provide more evidence for strong 

anaerobic areas in the vicinity of the well within the aquifer.   
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Well PGDW32   

Table 7 shows the geochemical and eubacterial biomass data collected from well PGDW32.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  ND  Temp* (oC)  13.6  Bacterial Population   

Manganese (mg/L) 

pH   

ND  

9.01  

ORP* (mV)  

DO* (mg/L)  

‐26.4  

0.02  

(16S gene copies/L)  

Pre purge  

1.79E+07  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

313  

0.082  

606  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

28  

ND  

ND  

Bacterial Population 

(16S gene copies/L)  
2.83E+05  

ND (Not Detected), * Field Measurement   

  

 

 

General water quality   

  

pH, Sulfate and TDS slightly exceeded the EPA secondary maximum contaminant limit (MCL).  The 

palatability issues with these levels include a salty and/or soapy taste. There were no detections of 

VOCs, SVOCs, or pesticides in the water.  The pre‐purge microbial biomass was two orders of magnitude 

higher than the post‐purge biomass indicating a geochemical gradient from the formation to the well 

causing favorable conditions within the well for microbial growth.  The overall microbial biomass in is 

line with that expected in ground water.  

  

Observations   

  

The purge ORP record shows an aerobic area in the well bore to slightly anaerobic or microaerophilic in 

the formation.  The most abundant phylotype in the pre purge sample was Ralstonia spp. a strictly 

aerobic bacterium.  The most abundant phylotype post purge was Thiobacillus spp. a sulfur oxidizer.  In 

both samples the second most abundant phylotype was Georgfuchsia spp. an anaerobic microbe.  As in 

the general data set, the main microbial issues appear to be sulfur cycling related.    

  



 

Page 14 of 19  

  

Well PGDW33   

Table 8 shows the geochemical and eubacterial biomass data collected from well PGDW33.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  0.229  Temp* (oC)  9.9  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

0.0056  

8.99  

ORP* (mV)  

DO* (mg/L)  

‐199.2 0.12  (16S gene copies/L)  

Pre purge  

5.69E+04  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

325  

0.0849  

583  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

30  

ND  

0.04  

Bacterial Population 

(16S gene copies/L)  
1.12E+05  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

Sulfate and TDS slightly exceeded the EPA secondary maximum contaminant limit (MCL).  The 

palatability issues with these levels include a salty taste. There were no detections of VOCs, SVOCs, or 

pesticides in the water.  The overall microbial biomass in is line with that expected in ground water.  

There was a one order of magnitude difference (lower) in the microbial biomass pre and post purge.  

The ORP measure shows that the aquifer area the well draws from is anaerobic.   

  

Observations   

  

The bacterial population in the pre purge sample was dominated by aerobic bacteria that included sulfur 

oxidizers.  The post purge sample contained almost the same community profile as the pre purge sample 

and that would normally indicate not much of a redox gradient between the well and formation.  

However, the ORP data shows that there is a redox gradient in the vicinity.  The results for this well, 

similar to the other well results, indicate a high degree of sulfur cycling which may be exacerbating 

palatability issues.     
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Well PGDW41A   

Table 9 shows the geochemical and eubacterial biomass data collected from well PGDW41A.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  0.132  Temp* (oC)  9.9  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

0.0289  

7.06  

ORP* (mV)  

DO* (mg/L)  

244  

4.06  

(16S gene copies/L)  

Pre purge  

2.53E+09  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

3250  

4.84  

5340  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

ND  

ND  

ND  

Bacterial Population 

(16S gene copies/L)  
2.28E+09  

ND (Not Detected), * Field Measurement   

   

General water quality   

  

Sulfate and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The palatability issues 

with these levels include a salty taste, and the water may be undrinkable due to the TDS level.  There 

were no detections of VOCs, SVOCs, or pesticides in the water.  The overall microbial biomass is in line 

with that expected in ground water.  There was no difference in the microbial biomass pre and post 

purge.   

  

Observations   

  

ORP from the purge summary indicates the water in the well bore was aerobic and that the water in the 

formation vicinity was aerobic.  However, there may be anaerobic areas in the vicinity of the well based 

on the detection of Iron and Manganese and the pre‐purge microbial community composition data.  

Most of the phylotypes detected in the pre‐purge and post‐purge sampling were anaerobic, and 

included metal reducers and sulfate reducers.  This well appears to have a disconnect between the 

geochemistry and microbiology.  Potential reasons for this include an anaerobic zone in the vicinity or 

the presence of biofilms consisting of mixed aerobic and anaerobic species.   
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Well PGDW44  

Table 10 shows the geochemical and eubacterial biomass data collected from well PGDW44.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  3.54  Temp* (oC)  11.2  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

0.318  

8.22  

ORP* (mV)  

DO* (mg/L)  

‐270.1 

ND  

(16S gene copies/L)  

Pre purge  

2.77E+08  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

2690  

2.97  

4160  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

0.78 1.67  
0.13  

Bacterial Population 

(16S gene copies/L)  
5.76E+06  

ND (Not Detected), * Field Measurement   

   

General water quality   

  

Iron, Manganese, Sulfate, and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The 

palatability issues with these levels include a salty and/or metallic taste, and staining of laundry and 

plumbing fixtures. In addition, the water may be undrinkable due to the TDS level.  There were no 

detections of VOCs, SVOCs, or pesticides in the water.  The overall microbial biomass was in line with 

that expected in ground water and would not be expected to cause biofouling issues.  As observed in 

other wells there was a two order of magnitude difference in the microbial biomass pre‐ and post‐purge 

denoting a redox gradient in the vicinity of the well and accompanying microbial growth impact i.e. 

nutrient and oxygen flux.   

  

Observations   

  

This well and the aquifer material in the vicinity of the well appear to be highly anaerobic.  The prepurge 

microbial community was dominated by anaerobic phylotypes that consisted of mostly sulfate reducers.  

The post purge microbial community profile was also dominated by anaerobic bacteria, again mostly by 

sulfate reducers.  This data squares with the field notes that showed the purge water to have a very low 

ORP from the beginning of the purge until sampling.  The red flakes in the purge water may have been 

oxidized iron that collected in the well bore.  The presence of sulfide demonstrates that sulfate reducing 

activity is ongoing in the well vicinity.   
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Well PGDW45   

Table 11 shows the geochemical and eubacterial biomass data collected from well PGDW45.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  ND  Temp* (oC)  9.6  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

ND  

7.01  

ORP* (mV)  

DO* (mg/L)  

235.4  

1.23  

(16S gene copies/L)  

Pre purge  

6.81E+07  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

234  

1.91  

693  

Methane (μg/L) 
Ferrous* (mg/L)  
Sulfide* (mg/L)  

ND  

ND  

0.02  

Bacterial Population 

(16S gene copies/L)  
2.81E+07  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The palatability issue with this 

level includes a salty taste.  There were no detections of VOCs, SVOCs, or pesticides in the water.  The 

overall microbial biomass was in line with that expected in ground water and would not be expected to 

present issues of biofouling in the well.  There was no difference in the microbial biomass pre‐ and 

postpurge showing that there may not be a strong redox gradient in the vicinity of this well.   

  

 

Observations   

  

The pre purge microbial community profile contained a mix of aerobic and anaerobic bacteria.  The 

profile was diverse and there was a small presence of sulfate reducing bacteria and some metal reducing 

bacteria.  The post purge sample contained more anaerobic bacteria including a higher proportion of 

sulfate and iron reducers again continuing with the overall trend of an aquifer that contains many or is 

dominated by anaerobic areas.   
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Well PGDW49   

Table 12 shows the geochemical and eubacterial biomass data collected from well PGDW49.   

Parameter  Result  Parameter  Result  Parameter  Result  

Iron (mg/L)  0.693  Temp* (oC)  9.9  Bacterial Population   

Manganese (mg/L)  

pH (s.u.)  

0.117  

7.17  

ORP* (mV)  

DO* (mg/L)  

‐34  

0.29  

(16S gene copies/L)  

Pre purge  

1.20E+09  

Sulfate (mg/L)  

Strontium (mg/L) 

TDS (mg/L)  

3130  

7.91  

4720  

Methane (μg/L)  

Ferrous* (mg/L)  

Sulfide* (mg/L)  

ND  

ND  

0.07  

Bacterial Population 

(16S gene copies/L)  
7.80E+08  

ND (Not Detected), * Field Measurement   

  

General water quality   

  

Iron, Manganese, Sulfate, and TDS exceeded the EPA secondary maximum contaminant limit (MCL).  The 

palatability issues with these levels include metallic and salty taste and the water may be undrinkable 

due to the TDS.  There were no detections of VOCs, SVOCs, or pesticides in the water.  The overall 

microbial biomass was in line with that expected in ground water.  There was an order of magnitude 

difference in the microbial biomass pre and post purge  

  

Observations   

  

The most dominant phylotype in the pre purge sample was Thiobacillus spp. which is a sulfur oxidizing 

genus.  Most of the rest of the phylotypes in the pre‐purge sample were sulfate reducing bacteria.  Post 

purge samples also had a mix of aerobic and anaerobic bacteria, however not as many sulfate reducers.  

This shows that there is sulfur cycling in the vicinity of the well bore.    
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Treatment Options   

At this time, based on the available microbial results, there is not an indication that there is widespread 

well (water) production issues caused by bacterial impacts. Individual wells may have some impacts to 

well (water) production or taste or odor issues, especially if the well has been idle.  The extent of the 

taste or odor issues would most likely be due to sulfur cycling in the vicinity of the well that would 

consist of odors.  Bioflim sloughing may also contribute to slime formation in plumbing fixtures.  In cases 

where microbial well fouling or plugging has occurred that limits the flow or utility of the well, there are 

“in well” treatment options to mitigate bacterial populations.  Any in well treatment designed to control 

a bacterial population needs to be part of a continuing effort because the nature of the interaction of 

wells bores with aquifers favor microbial colonization.  These efforts can be considered “suppressive” 

because there is no way to completely sterilize the subsurface.  The issues encountered in these wells 

are not uncommon with many private well owners as well as public utilities experiencing similar 

problems.  

  

Usually there is a combination of physical and chemical/disinfectant cleaning for the wells depending of 

the nature of the problem.  The approaches listed below are designed to loosen debris or encrustations 

in the well; however, since the wells are deep some of these options may be impracticable.     

  

▪ Pressurized air or water   

▪ Wire brushes or scrapers   

▪ Agitation of water in the well   

▪ Sonic waves  

▪ Chemical cleaning   

 

Microbial Suppressive and Disinfectant Classes   

▪ Halogens (chlorine and iodine)  

▪ Ozone   

▪ Surfactants   

▪ Anionic Detergents   

▪ Alkylating Agents   
 
A combination of physical/mechanical and suppressive disinfectant application for in well treatment 

could be applied.  Stakeholders, owners and users have reported a number of issues, but this study was 

restricted to water palatability issues.  In these types of cases a water treatment system deployed after 

the pressure tank could solve many or all of the described issues.  Examples of the technology include 

the following.   

  

▪ Iron, sulfur and manganese treatment/removal:  Examples include a proportional oxidation 

system (e.g. peroxide).   

▪ Total Dissolved Solids Reduction and Strontium: The most comprehensive would be a reverse 

osmosis system including storage tank, repress pump and disinfection unit.   

▪ Hardness Removal (maybe Strontium): Salt based water softener (may need proportional anti 

scalant chemical).   

Other options, if needed, include sediment filtration and microbial disinfection.  The data already 

collected from the wells could be used to design a whole house system per each well that would 

drastically improve water quality and palatability.   
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Pavillion Wyoming Groundwater Quality Report  
Second Sampling Event (2018) 
Evaluation of Microbial Community Composition 
 
Aaron D. Peacock, PhD. Environmental Scientist, Microbac Inc. 
 
Executive Summary  
 
The main objective in the review of this data was to investigate if the subsurface microbial community 
might be causing or contributing to palatability issues in private groundwater wells. 
 
The general water quality in the study area is poor.  A review of the collected data shows that the major 
palatability issues have more to do with general ground water geochemical parameters than with the 
extant well microbiology.  The groundwater in the area of Pavillion is high in sulfate, sodium, total 
dissolved solids, iron and manganese.  Each of these parameters are listed as secondary “nuisance” 
contaminants (at certain levels) by the Environmental Protection Agency mainly due to their impact on 
water palatability.  Every well tested had exceedances in more than one secondary contaminant 
parameter and many of the exceedances were several times the maximum contaminant limit.    
 
Concerning the impact of the microbial community on water palatability, most of the wells tested in 
Pavillion draw water from areas in the aquifer that are anaerobic or anaerobic/aerobic mixtures, and 
since there is a high amount of sulfate and iron in the groundwater, there are degrees of sulfur and iron 
cycling and related bioactivity in and around the well bores.  The act of drawing water from wells creates 
an inviting environment for the growth of microbes due to geochemical gradients and nutrient flux.  The 
bacteria in and around the wells, specifically iron and sulfate reducing and oxidizing bacteria, may be 
contributing to the loss of palatability of the water.  In any case the impact of the microbial community 
on the palatability of the water would appear to be secondary to the primary impact of the broad 
geochemical issues. 
 
Background  
 
Residents and well owners have made complaints to the Wyoming Department of Environmental 
Quality (WDEQ) of deteriorating water quality from the area aquifer.  The reported changes in water 
quality from the wells prompted WDEQ to undertake testing to assess water quality and identify 
parameters or conditions that may be causing palatability issues.  The samples were collected from 
private groundwater wells in April and May 2048.  The water was analyzed for a broad range of 
parameters, including: dissolved gases, microbial, and general geochemical parameters. The field team 
also collected data regarding dissolved oxygen, oxidation-reduction potential, pH, and temperature 
during sampling. In addition, in-field testing for ferrous iron and sulfide was also performed.  The 
purpose of this report was to detail the analytical results and their possible impact to water palatability. 
 
Explanation of groundwater quality parameters measured in the private wells. 

The reference information for drinking water standards was taken from the EPAs 2018 Edition of the 

Drinking Water Standards and Health Advisories report (EPA 822-F-18-001) and the EPA website 

(https://www.epa.gov/dwstandardsregulations).     

https://www.epa.gov/dwstandardsregulations
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 pH: The Environmental Protection Agency (EPA) lists pH as a “Secondary” contaminant.  pH is 

not a chemical but rather a measure of the acidity or alkalinity of a solution.  The EPA states the 

desirable pH range for drinking water is 6.5 to 8.5.  pH can impact the mobility and 

concentration of metals in water and if the water is acidic can create a bitter metallic taste and 

contribute to corrosion of water distribution systems.  High pH water can also cause problems 

with scaling in water distribution systems and contribute to a slippery feel or soda like taste. pH 

is also a master variable in microbial community structure, and influences the types of 

microorganisms that colonize wells and other subsurface biomes. The majority of microbes 

function most effectively at neutral or slightly alkaline pH values (7.4-8.6). 

 Temperature: The temperature of the water can directly impact the growth of microorganisms.  

As a rule of thumb the higher the temperature (1-30+ degrees C) the higher the microbial 

biomass and activity. 

 Oxidation Reduction Potential (ORP):  A measure of a chemical species tendency to gain 

electrons.    Usually measured in millivolts (mV).  Groundwater can typically range from -400 to 

400 mV and the higher the number the more aerobic, or oxygenated is the system.  The ORP has 

a direct influence on the types of microorganisms in the water and their metabolic capabilities.  

ORP can be used in conjunction with dissolved oxygen (DO) and usually positively correlates 

with DO. 

 Dissolved Oxygen (DO):  The amount of oxygen dissolved in the groundwater.  Usually between 

zero and ~8 parts per million (ppm) in groundwater.  DO and ORP are often used in conjunction 

to understand the redox poise of an aquifer.  The amount of DO in a groundwater directly 

impacts the type and amount of microorganisms that inhabit the subsurface. 

 Methane gas: Based on earlier investigations the majority of the methane in the groundwater is 

thermogenic, meaning that it was not produced by microbes in the ground water.  Our use of 

this parameter is mainly for differentiation of locales etc. and not as a redox indicator. 

 Total Dissolved Solids (TDS):  The Environmental Protection Agency (EPA) lists TDS as a 

“Secondary” contaminant.  TDS is not a chemical but a measure of dissolved solid constituents 

(e.g. inorganic salts) in the water.  The secondary limit set by the EPA for TDS is 500 mg/L.  An 

excess of TDS in a water distribution system can cause scaling and deposits.  High TDS can cause 

colored water, staining and a salty taste.  TDS levels above 1000 mg/L will usually result in poor 

tasting water and levels above 2000 mg/L are considered undrinkable due to taste.    

 Sulfate:  Sulfate is an anion that can be used by microbes as a terminal electron acceptor (TEA).  

Much like humans breathe oxygen and expire carbon dioxide, certain microorganisms can 

breathe sulfate and produce sulfide.  Sulfate is also on the EPA list of secondary contaminants.  

The secondary limit for sulfate is 250 mg/L and high sulfate can create a salty taste to drinking 

water. 

 Sulfide: Sulfide can be produced by sulfate reducing microbes and can create hydrogen sulfide 

gas.  The telltale sign of the presence of hydrogen sulfide gas is a “rotten egg” smell.  Along with 

the unpleasant odor and taste, sulfides can cause corrosion to the water distribution system and 

darken water.  Sulfide is also a marker for the presence and activity of sulfate reducing 

microbes. 

 Manganese and Iron: Manganese and iron are both metal cations and are listed by the EPA as 

secondary contaminants.  The secondary limit for iron in drinking water is 0.3 mg/L.  Too much 

iron in drinking water can cause a rusty color, metallic taste and reddish or orange staining.  The 



Page 3 of 12 
 

secondary limit for manganese in drinking water is 0.05 mg/L.  Too much manganese in drinking 

water can lead to a black or brown color of the water, black staining and a bitter metallic taste. 

 Eubacterial biomass:  A measure of the population of bacteria in a given amount of water.  The 

amount of eubacterial biomass can impact drinking water quality and interacts with the other 

parameters to compound negative impacts. 

 Microbial Community Composition:  A characterization of the bacterial population and 

community composition using DNA methods.  The data produced shows what the dominant 

microbial groups are and how they may impact water quality and distribution system fouling. 

 Strontium: EPA has a non-cancer drinking water-based health reference level (HRL) for 

strontium of 1.5 mg/l as part of a previous pre-regulatory determination (see 

https://www.federalregister.gov/documents/2014/10/20/2014-24582/announcement-of-

preliminary-regulatory-determinations-for-contaminants-on-the-third-drinking-water#t-8 ).  

Currently EPA uses a lifetime health advisory level of 4 mg/l and a one-day health advisory level 

of 25 mg/l. 

 Sodium: The EPA has a health-based value for sodium concentrations at 20 mg/L for individuals 

on a 500 mg/day restricted sodium diet.  The taste threshold for sodium is 30-60 mg/L.   

 

Microbial Colonization and Growth in Potable Water Wells  

Microbes can thrive at geochemical interfaces created in wells (Cullimore, 1999, Microbiology of Well 

Biofouling ISBN 9781566704007), if the bulk aquifer water is anaerobic a geochemical gradient can be 

established in the vicinity of a water supply well (Figure 1).  The advantages to the bacteria for 

colonization of the well area include the potential presence of oxygen to support aerobic microbes and a 

more rapid and turbulent flow of water that delivers nutrients.  Oxygen diffuses out of the well area into 

the surrounding formation, while nutrients flow into the well area from the formation.  In general, 

microbial activity occurs under conditions where the environment is shifting from a generally reductive 

regime to a more oxidative regime towards the well.  The most noticeable impacts of this phenomena in 

the sampled wells appears to be sulfur cycling.  There is abundant sulfate in the groundwater and much 

of the aquifer appears to support sulfate reduction.  Reduced sulfur species such as H2S and HS- are 

transported into the vicinity of the well due to pumping and then mix with the more aerobic water.  

Sulfur oxidizing bacteria like Thiobacillus spp. then use oxygen to oxidize the reduced sulfur species.  The 

cycling is sustained through the action of pumping water from the more reduced aquifer into the more 

oxidized well bore area.  The results of such bacterial action can cause problems for general water 

quality, well biofouling and aquifer plugging.  Specific palatability issues related to sulfate reduction and 

oxidation are odor (rotten egg) and dark staining of laundry and plumbing fixtures.  The presence of 

bacteria such as Thiobacillus spp. can be an indicator of sulfur cycling in the area of the well.  The 

majority of microbes function most effectively at neutral or slightly alkaline pH values (7.4-8.6) and so 

the pH in this aquifer is amenable to microbial growth.  Additionally, most of the microbial biomass in 

the subsurface and the well area exist as biofilms where the microbes can create buffers to 

environmental pressures. 

https://www.federalregister.gov/documents/2014/10/20/2014-24582/announcement-of-preliminary-regulatory-determinations-for-contaminants-on-the-third-drinking-water#t-8
https://www.federalregister.gov/documents/2014/10/20/2014-24582/announcement-of-preliminary-regulatory-determinations-for-contaminants-on-the-third-drinking-water#t-8
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Another general observation was the presence of methanotrophs (methane oxidizing bacteria).  

Methanotrophs are bacteria that metabolize methane as their only source of carbon and energy (food 

source).  These bacteria were detected in notable numbers throughout the study area and may be 

considered ubiquitous in groundwater aquifers. 

Direct Evidence of Microbial Problems in Drinking Water Wells 

 White or clear slime – These slimes have not taken up significant amount of metallic salts which 

cause coloration.    

 Grey slime – This slime is an intermediate between the clear and black slime.  Usually caused by 

a limited concentration of metallic sulfides in the material (iron and manganese).  

 Black slime – When the slime is intensely black throughout it is usually dominated by sulfate 

reducing bacteria.  There is usually an associated rotten egg odor.  

 Orange, red and brown slimes – These slimes are most common in areas where there is a mix of 

aerobic and anaerobic groundwater.  Reduced iron and other metals can be oxidized and then 

entrained in biofilms.  The oxides and hydroxides can create an orange or red color.    

 Microbial tuberculous type growth – Can occur in areas with hardened salt and oxide 

encrustation.  The outer shell takes on a series of bulbous or stratified extensions wound around 

each other.  The color tends to be brown due to the concentrations of iron and manganese 

oxides and hydroxides.  

 Cloudiness and flocculent growths – Buoyant particles in the water that are clumped or not 

readily dissolved may be an indication of microbial contamination.  

 Coloration – The microbial community can pick up coloration from the organic or inorganic 

material in the water that may be entrained in the bacterial biomass.  

 Rotten egg smell – Commonly generated by anaerobic bacteria such as sulfate reducers. 

 Fish smell – Many Pseudomonas spp. frequently give off these odors during rapid growth.   
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 Earthy smell – Mold like Streptomyces spp., Actinomyces spp. and algal like cyanobacteria can 

produce smells that resemble soils.    

 Sewage smell – These odors can be generated by enteric bacteria which commonly occur in 

fecal material.  

 Fresh vegetable smell – Green algae, diatoms and others can generate odors of different fresh 

or rotting vegetables.  

Results  
 
There was a common general observation of sulfur cycling in the data with regards to the microbial 
community.  As discussed there is abundant sulfate in the groundwater and much of the study area 
appears to support sulfate reduction.  Reduced sulfur species such as H2S and HS- are transported into 
the vicinity of the well due to pumping and then mix with the more aerobic water.  Sulfur oxidizing 
bacteria like Thiobacillus spp. then use oxygen to oxidize the reduced sulfur species.  The cycling is 
sustained through the action of pumping water from the more reduced aquifer into the more oxidized 
well bore area. 
 
Well LDO2 

Table 1. Well LD02 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.739 Temp* (oC) 10.4 

Bacterial Population 
(16S gene copies/L) 

NA 

Manganese (mg/L) 0.569 ORP* (mV) 138.3 

pH 7.32 DO* (mg/L) 3.05 

Sulfate (mg/L) 1530 Methane (µg/L) 21 

Strontium (mg/L) 1.67 Ferrous* (mg/L) ND 

TDS (mg/L) 2230 Sulfide* (mg/L) 0.05 

ND (Not Detected), *Field Measurement, NA (Not Available)  

 

General water quality 

Iron (2X higher), Manganese (11X higher), Sulfate (6X higher) and TDS (4.5X higher) exceeded the EPA 

secondary maximum contaminant limits (Secondary MCL).  Strontium was above the EPA Health 

Reference Level (HRL) of 1.5 mg/L and Sodium (~30X higher) was above the Drinking Water Equivalent 

Level (DWEL) of 20 mg/L.  The TDS level by itself may make this water undrinkable due to palatability.  

The palatability issues with these levels include metallic and salty taste and various staining (laundry and 

fixtures). 

Observations 

The samples from this well were collected via passive sampling (Hydrasleeves).  Field notes for the water 

collection related that LD02 did not equilibrate prior to sampling due to drawdown from concurrent 

sampling at another well in the vicinity.  This observation was consistent with the previous sampling 

event on 9/14/2017.  The ORP and DO showed the well water to be aerobic, however the detection of 

low levels of field measured sulfide showed that the well may be a mixing zone of oxygenated water in 

the well bore while the formation water is more anaerobic.  The bacterial microbiome analysis showed 
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the most abundant phylotype in the well water was Methylocystis spp. which are aerobic and have a 

strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. The identified 

Methylocystis species are obligately methanotrophic. The other most abundant phylotype was 

Hyphomicrobium spp. which are aerobic bacteria.  Other major bacterial genus identified in the well 

were Holophaga spp., which is obligately anaerobic. 

Comparison with 2017 results 

The 2017 data for well LD02 had considerably higher values for iron and manganese.  The temperature 

was also much higher in the 2017 sample than in the 2018 sample.  The measured methane 

concentration was lower in the 2018 sample than measured in 2017.  The other geochemical 

parameters were roughly equivalent.  The microbial communities were roughly equivalent from 2017 to 

2018.  As an example, the genus Methylocystis comprised 4.7% of the community profile in 2017 and 

10.7% of the profile in 2018.    

Well PGDW14     

Table 2. Well PGDW14 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) ND Temp* (oC) 10.3 

Bacterial Population 
(16S gene copies/L) 

8.70E+07 

Manganese (mg/L) 0.0026 ORP* (mV) 48 

pH 7.68 DO* (mg/L) 2.24 

Sulfate (mg/L) 1760 Methane (µg/L) NA 

Strontium (mg/L) 1.55 Ferrous* (mg/L) ND 

TDS (mg/L) 2720 Sulfide* (mg/L) ND 

ND (Not Detected), *Field Measurement, NA (Not Available)  

 

General water quality 

Sulfate (7X higher) and TDS (5X higher) exceeded the EPA secondary maximum contaminant limit 

(Secondary MCL).  Strontium was above the EPA Health Reference Level (HRL) of 1.5 mg/L and Sodium 

(35X higher) was above the Drinking Water Equivalent Level (DWEL) of 20 mg/L.  The palatability issues 

with these levels include metallic and salty taste and various staining (laundry and fixtures).  The TDS 

levels in this well may make the water undrinkable due to taste.  Bacterial population numbers are in 

line with expected ground water values. 

Observations  

Based on the ORP measurements the area in the vicinity of the well is most likely a mixed redox zone.  

There was no significant detection of methane, iron or manganese in the water.  Given this information 

the redox gradient between the well and the aquifer may not be acute.  The bacterial profile from this 

well contained many anaerobic groups including those involved in iron and sulfur cycling that could lead 

to well fouling and palatability issues.  The two most abundant phylotypes in the sample were 

methanotrophs and comprised ~21% of the profile. 

Comparison with 2017 results 
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There were no striking differences between the 2017 and 2018 sampling events with regards to the 

geochemical parameters.  The microbial biomass index was equivalent between the 2017 and 2018 

sampling events.  There was a difference in the microbial community composition with the 2018 sample 

containing more methanotrophs then the 2017 sample.    

Well PGDW20 

Table 3. Well PGDW20 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.371 Temp* (oC) 10.8 

Bacterial Population 
(16S gene copies/L) 

1.28E+07 

Manganese (mg/L) 0.0274 ORP* (mV) -199.8 

pH 8.78 DO* (mg/L) 0.16 

Sulfate (mg/L) 1260 Methane (µg/L) 45 

Strontium (mg/L) 1.14 Ferrous* (mg/L) 0.02 

TDS (mg/L) 1910 Sulfide* (mg/L) 0.11 

ND (Not Detected), *Field Measurement, NA (Not Available)  

 
General water quality  
 
pH, Sulfate (2X higher) and TDS (~4X higher) exceeded the EPA secondary maximum contaminant limits 

(MCL).  Sodium (26X higher) was above the Drinking Water Equivalent Level (DWEL) of 20 mg/L. 
The TDS levels in this well may make the water undrinkable due to taste. The palatability issues 

with these levels include a salty and metallic taste.  These levels could also contribute to staining of 

laundry and plumbing fixtures.  Bacterial population numbers are in line with expected ground 
water values. 
 
Observations  
 
The geochemical data suggests that the area in the vicinity of this well was highly anaerobic.  Field notes 
state the water was cloudy with a sulfur odor.  The microbial profile was dominated by sulfate reducing 
bacteria and some sulfur oxidizers suggesting sulfur cycling in the vicinity of this well.  The activity of the 
sulfate reducers can cause odor and taste issues as described. 
 

Comparison with 2017 results 
 
Iron and manganese levels were lower in the 2018 sampling event compared to the 2017 sampling 
event.  The other parameters were equivalent.  The microbial community composition was comparable 
between 2017 and 2018. 
 
 

 

 

 



Page 8 of 12 
 

 Well PGDW23 

Table 4. Well PGDW23 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) ND Temp* (oC) 12.1 

Bacterial Population 
(16S gene copies/L) 

NA 

Manganese (mg/L) 0.0027 ORP* (mV) -197.2 

pH 9.12 DO* (mg/L) 0 

Sulfate (mg/L) 409 Methane (µg/L) 180 

Strontium (mg/L) 0.0933 Ferrous* (mg/L) ND 

TDS (mg/L) 677 Sulfide* (mg/L) 0.04 

ND (Not Detected), *Field Measurement, NA (Not Available)  
 

General water quality  
 

pH, Sulfate and TDS exceeded the EPA secondary maximum contaminant limits (MCL).  Sodium (10X 
higher) was above the Drinking Water Equivalent Level (DWEL) of 20 mg/L. The palatability issues 

with these levels include a salty and/or soapy taste.  
 
Observations  
 
The microbial community contained a mix of aerobic and anaerobic bacterial groups.  Groups associated 
with sulfur cycling and methane oxidation were present.  This is consistent with overall observations of 
mixing redox zones in the vicinity of the wells that promote sulfur cycling. 
 

Comparison with 2017 results 
 
The geochemical parameters were equivalent between the 2017 and 2018 sampling events.  The 
microbial community composition did show some differences in the abundant phylotypes between 2017 
and 2018.  However, both microbial communities contained groups associated with sulfur cycling and 
methane oxidation. 
 
Well PGDW30 

Table 5. Well PGDW30 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.0237 Temp* (oC) 10.4 

Bacterial Population 
(16S gene copies/L) 

NA 

Manganese (mg/L) 0.0014 ORP* (mV) -210.9 

pH 9.25 DO* (mg/L) 0 

Sulfate (mg/L) 331 Methane (µg/L) 770 

Strontium (mg/L) 0.0753 Ferrous* (mg/L) ND 

TDS (mg/L) 597 Sulfide* (mg/L) 0.04 

ND (Not Detected), *Field Measurement, NA (Not Available)  
 

General water quality  
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pH, Sulfate and TDS slightly exceeded the EPA secondary maximum contaminant limit (MCL).  Sodium 
(10X higher) was above the Drinking Water Equivalent Level (DWEL) of 20 mg/L. The palatability 

issues with these levels include a salty and/or soapy taste.  
 
Observations  
 
The ORP, methane level and sulfide detection indicate that there are strong anaerobic areas in the 
vicinity of the well.  The bacterial community consisted of aerobic phylotypes including methanotrophs 
but also contained groups involved in sulfur and iron cycling.  The presence of these phylotypes provide 
added evidence for strong anaerobic areas in the vicinity of the well within the aquifer.  
 

Comparison with 2017 results 
 
The geochemical parameters for the 2017 and 2018 sampling events are equivalent.  The microbial 
communities in the 2017 and 2018 sampling events both consisted of aerobic phylotypes including 
methanotrophs but also contained groups involved in sulfur and iron cycling. 
 

Well PGDW41A 

Table 6. Well PGDW41A diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.0398 Temp* (oC) 9.4 

Bacterial Population 
(16S gene copies/L) 

9.48E+08 

Manganese (mg/L) 0.0187 ORP* (mV) 123.8 

pH 6.86 DO* (mg/L) 4.46 

Sulfate (mg/L) 3710 Methane (µg/L) 0.072 

Strontium (mg/L) 5.34 Ferrous* (mg/L) 0.04 

TDS (mg/L) 5960 Sulfide* (mg/L) 0.05 

ND (Not Detected), *Field Measurement, NA (Not Available)  
 

General water quality  
 
Sulfate (15X higher) and TDS (12X higher) exceeded the EPA secondary maximum contaminant limits 
(MCL).  The palatability issues with these levels include a salty taste, and the water most likely 

undrinkable due to the TDS level.  Strontium exceeded the EPA health advisory levels.  Sodium (60X 
higher) was above the Drinking Water Equivalent Level (DWEL) of 20 mg/L.  The overall microbial 

biomass is in line with that expected in ground water.   
 
Observations  
 
ORP and DO measures indicate the water was aerobic however the microbial results show mainly 
anaerobic groups including methanogens and bacteria involved in iron and sulfur cycling.  As was noted 
in the last report this well appears to have a disconnect between the geochemistry and microbiology.  
Potential reasons for this include an anaerobic zone in the vicinity or the presence of biofilms consisting 
of mixed aerobic and anaerobic species. 
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Comparison with 2017 results 
 
Iron and manganese were marginally higher in 2017 compared to 2018.  The other geochemical 
parameters were roughly equivalent.  There was some difference in the microbial community 
composition with the 2018 sample containing some identified methanogenic microbes where none were 
identified in 2017. 
 
 Well PGDW44 

Table 7. Well PGDW44 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.0167 Temp* (oC) 9.9 

Bacterial Population 
(16S gene copies/L) 

1.84E+05 

Manganese (mg/L) 0.0029 ORP* (mV) 2.9 

pH 7.64 DO* (mg/L) 0 

Sulfate (mg/L) 1060 Methane (µg/L) 0.076 

Strontium (mg/L) 2.16 Ferrous* (mg/L) ND 

TDS (mg/L) 2870 Sulfide* (mg/L) 0.06 

ND (Not Detected), *Field Measurement, NA (Not Available)  
 

General water quality  
 
Sulfate (4X higher), and TDS (~6X higher) exceeded the EPA secondary maximum contaminant limits 
(MCL).  The palatability issues with these levels include a salty and/or metallic taste and staining of 
laundry and plumbing fixtures. In addition, the water may be undrinkable due to the TDS level.  

Strontium also exceeded the EPA health advisory level.  Sodium (~40X higher) was above the 
Drinking Water Equivalent Level (DWEL) of 20 mg/L.  The overall microbial biomass was in line with 

that expected in ground water and would not be expected to cause biofouling issues.   
 
Observations  
 
This well and the aquifer material in the vicinity of the well appear to be anaerobic.  The microbial 
community contained many anaerobic phylotypes that consisted of groups involved in iron and sulfur 
cycling.  The presence of sulfide demonstrates that sulfate reducing activity is ongoing in the well 
vicinity.  
 
Comparison with 2017 results 

Iron, manganese and sulfate were markedly lower in the 2018 sample when compared to 2017.  

Strontium and TDS were also much lower in the 2018 sample than 2017.  pH was higher in the 2017 

sample (8.22) than in 2018 (7.64).  ORP was much lower and ferrous iron and sulfide were higher.  

Overall the 2017 sampling event appeared to contain more anaerobic water than the 2018 sample.  The 

microbial communities were also a bit different with the 2018 community containing more general 

aerobic phylotypes than the 2017 community.  However, both communities contained bacteria involved 

in iron and sulfur cycling. 
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Well PGDW49 

Table 8. Well PGDW49 diagnostic geochemical and microbial parameters 

Parameter Result Parameter Result Parameter Result 

Iron (mg/L) 0.521 Temp* (oC) 9.8 

Bacterial Population 
(16S gene copies/L) 

3.15E+05 

Manganese (mg/L) 0.117 ORP* (mV) 20.7 

pH 7.23 DO* (mg/L) 0.64 

Sulfate (mg/L) 1540 Methane (µg/L) 0.086 

Strontium (mg/L) 9.01 Ferrous* (mg/L) ND 

TDS (mg/L) 5600 Sulfide* (mg/L) ND 

ND (Not Detected), *Field Measurement, NA (Not Available)  
 

General water quality  
 
Iron, manganese (2X higher), sulfate (6X higher) and TDS (11X higher) exceeded the EPA secondary 
maximum contaminant limits (MCL).  The palatability issue with this level includes a soapy and or salty 

taste.  Strontium exceeded the EPA health advisory level.  Sodium (~55X higher) was above the 
Drinking Water Equivalent Level (DWEL) of 20 mg/L.  The TDS levels in this well may make the 
water undrinkable due to taste. The overall microbial biomass was in line with that expected in 

ground water and would not be expected to present issues of biofouling in the well.   
 
Observations  
 
The microbial profile was dominated by Pseudomonas spp. which is a ubiquitous groundwater aerobe. 
There was a small presence of iron oxidizing bacteria. 
 
Comparison with 2017 results 

The sulfate level in 2018 was about half that measured in 2017.  The other geochemical parameters 

were roughly equivalent.  The microbial results were markedly different from 2017 to 2018.  The 

dominant bacterium in the 2018 sampling event was Pseudomonas spp. which is a ubiquitous 

groundwater aerobe.  A sampling artifact for 2018 can’t be ruled out and could be the reason the two 

microbial samples are not readily comparable. 
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Treatment Options  
At this time, based on the available microbial results the extent of the taste or odor issues are the result 
of the predominant geochemistry in the aquifer.  Any bacterial impacts on palatability would most likely 
be due to sulfur cycling in the vicinity of the well that would consist of odors.  Bioflim sloughing may also 
contribute to slime formation in plumbing fixtures.  In cases where microbial well fouling or plugging has 
occurred that limits the flow or utility of the well, there are “in well” treatment options to mitigate 
bacterial populations.  Any in well treatment designed to control a bacterial population needs to be part 
of a continuing effort because the nature of the interaction of wells bores with aquifers favor microbial 
colonization.  These efforts can be considered “suppressive” because there is no way to completely 
sterilize the subsurface.  The issues encountered in these wells are not uncommon with many private 
well owners as well as public utilities experiencing similar problems. 
 
Usually there is a combination of physical and chemical/disinfectant cleaning for the wells depending of 
the nature of the problem.  The approaches listed below are designed to loosen debris or encrustations 
in the well; however, since the wells are deep some of these options may be impracticable.    
 

▪ Pressurized air or water  
▪ Wire brushes or scrapers  
▪ Agitation of water in the well  
▪ Sonic waves 
▪ Chemical cleaning  

Microbial Suppressive and Disinfectant Classes  
▪ Halogens (chlorine and iodine) 
▪ Ozone  
▪ Surfactants  
▪ Anionic Detergents  
▪ Alkylating Agents  



A combination of physical/mechanical and suppressive disinfectant application for in well treatment 
could be applied.  Stakeholders, owners and users have reported a number of issues, the scope of this 
study was restricted to direct water palatability issues.  In these types of cases a water treatment system 
deployed after the pressure tank could solve many or all of the described problems.  Examples of the 
technology include the following.  
 

▪ Iron, sulfur and manganese treatment/removal:  Examples include a proportional oxidation 

system (e.g. peroxide).  

▪ Total Dissolved Solids Reduction and Strontium: The most comprehensive would be a reverse 

osmosis system including storage tank, repress pump and disinfection unit.  

▪ Hardness Removal (maybe Strontium): Salt based water softener (may need proportional anti 

scalant chemical).  
 
Other options, if needed, include sediment filtration and microbial disinfection.  The data already 
collected from the wells could be used to design a whole house system per each well that would 
drastically improve water quality and palatability.  
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10403485 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID 
Sample 

Date 
Sample 

Type 
ID 

Correction 

10403485 Water LD02-
09142017 10403485001 9/14/2017 N None 

10403485 Water Trip Blank 10403485002 9/14/2017 TB Trip Blank-
09142017 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 

10403485 Water EPA 6010C EPA 3010 1 
10403485 Water EPA 6020A EPA 3020 1 
10403485 Water EPA 8270D EPA 3520 1 
10403485 Water EPA 8270D SIM Mod. EPA 3510C 1 
10403485 Water EPA 8260B N/A 2 
10403485 Water SM 2320B N/A 1 
10403485 Water SM 2540C N/A 1 
10403485 Water EPA 300.0 N/A 1 
10403485 Water SM 5310C N/A 1 
10403485 Water EPA 8316 N/A 1 
10403485 Water EPA 8081 N/A 1 
10403485 Water AM24 N/A 1 
10403485 Water D18O N/A 1 
10403485 Water AM20GAx N/A 1 
10403485 Water AM30 N/A 1 
10403485 Water AM10 N/A 1 
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SDG Matrix Test Method Prep Method Number of Samples 

10403485 Water AM23G N/A 0 
10403485 Water 16S N/A 0 
10403485 Water Isotope Analysis N/A 1 
10403485 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10403485 Water Total Eubacteria N/A 0 
10403485 Water Genomic 

Sequencing 
N/A 0 

 
Table 1B: Holding Time Exceedances  

Method Sample ID 
Sample 

Type Collection Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 

E300 LD02-09142017 N 09/14/2017 11:15 09/16/2017 19:10 
48 

hours 
UJ Flag 

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Trip blank sample ID was corrected to include 
sampled date. 

Sample LD02-09142017 was not analyzed for 
Volatile Fatty Acids analysis by Method AM23G 
and for dissolved gas determinations Method 
AM20GAX. Re-sampling was conducted on 
9/27/2017 and reported with SDG 10405043. 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? Yes, Nitrate as N and Nitrite as N analyses were 
conducted past holding time limits for sample 
LD02-09142017. Associated results were qualified 
as estimated quantities (J or UJ).  

 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD, RPD, and LR Outside Limits  (Table 4, 4A and 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes. 
2-propanol was detected in trip blank “Trip Blank-
09142017”. The associated sample result for LD02-
09142017 was non-detect. No qualification was 
required.  

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available. A 
batch QC sample was used when required. 

MS/MSD within QC criteria? (see Table 4) No, 2-propanol had a low recovery in MS 2712364. 
Sample LD02-09142017 sample quantitation limits 
was qualified as an estimated quantity (UJ). 

LCS within QC criteria?  If out, and the recovery 
high with no positive values, then no data 
qualification is required.  

Yes.  

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, bromomethane was below QC limits. Sample 
LD02-09142017 was qualified as an estimated non-
detected quantity (UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicate in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria?  If out and LCS is 
compliant, then J flag positive data in original 
sample due to matrix?  (see Table 4) 

No, hexachlorocyclopentadiene, pyridine, 1,2,4-
trichlorobenzene, 1,2-dichlorobenzene, 1,3-
dichlorobenzene, 1,4-dichlorobenzene, and 
hexachloroethane all had low recoveries in MS 
and/or MSD (2707163/2707164). Associated 
sample quantitation limits were qualified as 
estimated quantities (UJ). 

LCS within QC criteria?  If out, and the recovery 
high with no positive values, then no data 
qualification is required. (see Table 5) 

No, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 
hexachlorocyclopentadiene, and pyridine all had low 
recoveries in LCS 2706786. Associated positive 
results and sample quantitation limits were qualified 
as estimated quantities (J or UJ).  These 
compounds are reactive with all other compounds 
found in the spike mix that would not normally occur 
in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes, but the second source verification was outside 
QC limits for bis(2-chloroisopropyl)ether; this result 
was qualified as an estimated non-detected quantity 
(UJ). 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 

 
Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, the MS (2712337) result for Alkalinity, Total as 
CaCO3 was greater than the QC limits; the 
associated positive result for sample LD02-
09142017 was qualified as an estimated quantity 
(J). 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium was detected in method blank 
2705123 but no actions were required as the 
associated sample results for LD02-09142017 were 
more than five times the blank results. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes, magnesium and manganese exceeded QC 
limits. No actions were made. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? (see 
Table 4B) 

No, sample 2704940 exhibited poor precision, the 
associated positive result for LD02-09142017 was 
qualified as an estimated quantity (J). 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for LD02-09142017 was more than five times 
the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, chloride, sulfate, and fluoride recoveries were 
below QC limits in MS and MSD (2703292/ 
2703293). Associated positive results for sample 
LD02-09142017 were qualified as estimated 
quantities (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, and Genomic 
Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Trip blank “Trip Blank-09142017” associated with 
sample LD02-09142017 was not requested to be 
analyzed for Method AM20GAX. The associated 
detected sample results for n-butane, propene, 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, and Genomic 
Sequencing (as applicable per each method) 
Description Notes and Qualifiers 

carbon dioxide, methane, ethane, propane, iso-
butane, nitrogen, and oxygen were J qualified as 
estimated. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A  

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. (see Table 5) 

No, hydrogen had a high recovery (no actions were 
taken as hydrogen was not detected in the sample) 
and pentane had low recoveries in LCS/LCSD 
51017/51018 (67% and 63% vs. the QC limits of 
70% - 130%). Associated results sample 
quantitation limits was qualified as estimated 
quantity (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. No action was required.  

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate 
outliers. 

 Trip blank “Trip Blank-09142017” associated with sample LD02-09142017 was not requested 
to be analyzed for Method AM20GAX. The associated detected sample results were J qualified 
as estimated. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
6010C 2705123 MB Magnesium 3.2 J ug/L 2.6 500 
8260B Trip Blank-09142017 TB 2-Propanol 91.4 J ug/L 20.6 100 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         

 
Table 4 - List MS/MSD Recoveries outside Control Limits  

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8260B 2712364 MS 2-Propanol 291 200 45  51 150 UJ Flag 
8270D 2707164 MSD 1,2,4-Trichlorobenzene ND 52.1  56 58 125 UJ Flag 
8270D 2707164 MSD 1,2-Dichlorobenzene ND 52.1  47 55 125 UJ Flag 
8270D 2707164 MSD 1,3-Dichlorobenzene ND 52.1  45 52 125 UJ Flag 
8270D 2707164 MSD 1,4-Dichlorobenzene ND 52.1  46 53 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Hexachlorocyclopentadiene ND 52.1 14 0 30 125 UJ Flag 
8270D 2707164 MSD Hexachloroethane ND 52.1  42 46 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Pyridine ND 52.1 0 2 30 125 UJ Flag 
2320B 2712337 MS Alkalinity, Total as CaCO3 189 40 184  80 120 J Flag 
E300 2703292/ 2703293 MS/MSD Chloride 20.9 12.5 76 76 90 110 J Flag 
E300 2703292/ 2703293 MS/MSD Sulfate 12.3 12.5 84 84 90 110 J Flag 
E300 2703292/ 2703293 MS/MSD Fluoride 0.42 12.5 87 87 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
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Table 4B – List of Laboratory Replicates outside Control Limits 

Method Sample ID Matrix Analyte 
Sample 
Result 

 
Duplicate 

Result  
Lab 

Qualifier RL Affected Samples 
Sample 

Flag 
2540C 2704940 WG Total Dissolved Solids 190 228 D6  LD02-09142017 J Flag 

 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2706786 2,4-Dinitrophenol 27 30 125 UJ Flag 
8270D 2706786 4-Nitrophenol 60 66 125 UJ Flag 
8270D 2706786 Benzoic acid 0 30 125 J Flag 
8270D 2706786 Hexachlorocyclopentadiene 0 30 125 UJ Flag 
8270D 2706786 Pyridine 0 30 125 UJ Flag 
AM10 51017 Pentane 67 70 130 UJ Flag 
AM10 51018 Pentane 63 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
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Acronym List and Table Key: 

LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10405043 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10405043 Water PGDW05-
09272017 

10405043001 
L1735000-01 
240520001 

9/27/2017 N None 

10405043 Water Trip Blank-
09272017 10405043002 9/27/2017 TB None 

10405043 Water PGDW05-
09272017-PRE 10405043003 9/27/2017 PRE None 

10405043 Water LD02-
09272017 

240520002 
240510003 9/27/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10405043 Water EPA 6010C EPA 3010 1 
10405043 Water EPA 6020A EPA 3020 1 
10405043 Water EPA 8270D EPA 3520 1 
10405043 Water EPA 8270D SIM Mod. EPA 3510C 1 
10405043 Water EPA 8260B N/A 2 
10405043 Water SM 2320B N/A 1 
10405043 Water SM 2540C N/A 1 
10405043 Water EPA 300.0 N/A 1 
10405043 Water SM 5310C N/A 1 
10405043 Water EPA 8316 N/A 1 
10405043 Water EPA 8081 N/A 1 
10405043 Water AM24 N/A 2 
10405043 Water D18O N/A 2 
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SDG Matrix Test Method Prep Method Number of Samples 
10405043 Water AM20GAx N/A 3 
10405043 Water AM30 N/A 2 
10405043 Water AM10 N/A 2 
10405043 Water AM23G N/A 2 
10405043 Water 16S N/A 2 
10405043 Water Isotope Analysis N/A 2 
10405043 Water CSIA Carbon and 

Hydrogen 
N/A 2 

10405043 Water Total Eubacteria N/A 3 
10405043 Water Genomic 

Sequencing 
N/A 3 

 
Table 1B: Holding Time Exceedances – None  

Method Sample ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes, Re-sampling of LD02-09272017 was 
conducted on 9/27/2017 for Volatile Fatty Acids 
analysis by Method AM23G and for dissolved gas 
determinations Method AM20GAX, the rest of the 
associated results are reported with SDG 
10403485. 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846 no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD,LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes. 
Analytes naphthalene, toluene, m&p-xylene, 1,2,3-
trichlorobenzene, o-xylene, 1,2,4-trimethylbenzene, 
and ethylbenzene were detected in method blank 
2724446. 
 
Analytes 2-propanol and acetone were detected in 
trip blank “Trip Blank-09272017”. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  (see Table 2A) 

Sample results for PGDW05-09272017 and trip 
blank sample TRIP BLANK-09272017 were less 
than 5X the method blank detection for m&p-xylene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 
 
Sample result for trip blank sample Trip Blank-
09272017 were less than 5X the method blank 
detection for naphthalene, o-xylene, and toluene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 

Surrogate for method blanks and LCS within 
limits?  

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  All samples should be re-
analyzed for VOCs.  Matrix effects should be 
established. 

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available. 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

No, outliers had high recoveries and associated 
sample results were non-detects. 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, outliers had high recoveries and associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, but no action needed as the calibration result 
was greater than QC limits and the analyte was not 
detected in the samples. 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2)?   

Yes. 
Analytes pyrene and phenanthrene were detected in 
method blank 2715086. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. (see Table 2A) 

Sample result for PGDW05-09272017 was less than 
5X the method blank detection for phenanthrene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

No. Surrogate 2,4,6-Tribromophenol was recovered 
below the acceptance criteria. Pentachlorophenol 
was UJ qualified in associated sample PGDW05-
09272017. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No. 
Hexachlorocyclopentadiene and pyridine recovered 
below the acceptance criteria in the LCS and LCSD 
2718510/2718511. The sample results for 
PGDW05-09272017 were UJ qualified as estimated 
non-detect.  These compounds are reactive with all 
other compounds found in the spike mix that would 
not normally occur in samples.   

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed:  April 17, 2018; 
Revised August 23, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10405043_EM.docx Page 5 of 13 

Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 

 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes. 
Analytes magnesium and calcium were detected in 
method blank 2717997. The associated sample 
results for PGDW05-09272017 were greater than 5X 
the blank detection. No qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

No, but the spike outliers were not applicable due to 
high analyte sample concentrations. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Sulfate was detected in ICB 17998045 and CCBs 
18163171/18163173. The associated sample result 
was greater than 5X the blank detections. No 
qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No. 
Chloride, fluoride, nitrate as N, and sulfate were all 
outside of the acceptance criteria in the MS and 
MSD 2726399/2726400 and 2726397/2726398. The 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 

sample results for PGDW05-09272017 were J 
qualified as estimated.  
 
Bromide was outside of the acceptance criteria in 
the MSD 2726400. The sample results for 
PGDW05-09272017 were J qualified as estimated. 
 
Nitrite as N was outside of the acceptance criteria in 
the MS and MSD 2726399/2726400. The sample 
result for PGDW05-09272017 was UJ qualified as 
estimated non-detect.  

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 
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Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method AM24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and/or Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in trip and/or 
method blanks as noted on Table 2?   

Yes, oxygen (8.9 mg/L) and nitrogen (20 mg/L) were 
detected in trip blank sample TRIPBLANK-
09272017. Samples LD02-09272017 and PGDW05-
09272017 were J qualified as estimated since they 
were less than 5X the trip blank detection but 
greater than the reporting limit. 
 
Methane, ethane, ethene, and propane were 
detected in trip blank sample TRIPBLANK-
09272017.  
Sample PGDW05-09272017 was less than 5X the 
trip blank detection for ethane. The sample result 
was U qualified as non-detect and MDL was 
elevated to the sample result. 
Samples PGDW05-09272017 and LD02-09272017 
were less than 5X the trip detection for ethene. The 
sample result was U qualified as non-detect and 
MDL was elevated to the sample result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, but no action needed as the outliers were 
greater than QC limits and the analytes was not 
detected in the samples. 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 
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 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. All analyses dissolved gas determinations 
Method AM20GAX were marked as non-reportable besides acetylene, which was not reported 
on the routine dissolved gas determination analysis. 

 Analytes were detected in trip blank for Method AM20GAX, associated sample results for 
samples PGDW05-09272017 and LD02-09272017 were either J qualified as estimated or U 
qualified as non-detect and MDL was elevated to sample result. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 

 
 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed:  April 17, 2018; 
Revised August 23, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10405043_EM.docx Page 10 of 13 

Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09272017 TB 2-Propanol 114  ug/L 20.6 100 
8260B Trip Blank-09272017 TB Acetone 10.6 J ug/L 8.8 20.0 
8260B 2724446 MB Naphthalene 1.1  ug/L 0.42 1 
8260B 2724446 MB Toluene 0.5  ug/L 0.17 0.5 
8260B 2724446 MB m&p-Xylene 1.6 J ug/L 0.24 2.0 
8260B 2724446 MB 1,2,3-Trichlorobenzene 0.85 J ug/L 0.14 1.0 
8260B 2724446 MB o-Xylene 0.40 J ug/L 0.11 0.50 
8260B 2724446 MB 1,2,4-Trimethylbenzene 0.86 J ug/L 0.098 1.0 
8260B 2724446 MB Ethylbenzene 0.16 J ug/L 0.14 0.50 

8270D by SIM 2715086 MB Pyrene 0.016 J ug/L 0.0084 0.040 
8270D by SIM 2715086 MB Phenanthrene 0.026 J ug/L 0.0088 0.040 

6010C 2717997 MB Magnesium 2.8 J ug/L 2.6 500 
6010C 2717997 MB Calcium 45.6 J ug/L 24.7 500 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18163171 CCB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18163173 CCB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09272017 TB Methane 0.063 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09272017 TB Ethane 0.0049 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09272017 TB Ethene 0.0053 Jn ug/l 0.004 0.1 
AM20GAX Trip Blank-09272017 TB Propane 0.005 Jn ug/l 0.005 0.1 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 n mg/l 0.34 2 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

8260B 2724446 MB m&p-Xylene 1.6 1.2 J 2 PGDW05-09272017 U Flag 
8260B 2724446 MB m&p-Xylene 1.6 1.5 J 2 Trip Blank-09272017 U Flag 
8260B 2724446 MB Naphthalene 1.1 0.79 J 1 Trip Blank-09272017 U Flag 
8260B 2724446 MB o-Xylene 0.40 0.26 J 0.50 Trip Blank-09272017 U Flag 
8260B 2724446 MB Toluene 0.5 0.38 J 0.50 Trip Blank-09272017 U Flag 

8270D by SIM 2715086 MB Phenanthrene 0.026 0.031 J 0.043 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Ethane 0.0049 0.015 Jn 0.1 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Ethene 0.0053 0.015 Jn 0.1 LD02-09272017 U Flag 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09272017 TB Ethene 0.0053 0.0065 Jn 0.1 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 21 n 2 LD02-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 22 n 2 PGDW05-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 2.8 n 0.5 LD02-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 3.8 n 0.5 PGDW05-09272017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

8260B Blank LB 1,2-Dichloroethane-d4 156 70 130 1 None 

8260B PGDW05-09272017 N 1,2-Dichloroethane-d4 155 70 130 1 None 

8260B TRIP BLANK-09272017 TB 1,2-Dichloroethane-d4 159 70 130 1 None 

8270D SIM PGDW05-09272017 N 2,4,6-Tribromophenol 21 30 132 1 UJ Flag 

 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type 
Analyte 

Orig. 
Result 

Spike 
Amount 

MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

6010C 10404846001 MS Sodium 519,000 20,000 20 9 75 125 None 
6020A 10404846001 MS Strontium 4,840 100 135 212 75 125 None 
8260B 10404846001 MS Tetrahydrofuran ND 200 194 197 75 125 None 
8260B 10404846001 MS Acetone ND 100 179 173 51 140 None 
8260B 10404846001 MS Naphthalene 25.6 20 127 128 67 125 None 
E300.0 2726400 MSD Bromide 0.26 1 93 0 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Chloride 60.6 12.5 27 26 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Chloride 73.1 12.5 14 -4 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Fluoride 0.37 1 86 85 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Fluoride 0.13 1 90 0 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Nitrate as N 6.3 1 9 8 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Nitrate as N 10.5 1 96 -1 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Sulfate 207 125 89 89 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Sulfate 102 125 95 0 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Nitrite as N ND 1 95 0 90 110 UJ Flag 
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Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
E300.0 2726399/2726400 Bromide 130 20 J 
E300.0 2726399/272600 Fluoride 157 20 J 
E300.0 2726399/2726400 Nitrate as N 64 20 J 
E300.0 2726399/2726400 Sulfate 74 20 J 

 
Table 4B – List of Laboratory Replicates outside Control Limits – None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8260B 2724447 Tetrahydrofuran 136 65 127 None 
8270D 2718510/2718511 Hexachlorocyclopentadiene 0/0 30 125 UJ Flag 
8270D 2718510/2718511 Pyridine 1/2 30 125 UJ Flag 

 
Table 5A – List RPDs outside Control Limits – None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
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Acronym List and Table Key: 

GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10405043 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10405043 Water PGDW05-
09272017 

10405043001 
L1735000-01 
240520001 

9/27/2017 N None 

10405043 Water Trip Blank-
09272017 10405043002 9/27/2017 TB None 

10405043 Water PGDW05-
09272017-PRE 10405043003 9/27/2017 PRE None 

10405043 Water LD02-
09272017 

240520002 
240510003 9/27/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10405043 Water EPA 6010C EPA 3010 1 
10405043 Water EPA 6020A EPA 3020 1 
10405043 Water EPA 8270D EPA 3520 1 
10405043 Water EPA 8270D SIM Mod. EPA 3510C 1 
10405043 Water EPA 8260B N/A 2 
10405043 Water SM 2320B N/A 1 
10405043 Water SM 2540C N/A 1 
10405043 Water EPA 300.0 N/A 1 
10405043 Water SM 5310C N/A 1 
10405043 Water EPA 8316 N/A 1 
10405043 Water EPA 8081 N/A 1 
10405043 Water AM24 N/A 2 
10405043 Water D18O N/A 2 
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SDG Matrix Test Method Prep Method Number of Samples 
10405043 Water AM20GAx N/A 3 
10405043 Water AM30 N/A 2 
10405043 Water AM10 N/A 2 
10405043 Water AM23G N/A 2 
10405043 Water 16S N/A 2 
10405043 Water Isotope Analysis N/A 2 
10405043 Water CSIA Carbon and 

Hydrogen 
N/A 2 

10405043 Water Total Eubacteria N/A 3 
10405043 Water Genomic 

Sequencing 
N/A 3 

 
Table 1B: Holding Time Exceedances – None  

Method Sample ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes, Re-sampling of LD02-09272017 was 
conducted on 9/27/2017 for Volatile Fatty Acids 
analysis by Method AM23G and for dissolved gas 
determinations Method AM20GAX, the rest of the 
associated results are reported with SDG 
10403485. 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846 no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD,LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes. 
Analytes naphthalene, toluene, m&p-xylene, 1,2,3-
trichlorobenzene, o-xylene, 1,2,4-trimethylbenzene, 
and ethylbenzene were detected in method blank 
2724446. 
 
Analytes 2-propanol and acetone were detected in 
trip blank “Trip Blank-09272017”. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  (see Table 2A) 

Sample results for PGDW05-09272017 and trip 
blank sample TRIP BLANK-09272017 were less 
than 5X the method blank detection for m&p-xylene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 
 
Sample result for trip blank sample Trip Blank-
09272017 were less than 5X the method blank 
detection for naphthalene, o-xylene, and toluene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 

Surrogate for method blanks and LCS within 
limits?  

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  All samples should be re-
analyzed for VOCs.  Matrix effects should be 
established. 

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available. 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

No, outliers had high recoveries and associated 
sample results were non-detects. 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, outliers had high recoveries and associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, but no action needed as the calibration result 
was greater than QC limits and the analyte was not 
detected in the samples. 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2)?   

Yes. 
Analytes pyrene and phenanthrene were detected in 
method blank 2715086. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. (see Table 2A) 

Sample result for PGDW05-09272017 was less than 
5X the method blank detection for phenanthrene. 
The sample results were U qualified as non-detect 
and MDL was elevated to the sample result. 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

No. Surrogate 2,4,6-Tribromophenol was recovered 
below the acceptance criteria. Pentachlorophenol 
was UJ qualified in associated sample PGDW05-
09272017. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No. 
Hexachlorocyclopentadiene and pyridine recovered 
below the acceptance criteria in the LCS and LCSD 
2718510/2718511. The sample results for 
PGDW05-09272017 were UJ qualified as estimated 
non-detect.  These compounds are reactive with all 
other compounds found in the spike mix that would 
not normally occur in samples.   

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 

 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes. 
Analytes magnesium and calcium were detected in 
method blank 2717997. The associated sample 
results for PGDW05-09272017 were greater than 5X 
the blank detection. No qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

No, but the spike outliers were not applicable due to 
high analyte sample concentrations. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Sulfate was detected in ICB 17998045 and CCBs 
18163171/18163173. The associated sample result 
was greater than 5X the blank detections. No 
qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No. 
Chloride, fluoride, nitrate as N, and sulfate were all 
outside of the acceptance criteria in the MS and 
MSD 2726399/2726400 and 2726397/2726398. The 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 

sample results for PGDW05-09272017 were J 
qualified as estimated.  
 
Bromide was outside of the acceptance criteria in 
the MSD 2726400. The sample results for 
PGDW05-09272017 were J qualified as estimated. 
 
Nitrite as N was outside of the acceptance criteria in 
the MS and MSD 2726399/2726400. The sample 
result for PGDW05-09272017 was UJ qualified as 
estimated non-detect.  

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 
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Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method AM24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and/or Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in trip and/or 
method blanks as noted on Table 2?   

Yes, oxygen (8.9 mg/L) and nitrogen (20 mg/L) were 
detected in trip blank sample TRIPBLANK-
09272017. Samples LD02-09272017 and PGDW05-
09272017 were J qualified as estimated since they 
were less than 5X the trip blank detection but 
greater than the reporting limit. 
 
Methane, ethane, ethene, and propane were 
detected in trip blank sample TRIPBLANK-
09272017.  
Sample PGDW05-09272017 was less than 5X the 
trip blank detection for ethane. The sample result 
was U qualified as non-detect and MDL was 
elevated to the sample result. 
Samples PGDW05-09272017 and LD02-09272017 
were less than 5X the trip detection for ethene. The 
sample result was U qualified as non-detect and 
MDL was elevated to the sample result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, but no action needed as the outliers were 
greater than QC limits and the analytes was not 
detected in the samples. 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 
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 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. All analyses dissolved gas determinations 
Method AM20GAX were marked as non-reportable besides acetylene, which was not reported 
on the routine dissolved gas determination analysis. 

 Analytes were detected in trip blank for Method AM20GAX, associated sample results for 
samples PGDW05-09272017 and LD02-09272017 were either J qualified as estimated or U 
qualified as non-detect and MDL was elevated to sample result. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09272017 TB 2-Propanol 114  ug/L 20.6 100 
8260B Trip Blank-09272017 TB Acetone 10.6 J ug/L 8.8 20.0 
8260B 2724446 MB Naphthalene 1.1  ug/L 0.42 1 
8260B 2724446 MB Toluene 0.5  ug/L 0.17 0.5 
8260B 2724446 MB m&p-Xylene 1.6 J ug/L 0.24 2.0 
8260B 2724446 MB 1,2,3-Trichlorobenzene 0.85 J ug/L 0.14 1.0 
8260B 2724446 MB o-Xylene 0.40 J ug/L 0.11 0.50 
8260B 2724446 MB 1,2,4-Trimethylbenzene 0.86 J ug/L 0.098 1.0 
8260B 2724446 MB Ethylbenzene 0.16 J ug/L 0.14 0.50 

8270D by SIM 2715086 MB Pyrene 0.016 J ug/L 0.0084 0.040 
8270D by SIM 2715086 MB Phenanthrene 0.026 J ug/L 0.0088 0.040 

6010C 2717997 MB Magnesium 2.8 J ug/L 2.6 500 
6010C 2717997 MB Calcium 45.6 J ug/L 24.7 500 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18163171 CCB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18163173 CCB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09272017 TB Methane 0.063 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09272017 TB Ethane 0.0049 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09272017 TB Ethene 0.0053 Jn ug/l 0.004 0.1 
AM20GAX Trip Blank-09272017 TB Propane 0.005 Jn ug/l 0.005 0.1 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 n mg/l 0.34 2 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

8260B 2724446 MB m&p-Xylene 1.6 1.2 J 2 PGDW05-09272017 U Flag 
8260B 2724446 MB m&p-Xylene 1.6 1.5 J 2 Trip Blank-09272017 U Flag 
8260B 2724446 MB Naphthalene 1.1 0.79 J 1 Trip Blank-09272017 U Flag 
8260B 2724446 MB o-Xylene 0.40 0.26 J 0.50 Trip Blank-09272017 U Flag 
8260B 2724446 MB Toluene 0.5 0.38 J 0.50 Trip Blank-09272017 U Flag 

8270D by SIM 2715086 MB Phenanthrene 0.026 0.031 J 0.043 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Ethane 0.0049 0.015 Jn 0.1 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Ethene 0.0053 0.015 Jn 0.1 LD02-09272017 U Flag 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09272017 TB Ethene 0.0053 0.0065 Jn 0.1 PGDW05-09272017 U Flag 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 21 n 2 LD02-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Nitrogen 20 22 n 2 PGDW05-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 2.8 n 0.5 LD02-09272017 J Flag 
AM20GAX Trip Blank-09272017 TB Oxygen 8.9 3.8 n 0.5 PGDW05-09272017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

8260B Blank LB 1,2-Dichloroethane-d4 156 70 130 1 None 

8260B PGDW05-09272017 N 1,2-Dichloroethane-d4 155 70 130 1 None 

8260B TRIP BLANK-09272017 TB 1,2-Dichloroethane-d4 159 70 130 1 None 

8270D SIM PGDW05-09272017 N 2,4,6-Tribromophenol 21 30 132 1 UJ Flag 

 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type 
Analyte 

Orig. 
Result 

Spike 
Amount 

MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

6010C 10404846001 MS Sodium 519,000 20,000 20 9 75 125 None 
6020A 10404846001 MS Strontium 4,840 100 135 212 75 125 None 
8260B 10404846001 MS Tetrahydrofuran ND 200 194 197 75 125 None 
8260B 10404846001 MS Acetone ND 100 179 173 51 140 None 
8260B 10404846001 MS Naphthalene 25.6 20 127 128 67 125 None 
E300.0 2726400 MSD Bromide 0.26 1 93 0 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Chloride 60.6 12.5 27 26 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Chloride 73.1 12.5 14 -4 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Fluoride 0.37 1 86 85 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Fluoride 0.13 1 90 0 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Nitrate as N 6.3 1 9 8 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Nitrate as N 10.5 1 96 -1 90 110 J Flag 
E300.0 2726397/2726398 MS/MSD Sulfate 207 125 89 89 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Sulfate 102 125 95 0 90 110 J Flag 
E300.0 2726399/2726400 MS/MSD Nitrite as N ND 1 95 0 90 110 UJ Flag 
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Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
E300.0 2726399/2726400 Bromide 130 20 J 
E300.0 2726399/272600 Fluoride 157 20 J 
E300.0 2726399/2726400 Nitrate as N 64 20 J 
E300.0 2726399/2726400 Sulfate 74 20 J 

 
Table 4B – List of Laboratory Replicates outside Control Limits – None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8260B 2724447 Tetrahydrofuran 136 65 127 None 
8270D 2718510/2718511 Hexachlorocyclopentadiene 0/0 30 125 UJ Flag 
8270D 2718510/2718511 Pyridine 1/2 30 125 UJ Flag 

 
Table 5A – List RPDs outside Control Limits – None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 104030701 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

104030701 Water PGDW14-
09182017 104030701001 9/18/2017 N None 

104030701 Water PGDW44-
09182017 104030701002  9/18/2017 TB None 

104030701 Water Trip Blank-
09182017 104030701003 9/18/2017 N None 

104030701 Water PGDW44-
09182017-Pre 104030701004 9/18/2017 N None 

104030701 Water PGDW14-
09182017-Pre 104030701005 9/18/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
104030701 Water EPA 6010C EPA 3010 2 
104030701 Water EPA 6020A EPA 3020 2 
104030701 Water EPA 8270D EPA 3520 2 
104030701 Water EPA 8270D SIM Mod. EPA 3510C 2 
104030701 Water EPA 8260B N/A 3 
104030701 Water SM 2320B N/A 2 
104030701 Water SM 2540C N/A 2 
104030701 Water EPA 300.0 N/A 2 
104030701 Water SM 5310C N/A 2 
104030701 Water EPA 8316 N/A 2 
104030701 Water EPA 8081 N/A 2 
104030701 Water AM24 N/A 2 
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SDG Matrix Test Method Prep Method Number of Samples 
104030701 Water D18O N/A 2 
104030701 Water AM20GAx N/A 5 
104030701 Water AM30 N/A 2 
104030701 Water AM10 N/A 2 
104030701 Water AM23G N/A 2 
104030701 Water 16S N/A 4 
104030701 Water Isotope Analysis N/A 2 
104030701 Water CSIA Carbon and 

Hydrogen 
N/A 0 

104030701 Water Total Eubacteria N/A 4 
104030701 Water Genomic 

Sequencing 
N/A 4 

 
Table 1B: Holding Time Exceedances - None 

Method 
Sample 

ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits 

Method 
Holding 
Time(s) Qualifiers 

        
 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD, RPD, LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed: April 17, 2018; Revised 
August 21, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10403701_EM.docx Page 3 of 13 

Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes, 2-propanol (111 ug/L) was detected in the trip 
blank “Trip Blank-09182017”. No actions were taken 
as this analyte was not detected in the associated 
samples PGDW14-09182017 and PGDW44-
09182017. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, one blank and three samples had a high 
surrogate result. No actions were taken based on 
these outliers as no analytes were detected. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4)?  No, 2-propanol had a 45% recovery vs. the QC 
limits of 51% to 150% in MS sample 2712364. 
Associated sample quantitation limits for samples 
PGDW14-09182017 and PGDW44-09182017 were 
qualified as estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

Yes 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, bromomethane was below QC limits. 
Associated sample quantitation limits for samples 
PGDW14-09182017 and PGDW44-09182017 were 
qualified as estimated quantities (UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicates in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria?  If out and LCS is 
compliant, then J flag positive data in original 
sample due to matrix?  (See Table 4) 

No, hexachlorocyclopentadiene, pyridine, 1,2,4-
trichlorobenzene, 1,2-dichlorobenzene, 1,3-
dichlorobenzene, 1,4-dichlorobenzene, and 
hexachloroethane all had low recoveries in MS 
and/or MSD 2707163/2707164. Associated sample 
quantitation limits for PGDW14-09182017 and 
PGDW44-09182017 were qualified as estimated 
non-detected quantities (UJ). 

LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required.  

No, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 
hexachlorocyclopentadiene, and pyridine all had low 
recoveries in LCS 2706786. Associated sample 
quantitation limits for PGDW14-09182017 and 
PGDW44-09182017 were qualified as estimated 
quantities (UJ). These compounds are reactive with 
all other compounds found in the spike mix that 
would not normally occur in samples.   

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, calcium and magnesium was detected in 
method blank 2703627 but no actions were required 
as the associated sample results for  PGDW14-
09182017 and PGDW44-09182017 were either non-
detect or were more than five times the blank 
results. 
 
Sodium was detected in CCB 18144704, associated 
with samples PGDW14-09182017 and PGDW44-
09182017. The samples results were greater than 
5X the blank detection. No qualification was made. 
 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes, magnesium, manganese, and potassium all 
exceeded QC limits; however, no qualifiers were 
applied as none of the original sample results 
exceeded 50X the detection limit. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Sulfate was detected in ICB 17998045 and CCB 
18108473 associated with samples PGDW14-
09182017 and PGDW44-09182017. The sample 
results were greater than 5X the blank detection. No 
qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. 

No, bromide, chloride, and fluoride recoveries were 
below QC limits. Associated positive results for 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 

samples PGDW14-09182018 and PGDW44-
09182017 were qualified as estimated quantities (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
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Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L), nitrogen (29 mg/L), methane 
(0.79 ug/L) and ethane (0.006 ug/L) were detected 
in trip blank “Trip Blank-09182017”.  

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes.  
Samples PGDW14-09182017and PGDW44-
09182017 were J qualified as estimated for oxygen 
and nitrogen since they were less than 5X the trip 
blank detection but greater than the reporting limit. 
 
Sample PGDW14-09182017 was less than 5X the 
trip blank detection for methane and was U qualified 
as non-detect, the MDL was elevated to the sample 
result.  

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, pentane had low recoveries in LCS/LCSD 
51017/51018 (67% and 63% vs. the QC limits of 
70% - 130%). Associated results were qualified as 
estimated quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
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Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09182017 TB 2-Propanol 111  ug/L 20.6 100 
6010C 2703627 MB Calcium 33.2 J ug/L 24.7 500 
6010C 2703627 MB Magnesium 2.9 J ug/L 2.6 500 
6010C 18144704 CCB Sodium 75.9 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18108473 CCB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09182017 TB Methane 0.072 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09182017 TB Ethane 0.006 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 n mg/l 0.34 2 
AM20GAX Trip Blank-09182017 TB Oxygen 11 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank 
Sample 

Type Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09182017 TB Methane 0.072 0.089 J 0.5 PGDW14-09182017 U Flag 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 29 n 2 PGDW14-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Oxygen 11 3.1 n 0.5 PGDW14-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 29 n 2 PGDW44-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Oxygen 11 3.2 n 0.5 PGDW44-09182017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
 
 
 
 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed: April 17, 2018; Revised 
August 21, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10403701_EM.docx Page 11 of 13 

Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8260B 2712364 MS 2-Propanol ND 200 45  51 150 UJ Flag 
8270D 2707164 MSD 1,2,4-Trichlorobenzene ND 52.1  56 58 125 UJ Flag 
8270D 2707164 MSD 1,2-Dichlorobenzene ND 52.1  47 55 125 UJ Flag 
8270D 2707164 MSD 1,3-Dichlorobenzene ND 52.1  45 52 125 UJ Flag 
8270D 2707164 MSD 1,4-Dichlorobenzene ND 52.1  46 53 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Hexachlorocyclopentadiene ND 52.1 14 0 30 125 UJ Flag 
8270D 2707164 MSD Hexachloroethane ND 52.1  42 46 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Pyridine ND 52.1 0 2 30 125 UJ Flag 
E300 2705377/2705378 MS/MSD Bromide 0.056 1 37 37 90 110 J Flag 
E300 2705377/2705378 MS/MSD Chloride 27.4 1 69 69 90 110 J Flag 
E300 2705377/2705378 MS/MSD Fluoride 0.45 1 87 86 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2706786 2,4-Dinitrophenol 27 30 125 UJ Flag 
8270D 2706786 4-Nitrophenol 60 66 125 UJ Flag 
8270D 2706786 Benzoic acid 0 30 125 UJ Flag 
8270D 2706786 Hexachlorocyclopentadiene 0 30 125 UJ Flag 
8270D 2706786 Pyridine 0 30 125 UJ Flag 
AM10 51017 Pentane 67 70 130 UJ Flag 
AM10 51018 Pentane 63 70 130 UJ Flag 
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Table 5A – List RPDs outside Control Limits - None 
Method Sample ID Analyte RPD RPD Limit Sample Qualifier 

      
 
 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
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Acronym List and Table Key: 

RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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Acronym List and Table Key: 

GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404846 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404846 Water PGDW20-
09262017-Q 

10404846001 
240420001 9/26/2017 FD None 

10404846 Water PGDW20-
09262017 

10404846002 
240420002 9/26/2017 N None 

10404846 Water Trip Blank-
0926201 10404846003 9/26/2017 TB None 

10404846 Water PGDW20-
09262017-PRE 240420003 9/26/2017 PRE None 

10404846 Water PGDW20-
09262017-PRE-Q 240420004 9/26/2017 PRE FD None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404846 Water EPA 6010C EPA 3010 2 
10404846 Water EPA 6020A EPA 3020 2 
10404846 Water EPA 8270D EPA 3520 2 
10404846 Water EPA 8270D SIM Mod. EPA 3510C 2 
10404846 Water EPA 8260B N/A 3 
10404846 Water SM 2320B N/A 2 
10404846 Water SM 2540C N/A 2 
10404846 Water EPA 300.0 N/A 2 
10404846 Water SM 5310C N/A 2 
10404846 Water EPA 8316 N/A 2 
10404846 Water EPA 8081 N/A 2 
10404846 Water AM24 N/A 2 
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SDG Matrix Test Method Prep Method Number of Samples 
10404846 Water D18O N/A 2 
10404846 Water AM20GAx N/A 3 
10404846 Water AM30 N/A 2 
10404846 Water AM10 N/A 2 
10404846 Water AM23G N/A 2 
10404846 Water 16S N/A 3 
10404846 Water Isotope Analysis N/A 0 
10404846 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404846 Water Total Eubacteria N/A 4 
10404846 Water Genomic 

Sequencing 
N/A 4 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

No. The cooler that arrived at laboratory on 
9/28/2017 exhibited a temperature of 9oC. All 
sample results for associated with PGDW20-
09262017 and PGDW20-09262017-Q for Methods 
AM10, AM20GAX, AM23G, AM24, AM30, and 
D18O were either UJ or J qualified as estimated 
quantities.  

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in this Sample 
Delivery Group. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes. 
Analytes 2-propanol, 1,2,4-trimethylbenzene, and 
acetone were detected in trip blank “Trip Blank-
09262017”.  
 
Analytes naphthalene, toluene, ethylbenzene, o-
xylene, 1,2,3-trichlorobenzene, 1,2,4-
trimethylbenzene, and m&p-xylene were detected in 
method blank 2724446. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. (see Table 2A) 

 
Sample results for PGDW20-09262017, PGDW20-
09262017-Q, and trip blank sample Trip Blank-
09262017 were less than 5X the method blank 
detection for m&p-Xylene and toluene. The 
associated sample results were U qualified as non-
detect and MDL was elevated to the sample result. 
The sample results associated with the trip blank 
sample were further on UJ qualified as estimated 
non-detect, due to vials being received with 
headspace.  
 
Trip blank sample results for Trip Blank-09262017 
was less than 5X the method blank detection for 
naphthalene. The associated sample result was U 
as non-detect and MDL was elevated to the sample 
result.  The sample results associated with the trip 
blank sample were further on UJ qualified as 
estimated non-detect, due to vials being received 
with headspace. 
 
Sample results for PGDW20-09262017 and trip 
blank sample Trip Blank-09262017 were less than 
5X the method blank detection for o-Xylene. The 
associated sample results were U qualified as non-
detect and MDL was elevated to the sample result. 
The sample results associated with the trip blank 
sample were further on UJ qualified as estimated 
non-detect, due to vials being received with 
headspace. 
 
Sample results for PGDW20-09262017 and 
PGDW20-09262017-Q were less than 5X the trip 
blank detection for 2-propanol. The associated 
sample results were U qualified as non-detect and 
MDL was elevated to the sample result.  

Surrogate for method blanks and LCS within 
limits?  

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  All samples should be re-
analyzed for VOCs.  Matrix effects should be 
established. 

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

No, outliers had high recoveries and associated 
sample results were non-detects. 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, outliers had high recoveries and associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes. 

Is continuing calibration for target compounds 
<20%D.   

No, bromomethane was slightly above QC limits. 
Samples PGDW20-09262017 and PGDW20-
09262017-Q were qualified as an estimated non-
detected quantity (UJ) 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

Yes. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2)?   

No.  
Analytes phenanthrene and pyrene were detected in 
method blank 2715086. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. (see Table 2A) 

Sample results for PGDW20-09262017 was less 
than 5X the method blank detection for 
phenanthrene and pyrene. The associated sample 
results were U qualified as non-detect and MDL was 
elevated to the sample result. 
 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, hexachlorocyclopentadiene and pyridine had 
low recoveries. The associated sample results for 
PGDW20-09262017 and PGDW20-09262017-Q 
were UJ qualified as estimated non-detect.  These 
compounds are reactive with all other compounds 
found in the spike mix that would not normally occur 
in samples.   
 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No. 
Analytes benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, 
benzo(k)fluoranthene, chrysene 
,dibenz(a,h)anthracene, fluoranthene, and 
indeno(1,2,3-cd)pyrene were detected in original 
sample PGDW20-09262017 but not detected in 
duplicate sample PGDW20-09262017-Q. The 
sample results for the original sample were all less 
than the reporting limit value; therefore, no 
qualification was made. 
 
Analyte bis(2-Ethylhexyl)phthalate was detected in 
duplicate sample PGDW20-09262017-Q but not 
detected in original sample PGDW20-09262017. 
The sample result was greater than the reporting 
limit. The sample results were either J qualified as 
estimated or UJ qualified as estimated non-detect. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 

 
Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium calcium were detected in method 
blank 2717997, no actions were taken as the 
associated sample results were more than five times 
the sample results. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

No, but no actions were required as all outliers were 
greater than QC limits and the associated sample 
results were non-detects. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes, except for carbonate alkalinity. Results for this 
analyte was qualified as an estimated quantity (J). 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, chloride was detected in method blank 
2714625 and sulfate was detected in method blank 
2714625, ICB 17998045, and CCBs 18103091, 
18103091, and 18103091. No actions were taken as 
the associated sample results for PGDW20-
09262017-Q and PGDW20-09262017 were more 
than five times the sample results. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, chloride, fluoride, sulfate, and bromide had low 
recoveries. Associated positive results were 
qualified as estimated quantities (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method AM24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, oxygen (8.3 mg/L) and nitrogen (16 mg/L) were 
detected in the trip blank “TRIPBLANK-09262017”. 
Samples PGDW20-09262017  and PGDW20-
09262017-Q were J qualified as estimated since 
they were less than 5X the trip blank detection but 
greater than the reporting limit. 
 
Methane, ethane, and ethene were detected in trip 
blank “TRIPBLANK-09262017”. Samples PGDW20-
09262017 and PGDW20-09262017-Q were U 
qualified as non-detect and MDL was elevated to 
sample results for ethene. Sample results for 
methane and ethane were greater than 5X the trip 
blank detection. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, but no action needed as the outliers were 
greater than QC limits and the analytes was not 
detected in the samples. 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes, except for total eubacteria. Results for this 
analyte was qualified as an estimated quantity (J or 
UJ). 
 
Analytes Acetic Acid and Formic Acid were detected 
in either original sample PGDW20-09262017 or 
duplicate sample PGDW20-09262017-Q. The 
sample results were less than the reporting limits; 
therefore, no qualification was made. 

 
 
 
 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
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limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 The trip blank vials were received with headspace. All trip blank results were qualified as 
estimated quantities (J or UJ). 

 The analytes carbonate alkalinity and total eubacteria were qualified as estimated quantities (J 
or UJ) based on field duplicate outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable.  

 Analytes were detected in trip blank for Method AM20GAX, associated sample results for 
sample PGDW23-09212017 were either J qualified as estimated or U qualified as non-detect 
and MDL was elevated to sample result. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. Samples PGDW20-09262017 and PGDW20-09262017-Q in which previously 
were not detected now show reportable result values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09262017 TB 2-Propanol 195  ug/L 20.6 100 
8260B Trip Blank-09262017 TB 1,2,4-Trimethylbenzene 0.80 J ug/L 0.098 1.0 
8260B Trip Blank-09262017 TB o-Xylene 0.33 J ug/L 0.11 0.50 
8260B Trip Blank-09262017 TB Acetone 17.8 J ug/L 8.8 20.0 
8260B 2724446 MB Naphthalene 1.1  ug/L 0.42 1 
8260B 2724446 MB Toluene 0.5  ug/L 0.17 0.5 
8260B 2724446 MB Ethylbenzene 0.16 J ug/L 0.14 0.50 
8260B 2724446 MB o-Xylene 0.40 J ug/L 0.11 0.50 
8260B 2724446 MB 1,2,3-Trichlorobenzene 0.85 J ug/L 0.14 1.0 
8260B 2724446 MB 1,2,4-Trimethylbenzene 0.86 J ug/L 0.098 1.0 
8260B 2724446 MB m&p-Xylene 1.6 J ug/L 0.24 2.0 

8270D by SIM 2715086 MB Pyrene 0.016 J ug/L 0.0084 0.040 
8270D by SIM 2715086 MB Phenanthrene 0.026 J ug/L 0.0088 0.040 

6010C 2717997 MB Magnesium 2.8 J ug/L 2.6 500 
6010C 2717997 MB Calcium 45.6 J ug/L 24.7 500 
E300.0 2714625 MB Chloride 0.28 J mg/L 0.14 1.2 
E300.0 2714625 MB Sulfate 0.54 J mg/L 0.27 1.2 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18103091 CCB Sulfate 0.54 J mg/L 0.27 1.2 
E300.0 18103091 CCB Sulfate 0.54 J mg/L 0.27 1.2 
E300.0 18103091 CCB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09262017 TB Methane 0.078 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09262017 TB Ethane 0.0059 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09262017 TB Ethene 0.011 Jn ug/l 0.004 0.1 
AM20GAX Trip Blank-09262017 TB Nitrogen 16 n mg/l 0.34 2 
AM20GAX Trip Blank-09262017 TB Oxygen 8.3 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

8260B 2724446 MB m&p-Xylene 1.6 1.2 J 2.0 PGDW20-09262017 U Flag 
8260B 2724446 MB m&p-Xylene 1.6 1.3 J 2.0 PGDW20-09262017-Q U Flag 
8260B 2724446 MB m&p-Xylene 1.6 1.5 J 2.0 Trip Blank-09262017 U Flag 
8260B 2724446 MB Naphthalene 1.1 0.90 J 1.0 Trip Blank-09262017 U Flag 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

8260B 2724446 MB o-Xylene 0.40 0.22 J 0.50 PGDW20-09262017 U Flag 
8260B 2724446 MB o-Xylene 0.40 0.33 J 0.50 Trip Blank-09262017 U Flag 
8260B 2724446 MB Toluene 0.5 0.21 J 0.50 PGDW20-09262017 U Flag 
8260B 2724446 MB Toluene 0.5 0.21 J 0.50 PGDW20-09262017-Q U Flag 
8260B 2724446 MB Toluene 0.5 0.41 J 0.50 Trip Blank-09262017 U Flag 
8260B Trip Blank-09262017 TB 2-Propanol 195 70.9 J 100 PGDW20-09262017 U Flag 
8260B Trip Blank-09262017 TB 2-Propanol 195 22.9 J 100 PGDW20-09262017-Q U Flag 

8270D by SIM 2715086 MB Phenanthrene 0.026 0.0098 J 0.041 PGDW20-09262017 U Flag 
8270D by SIM 2715086 MB Pyrene 0.016 0.014 J 0.041 PGDW20-09262017 U Flag 

AM20GAX Trip Blank-09262017 TB Ethene 0.011 0.029 Jn 0.1 PGDW20-09262017-Q U Flag 
AM20GAX Trip Blank-09262017 TB Ethene 0.011 0.03 Jn 0.1 PGDW20-09262017 U Flag 
AM20GAX Trip Blank-09262017 TB Nitrogen 16 20 n 2 PGDW20-09262017-Q J Flag 
AM20GAX Trip Blank-09262017 TB Nitrogen 16 17 n 2 PGDW20-09262017 J Flag 
AM20GAX Trip Blank-09262017 TB Oxygen 8.3 4.1 n 0.5 PGDW20-09262017-Q J Flag 
AM20GAX Trip Blank-09262017 TB Oxygen 8.3 3.5 n 0.5 PGDW20-09262017 J Flag 

 
 
Table 3 – List of Samples with Surrogates outside Control Limits 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

8260B Blank N 1,2-Dichloroethane-d4 146 70 130 1 None 

8260B PGDW20-09262017-Q N 1,2-Dichloroethane-d4 131 70 130 1 None 

8260B PGDW20-09262017 N 1,2-Dichloroethane-d4 131 70 130 1 None 

8260B Trip Blank-0926201 TB 2,4,6-Tribromophenol 146 30 132 1 None 
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Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

E300.0 2714627/2714628 MS/MSD Chloride 21.3 12.5 77 77 90 110 J Flag 

E300.0 2714627/2714628 MS/MSD Fluoride 0.62 1 80 81 90 110 J Flag 

E300.0 2714627/2714628 MS/MSD Sulfate 13.3 12.5 84 85 90 110 J Flag 

E300.0 2714629/2714630 MS/MSD Bromide 0.057 1 18 18 90 110 J Flag 

E300.0 2714629/2714630 MS/MSD Chloride 33.3 12.5 67 68 90 110 J Flag 

E300.0 2714629/2714630 MS/MSD Fluoride 0.93 1 76 76 90 110 J Flag 

E300.0 2714629/2714630 MS/MSD Sulfate 1180 625 87 84 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

None          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2718510/2718511 Hexachlorocyclopentadiene 0/0 30 125 UJ Flag 
8270D 2718510/2718511 Pyridine 1/2 30 125 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
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Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits 

Method Analyte Unit Matrix PQL 
PGDW20-
09262017 

PGDW20-
09262017-

Q RPD 
RPD 

Rating 
Sample 

Qual 
E300 Bromide mg/L WG 0.080 0.058 0.057 1.7% Good None 
E300 Chloride mg/L WG 1.2 33.2 33.3 0.3% Good None 
E300 Fluoride mg/L WG 0.050 0.91 0.93 2.2% Good None 
E300 Sulfate mg/L WG 24.0 1200 1180 1.7% Good None 

EPA 6010C Calcium ug/L WG 500 76800 74400 3.2% Good None 
EPA 6010C Iron ug/L WG 50.0 2670 2560 4.2% Good None 
EPA 6010C Magnesium ug/L WG 500 8420 8200 2.6% Good None 
EPA 6010C Manganese ug/L WG 5.0 59.6 55.3 7.5% Good None 
EPA 6010C Potassium ug/L WG 2500 1110 1010 9.4% Good None 
EPA 6010C Sodium ug/L WG 5000 515000 519000 0.8% Good None 
EPA 6020A Strontium ug/L WG 5.0 1330 1290 3.1% Good None 
EPA 8270D bis(2-Ethylhexyl)phthalate ug/L WG 10.3 ND 18.0 NC -- J Flag 

EPA 8270D by SIM Benzo(a)anthracene ug/L WG 0.041 0.020 ND NC -- None < RL 

EPA 8270D by SIM Benzo(a)pyrene ug/L WG 0.041 0.017 ND NC -- None < RL 

EPA 8270D by SIM Benzo(b)fluoranthene ug/L WG 0.041 0.016 ND NC -- None < RL 

EPA 8270D by SIM Benzo(g,h,i)perylene ug/L WG 0.041 0.026 ND NC -- None < RL 

EPA 8270D by SIM Benzo(k)fluoranthene ug/L WG 0.041 0.017 ND NC -- None < RL 

EPA 8270D by SIM Chrysene ug/L WG 0.041 0.019 ND NC -- None < RL 

EPA 8270D by SIM Dibenz(a,h)anthracene ug/L WG 0.041 0.018 ND NC -- None < RL 

EPA 8270D by SIM Fluoranthene ug/L WG 0.041 0.014 ND NC -- None < RL 

EPA 8270D by SIM Indeno(1,2,3-cd)pyrene ug/L WG 0.041 0.022 ND NC -- None < RL 

SM 2540C Total Dissolved Solids mg/L WG 66.7 1710 1640 4.2% Good None 
SM 5310C Total Organic Carbon mg/L WG 0.84 0.58 0.58 0.0% Good None 
SM2320B Alkalinity, Total as CaCO3 mg/L WG 5.0 67.3 68.9 2.3% Good None 
SM2320B Alkalinity,Bicarbonate (CaCO3) mg/L WG 5.0 59.6 64.9 8.5% Good None 
SM2320B Alkalinity,Carbonate (CaCO3) mg/L WG 5.0 7.7 3.9 65.5% Poor J Flag 

AM10 Hexane Plus ug/l WG 25 30 40 28.6% Good None 
AM20GAX Ethane ug/l WG 0.1 2.3 2.4 4.3% Good None 
AM20GAX iso-Butane ug/l WG 0.2 0.096 0.12 22.2% Good None 
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Method Analyte Unit Matrix PQL 
PGDW20-
09262017 

PGDW20-
09262017-

Q RPD 
RPD 

Rating 
Sample 

Qual 
AM20GAX Methane ug/l WG 0.5 57 62 8.4% Good None 
AM20GAX n-Butane ug/l WG 0.2 0.072 0.084 15.4% Good None 
AM20GAX Nitrogen mg/l WG 2 17 20 16.2% Good None 
AM20GAX Oxygen mg/l WG 0.5 3.5 4.1 15.8% Good None 
AM20GAX Propane ug/l WG 0.1 0.3 0.32 6.5% Good None 
AM20GAX Propene ug/l WG 0.1 0.061 0.064 4.8% Good None 

AM23G Acetic Acid mg/l WG 0.1 0.032 ND NC -- None < RL 
AM23G Formic Acid mg/l WG 0.2 ND 0.074 NC -- None < RL 
AM23G Lactic Acid mg/l WG 0.2 0.14 0.1 33.3% Good None 

 
Original Sample 

ID 
Field  

Duplicate ID Method/Analyte Original Result 
Field Duplicate 

Result RPD Action 

PGDW20-
09262017 

PGDW20-
09262017-Q 

Total Eubacteria 
2.08E+07 gene 
copies per liter 
of water 

3.62E+07 gene 
copies per liter of 
water 

54 % J/UJ 

PGDW20-
09262017-PRE 

PGDW20-
09262017-PRE-Q 

Total Eubacteria 
3.67E+09 gene 
copies per liter 
of water 

7.34E+10 gene 
copies per liter of 
water 

181 % J/UJ 

 
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
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Acronym List and Table Key: 

LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404274 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404274 Water PGDW23-
09212017 10404274001 9/21/2017 N None 

10404274 Water Trip Blank-
09212017 10404274002 9/21/2017 TB None 

10404274 Water PGDW23-
09212017-PRE 10404274003 9/21/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404274 Water EPA 6010C EPA 3010 1 
10404274 Water EPA 6020A EPA 3020 1 
10404274 Water EPA 8270D EPA 3520 1 
10404274 Water EPA 8270D SIM Mod. EPA 3510C 1 
10404274 Water EPA 8260B N/A 2 
10404274 Water SM 2320B N/A 1 
10404274 Water SM 2540C N/A 1 
10404274 Water EPA 300.0 N/A 1 
10404274 Water SM 5310C N/A 1 
10404274 Water EPA 8316 N/A 1 
10404274 Water EPA 8081 N/A 1 
10404274 Water AM24 N/A 1 
10404274 Water D18O N/A 1 
10404274 Water AM20GAx N/A 2 
10404274 Water AM30 N/A 1 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed:  April 17, 2018; 
Revised August 23, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10404274_EM.docx Page 2 of 12 

SDG Matrix Test Method Prep Method Number of Samples 
10404274 Water AM10 N/A 1 
10404274 Water AM23G N/A 1 
10404274 Water 16S N/A 2 
10404274 Water Isotope Analysis N/A 1 
10404274 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404274 Water Total Eubacteria N/A 2 
10404274 Water Genomic 

Sequencing 
N/A 2 

 
Table 1B: Holding Time Exceedances - None 

Method 
Sample 

ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits 

Method 
Holding 
Time(s) Qualifiers 

        
 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes.  
2-propanol was detected in trip blank sample Trip 
Blank-09212017. The associated sample result for 
PGDW23-09212017 was not detected. No 
qualification was required.  
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  All samples should be re-
analyzed for VOCs.  Matrix effects should be 
established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, but no actions were taken as the spike result 
was greater than QC limits and the associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, bromomethane was below QC limits. 
Associated sample quantitation limit was qualified 
as estimated quantities (UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicates in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, phenol-d6 had a 58% recovery vs. the QC limits 
of 59% to 125% in the method blank. No actions 
were taken based on this slightly low recovery as all 
other surrogates were within QC limits. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

No, pentachlorophenol had 8% and 8% recoveries 
in the MS and MSD 2709311/2709312, respectively, 
vs. the QC limits of 30% to 125%. The associated 
sample result for PGDW23-09212017 was UJ 
qualified as estimated non-detect. 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, pyridine had 2% and 0% recoveries in the LCS 
and LCSD 2709302/2709303, respectively, vs. the 
QC limits of 30% to 125%. The associated sample 
result for sample PGDW23-09212017 was UJ 
qualified as estimated non-detect. These 
compounds are reactive with all other compounds 
found in the spike mix that would not normally occur 
in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes. 
Magnesium was detected in method blank 2710691. 
The associated sample result for PGDW23-
09212017 was 5X greater than blank detection. No 
qualification was made. 
 
Sodium was detected in CCB 18139658. The 
associated sample result for PGDW23-09212017 
was 5X greater than blank detection. No 
qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

No, but no actions were required as all outliers were 
greater than QC limits and the associated sample 
results were non-detects. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for PGDW23-09212017 was more than five 
times the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, sulfate recoveries were below QC limits. 
Associated positive results for sample PGDW23-
09212017 was qualified as an estimated quantity 
(J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

No, Chlorpyrifos had high recoveries; no actions 
were taken as Chlorpyrifos was not detected in the 
sample. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L) and nitrogen (20 mg/L) were 
detected in the trip blank “Trip Blank-09212017”. 
Samples PGDW23-09212017 was J qualified as 
estimated for oxygen and nitrogen since they were 
less than 5X the trip blank detection but greater than 
the reporting limit. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 

Methane was detected in trip blank “TRIP BLANK-
09212017”. The associated sample result was 
greater than 5X the trip detection. No qualification 
was made. 
 
Ethane was detected in trip blank “TRIP BLANK-
09212017”. The associated sample result for 
PGDW23-09212017 was U qualified and MDL was 
elevated to sample result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

No, pentane had low recoveries (66% and 66% vs. 
the QC limits of 70% - 130%) in LCS/LCSD 
51211/51212. Associated results for PGDW23-
09212017 were qualified as estimated quantities 
(UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, helium and hydrogen had high recoveries and 

the associated analytes were not detected in the 
samples. No qualification was made.  

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. All analyses dissolved gas determinations 
Method AM20GAX were marked as non-reportable besides acetylene, which was not reported 
on the routine dissolved gas determination analysis. 

 Analytes were detected in trip blank for Method AM20GAX, associated sample results for 
sample PGDW23-09212017 were either J qualified as estimated or U qualified as non-detect 
and MDL was elevated to sample result.  
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 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. Sample PGDW23-09212017 in which previously was not detected now shows 
reportable result. 
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Table 2 – List of Positive Results for Blank Samples That Affected Sample Results 

Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09212017 TB 2-Propanol 156  ug/L 20.6 100 
6010C 2710691 MB Magnesium 6.4 J ug/L 2.6 500 
6010C 18139658 CCB Sodium 89.4 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09212017 TB Methane 0.089 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09212017 TB Ethane 0.0062 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09212017 TB Nitrogen 21 n ug/L 0.34 2 
AM20GAX Trip Blank-09212017 TB Oxygen 11 n ug/L 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09212017 TB Ethane 0.0062 0.021 Jn 0.1 PGDW23-09212017 U Flag 
AM20GAX Trip Blank-09212017 TB Oxygen 11 4.4 N 5 PGDW23-09212017 J Flag 
AM20GAX Trip Blank-09212017 TB Nitrogen 20 23 N 2 PGDW23-09212017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8270D SIM 2709311/2709312 N Pentachlorophenol ND 1.1/1 8 8 30 125 UJ Flag 
300.0 2709554/2709555 N Sulfate 10.9 12.5/12.5 89 88 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
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Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2709302/2709303 Pyridine 2/0 30 125 UJ Flag 
AM10 51211/51212 Pentane 66 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
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Acronym List and Table Key: 

MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10403251 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10403251 Water PGDW30-
09132017 10403251001 9/13/2017 N None 

10403251 Water Trip Blank 10403251002 9/13/2017 TB Trip Blank-
09132017 

10403251 Water PGDW30-
09132017-PRE 10403251003 9/13/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10403251 Water EPA 6010C EPA 3010 1 
10403251 Water EPA 6020A EPA 3020 1 
10403251 Water EPA 8270D EPA 3520 1 
10403251 Water EPA 8270D SIM Mod. EPA 3510C 1 
10403251 Water EPA 8260B N/A 2 
10403251 Water SM 2320B N/A 1 
10403251 Water SM 2540C N/A 1 
10403251 Water EPA 300.0 N/A 1 
10403251 Water SM 5310C N/A 1 
10403251 Water EPA 8316 N/A 1 
10403251 Water EPA 8081 N/A 1 
10403251 Water AM24 N/A 1 
10403251 Water D18O N/A 1 
10403251 Water AM20GAx N/A 1 
10403251 Water AM30 N/A 1 
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SDG Matrix Test Method Prep Method Number of Samples 
10403251 Water AM10 N/A 1 
10403251 Water AM23G N/A 1 
10403251 Water 16S N/A 1 
10403251 Water Isotope Analysis N/A 1 
10403251 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10403251 Water Total Eubacteria N/A 2 
10403251 Water Genomic 

Sequencing 
N/A 2 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Trip blank sample ID was corrected to include 
sampled date. 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD, RPD, and LR Outside Limits  (Table 4, 4A and 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260B 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes, 2-propanol (122 ug/L) and acetone (9.2 ug/L) 
were detected in trip blank (i.e., Trip Blank-
09132017). The associated sample results for 
PGDW30-09132017 were non-detect. No actions 
were taken. 
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Volatile Organics by GC/MS - EPA Method 8260B 
Description Notes and Qualifiers 
For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria? (see Table 4 and 
Table 4A) 

No, some outliers were greater than the QC limits 
(no actions were taken based on these outliers as 
these analytes were not detected). 
Chloroethane, dichlorodifluoromethane, 
dichlorofluoromethane, and vinyl chloride all had low 
recoveries in MS 2709357, associated results for 
PGDW30-09132017 were UJ qualified as estimated 
non-detect. 
 
The RPD precision between the MS 2709357 and 
MSD 2709358 for bromomethane, chloroethane, 
chloromethane, dichlorodifluoromethane, 
dichlorofluoromethane, hexachloro-1,3-butadiene, 
trichlorofluoromethane, and vinyl chloride exceeded 
QC limits. Associated sample quantitation limits for 
PGDW30-09132017 were qualified as estimated 
quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

Yes 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, several outliers were greater than QC limits; no 
actions were taken as these analytes were not 
detected in the sample. 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do duplicates and/or field duplicate results show 
good precision for all compounds? (see Table 
4A for MSD) 

 No see MS/MSD above. No field duplicates in the 
SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270D 
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 
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Semi-volatile Organics by GC/MS - EPA Method 8270D 
Description Notes and Qualifiers 
For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

Yes 

LCS within QC criteria?  If out, and the recovery 
high with no positive values, then no data 
qualification is required. (see Table 5) 

No, pyridine had 1% and 0% recoveries (below the 
QC limits of 30% to 125%); the associated result for 
PGDW30-09132017 sample quantitation limits were 
qualified as an estimated quantity (UJ). 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 

 
Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks?   
(see Table 2) 

Yes, magnesium was detected in method blank 
2705123 but no actions were required as the 
associated sample results were either non-detect or 
were more than five times the blank results. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount.  (see Table 4) 

No, but no actions were required as all outliers were 
greater than QC limits and the associated sample 
results were non-detects. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes, magnesium and manganese had results that 
were outside QC limits; however, no qualifiers were 
applied since none of the original sample results 
exceeded 50X the detection limits. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, Total Alkalinity as CaCO3 recovered above the 
acceptance criteria in MSD 2710271, associated 
positive result for sample PGDW30-09132017 was 
qualified as an estimated quantity (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks?  

Yes, sulfate was detected in ICB 17998045 and 
CCB 18103091 associated with sample PGDW30-
09132017 but no actions were required as the 
associated sample result was more than five times 
the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, chloride, fluoride, and Nitrate as N recoveries 
were below QC limits in the MS and MSD (2701375/ 
2701376). Associated positive results for PGDW30-
09132017 were qualified as estimated quantities (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

No, Chlorpyrifos exceeded the QC limits; no actions 
were taken as Chlorpyrifos was not detected in the 
sample. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

No. 
Trip blank “Trip Blank-09132017” associated with 
sample PGDW30-09132017 was not requested to 
be analyzed for Method AM20GAX. The associated 
detected sample results for propene, methane, 
ethane, propane, nitrogen, and oxygen were J 
qualified as estimated. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. (see Table 5) 

No, acetic acid, propionic acid, and hydrogen had 
high recoveries in MS/MSD 50928/50929 (no 
actions were taken as these analytes were not 
detected in the sample).  
Pentane had low recoveries in LCS 51017 (67% and 
63% vs. the QC limits of 70% - 130%). Associated 
result was qualified as estimated non-detected 
quantity (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in the SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Results were qualified as estimated non-detected quantities (UJ) when associated with 
duplicate RPD outliers. 

 Trip blank “Trip Blank-09132017” associated with sample PGDW30-09132017 was not 
requested to be analyzed for Method AM20GAX. The associated detected sample results were 
J qualified as estimated. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable.  
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 This associated SDG was re-issued to report values that were between the MDL and the RL 
and to include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units RL 
8260B Trip Blank-09132017 TB 2-Propanol 122  ug/L 100 
8260B Trip Blank-09132017 TB Acetone 9.2 J ug/L 20 
6010C 2705123 MB Magnesium 3.2 J ug/L 500 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 1.2 
E300.0 18103091 CCB Sulfate 0.53 J mg/L 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8260B 2709357 MS Chloroethane ND 20 68  74 138 UJ Flag 
8260B 2709357 MS Dichlorodifluoromethane ND 20 71  72 150 UJ Flag 
8260B 2709357 MS Dichlorofluoromethane ND 20 58  75 129 UJ Flag 
8260B 2709357 MS Vinyl chloride ND 20 68  75 133 UJ Flag 
2320B 2710271 MSD Alkalinity, Total as CaCO3 445 40  137 80 120 J Flag 
E300 2701375/ 2701376 MS/MSD Chloride 15.8 12.5 82 83 90 110 J Flag 
E300 2701375/ 2701376 MS/MSD Fluoride 0.90 1 76 77 90 110 J Flag 
E300 2701375/ 2701376 MS/MSD Nitrate as N 0.040 1 89 89 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
8260B 2709357/2709358 Bromomethane 47 30 UJ Flag 
8260B 2709357/2709358 Chloroethane 37 30 UJ Flag 
8260B 2709357/2709358 Chloromethane 35 30 UJ Flag 
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Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
8260B 2709357/2709358 Dichlorodifluoromethane 38 30 UJ Flag 
8260B 2709357/2709358 Dichlorofluoromethane 40 30 UJ Flag 
8260B 2709357/2709358 Hexachloro-1,3-butadiene 31 30 UJ Flag 
8260B 2709357/2709358 Trichlorofluoromethane 38 30 UJ Flag 
8260B 2709357/2709358 Vinyl chloride 40 30 UJ Flag 

 
Table 4B – List of Laboratory Replicates outside Control Limits – None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2702021 Pyridine 1 30 125 UJ Flag 
8270D 2702022 Pyridine 0 30 125 UJ Flag 
AM10 51017 Pentane 67 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
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Acronym List and Table Key: 

GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10403967 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10403967 Water PGDW32-
09192017 10403967001 9/19/2017 N None 

10403967 Water Trip Blank 10403967002 9/19/2017 TB Trip Blank-
09192017 

10403967 Water PGDW32-
09192017-Pre 10403967003 9/19/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10403967 Water EPA 6010C EPA 3010 1 
10403967 Water EPA 6020A EPA 3020 1 
10403967 Water EPA 8270D EPA 3520 1 
10403967 Water EPA 8270D SIM Mod. EPA 3510C 1 
10403967 Water EPA 8260B N/A 2 
10403967 Water SM 2320B N/A 1 
10403967 Water SM 2540C N/A 1 
10403967 Water EPA 300.0 N/A 1 
10403967 Water SM 5310C N/A 1 
10403967 Water EPA 8316 N/A 1 
10403967 Water EPA 8081 N/A 1 
10403967 Water AM24 N/A 1 
10403967 Water D18O N/A 1 
10403967 Water AM20GAx N/A 1 
10403967 Water AM30 N/A 1 
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SDG Matrix Test Method Prep Method Number of Samples 
10403967 Water AM10 N/A 1 
10403967 Water AM23G N/A 2 
10403967 Water 16S N/A 2 
10403967 Water Isotope Analysis N/A 1 
10403967 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10403967 Water Total Eubacteria N/A 2 
10403967 Water Genomic 

Sequencing 
N/A 2 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Trip blank sample ID was corrected to include 
sampled date. 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No. 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria except when noted above the table: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4A, 4B, and 4C) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes, 2-propanol was detected in the trip blank “Trip 
Blank-09192017” at 105 ug/L. No actions were 
taken as associated sample PGDW32-09192017 
was not detected. 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

No, 1,2-dichloroethane-d4 was above QC limits in 
the low-level blank and samples. No actions were 
taken as no analytes were detected in these blanks 
or samples. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, but no actions were taken as the spike result 
was greater than QC limits and the associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.  Results greater than QC limits with no 
associated positive results were not listed as no 
actions were taken. 

No, bromomethane was below QC limits. 
Associated sample quantitation limits were qualified 
as estimated quantities (UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicate in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2)?   

Yes.  
Analytes benzo(b)fluoranthene, benzo(e)pyrene, 
phenanthrene, chrysene, anthracene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, 
acenaphthylene, fluoranthene, pyrene, 
benzo(a)anthracene, benzo(a)pyrene, and 
acenaphthene were detected in method blank 
2708311. The associated sample results for 
PGDW32-09192017 were non-detect. No 
qualification was made.  

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Surrogate for samples and MS/MSD within 
limits?.  Samples should be re-analyzed if 1 
base/neutral or 1 acid extractable surrogate has 
a recovery <10%.  Matrix effects should be 
established. 

No, the surrogate 2,4,6-Tribromophenol associated 
with analyte pentachlorophenol was below QC 
limits. The associated sample PGDW32-09192017 
was non-detect and qualified as an estimated 
quantity (UJ). 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria?  If out and LCS is 
compliant, then J flag positive data in original 
sample due to matrix?  (see Table 4) 

No, hexachlorocyclopentadiene, pyridine, 1,2,4-
trichlorobenzene, 1,2-dichlorobenzene, 1,3-
dichlorobenzene, 1,4-dichlorobenzene, and 
hexachloroethane all had low recoveries in MS 
and/or MSD 2707163/2707164. Associated sample 
quantitation limits for PGDW32-09192017 were 
qualified as estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 
hexachlorocyclopentadiene, and pyridine all had low 
recoveries in LCS 2706786. Associated sample 
quantitation limits for PGDW32-09192017 were 
qualified as estimated quantities (UJ). These 
compounds are reactive with all other compounds 
found in the spike mix that would not normally occur 
in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 

 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium and calcium were detected in 
method blank 2703627 but no actions were required 
as the associated sample results for PGDW32-
09192017 were more than five times the blank 
results. 
 
Sodium was detected in CCB 18139647 but no 
actions were required as the associated sample 
result for PGDW32-09192017 was more than five 
times the blank results. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes, magnesium, manganese, and potassium 
results were greater than QC limits but no actions 
were taken as none of the original results were 
greater than 50 times the instrument detection limit. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for PGDW32-09192017 was more than five 
times the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. 

No, sulfate, chloride, and fluoride recoveries were 
below QC limits in MS and MSD 2707298/2707299. 
Associated positive results were qualified as 
estimated quantities (J). 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
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Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

No. 
Trip blank “Trip Blank-09192017” associated with 
sample PGDW32-09192017 was not requested to 
be analyzed for Method AM20GAX. The associated 
detected sample results for propene, methane, 
ethane, propane, iso-butane, nitrogen, and oxygen 
were J qualified as estimated. 

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

No, hexanoic acid (69% vs. the QC limits of 70% to 
130%) had low recoveries in MSD 51092 and 
exhibited poor precision between the MS and MSD 
recoveries. Associated results for PGDW32-
09192017 were qualified as estimated non-detected 
quantities (UJ). 
Pentane had low recoveries (66% and 66% vs. the 
QC limits of 70% - 130%) in the LCS and LSCD 
(51211 and 51212). Associated results for 
PGDW32-09192017 were qualified as estimated 
non-detected quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed:  April 17, 2018; 
Revised August 22, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10403967_EM.docx Page 9 of 13 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Trip blank Trip Blank-09192017 associated with sample PGDW32-09192017 was not 
requested to be analyzed for Method AM20GAX. The associated detected sample results were 
J qualified as estimated 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units 
MDL 

RL 
8260B Trip Blank-09192017 TB 2-Propanol 105  ug/L 20.6 100 
6010C 2703627 MB Magnesium 2.9 J ug/L 2.6 500 
6010C 2703627 MB Calcium 33.2 J ug/L 24.7 500 
6010C 18139647 CCB Sodium 389 J ug/L 44.6 1000 

8270D by SIM 2708311 MB Benzo(b)fluoranthene 0.013 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Benzo(e)pyrene 0.015 J ug/L 0.0055 0.040 
8270D by SIM 2708311 MB Phenanthrene 0.013 J ug/L 0.0088 0.040 
8270D by SIM 2708311 MB Chrysene 0.012 J ug/L 0.0058 0.040 
8270D by SIM 2708311 MB Anthracene 0.011 J ug/L 0.0079 0.040 
8270D by SIM 2708311 MB Benzo(g,h,i)perylene 0.014 J ug/L 0.0075 0.040 
8270D by SIM 2708311 MB Benzo(k)fluoranthene 0.016 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Acenaphthylene 0.010 J ug/L 0.0066 0.040 
8270D by SIM 2708311 MB Fluoranthene 0.014 J ug/L 0.0072 0.040 
8270D by SIM 2708311 MB Pyrene 0.013 J ug/L 0.0084 0.040 
8270D by SIM 2708311 MB Benzo(a)anthracene 0.015 J ug/L 0.0078 0.040 
8270D by SIM 2708311 MB Benzo(a)pyrene 0.017 J ug/L 0.0043 0.040 
8270D by SIM 2708311 MB Acenaphthene 0.011 J ug/L 0.0056 0.040 

E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
 
Table 2A – List of Samples Qualified for Blank Contamination - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
 
Table 3 – List of Samples with Surrogates outside Control Limits  

Method Sample ID Sample Type Analyte Rec. % Low Limit High Limit Dilution Factor Sample Qualifier 

8270D by SIM PGDW32-09192017 N 2,4,6-Tribromophenol 29 30 132 1 UJ Flag 
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Table 4 - List MS/MSD Recoveries outside Control Limits  

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8270D 2707164 MSD 1,2,4-Trichlorobenzene ND 52.1  56 58 125 UJ Flag 
8270D 2707164 MSD 1,2-Dichlorobenzene ND 52.1  47 55 125 UJ Flag 
8270D 2707164 MSD 1,3-Dichlorobenzene ND 52.1  45 52 125 UJ Flag 
8270D 2707164 MSD 1,4-Dichlorobenzene ND 52.1  46 53 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Hexachlorocyclopentadiene ND 52.1 14 0 30 125 UJ Flag 
8270D 2707164 MSD Hexachloroethane ND 52.1  42 46 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Pyridine ND 52.1 0 2 30 125 UJ Flag 
E300 2707298/2707299 MS/MSD Sulfate 56.4 1 36 34 90 110 J Flag 
E300 2707298/2707299 MS/MSD Chloride 16.3 1 82 81 90 110 J Flag 
E300 2707298/2707299 MS/MSD Fluoride 1.7 1 58 58 90 110 J Flag 

AM23G 51092 MSD Hexanoic Acid ND 2  69 70 130 UJ Flag 
 
Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
AM23G 51092 Hexanoic Acid 43 30 UJ Flag 

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2706786 2,4-Dinitrophenol 27 30 125 UJ Flag 
8270D 2706786 4-Nitrophenol 60 66 125 UJ Flag 
8270D 2706786 Benzoic acid 0 30 125 UJ Flag 
8270D 2706786 Hexachlorocyclopentadiene 0 30 125 UJ Flag 
8270D 2706786 Pyridine 0 30 125 UJ Flag 
AM10 51211 Pentane 66 70 130 UJ Flag 
AM10 51212 Pentane 66 70 130 UJ Flag 
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Table 5A – List RPDs outside Control Limits - None 
Method Sample ID Analyte RPD RPD Limit Sample Qualifier 

      
 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404173 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404173 Water PGDW45-
09202017 10404173001 9/20/2017 N None 

10404173 Water PGDW49-
09202017 10404173002 9/20/2017 N None 

10404173 Water PGDW33-
09202017 10404173003 9/20/2017 N None 

10404173 Water Trip Blank-
09202017 10404173004 9/20/2017 TB None 

10404173 Water PGDW45-
09202017-PRE 10404173005 9/20/2017 N None 

10404173 Water PGDW49-
09202017-PRE 10404173006 9/20/2017 N None 

10404173 Water PGDW33-
09202017-PRE 10404173007 9/20/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water EPA 6010C EPA 3010 3 
10404173 Water EPA 6020A EPA 3020 3 
10404173 Water EPA 8270D EPA 3520 3 
10404173 Water EPA 8270D SIM Mod. EPA 3510C 3 
10404173 Water EPA 8260B N/A 4 
10404173 Water SM 2320B N/A 3 
10404173 Water SM 2540C N/A 3 
10404173 Water EPA 300.0 N/A 3 
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SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water SM 5310C N/A 3 
10404173 Water EPA 8316 N/A 3 
10404173 Water EPA 8081 N/A 3 
10404173 Water AM24 N/A 3 
10404173 Water D18O N/A 3 
10404173 Water AM20GAx N/A 4 
10404173 Water AM30 N/A 3 
10404173 Water AM10 N/A 3 
10404173 Water AM23G N/A 3 
10404173 Water 16S N/A 6 
10404173 Water Isotope Analysis N/A 3 
10404173 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404173 Water Total Eubacteria N/A 6 
10404173 Water Genomic 

Sequencing 
N/A 6 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
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The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2a) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes, 2-propanol at 149 ug/L was detected in trip 
blank “Trip Blank-09202017”. No actions were taken 
as 2-propanol was not detected in associated 
samples PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, but no actions were taken based on the high 
recovery as no analytes were detected in the 
method blank with the outlier. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

No, but no actions were taken based on the high 
recoveries as no analytes were detected in the 
samples with the outliers. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, but no actions were taken as the spike result 
was greater than QC limits and the associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D. High outliers with associated non-
detects in the samples were not listed or 
qualified. 

No, bromomethane was below QC limits. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicate in this SDG. 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

Yes. 
Analytes benzo(b)fluoranthene, benzo(e)pyrene, 
phenanthrene, chrysene, anthracene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, 
acenaphthylene, fluoranthene, pyrene, 
benzo(a)anthracene, benzo(a)pyrene, and 
acenaphthene were detected in method blank 
2708311. The associated sample results for 
PGDW45-09202017, PGDW49-09202017, and 
PGDW33-09202017 were non-detect. No 
qualification was made. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, the method blank had phenol-d6 with a recovery 
of 58% vs. the QC limits of 59% to 125%. No 
actions were taken based on this slightly low outlier 
as all other surrogates were within QC limits. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

No, pentachlorophenol had 8% and 8% recoveries 
vs. the QC limits of 30% to 125% in MS/MSD 
2709311/2709312. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, pyridine had 2% and 0% recoveries vs. the QC 
limits of 30% to 125% in LCS/LCSD 
2709302/2709303. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ).  These compounds are 
reactive with all other compounds found in the spike 
mix that would not normally occur in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

No, n-nitrosodiphenylamine was outside QC limits. 
Associated sample quantitation limits were qualified 
as estimated quantities (UJ). 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium was detected in method blank 
2710691. No actions were required as the 
associated sample results for PGDW45-09202017, 
PGDW49-09202017, and PGDW33-09202017 were 
more than five times the blank results. 
 
Sodium was detected in CCB 18139658 associated 
with samples PGDW33-09202017 and PGDW45-
09202017 and CCBs 18144704/18144706 
associated with sample PGDW49-09202017. The 
sample results were greater than 5X the blank 
detection. No qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, the MS 2719376 result was greater than QC 
limits for Alkalinity, Total as CaCO3; the associated 
positive results for samples PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
qualified as an estimated quantity (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were more than five times 
the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, chloride, nitrate as N, nitrite as N, sulfate, and 
fluoride recoveries were below QC limits in MS/MSD  
2708493/2708494 or MS/MSD 2708495/2708496. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ) 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L) and nitrogen (21 mg/L) were 
detected in the trip blank “Trip Blank-09202017”. 
Samples PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were J qualified as 
estimated for oxygen and nitrogen since they were 
less than 5X the trip blank detection but greater than 
the reporting limit. 
 
Propene was detected in trip blank “TRIPBLANK-
09202017”. Sample results for PGDW33-09202017 
and PGDW49-09202017 were U qualified and MDL 
was elevated to result value. 
 
Methane and iso-butane were detected in trip blank 
“TRIPBLANK-09202017”. Sample results for 
PGDW45-09202017 and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 
 
Ethane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW49-09202017 
was U qualified and MDL was elevated to result 
value. 
 
Propane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 

For samples, if results are <5 times the blank 
then "U" flag data.   

 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

No, hexanoic acid (69% vs. the QC limits of 70% to 
130%) had low recoveries in MSD 51092 and 
exhibited poor precision between the MS and MSD 
recoveries. Associated results for PGDW33-
09202017, PGDW45-09202017, and PGDW49-
09202017 were qualified as estimated non-detected 
quantities (UJ). 
Pentane had low recoveries (66% and 66% vs. the 
QC limits of 70% - 130%) in the LCS and LSCD 
(51211 and 51212). Associated results for 
PGDW33-09202017, PGDW45-09202017, and 
PGDW49-09202017 were qualified as estimated 
non-detected quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made.  

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are laboratory duplicates within QC limits? (see 
Table 4A) 

No, hexanoic acid was above QC limits. The 
associated results were qualified as estimated 
quantities (J or UJ). 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
 
Summary of Findings 

 Several analytes were detected in blanks, sample results in which were less than five times the 
blank result were U qualified as estimated and MDL was elevated to sample result. Sample 
results for oxygen and nitrogen were J qualified as estimated.  

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. Sample PGDW33-09202017 in which previously was not detected now shows 
reportable result. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09202017 TB 2-Propanol 149  ug/L 20.6 100 

8270D by SIM 2708311 MB Benzo(b)fluoranthene 0.013 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Benzo(e)pyrene 0.015 J ug/L 0.0055 0.040 
8270D by SIM 2708311 MB Phenanthrene 0.013 J ug/L 0.0088 0.040 
8270D by SIM 2708311 MB Chrysene 0.012 J ug/L 0.0058 0.040 
8270D by SIM 2708311 MB Anthracene 0.011 J ug/L 0.0079 0.040 
8270D by SIM 2708311 MB Benzo(g,h,i)perylene 0.014 J ug/L 0.0075 0.040 
8270D by SIM 2708311 MB Benzo(k)fluoranthene 0.016 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Acenaphthylene 0.010 J ug/L 0.0066 0.040 
8270D by SIM 2708311 MB Fluoranthene 0.014 J ug/L 0.0072 0.040 
8270D by SIM 2708311 MB Pyrene 0.013 J ug/L 0.0084 0.040 
8270D by SIM 2708311 MB Benzo(a)anthracene 0.015 J ug/L 0.0078 0.040 
8270D by SIM 2708311 MB Benzo(a)pyrene 0.017 J ug/L 0.0043 0.040 
8270D by SIM 2708311 MB Acenaphthene 0.011 J ug/L 0.0056 0.040 

6010C 2710691 MB Magnesium 6.4 J ug/L 2.6 500 
6010C 18139658 CCB Sodium 89.4 J ug/L 44.6 1000 
6010C 18144704 CCB Sodium 75.9 J ug/L 44.6 1000 
6010C 18144706 CCB Sodium 82.1 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09202017 TB Propene 0.013 Jn ug/L 0.012 0.1 
AM20GAX Trip Blank-09202017 TB Methane 0.083 Jn ug/L 0.016 0.5 
AM20GAX Trip Blank-09202017 TB Ethane 0.0054 Jn ug/L 0.003 0.1 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 Jn ug/L 0.005 0.1 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 Jn ug/L 0.019 0.2 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 n ug/L 0.34 2 
AM20GAX Trip Blank-09202017 TB Oxygen 11 n ug/L 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Ethane 0.0054 0.0096 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW49-09202017 U Flag 
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Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Methane 0.083 0.05 Jn 0.2 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Methane 0.083 0.079 Jn 0.2 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.017 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.0073 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.011 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.027 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.015 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 4.6 n 0.5 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 5.4 n 0.5 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 6.2 n 0.5 PGDW49-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 27 n 2 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 21 n 2 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 25 n 2 PGDW49-09202017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8270D SIM 2709311/2709312 MS/MSD Pentachlorophenol ND 1.1/1 8 8 30 125 UJ Flag 
2320B 2719376 MS Alkalinity, Total as CaCO3 128 40 123  80 120 J Flag 
E300.0 2708493/2708494 MS/MSD Chloride 14.7 12.5 82 81 90 110 J Flag 
E300.0 2708495 MS Fluoride 0.29 1 88  90 110 J Flag 
E300.0 2708495/2708496 MS Nitrate as N 2.5 1 67 77 90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Nitrate as N 4.2 1 45 43 90 110 J Flag 
E300.0 2708495 MS Nitrite as N <0.01 1 89  90 110 UJ Flag 
E300.0 2708495 MS Sulfate 9.2 1 87  90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Sulfate 13.2 1 83 82 90 110 J Flag 
AM23G 51092 MSD Hexanoic Acid ND 2  69 70 130 UJ Flag 
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Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
AM23G 51092 Hexanoic Acid 43 30 UJ Flag 

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

None          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2709302/2709303 Pyridine 2/0 30 125 UJ Flag 
AM10 51211/51212 Pentane 66 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
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Acronym List and Table Key: 

LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404666 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404666 Water PGDW41A-
09252017 10404666001 9/25/2017 N None 

10404666 Water Trip Blank-
09252017 10404666002 9/25/2017 TB None 

10404666 Water PGDW41A-
09252017-Pre 10404666003 9/25/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404666 Water EPA 6010C EPA 3010 1 
10404666 Water EPA 6020A EPA 3020 1 
10404666 Water EPA 8270D EPA 3520 1 
10404666 Water EPA 8270D SIM Mod. EPA 3510C 1 
10404666 Water EPA 8260B N/A 2 
10404666 Water SM 2320B N/A 1 
10404666 Water SM 2540C N/A 1 
10404666 Water EPA 300.0 N/A 1 
10404666 Water SM 5310C N/A 1 
10404666 Water EPA 8316 N/A 1 
10404666 Water EPA 8081 N/A 1 
10404666 Water AM24 N/A 1 
10404666 Water D18O N/A 1 
10404666 Water AM20GAx N/A 3 
10404666 Water AM30 N/A 1 
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SDG Matrix Test Method Prep Method Number of Samples 
10404666 Water AM10 N/A 1 
10404666 Water AM23G N/A 1 
10404666 Water 16S N/A 2 
10404666 Water Isotope Analysis N/A 1 
10404666 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404666 Water Total Eubacteria N/A 2 
10404666 Water Genomic 

Sequencing 
N/A 2 

 
Table 1B: Holding Time Exceedances – None  

Method 
Sample 

ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits 

Method 
Holding 
Time(s) Qualifiers 

        
 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes.  
2-propanol was detected in trip blank “Trip Blank-
09252017”. The associated sample result for 
PGDW41A-09252017 was less than 5X the blank 
detection. The sample result was U qualified as non-
detect and MDL was elevated to sample result. 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

 

Surrogate for method blanks and LCS within 
limits?  

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  All samples should be re-
analyzed for VOCs.  Matrix effects should be 
established. 

No, no actions were required as the outliers had 
high recoveries and the associated sample results 
were non-detects. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

Yes 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicates in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, hexachlorocyclopentadiene and pyridine had 
low recoveries. Associated sample quantitation 
limits were qualified as estimated quantities (UJ).  
These compounds are reactive with all other 
compounds found in the spike mix that would not 
normally occur in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No.  
TOC was recovered above the acceptance criteria 
in the MS 1579580 and MSD 1579581. The 
associated sample result for PGDW41A-09252017 
was J qualified as estimated. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, Alkalinity, Total as CaCO3 recovered above the 
acceptance criteria in MSD 2721088. The 
associated positive result was qualified as an 
estimated quantity (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

No, but no actions were required as all outliers were 
greater than QC limits and the associated sample 
results were non-detects. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in method blank 2712918, 
ICB 17998045, and CCBs 18160679/18160837 but 
no actions were required as the associated sample 
result for PGDW41A-09252017 was more than five 
times the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No. 
Sulfate was recovered above the acceptance criteria 
in the MS and MSD (2712920/2712921 and 
2712922/2712923). The associated sample result 
for PGDW41A-09252017 was J qualified as 
estimated. 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and/or Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (8.8 mg/L) and nitrogen (17 mg/L) were 
detected in the trip blank “Trip Blank-09252017”. 
Sample PGDW41A-09252017 was J qualified as 
estimated since they were less than 5X the trip 
blank detection but greater than the reporting limit. 
 
Methane and ethane were detected in trip blank 
“Trip Blank-09252017”. Sample PGDW41A-



Data Usability Summary Report Project:  Pavillion Gas Field Supplemental 
Groundwater Investigation 

Date Completed:  April 17, 2018; 
Revised August 23, 2018 

Completed by:  Mark Woodke; Eridania Marte 

 

DUSR_Pavillion_10404666_EM.docx Page 8 of 11 

Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and/or Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 

09252017 was U qualified as non-detect and the 
MDL was elevated to the sample result.  

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, pentane had low recoveries (66% and 66% vs. 
the QC limits of 70% - 130%). Associated result was 
qualified as an estimated quantity (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable.  

 Analytes were detected in trip blank for Method AM20GAX, associated sample results for 
sample PGDW41A-09252017 were either J qualified as estimated or U qualified as non-detect 
and MDL was elevated to sample result. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples – None that affected sample results 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
E300.0 2712918 MB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18160679 CCB Sulfate 0.56 J mg/L 0.27 1.2 
E300.0 18160837 CCB Sulfate 0.54 J mg/L 0.27 1.2 
8260B Trip Blank-09252017 TB 2-Propanol 133  ug/L 20.6 100 

AM20GAX Trip Blank-09252017 TB Methane 0.077 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09252017 TB Ethane 0.0042 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09252017 TB Nitrogen 17 n mg/l 0.34 2 
AM20GAX Trip Blank-09252017 TB Oxygen 8.8 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank 
Sample 

Type Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09252017 TB Methane 0.077 0.074 Jn 0.5 PGDW41A-09252017 U Flag 
AM20GAX Trip Blank-09252017 TB Ethane 0.0042 0.0091 Jn 0.1 PGDW41A-09252017 U Flag 
AM20GAX Trip Blank-09252017 TB Nitrogen 17 20 n 2 PGDW41A-09252017 J Flag 
AM20GAX Trip Blank-09252017 TB Oxygen 8.8 5 n 0.5 PGDW41A-09252017 J Flag 

8260B Trip Blank-09252017 TB 2-Propanol 133 27.2 J 100 PGDW41A-09252017 U Flag 
 
Table 3 – List of Samples with Surrogates outside Control Limits 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

8260B Blank LB 1,2-Dichloroethane-d4 146 70 130 1 None 

8260B PGDW05-09272017 N 1,2-Dichloroethane-d4 155 70 130 1 None 

8260B TRIP BLANK-09272017 TB 1,2-Dichloroethane-d4 159 70 130 1 None 
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Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

5310C 1579581/ 1579580 MS/MSD Total Organic Carbon 10 6 121 122 80 120 J Flag 
2320B 2721088 MS Alkalinity, Total as CaCO3 341 40  130 80 120 J Flag 
E300 2712920/2712921 MS/MSD Sulfate 73.6 12.5 24 24 90 110 J Flag 
E300 2712922/2712923 MS/MSD Sulfate 80.3 12.5 21 16 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2718510/2718511 Hexachlorocyclopentadiene 0/0 30 125 UJ Flag  
8270D 2718510/2718511 Pyridine 1/2  30 125 UJ Flag 
AM10 51211/51212 Pentane 66 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits – None  

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
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Acronym List and Table Key: 

CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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Acronym List and Table Key: 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 104030701 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

104030701 Water PGDW14-
09182017 104030701001 9/18/2017 N None 

104030701 Water PGDW44-
09182017 104030701002  9/18/2017 TB None 

104030701 Water Trip Blank-
09182017 104030701003 9/18/2017 N None 

104030701 Water PGDW44-
09182017-Pre 104030701004 9/18/2017 N None 

104030701 Water PGDW14-
09182017-Pre 104030701005 9/18/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
104030701 Water EPA 6010C EPA 3010 2 
104030701 Water EPA 6020A EPA 3020 2 
104030701 Water EPA 8270D EPA 3520 2 
104030701 Water EPA 8270D SIM Mod. EPA 3510C 2 
104030701 Water EPA 8260B N/A 3 
104030701 Water SM 2320B N/A 2 
104030701 Water SM 2540C N/A 2 
104030701 Water EPA 300.0 N/A 2 
104030701 Water SM 5310C N/A 2 
104030701 Water EPA 8316 N/A 2 
104030701 Water EPA 8081 N/A 2 
104030701 Water AM24 N/A 2 
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SDG Matrix Test Method Prep Method Number of Samples 
104030701 Water D18O N/A 2 
104030701 Water AM20GAx N/A 5 
104030701 Water AM30 N/A 2 
104030701 Water AM10 N/A 2 
104030701 Water AM23G N/A 2 
104030701 Water 16S N/A 4 
104030701 Water Isotope Analysis N/A 2 
104030701 Water CSIA Carbon and 

Hydrogen 
N/A 0 

104030701 Water Total Eubacteria N/A 4 
104030701 Water Genomic 

Sequencing 
N/A 4 

 
Table 1B: Holding Time Exceedances - None 

Method 
Sample 

ID 
Sample 

Type 
Collection 

Date 
Extraction/Analysis 

Date(s) 

Holding 
Time 

Limits 

Method 
Holding 
Time(s) Qualifiers 

        
 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
 
The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2A) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD, RPD, LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
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Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2)? 

Yes, 2-propanol (111 ug/L) was detected in the trip 
blank “Trip Blank-09182017”. No actions were taken 
as this analyte was not detected in the associated 
samples PGDW14-09182017 and PGDW44-
09182017. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, one blank and three samples had a high 
surrogate result. No actions were taken based on 
these outliers as no analytes were detected. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4)?  No, 2-propanol had a 45% recovery vs. the QC 
limits of 51% to 150% in MS sample 2712364. 
Associated sample quantitation limits for samples 
PGDW14-09182017 and PGDW44-09182017 were 
qualified as estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

Yes 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D.   

No, bromomethane was below QC limits. 
Associated sample quantitation limits for samples 
PGDW14-09182017 and PGDW44-09182017 were 
qualified as estimated quantities (UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicates in this SDG. 

 
Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

No 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

Yes 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria?  If out and LCS is 
compliant, then J flag positive data in original 
sample due to matrix?  (See Table 4) 

No, hexachlorocyclopentadiene, pyridine, 1,2,4-
trichlorobenzene, 1,2-dichlorobenzene, 1,3-
dichlorobenzene, 1,4-dichlorobenzene, and 
hexachloroethane all had low recoveries in MS 
and/or MSD 2707163/2707164. Associated sample 
quantitation limits for PGDW14-09182017 and 
PGDW44-09182017 were qualified as estimated 
non-detected quantities (UJ). 

LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required.  

No, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 
hexachlorocyclopentadiene, and pyridine all had low 
recoveries in LCS 2706786. Associated sample 
quantitation limits for PGDW14-09182017 and 
PGDW44-09182017 were qualified as estimated 
quantities (UJ). These compounds are reactive with 
all other compounds found in the spike mix that 
would not normally occur in samples.   

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

Yes 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, calcium and magnesium was detected in 
method blank 2703627 but no actions were required 
as the associated sample results for  PGDW14-
09182017 and PGDW44-09182017 were either non-
detect or were more than five times the blank 
results. 
 
Sodium was detected in CCB 18144704, associated 
with samples PGDW14-09182017 and PGDW44-
09182017. The samples results were greater than 
5X the blank detection. No qualification was made. 
 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes, magnesium, manganese, and potassium all 
exceeded QC limits; however, no qualifiers were 
applied as none of the original sample results 
exceeded 50X the detection limit. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Sulfate was detected in ICB 17998045 and CCB 
18108473 associated with samples PGDW14-
09182017 and PGDW44-09182017. The sample 
results were greater than 5X the blank detection. No 
qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. 

No, bromide, chloride, and fluoride recoveries were 
below QC limits. Associated positive results for 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 

samples PGDW14-09182018 and PGDW44-
09182017 were qualified as estimated quantities (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

Yes 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
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Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, and Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L), nitrogen (29 mg/L), methane 
(0.79 ug/L) and ethane (0.006 ug/L) were detected 
in trip blank “Trip Blank-09182017”.  

For samples, if results are <5 times the blank 
then "U" flag data.   

Yes.  
Samples PGDW14-09182017and PGDW44-
09182017 were J qualified as estimated for oxygen 
and nitrogen since they were less than 5X the trip 
blank detection but greater than the reporting limit. 
 
Sample PGDW14-09182017 was less than 5X the 
trip blank detection for methane and was U qualified 
as non-detect, the MDL was elevated to the sample 
result.  

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is LCS/LCSD within QC criteria?  If out, and the 
recovery high with no positive values, then no 
data qualification is required. 

No, pentane had low recoveries in LCS/LCSD 
51017/51018 (67% and 63% vs. the QC limits of 
70% - 130%). Associated results were qualified as 
estimated quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made. 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Summary of Findings 

 Several analytes were detected in blanks, but no qualifications were applied as the associated 
results were either more than five times the blank results or the analytes were not detected in 
the associated samples. 

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
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Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. 
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Table 2 – List of Positive Results for Blank Samples 
Method Sample ID Sample Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09182017 TB 2-Propanol 111  ug/L 20.6 100 
6010C 2703627 MB Calcium 33.2 J ug/L 24.7 500 
6010C 2703627 MB Magnesium 2.9 J ug/L 2.6 500 
6010C 18144704 CCB Sodium 75.9 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 
E300.0 18108473 CCB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09182017 TB Methane 0.072 Jn ug/l 0.016 0.5 
AM20GAX Trip Blank-09182017 TB Ethane 0.006 Jn ug/l 0.003 0.1 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 n mg/l 0.34 2 
AM20GAX Trip Blank-09182017 TB Oxygen 11 n mg/l 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank 
Sample 

Type Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09182017 TB Methane 0.072 0.089 J 0.5 PGDW14-09182017 U Flag 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 29 n 2 PGDW14-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Oxygen 11 3.1 n 0.5 PGDW14-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Nitrogen 29 29 n 2 PGDW44-09182017 J Flag 
AM20GAX Trip Blank-09182017 TB Oxygen 11 3.2 n 0.5 PGDW44-09182017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 
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Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8260B 2712364 MS 2-Propanol ND 200 45  51 150 UJ Flag 
8270D 2707164 MSD 1,2,4-Trichlorobenzene ND 52.1  56 58 125 UJ Flag 
8270D 2707164 MSD 1,2-Dichlorobenzene ND 52.1  47 55 125 UJ Flag 
8270D 2707164 MSD 1,3-Dichlorobenzene ND 52.1  45 52 125 UJ Flag 
8270D 2707164 MSD 1,4-Dichlorobenzene ND 52.1  46 53 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Hexachlorocyclopentadiene ND 52.1 14 0 30 125 UJ Flag 
8270D 2707164 MSD Hexachloroethane ND 52.1  42 46 125 UJ Flag 
8270D 2707163/2707164 MS/MSD Pyridine ND 52.1 0 2 30 125 UJ Flag 
E300 2705377/2705378 MS/MSD Bromide 0.056 1 37 37 90 110 J Flag 
E300 2705377/2705378 MS/MSD Chloride 27.4 1 69 69 90 110 J Flag 
E300 2705377/2705378 MS/MSD Fluoride 0.45 1 87 86 90 110 J Flag 

 
Table 4A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2706786 2,4-Dinitrophenol 27 30 125 UJ Flag 
8270D 2706786 4-Nitrophenol 60 66 125 UJ Flag 
8270D 2706786 Benzoic acid 0 30 125 UJ Flag 
8270D 2706786 Hexachlorocyclopentadiene 0 30 125 UJ Flag 
8270D 2706786 Pyridine 0 30 125 UJ Flag 
AM10 51017 Pentane 67 70 130 UJ Flag 
AM10 51018 Pentane 63 70 130 UJ Flag 
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Table 5A – List RPDs outside Control Limits - None 
Method Sample ID Analyte RPD RPD Limit Sample Qualifier 

      
 
 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404173 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404173 Water PGDW45-
09202017 10404173001 9/20/2017 N None 

10404173 Water PGDW49-
09202017 10404173002 9/20/2017 N None 

10404173 Water PGDW33-
09202017 10404173003 9/20/2017 N None 

10404173 Water Trip Blank-
09202017 10404173004 9/20/2017 TB None 

10404173 Water PGDW45-
09202017-PRE 10404173005 9/20/2017 N None 

10404173 Water PGDW49-
09202017-PRE 10404173006 9/20/2017 N None 

10404173 Water PGDW33-
09202017-PRE 10404173007 9/20/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water EPA 6010C EPA 3010 3 
10404173 Water EPA 6020A EPA 3020 3 
10404173 Water EPA 8270D EPA 3520 3 
10404173 Water EPA 8270D SIM Mod. EPA 3510C 3 
10404173 Water EPA 8260B N/A 4 
10404173 Water SM 2320B N/A 3 
10404173 Water SM 2540C N/A 3 
10404173 Water EPA 300.0 N/A 3 
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SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water SM 5310C N/A 3 
10404173 Water EPA 8316 N/A 3 
10404173 Water EPA 8081 N/A 3 
10404173 Water AM24 N/A 3 
10404173 Water D18O N/A 3 
10404173 Water AM20GAx N/A 4 
10404173 Water AM30 N/A 3 
10404173 Water AM10 N/A 3 
10404173 Water AM23G N/A 3 
10404173 Water 16S N/A 6 
10404173 Water Isotope Analysis N/A 3 
10404173 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404173 Water Total Eubacteria N/A 6 
10404173 Water Genomic 

Sequencing 
N/A 6 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
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The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2a) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes, 2-propanol at 149 ug/L was detected in trip 
blank “Trip Blank-09202017”. No actions were taken 
as 2-propanol was not detected in associated 
samples PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, but no actions were taken based on the high 
recovery as no analytes were detected in the 
method blank with the outlier. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

No, but no actions were taken based on the high 
recoveries as no analytes were detected in the 
samples with the outliers. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, but no actions were taken as the spike result 
was greater than QC limits and the associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D. High outliers with associated non-
detects in the samples were not listed or 
qualified. 

No, bromomethane was below QC limits. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicate in this SDG. 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

Yes. 
Analytes benzo(b)fluoranthene, benzo(e)pyrene, 
phenanthrene, chrysene, anthracene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, 
acenaphthylene, fluoranthene, pyrene, 
benzo(a)anthracene, benzo(a)pyrene, and 
acenaphthene were detected in method blank 
2708311. The associated sample results for 
PGDW45-09202017, PGDW49-09202017, and 
PGDW33-09202017 were non-detect. No 
qualification was made. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, the method blank had phenol-d6 with a recovery 
of 58% vs. the QC limits of 59% to 125%. No 
actions were taken based on this slightly low outlier 
as all other surrogates were within QC limits. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

No, pentachlorophenol had 8% and 8% recoveries 
vs. the QC limits of 30% to 125% in MS/MSD 
2709311/2709312. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, pyridine had 2% and 0% recoveries vs. the QC 
limits of 30% to 125% in LCS/LCSD 
2709302/2709303. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ).  These compounds are 
reactive with all other compounds found in the spike 
mix that would not normally occur in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

No, n-nitrosodiphenylamine was outside QC limits. 
Associated sample quantitation limits were qualified 
as estimated quantities (UJ). 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium was detected in method blank 
2710691. No actions were required as the 
associated sample results for PGDW45-09202017, 
PGDW49-09202017, and PGDW33-09202017 were 
more than five times the blank results. 
 
Sodium was detected in CCB 18139658 associated 
with samples PGDW33-09202017 and PGDW45-
09202017 and CCBs 18144704/18144706 
associated with sample PGDW49-09202017. The 
sample results were greater than 5X the blank 
detection. No qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, the MS 2719376 result was greater than QC 
limits for Alkalinity, Total as CaCO3; the associated 
positive results for samples PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
qualified as an estimated quantity (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were more than five times 
the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, chloride, nitrate as N, nitrite as N, sulfate, and 
fluoride recoveries were below QC limits in MS/MSD  
2708493/2708494 or MS/MSD 2708495/2708496. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ) 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L) and nitrogen (21 mg/L) were 
detected in the trip blank “Trip Blank-09202017”. 
Samples PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were J qualified as 
estimated for oxygen and nitrogen since they were 
less than 5X the trip blank detection but greater than 
the reporting limit. 
 
Propene was detected in trip blank “TRIPBLANK-
09202017”. Sample results for PGDW33-09202017 
and PGDW49-09202017 were U qualified and MDL 
was elevated to result value. 
 
Methane and iso-butane were detected in trip blank 
“TRIPBLANK-09202017”. Sample results for 
PGDW45-09202017 and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 
 
Ethane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW49-09202017 
was U qualified and MDL was elevated to result 
value. 
 
Propane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 

For samples, if results are <5 times the blank 
then "U" flag data.   

 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

No, hexanoic acid (69% vs. the QC limits of 70% to 
130%) had low recoveries in MSD 51092 and 
exhibited poor precision between the MS and MSD 
recoveries. Associated results for PGDW33-
09202017, PGDW45-09202017, and PGDW49-
09202017 were qualified as estimated non-detected 
quantities (UJ). 
Pentane had low recoveries (66% and 66% vs. the 
QC limits of 70% - 130%) in the LCS and LSCD 
(51211 and 51212). Associated results for 
PGDW33-09202017, PGDW45-09202017, and 
PGDW49-09202017 were qualified as estimated 
non-detected quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made.  

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are laboratory duplicates within QC limits? (see 
Table 4A) 

No, hexanoic acid was above QC limits. The 
associated results were qualified as estimated 
quantities (J or UJ). 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
 
Summary of Findings 

 Several analytes were detected in blanks, sample results in which were less than five times the 
blank result were U qualified as estimated and MDL was elevated to sample result. Sample 
results for oxygen and nitrogen were J qualified as estimated.  

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. Sample PGDW33-09202017 in which previously was not detected now shows 
reportable result. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09202017 TB 2-Propanol 149  ug/L 20.6 100 

8270D by SIM 2708311 MB Benzo(b)fluoranthene 0.013 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Benzo(e)pyrene 0.015 J ug/L 0.0055 0.040 
8270D by SIM 2708311 MB Phenanthrene 0.013 J ug/L 0.0088 0.040 
8270D by SIM 2708311 MB Chrysene 0.012 J ug/L 0.0058 0.040 
8270D by SIM 2708311 MB Anthracene 0.011 J ug/L 0.0079 0.040 
8270D by SIM 2708311 MB Benzo(g,h,i)perylene 0.014 J ug/L 0.0075 0.040 
8270D by SIM 2708311 MB Benzo(k)fluoranthene 0.016 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Acenaphthylene 0.010 J ug/L 0.0066 0.040 
8270D by SIM 2708311 MB Fluoranthene 0.014 J ug/L 0.0072 0.040 
8270D by SIM 2708311 MB Pyrene 0.013 J ug/L 0.0084 0.040 
8270D by SIM 2708311 MB Benzo(a)anthracene 0.015 J ug/L 0.0078 0.040 
8270D by SIM 2708311 MB Benzo(a)pyrene 0.017 J ug/L 0.0043 0.040 
8270D by SIM 2708311 MB Acenaphthene 0.011 J ug/L 0.0056 0.040 

6010C 2710691 MB Magnesium 6.4 J ug/L 2.6 500 
6010C 18139658 CCB Sodium 89.4 J ug/L 44.6 1000 
6010C 18144704 CCB Sodium 75.9 J ug/L 44.6 1000 
6010C 18144706 CCB Sodium 82.1 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09202017 TB Propene 0.013 Jn ug/L 0.012 0.1 
AM20GAX Trip Blank-09202017 TB Methane 0.083 Jn ug/L 0.016 0.5 
AM20GAX Trip Blank-09202017 TB Ethane 0.0054 Jn ug/L 0.003 0.1 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 Jn ug/L 0.005 0.1 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 Jn ug/L 0.019 0.2 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 n ug/L 0.34 2 
AM20GAX Trip Blank-09202017 TB Oxygen 11 n ug/L 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Ethane 0.0054 0.0096 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW49-09202017 U Flag 
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Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Methane 0.083 0.05 Jn 0.2 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Methane 0.083 0.079 Jn 0.2 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.017 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.0073 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.011 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.027 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.015 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 4.6 n 0.5 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 5.4 n 0.5 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 6.2 n 0.5 PGDW49-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 27 n 2 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 21 n 2 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 25 n 2 PGDW49-09202017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8270D SIM 2709311/2709312 MS/MSD Pentachlorophenol ND 1.1/1 8 8 30 125 UJ Flag 
2320B 2719376 MS Alkalinity, Total as CaCO3 128 40 123  80 120 J Flag 
E300.0 2708493/2708494 MS/MSD Chloride 14.7 12.5 82 81 90 110 J Flag 
E300.0 2708495 MS Fluoride 0.29 1 88  90 110 J Flag 
E300.0 2708495/2708496 MS Nitrate as N 2.5 1 67 77 90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Nitrate as N 4.2 1 45 43 90 110 J Flag 
E300.0 2708495 MS Nitrite as N <0.01 1 89  90 110 UJ Flag 
E300.0 2708495 MS Sulfate 9.2 1 87  90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Sulfate 13.2 1 83 82 90 110 J Flag 
AM23G 51092 MSD Hexanoic Acid ND 2  69 70 130 UJ Flag 
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Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
AM23G 51092 Hexanoic Acid 43 30 UJ Flag 

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

None          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2709302/2709303 Pyridine 2/0 30 125 UJ Flag 
AM10 51211/51212 Pentane 66 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
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Acronym List and Table Key: 

LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) 
and National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-
001). Specific criteria for QC limits were obtained from the site specific QAPP: Quality Assurance 
Project Plan for the Pavillion Gas Field Supplemental Groundwater Investigation Pavillion, Fremont 
County, Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist 
and tables below.  Any major or minor concerns affecting data usability are listed below.  The checklist 
and tables also indicate whether data qualification is required and/or the type of qualifier assigned.   

 
Reference: 

Project ID Lab Work Order Laboratory 

10C9662.0001.04 10404173 

Pace Analytical 
Alpha Analytical 

ALS Environmental 
Colorado Plateau Stable Laboratory 

Isotech Laboratories 
 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID 

Correction 

10404173 Water PGDW45-
09202017 10404173001 9/20/2017 N None 

10404173 Water PGDW49-
09202017 10404173002 9/20/2017 N None 

10404173 Water PGDW33-
09202017 10404173003 9/20/2017 N None 

10404173 Water Trip Blank-
09202017 10404173004 9/20/2017 TB None 

10404173 Water PGDW45-
09202017-PRE 10404173005 9/20/2017 N None 

10404173 Water PGDW49-
09202017-PRE 10404173006 9/20/2017 N None 

10404173 Water PGDW33-
09202017-PRE 10404173007 9/20/2017 N None 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water EPA 6010C EPA 3010 3 
10404173 Water EPA 6020A EPA 3020 3 
10404173 Water EPA 8270D EPA 3520 3 
10404173 Water EPA 8270D SIM Mod. EPA 3510C 3 
10404173 Water EPA 8260B N/A 4 
10404173 Water SM 2320B N/A 3 
10404173 Water SM 2540C N/A 3 
10404173 Water EPA 300.0 N/A 3 
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SDG Matrix Test Method Prep Method Number of Samples 
10404173 Water SM 5310C N/A 3 
10404173 Water EPA 8316 N/A 3 
10404173 Water EPA 8081 N/A 3 
10404173 Water AM24 N/A 3 
10404173 Water D18O N/A 3 
10404173 Water AM20GAx N/A 4 
10404173 Water AM30 N/A 3 
10404173 Water AM10 N/A 3 
10404173 Water AM23G N/A 3 
10404173 Water 16S N/A 6 
10404173 Water Isotope Analysis N/A 3 
10404173 Water CSIA Carbon and 

Hydrogen 
N/A 0 

10404173 Water Total Eubacteria N/A 6 
10404173 Water Genomic 

Sequencing 
N/A 6 

 
Table 1B: Holding Time Exceedances - None 

Method Sample ID 
Sample 

Type 
Collection 

Date Analysis Date(s) 

Holding 
Time 

Limits Qualifiers 
       

 
General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes 

Did coolers arrive at lab between 0 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters 

Yes, the field duplicate is included in Sample 
Delivery Group (SDG) 10404846; no qualifiers 
were applied to samples in this SDG. 

Case narrative present and complete? Yes 

Any holding time violations? No 
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The following tables are presented at the end of this DUSR and provide summaries of results outside QC 
criteria: 

 Method Blanks Results (Table 2 and 2a) 
 Surrogates Outside Limits  (Table 3) 
 MS/MSD/RPD/LR Outside Limits  (Table 4, 4A, 4B) 
 LCS Outside Limits  (Table 5) 
 Field Duplicate Results  (Table 6) 

Note: outliers may not always be listed in the tables. 
 
Go to Tables List 
 
Volatile Organics by GC/MS - EPA Method 8260 
Description Notes and Qualifiers 
Any compounds present in method or trip blanks 
(see Table 2A)? 

Yes, 2-propanol at 149 ug/L was detected in trip 
blank “Trip Blank-09202017”. No actions were taken 
as 2-propanol was not detected in associated 
samples PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data. 

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, but no actions were taken based on the high 
recovery as no analytes were detected in the 
method blank with the outlier. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3). Matrix effects should be 
established. 

No, but no actions were taken based on the high 
recoveries as no analytes were detected in the 
samples with the outliers. 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes, when enough sample volume was available 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  

Yes 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, but no actions were taken as the spike result 
was greater than QC limits and the associated 
sample results were non-detects. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<30%D? 

Yes 

Is continuing calibration for target compounds 
<20%D. High outliers with associated non-
detects in the samples were not listed or 
qualified. 

No, bromomethane was below QC limits. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ). 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (Table 6)?   

No field duplicate in this SDG. 
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Semi-volatile Organics by GC/MS - EPA Method 8270  
Description Notes and Qualifiers 
Any compounds present in method blanks (see 
Table 2A)?   

Yes. 
Analytes benzo(b)fluoranthene, benzo(e)pyrene, 
phenanthrene, chrysene, anthracene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, 
acenaphthylene, fluoranthene, pyrene, 
benzo(a)anthracene, benzo(a)pyrene, and 
acenaphthene were detected in method blank 
2708311. The associated sample results for 
PGDW45-09202017, PGDW49-09202017, and 
PGDW33-09202017 were non-detect. No 
qualification was made. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data.  

N/A 

Surrogate for method blanks and LCS within 
limits?  

No, the method blank had phenol-d6 with a recovery 
of 58% vs. the QC limits of 59% to 125%. No 
actions were taken based on this slightly low outlier 
as all other surrogates were within QC limits. 

Surrogate for samples and MS/MSD within 
limits? (See Table 3).  Samples should re-
analyzed if 1 base/neutral or 1 acid extractable 
surrogate has a recovery <10%.  Matrix effects 
should be established. 

Yes 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

MS/MSD within QC criteria (see Tables 4, 4A 
and 4B)?  If out and LCS is compliant, then J 
flag positive data in original sample due to 
matrix?   

No, pentachlorophenol had 8% and 8% recoveries 
vs. the QC limits of 30% to 125% in MS/MSD 
2709311/2709312. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ). 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

No, pyridine had 2% and 0% recoveries vs. the QC 
limits of 30% to 125% in LCS/LCSD 
2709302/2709303. Associated sample quantitation 
limits for PGDW45-09202017, PGDW49-09202017, 
and PGDW33-09202017 were qualified as 
estimated quantities (UJ).  These compounds are 
reactive with all other compounds found in the spike 
mix that would not normally occur in samples. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects?   

Yes 

Is initial calibration for target compounds <15 
%RSD or curve fit? Initial calibration verification 
<20%D? 

No, n-nitrosodiphenylamine was outside QC limits. 
Associated sample quantitation limits were qualified 
as estimated quantities (UJ). 

Is continuing calibration for target compounds < 
20%D.   

Yes 

For any sample re-analysis and dilutions is there 
only one reportable result? 

Yes 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Total Organic Carbon – EPA Method 5310C 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   Yes 
Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are any compounds present in method and/or 
field blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Metals by ICP/AES & MS - EPA Methods 6010C and 6020A  
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

Yes, magnesium was detected in method blank 
2710691. No actions were required as the 
associated sample results for PGDW45-09202017, 
PGDW49-09202017, and PGDW33-09202017 were 
more than five times the blank results. 
 
Sodium was detected in CCB 18139658 associated 
with samples PGDW33-09202017 and PGDW45-
09202017 and CCBs 18144704/18144706 
associated with sample PGDW49-09202017. The 
sample results were greater than 5X the blank 
detection. No qualification was made. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Are MS/MSD within QC criteria (see Table 3)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

N/A 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

OK 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

OK 

Are laboratory replicates within limits? Yes 
For any sample re-analysis and dilutions is only 
there only one reportable result? 

No 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicate in this SDG. 
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Alkalinity – Standard Method 2320B 
Description Notes and Qualifiers 
Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

No, the MS 2719376 result was greater than QC 
limits for Alkalinity, Total as CaCO3; the associated 
positive results for samples PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
qualified as an estimated quantity (J). 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration verification within QC limits? Yes 
Is continuing calibration within QC limits? Yes 
Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Total Dissolved Solids – Standard Method 2540C 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes, sulfate was detected in ICB 17998045 but no 
actions were required as the associated sample 
result for PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were more than five times 
the blank result. 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are MS/MSD within QC criteria?  QC limits are 
not applicable to sample results greater than 4 
times spike amount. (see Table 4) 

No, chloride, nitrate as N, nitrite as N, sulfate, and 
fluoride recoveries were below QC limits in MS/MSD  
2708493/2708494 or MS/MSD 2708495/2708496. 
Associated positive results and sample quantitation 
limits were qualified as estimated quantities (J or 
UJ) 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 
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Anions – EPA Method 300.0 
Description Notes and Qualifiers 
Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Acrylamide – EPA Method 8316 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
Pesticides – EPA Method 8081 
Description Notes and Qualifiers 
Are any compounds present in method and field 
blanks as noted on Table 2?   

No 

For samples, if results are <5 times the blank 
then "U" flag data.   

N/A 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes 

Are Performance Evaluation Mixture results 
within QC criteria? 

Yes 

Are System Monitoring Compound results within 
QC limits? 

Yes 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes 

Is initial calibration for target compounds within 
QC limits? Is initial calibration verification within 
QC limits? 

Yes 

Is continuing calibration for target compounds 
within QC limits?   

Yes 

Are laboratory duplicates within QC limits? Yes 
Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are any compounds present in method blanks 
or trip blank as noted on Table 2?   

Yes, oxygen (11 mg/L) and nitrogen (21 mg/L) were 
detected in the trip blank “Trip Blank-09202017”. 
Samples PGDW33-09202017, PGDW45-09202017, 
and PGDW49-09202017 were J qualified as 
estimated for oxygen and nitrogen since they were 
less than 5X the trip blank detection but greater than 
the reporting limit. 
 
Propene was detected in trip blank “TRIPBLANK-
09202017”. Sample results for PGDW33-09202017 
and PGDW49-09202017 were U qualified and MDL 
was elevated to result value. 
 
Methane and iso-butane were detected in trip blank 
“TRIPBLANK-09202017”. Sample results for 
PGDW45-09202017 and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 
 
Ethane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW49-09202017 
was U qualified and MDL was elevated to result 
value. 
 
Propane was detected in trip blank “TRIPBLANK-
09202017”. Sample result for PGDW33-09202017, 
PGDW45-09202017, and PGDW49-09202017 were 
U qualified and MDL was elevated to result value. 

For samples, if results are <5 times the blank 
then "U" flag data.   

 

Is laboratory QC frequency one blank and LCS 
with each batch? 

Yes 

Is MS/MSD and/or LCS/LCSD within QC 
criteria?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

No, hexanoic acid (69% vs. the QC limits of 70% to 
130%) had low recoveries in MSD 51092 and 
exhibited poor precision between the MS and MSD 
recoveries. Associated results for PGDW33-
09202017, PGDW45-09202017, and PGDW49-
09202017 were qualified as estimated non-detected 
quantities (UJ). 
Pentane had low recoveries (66% and 66% vs. the 
QC limits of 70% - 130%) in the LCS and LSCD 
(51211 and 51212). Associated results for 
PGDW33-09202017, PGDW45-09202017, and 
PGDW49-09202017 were qualified as estimated 
non-detected quantities (UJ). 
Iso-pentane was not added to the LCS spike. No 
qualification was made.  

Is initial calibration within QC limits? Yes 
Is continuing calibration within QC limits?   No, but outliers had high recoveries and the 

associated analytes were not detected in the 
samples. 
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Gases (Methods AM10, AM20GAx, and AM30), Isotopes (Method Am24 and D18O), Volatile Fatty 
Acids (Method AM23G), DNA Sequencing (Method 16S), Carbon and Hydrogen, Total 
Eubacteria, Genomic Sequencing (as applicable per each method) 
Description Notes and Qualifiers 
Are laboratory duplicates within QC limits? (see 
Table 4A) 

No, hexanoic acid was above QC limits. The 
associated results were qualified as estimated 
quantities (J or UJ). 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

No field duplicates in this SDG. 

 
 
Summary of Findings 

 Several analytes were detected in blanks, sample results in which were less than five times the 
blank result were U qualified as estimated and MDL was elevated to sample result. Sample 
results for oxygen and nitrogen were J qualified as estimated.  

 Positive results and sample quantitation limits were qualified as estimated quantities (J or UJ) 
when associated with a low surrogate outlier. No qualifications were applied based on high 
surrogate outliers when the associated results were not detected. 

 No qualifications were applied based on MS/MSD and/or LCS/LCSD outliers when the original 
sample result was significantly higher than the spiked amount or when the spike recovery was 
high and the analyte was not detected in the sample. Positive results and sample quantitation 
limits were qualified as estimated quantities (J or UJ) when associated with low MS/MSD or 
LCS/LCSD recovery outliers. 

 Positive results were qualified as estimated quantities (J) when associated with duplicate RPD 
outliers. 

 Associated samples were reported twice due to the overlap between the routine dissolved gas 
determinations and the gas composition analyses. Analyses for dissolved gas determinations 
Method AM20GAX in which included acetylene was reported. All duplicate analyses for routine 
dissolved gas determinations Method AM20GAX were marked as non-reportable. 

 This associated SDG was re-issued to report values that were between the MDL and the RL 
and include J qualifiers. Results in field and laboratory blanks were re-evaluated and 
associated samples were qualified as necessary. 

 The original reporting limit for hexane plus of 100 ug/L was lowered to 25 ug/L in re-issued 
report due to laboratory re-evaluation on high reporting limit value, in which lead to different 
reported values. Sample PGDW33-09202017 in which previously was not detected now shows 
reportable result. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL RL 
8260B Trip Blank-09202017 TB 2-Propanol 149  ug/L 20.6 100 

8270D by SIM 2708311 MB Benzo(b)fluoranthene 0.013 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Benzo(e)pyrene 0.015 J ug/L 0.0055 0.040 
8270D by SIM 2708311 MB Phenanthrene 0.013 J ug/L 0.0088 0.040 
8270D by SIM 2708311 MB Chrysene 0.012 J ug/L 0.0058 0.040 
8270D by SIM 2708311 MB Anthracene 0.011 J ug/L 0.0079 0.040 
8270D by SIM 2708311 MB Benzo(g,h,i)perylene 0.014 J ug/L 0.0075 0.040 
8270D by SIM 2708311 MB Benzo(k)fluoranthene 0.016 J ug/L 0.0048 0.040 
8270D by SIM 2708311 MB Acenaphthylene 0.010 J ug/L 0.0066 0.040 
8270D by SIM 2708311 MB Fluoranthene 0.014 J ug/L 0.0072 0.040 
8270D by SIM 2708311 MB Pyrene 0.013 J ug/L 0.0084 0.040 
8270D by SIM 2708311 MB Benzo(a)anthracene 0.015 J ug/L 0.0078 0.040 
8270D by SIM 2708311 MB Benzo(a)pyrene 0.017 J ug/L 0.0043 0.040 
8270D by SIM 2708311 MB Acenaphthene 0.011 J ug/L 0.0056 0.040 

6010C 2710691 MB Magnesium 6.4 J ug/L 2.6 500 
6010C 18139658 CCB Sodium 89.4 J ug/L 44.6 1000 
6010C 18144704 CCB Sodium 75.9 J ug/L 44.6 1000 
6010C 18144706 CCB Sodium 82.1 J ug/L 44.6 1000 
E300.0 17998045 ICB Sulfate 0.53 J mg/L 0.27 1.2 

AM20GAX Trip Blank-09202017 TB Propene 0.013 Jn ug/L 0.012 0.1 
AM20GAX Trip Blank-09202017 TB Methane 0.083 Jn ug/L 0.016 0.5 
AM20GAX Trip Blank-09202017 TB Ethane 0.0054 Jn ug/L 0.003 0.1 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 Jn ug/L 0.005 0.1 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 Jn ug/L 0.019 0.2 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 n ug/L 0.34 2 
AM20GAX Trip Blank-09202017 TB Oxygen 11 n ug/L 0.12 0.5 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Ethane 0.0054 0.0096 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB iso-Butane 0.02 0.021 Jn 0.1 PGDW49-09202017 U Flag 
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Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL Affected Samples 

Sample 
Flag 

AM20GAX Trip Blank-09202017 TB Methane 0.083 0.05 Jn 0.2 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Methane 0.083 0.079 Jn 0.2 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.017 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.0073 Jn 0.1 PGDW45-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propane 0.0066 0.011 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.027 Jn 0.1 PGDW33-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Propene 0.013 0.015 Jn 0.1 PGDW49-09202017 U Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 4.6 n 0.5 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 5.4 n 0.5 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Oxygen 11 6.2 n 0.5 PGDW49-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 27 n 2 PGDW33-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 21 n 2 PGDW45-09202017 J Flag 
AM20GAX Trip Blank-09202017 TB Nitrogen 21 25 n 2 PGDW49-09202017 J Flag 

 
Table 3 – List of Samples with Surrogates outside Control Limits - None 

Method Sample ID Sample Type Analyte Rec. % 
Low 
Limit 

High 
Limit 

Dilution 
Factor 

Sample Qualifier 

         
 
 
Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Low 
Limit 

High 
Limit 

Sample 
Qualifier 

8270D SIM 2709311/2709312 MS/MSD Pentachlorophenol ND 1.1/1 8 8 30 125 UJ Flag 
2320B 2719376 MS Alkalinity, Total as CaCO3 128 40 123  80 120 J Flag 
E300.0 2708493/2708494 MS/MSD Chloride 14.7 12.5 82 81 90 110 J Flag 
E300.0 2708495 MS Fluoride 0.29 1 88  90 110 J Flag 
E300.0 2708495/2708496 MS Nitrate as N 2.5 1 67 77 90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Nitrate as N 4.2 1 45 43 90 110 J Flag 
E300.0 2708495 MS Nitrite as N <0.01 1 89  90 110 UJ Flag 
E300.0 2708495 MS Sulfate 9.2 1 87  90 110 J Flag 
E300.0 2708493/2708494 MS/MSD Sulfate 13.2 1 83 82 90 110 J Flag 
AM23G 51092 MSD Hexanoic Acid ND 2  69 70 130 UJ Flag 
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Table 4A – List RPDs outside Control Limits 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
AM23G 51092 Hexanoic Acid 43 30 UJ Flag 

 
Table 4B – List of Laboratory Replicates outside Control Limits - None 

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier RL 

Affected 
Samples Sample Flag 

None          
 
Table 5 - List LCS Recoveries outside Control Limits 

Method Sample ID Analyte Rec. Low Limit High Limit Sample Qualifier 
8270D 2709302/2709303 Pyridine 2/0 30 125 UJ Flag 
AM10 51211/51212 Pentane 66 70 130 UJ Flag 

 
Table 5A – List RPDs outside Control Limits - None 

Method Sample ID Analyte RPD RPD Limit Sample Qualifier 
      

 
Table 6 – Summary of Field Duplicate Results That Exceeded QC Limits – Not included in this SDG. 

Original Sample 
ID 

Field  
Duplicate ID Method/Analyte Original Result 

Field Duplicate 
Result RPD Action 

       
 
 
Acronym List and Table Key: 

COC = chain of custody 
CVAA = cold vapor atomic absorption  
DUSR = data usability summary report 
FD = field duplicate sample 
GC/MS = gas chromatography / mass spectrometry 
ICP/MS = Inductively coupled / mass spectrometry 
LB = laboratory blank 
LCS = laboratory control sample 
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Acronym List and Table Key: 

LCSD = laboratory control sample duplicate 
LR = laboratory replicate 
MB = method blank 
MS = matrix spike 
MSD = matrix spike duplicate 
N = normal field sample 
N/A = not available/not applicable 
ND = not detected 
PRE 
Q 
RL 

= 
= 
= 

prior to purge 
reporting limit 
field duplicate 

QA = quality assurance 
QAPP = quality assurance project plan 
QC = quality control 
RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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Acronym List and Table Key: 

RPD = relative percent difference 
SDG = sample delivery group 
SVOC = semi-volatile organic compounds 
TB = trip blank sample 
VOC = volatile organic compound 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10428449 
10428603 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428449 WG LD02-04232018 
10428449001/ 

265250001 
04/23/18 

11:15 
N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method LD02-04232018Name 
Number of 

Samples 

Sample 
Type 

10428449 WG EPA 6010D Major Cations: Ca, Fe, Mg, Mn, K, and 
Na 

1 N 

10428449 WG EPA 6020B Major Cations: Sr 1 N 

10428449 WG SM 2320B Alkalinity 1 N 

10428449 WG SM 2540C Total Dissolved Solids 1 N 

10428449 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428449 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428449 
WG AM20GAx 

Dissolved Gases with Light 
Hydrocarbons and Permanent Gases 

1 N 

10428449 
WG AM30 

Dissolved Gases: Argon, Helium, and 
Hydrogen 

1 N 

10428449 
WG AM10 

Dissolved Gases: Iso-Pentane, Pentane, 
and Hexane Plus 

1 N 

10428449 
WG DGIA-1 

Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10428603 WG N/A Isotopic Sulfate 1 N 

10428603 WG N/A Next Generation Sequencing 1 N 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis (the TB data is reported in SDG 
10428448 – the detections are summarized in 
Table 2). 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? Yes. 
The sample was analyzed for argon outside of the 
recommended 14 day holding time. The sample 
result was UJ qualified as estimated non-detect. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020A  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detected in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the reported 
sample results for manganese are not associated 
with the CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) 19522154CCB. 
Manganese was detected in CCB 19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
The laboratory replicate was not a client specific 
sample. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The results for sodium and strontium were diluted to 
bring the concentration within the calibration range. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

No. 
Sample LD02-04232018 was analyzed as laboratory 
QC. The MS/MSD exceeded recovery control limits. 
The sample result was already J qualified as 
estimated due to the result being between the MDL 
and PQL. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19566023CCB. The sample detection was greater 
than 5X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

N/A 
The batch duplicate was not a client specific 
sample. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Chloride was detected in method blank 
2902477BLANK and sulfate was detected in method 
blanks 2909828BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride in the 
ICB 19318000ICB.  
There were positive detections for sulfate in the ICB 
19518113ICB and in three of the associated CCBs 
(19536773CCB, 19536775CCB, 19564272CCB). 
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The result for sulfate was diluted to bring the 
concentration within the calibration range. No impact 
to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes. 
Oxygen, nitrogen, methane, ethane, ethene, and 
propane were detected in the trip blank. 
 
Ethane was detected in method blank 55107-MB.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for ethene was detected less 
than the reporting limit and was less than 5X the 
trip blank detection; therefore, the result was U 
qualified as non-detect. 
The sample results for ethane and propane were 
greater than 5X the trip blank detection; therefore, 
no qualification was required. 
 
The sample result for ethane was greater than 5X 
the method blank detection; therefore, no 
qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC 
requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   CCV2 050218 was recovered high for hydrogen at 
116.9%. The sample results were UJ qualified as 
estimated non-detect. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

ICB/CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample result for hydrogen was UJ qualified as estimated due to elevated CCV recovery. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Summary of Findings 

 The sample result for ethene was U qualified as non-detect due to positive trip blank 
detections. 

 The sample was analyzed for argon outside of the recommended 14 day holding time. The 
sample result was UJ qualified as estimated non-detect. 



Data Usability Summary Report Project: Pavillion Gas Field Supplemental 
Groundwater Investigation – Round 2 

Date Completed: November 20, 2018   Completed by: Lynne Parker  
Reviewed by: Marcia Galloway  

 

DUSR_10428449_R1.docx Page 8 of 10 

Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04232018 TB Oxygen 9.0  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04232018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04232018 TB Methane 0.067 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04232018 TB Ethane 0.0042 J ug/L 0.0030 0.10 

AM20GAX TRIP BLANK-04232018 TB Ethene 0.0095 J ug/L 0.0040 0.10 

AM20GAX TRIP BLANK-04232018 TB Propane 0.0058 J ug/L 0.0050 0.10 

AM20GAX Method Blank: 55107 MB Ethane 0.0036 J ug/L 0.0030 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

E300 2909828BLANK MB Sulfate 0.54 J mg/L 0.27 1.2 

E300 2902477BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19518113ICB ICB Sulfate 0.51 J mg/L 0.27 1.2 

E300 19536773CCB CCB Sulfate 0.51 J mg/L 0.27 1.2 

E300 19536775CCB CCB Sulfate 0.51 J mg/L 0.27 1.2 

E300 19564272CCB CCB Sulfate 0.50 J mg/L 0.27 1.2 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 0.38 5.0 

SM2320B 19566023CCB CCB Alkalinity 1.4 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL 

Affected 
Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04232018 WG Oxygen 9.0 4.2  0.50 LD02-04232018 J Flag 

AM20GAX TRIP BLANK-04232018 WG Nitrogen 16 21  2.0 LD02-04232018 J Flag 

AM20GAX TRIP BLANK-04232018 WG Methane 0.067 21  0.50 LD02-04232018 None 

AM20GAX TRIP BLANK-04232018 WG Ethane 0.0042 1.4  0.10 LD02-04232018 None 

AM20GAX TRIP BLANK-04232018 WG Ethene 0.0095 0.0058 J 0.10 LD02-04232018 U Flag 

AM20GAX TRIP BLANK-04232018 WG Propane 0.0058 0.22  0.10 LD02-04232018 None 

AM20GAX Method Blank: 55107 WG Ethane 0.0036 1.4  0.10 LD02-04232018 None 

E300 2902477BLANK WG Chloride 0.34 32.5  1.2 LD02-04232018 None 

E300 2909828BLANK WG Sulfate 0.54 1530  1.2 LD02-04232018 None 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL 

Affected 
Samples 

Sample 
Qualifier 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 19200  500 LD02-04232018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Dil 
Fac 

Low 
Limit 

High 
Limit Sample Qualifier 

SM5310C LD02-04232018 N 
Total Organic 

Carbon 
0.56 1 127 138 1 80 120 J Flag 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 –Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

LD02-
04232018 

10428449001 
EPA 

6010D 
N 5X: Diluted to bring the sodium concentration within the calibration curve. 

LD02-
04232018 

10428449001 E300 N 20X: Diluted to bring the sulfate concentration within the calibration curve. 

LD02-
04232018 

10428449001 
EPA 

6020B 
N 10X: Diluted to bring the strontium concentration within the calibration curve. 
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Table 7 – Summary of Field Duplicate Results  
N/A 

 
 
 
Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 10429737 Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10429737 WG 
PGDW05-
05022018 

10429737001/ 
265960001 

05/02/2018 
12:45 

N  

10429737 WQ Trip Blank 
10429737002/ 

26596002 
05/02/2018 

15:30 
N 

Trip Blank-
05022018 

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method LD02-04232018Name 
Number of 

Samples 
Sample 

Type 

10429737 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10429737 WG EPA 6020B Major Cations: Sr 1 N 

10429737 WG SM 2320B Alkalinity 1 N 

10429737 WG SM 2540C Total Dissolved Solids 1 N 

10429737 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10429737 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10429737 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10429737 WQ AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 TB 

 
 

General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Pace Energy noted that the wrong COC was sent 
with the samples. The correct login information 
was transmitted from the Minneapolis laboratory. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
5/3/2018 was recorded at 1.9°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
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General Sample Information 

MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

Yes.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Sodium was detected in the continuing calibration 
blank (CCB) 19584745CCB and 19584748CCB. 
The sample results were greater than 5X the blank 
detection; therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19602155CCB. The sample detection was greater 
than 5X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits? Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for sulfate in ICB 
19518113ICB. The sample results were greater than 
5X the blank detections; therefore, no qualification 
of the data was required. 
Sulfate was detected CCBs 19558329CCB, 
19558331CCB, and 19558334CCB. The sample 
results were greater than 5X the blank detection; 
therefore, no qualification of the data was required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentration of 
sulfate within the calibration curve. No impact to 
data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, and ethene were 
detected in the trip blank.  
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Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit and less than 5X 
the blank detections; therefore, the results were J 
qualified as estimated.   
The sample result for methane was detected less 
than the reporting limit and was greater than 5X the 
trip blank detection and the sample result for ethene 
was non-detect; therefore, no qualification was 
required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

ICB/CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Summary of Findings 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04262018 TB Oxygen 8.4  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04262018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04262018 TB Methane 0.064 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04262018 TB Ethene 0.0096 J ug/L 0.0040 0.10 

EPA 6010D 19584745CCB CCB Sodium -59 J ug/L 44.6 1000 

EPA 6010D 19584748CCB CCB Sodium -58 J ug/L 44.6 1000 

E300 19518113ICB ICB Sulfate 0.51 J mg/L 0.27 1.2 

E300 19558329CCB CCB Sulfate 0.50 J mg/L 0.27 1.2 

E300 19558331CCB CCB Sulfate 0.50 J mg/L 0.27 1.2 

E300 19558334CCB CCB Sulfate 0.50 J mg/L 0.27 1.2 

SM2320B 19625469CCB CCB Alkalinity 1.3 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04262018 WG Oxygen 8.4 4.5  0.50 PGDW05-05022018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Nitrogen 16 21  2.0 PGDW05-05022018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Methane 0.064 43  2.0 PGDW05-05022018 None 

AM20GAX TRIP BLANK-04262018 WG Ethene 0.0096 ND U 2.0 PGDW05-05022018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
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Table 4 - List MS/MSD Recoveries outside Control Limits 
None.  

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW05-
05022018 

10429737001 E300 N 10X: Diluted to bring the sulfate concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10428734 
10428802 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428734 WG 
PGDW14-
04252018 

10428734001/ 
265310001 

04/25/2018 
14:58 

N  

10428734 WG 
TripBlank-
04252018 

10428734002/ 
265310002 

04/25/2018 
15:30 

TB  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10428734 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428734 WG EPA 6020B Major Cations: Sr 1 N 

10428734 WG SM 2320B Alkalinity 1 N 

10428734 WG SM 2540C Total Dissolved Solids 1 N 

10428734 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428734 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428734 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10428734 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10428734 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10428734 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10428802 WG N/A Isotopic Sulfate 1 N 

10428802 WG N/A Next Generation Sequencing 1 N 

10428734 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 TB 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

A date and time was not recorded on the Trip 
Blank vials; however, it was recorded on the COC.  

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detect in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample result was greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the sample 
results for manganese are not associated with the 
CCV. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) analyzed 
19522154CCB. Manganese was detected in CCB 
19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentrations 
of sodium and strontium within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19583173CCB. The sample detection was greater 
than 10X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2903856BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in the ICB 19318000ICB. 
There were positive detections for sulfate in the 
CCBs 19534098CCB, 19534100CCB, 
19534106CCB, 19534104CCB, and 19534108CCB.    
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Dissolved Gases (Methods AM10, AM20GAx, and AM30) 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, and ethene were 
detected in the trip blank.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen, nitrogen, and 
methane were less than 5X the blank detection; 
therefore, the results were U qualified as non-detect. 
The sample results for ethene were non-detect; 
therefore, no qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory QC met the SOP requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   CCV2 050218 was recovered high for hydrogen at 
116.9%. The sample results were UJ qualified as 
estimated. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Ethane and ethene were detected in the closing 
CCB 042818 less than the reporting limit. The 
sample results for the analytes were non-detect; 
therefore, no qualification was required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample results for oxygen, nitrogen, and methane were U qualified as non-detect due the 
positive trip blank detections. 

 The sample results for hydrogen were UJ qualified as estimated due to elevated CCV recovery. 

 The methane concentrations were not high enough to perform CSIA determinations. 

 Due to the elevated sample concentration of sulfate, there was a shift in retention time and the 
software did not recognize the detection of the analyte. The laboratory analyst did not verify the 
chromatogram and the sulfate result was initially reports as non-detect. The error was 
discovered after holding time had been exceeded; therefore, the result from the initial analysis 
was reported even though the sample concentration exceeded the calibration curve. The initial 
results were reported with J qualification as estimated. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04252018 TB Oxygen 8.8  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04252018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04252018 TB Methane 0.061 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04252018 TB Ethene 0.0097 J ug/L 0.0040 0.10 

AM20GAX CCB 042818 CCB Ethane 0.0087 J ug/L 0.0030 0.10 

AM20GAX CCB 042818 CCB Ethene 0.0217 J ug/L 0.0040 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2903856BLANK MB Chloride 0.33 J mg/L 0.14 1.2 

E300 2903856BLANK MB Sulfate 0.69 J mg/L 0.27 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534098CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534100CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534104CCB CCB Sulfate 0.65 J mg/L 0.27 1.2 

E300 19534106CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534108CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

SM 2320B 19583173CCB CCB Alkalinity 1.7 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04252018 WG Oxygen 8.8 2.7  0.50 PGDW14-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Nitrogen 16 22  2.0 PGDW14-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Methane 0.061 0.070 J 0.50 PGDW14-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Ethene 0.0097 ND U 0.10 PGDW14-04252018 None 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 21200 B 500 PGDW14-04252018 None 

E300 2903856BLANK WG Chloride 0.33 26.2  1.2 PGDW14-04252018 None 

E300 2903856BLANK WG Sulfate 0.69 1070 E 1.2 PGDW14-04252018 None 
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Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None.  
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW14-
04252018 

10428734001 
EPA 

6010D 
N 5X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW14-
04252018 

10428734001 
EPA 

6020B 
N 10X: Diluted to bring the strontium concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10430454 
10430607 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10430454 WG 
PGDW20-
05082018 

10430454001/ 
266550001 

05/08/2018 
13:50 

N  

10430454 WQ 
Trip Blank-
05082018 

10430454002/ 
266550002 

05/08/2018 
15:30 

TB  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10430454 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10430454 WG EPA 6020B Major Cations: Sr 1 N 

10430454 WG SM 2320B Alkalinity 1 N 

10430454 WG SM 2540C Total Dissolved Solids 1 N 

10430454 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10430454 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10430454 WG EPA 8270D 
Semi-volatile organic compound: bis(2-

ethylhexyl) phthalate 
1 N 

10430454 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10430454 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10430454 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10430454 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10430607 WG N/A Isotopic Sulfate 1 N 

10430607 WG N/A Next Generation Sequencing 1 N 

10430454 WQ AM20GAx 
Dissolved Gases: Permanent Gases and 

Light Hydrocarbons 
1 TB 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
1 trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Semi-volatile Organics by GC/MS [bis(2-Ethylhexyl)phthalate] 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank or 
<10 times blank for common laboratory 
contaminants then "U" flag data (see Table 2A).  

No qualification required. 

Surrogate for method blanks and LCS within 
limits (see Table 3)?  

Yes. 

Surrogate for samples and MS/MSD within limits 
(see Table 3)?   

Yes. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Calcium, magnesium, manganese, and sodium 
were detected in method blank 2928311BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for calcium, magnesium, 
manganese, and sodium were greater than 5X the 
blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

The ICB/CCB were acceptable. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
The laboratory replicate was not a client specific 
sample. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentrations 
of sodium and strontium within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Semi-volatile Organics by GC/MS [bis(2-Ethylhexyl)phthalate] 

Description Notes and Qualifiers 

Laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
The batch MS/MSD was not a client specific 
sample. 

LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required.  

Yes. 

Do internal standards areas and retention time 
meet criteria?  If not was sample re-analyzed to 
establish matrix effects (see Table 6)?   

Yes. 

Is initial calibration for target compounds <20 
%RSD or curve fit? Initial calibration verification 
<40%D? 

Yes. 

Is continuing calibration for target compounds < 
40%D? 

Yes. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 
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Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for sulfate in the ICB 
19518113ICB. 
There were positive detections for sulfate in the 
CCBs 19621959CCB, 19621961CCB, and 
19621963CCB.    
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentration of 
sulfate within the calibration curve. No impact to 
data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, and ethene were 
detected above the reporting limits in the trip blank.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit and less than 5X 
the blank detections; therefore, the results were J 
qualified as estimated.   
The sample result for ethene was detected below 
the reporting limits and less than 5X the blank 
detection; therefore, the result was U qualified as 
non-detect.  
The sample result for methane was greater than 5X 
the blank detection; therefore, no data qualification 
was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 
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Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample result for ethene was U qualified as non-detect due the positive trip blank 
detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TripBlank-05082018 TB Oxygen 8.5  mg/L 0.12 0.50 

AM20GAX TripBlank-05082018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TripBlank-05082018 TB Methane 0.063 J ug/L 0.016 0.50 

AM20GAX TripBlank-05082018 TB Ethene 0.018 J ug/L 0.0040 0.10 

EPA 6010D 2928311BLANK MB Calcium 54.4 J ug/L 24.7 500 

EPA 6010D 2928311BLANK MB Magnesium 4.9 J ug/L 2.6 500 

EPA 6010D 2928311BLANK MB Manganese 0.81 J ug/L 0.38 5.0 

EPA 6010D 2928311BLANK MB Sodium 52.2 J ug/L 44.6 1000 

E300 19518113ICB ICB Sulfate 0.51 J mg/L 0.19 1.2 

E300 19621959CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

E300 19621961CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

E300 19621963CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TripBlank-05082018 WG Oxygen 8.5 4.8  0.50 PGDW20-05082018 J Flag 

AM20GAX TripBlank-05082018 WG Nitrogen 16 18  2.0 PGDW20-05082018 J Flag 

AM20GAX TripBlank-05082018 WG Methane 0.063 45  0.50 PGDW20-05082018 None 

AM20GAX TripBlank-05082018 WG Ethene 0.018 0.0058 J 0.10 PGDW20-05082018 U Flag 

EPA 
6010D 

2928311BLANK WG Calcium 54.4 79400 B 500 PGDW20-05082018 None 

EPA 
6010D 

2928311BLANK WG Magnesium 4.9 8720 J B 500 PGDW20-05082018 None 

EPA 
6010D 

2928311BLANK WG Manganese 0.81 27.4 J 5.0 PGDW20-05082018 None 

EPA 
6010D 

2928311BLANK WG Sodium 52.2 530000 B 1000 PGDW20-05082018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
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Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 – List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW20-
05082018 

10430454001 E300 N 20X: Diluted to bring the sulfate concentration within the calibration curve. 

PGDW20-
05082018 

10430454001 
EPA 

6010D 
N 5X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW20-
05082018 

10430454001 
EPA 

6020B 
N 5X: Diluted to bring the strontium concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

GC/MS = gas chromatography / mass spectrometry 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

SVOC = semi-volatile organic compounds 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10430452 
10430608 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10430452 WG 
PGDW23-
05082018 

10430452001/ 
266570001 

05/08/2018 
11:05 

N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10430452 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10430452 WG EPA 6020B Major Cations: Sr 1 N 

10430452 WG SM 2320B Alkalinity 1 N 

10430452 WG SM 2540C Total Dissolved Solids 1 N 

10430452 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10430452 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10430452 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10430452 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10430452 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10430452 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10430608 WG N/A Isotopic Sulfate 1 N 

10430608 WG N/A Next Generation Sequencing 1 N 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event. Extra volume for sample 
PGDW23-05082018 was collected for the 
MS/MSD. 
The trip blank associated with this sample was 
included in SDG 10430454. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Calcium, magnesium, manganese, and sodium 
were detected in method blank 2928311BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for calcium, magnesium, and 
sodium were greater than 5X the blank detection; 
therefore, no qualification was required. 
The samples results for manganese were less than 
5X the blank detection and U qualified as non-
detect. The method detection limit was elevated to 
the sample result. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

Yes. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Magnesium and manganese exceeded the 
laboratory control limits in the serial dilution of 
PGDW23-05082018. For both analytes, the native 
sample concentration were non-detect; therefore, no 
qualification of the data was required. 
 
Strontium exceeded the laboratory control limits in 
the serial dilution of PGDW23-05082018. The native 
sample concentration was greater than 50X the 
MDL and J qualified as estimated. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

The ICB/CCB were acceptable. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentrations 
of sodium and strontium within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

Yes. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

Yes.  

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for sulfate in the ICB 
19518113ICB. 
There were positive detections for sulfate in the 
CCBs 19621959CCB, 19621961CCB, and 
19621963CCB.    
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentration of 
sulfate within the calibration curve. No impact to 
data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 

 

Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, and ethene were 
detected in the trip blank.  
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Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit and less than 5X 
the blank detections; therefore, the results were J 
qualified as estimated.   
The sample result for ethene was detected below 
the reporting limit and less than 5X the blank 
detection; therefore, the result was U qualified as 
non-detect.  
The sample result for methane was greater than 5X 
the blank detection and did not require qualification. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

Yes. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample result for ethene was U qualified as non-detect due the positive trip blank 
detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 

 Sample PGDW23-05082018 (266570001) had a very heavy delta-13C. This was double 
checked, and the result was confirmed. The sample pH was checked to see if there were any 
abnormalities. The pH was slightly elevated. While this would not affect the methane it does 
suggest several possibilities that could lead to such a heavy methane. 

 The sample results for manganese were U qualified as non-detect due to positive method 
blank detection. 

 The serial dilution for strontium was outside of control limits; therefore, the sample result was J 
qualified as estimated. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TripBlank-05082018 TB Oxygen 8.5  mg/L 0.12 0.50 

AM20GAX TripBlank-05082018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TripBlank-05082018 TB Methane 0.063 J ug/L 0.016 0.50 

AM20GAX TripBlank-05082018 TB Ethene 0.018 J ug/L 0.0040 0.10 

EPA 6010D 2928311BLANK MB Calcium 54.4 J ug/L 24.7 500 

EPA 6010D 2928311BLANK MB Magnesium 4.9 J ug/L 2.6 500 

EPA 6010D 2928311BLANK MB Manganese 0.81 J ug/L 0.38 5.0 

EPA 6010D 2928311BLANK MB Sodium 52.2 J ug/L 44.6 1000 

E300 19518113ICB ICB Sulfate 0.51 J mg/L 0.19 1.2 

E300 19621959CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

E300 19621961CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

E300 19621963CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TripBlank-05082018 WG Oxygen 8.5 3.3  0.50 PGDW23-05082018 J Flag 

AM20GAX TripBlank-05082018 WG Nitrogen 16 20  2.0 PGDW23-05082018 J Flag 

AM20GAX TripBlank-05082018 WG Methane 0.063 180  0.50 PGDW23-05082018 None 

AM20GAX TripBlank-05082018 WG Ethene 0.018 0.0041 J 0.10 PGDW23-05082018 U Flag 

EPA 
6010D 

2928311BLANK WG Calcium 54.4 7340 B 500 PGDW23-05082018 None 

EPA 
6010D 

2928311BLANK WG Magnesium 4.9 87.0 J B 500 PGDW23-05082018 None 

EPA 
6010D 

2928311BLANK WG Manganese 0.81 2.7 J 5.0 PGDW23-05082018 U Flag 

EPA 
6010D 

2928311BLANK WG Sodium 52.2 209000 B 1000 PGDW23-05082018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
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Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW23-
05082018 

10430452001 
EPA 

6010D 
N 2X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW23-
05082018 

10430452001 
EPA 

6020B 
N 5X: Diluted to bring the strontium concentration within the calibration curve. 

PGDW23-
05082018 

10430452001 E300 N 10X: Diluted to bring the sulfate concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10428448 
10428602 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428448 WG 
PGDW30-
04232018 

10428448001/ 
265270001 

04/23/18 
15:10 

N  

10428448 WQ 
Trip Blank – 
04232018 

10428448002/ 
265270002 

04/23/18 
15:30 

TB  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10428448 WG EPA 6010D Major Cations: Ca and Na 1 N 

10428448 WG EPA 6020B Major Cations: Sr 1 N 

10428448 WG SM 2320B Alkalinity 1 N 

10428448 WG SM 2540C Total Dissolved Solids 1 N 

10428448 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428448 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428448 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10428448 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10428448 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10428448 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10428602 WG N/A Isotopic Sulfate 1 N 

10428602 WG N/A Next Generation Sequencing 1 N 

10428448 WQ AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 TB 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

A data and time was not recorded on the Trip 
Blank vials; however, it was recorded on the COC. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
4/24/2018 was recorded at 0.7°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
1 trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? Yes. 
The sample was analyzed for argon outside of the 
recommended 14 day holding time. The sample 
result was UJ qualified as estimated. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detected in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the sample 
results for manganese are not associated with the 
CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) analyzed 
19522154CCB . The CCB did not directly bracket 
the sample; therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
The laboratory replicate was not a client specific 
sample. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The result for sodium was diluted to bring the 
concentration within the calibration range. No impact 
to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in the CCB 
19566023CCB. The sample detection was greater 
than 5X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 



Data Usability Summary Report Project: Pavillion Gas Field Supplemental 
Groundwater Investigation – Round 2 

Date Completed: November 20, 2018   Completed by: Lynne Parker   
Reviewed by: Marcia Galloway 

 

DUSR_10428448_R1.docx Page 5 of 9 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

N/A 
The batch duplicate was not a client specific 
sample. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. 
Chloride and sulfate were detected in method 
blanks 2902477BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in the ICB 19318000ICB. 
There were positive detections for sulfate in the 
CCBs 19523427CCB, 19523431CCB, and 
19523433CCB. 
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The result for sulfate was diluted to bring the 
concentration within the calibration range. No impact 
to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Dissolved Gases – Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes. 
Oxygen, nitrogen, methane, ethane, ethene, and 
propane were detected in the trip blank. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample results for methane and ethane were 
detected below the reporting limits and were greater 
than 5X the blank detection and the results for 
ethene and propane were non-detect; therefore, no 
qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required.  

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   CCV2 050218 was recovered high for hydrogen at 
116.9%. The sample results were UJ qualified as 
estimated non-detect. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Ethane and ethene were detected in the closing 
CCB 042818. The sample result for ethane was 
greater than 5X the blank detection and the result 
for ethene was non-detect; therefore, no 
qualification was required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

Yes. 
Sample PGDW30-04232018 was reanalyzed by 
method AM20GAX due to a “hump” in the 
chromatogram that the laboratory identified as 
carryover. The reanalysis was reported. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample result for hydrogen was UJ qualified as estimated due to elevated CCV recovery. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 

 The sample was analyzed for argon outside of the recommended 14 day holding time. The 
sample result was UJ qualified as estimated. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04232018 TB Oxygen 9.0  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04232018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04232018 TB Methane 0.067 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04232018 TB Ethane 0.0042 J ug/L 0.0030 0.10 

AM20GAX TRIP BLANK-04232018 TB Ethene 0.0095 J ug/L 0.0040 0.10 

AM20GAX TRIP BLANK-04232018 TB Propane 0.0058 J ug/L 0.0050 0.10 

AM20GAX CCB 042818 CCB Ethane 0.0087 J ug/L 0.0030 0.10 

AM20GAX CCB 042818 CCB Ethene 0.0217 J ug/L 0.0040 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

E300 2902477BLANK MB Sulfate 0.65 J mg/L 0.27 1.2 

E300 2902477BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

SM2320B 19566023CCB CCB Alkalinity 1.4 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04232018 WG Oxygen 9.0 3.8  0.50 PGDW30-04232018 J Flag 

AM20GAX TRIP BLANK-04232018 WG Nitrogen 16 20  2.0 PGDW30-04232018 J Flag 

AM20GAX TRIP BLANK-04232018 WG Methane 0.067 770  0.50 PGDW30-04232018 None 

AM20GAX TRIP BLANK-04232018 WG Ethane 0.0042 0.36  0.10 PGDW30-04232018 None 

AM20GAX TRIP BLANK-04232018 WG Ethene 0.0095 ND  0.10 PGDW30-04232018 None 

AM20GAX TRIP BLANK-04232018 WG Propane 0.0058 ND  0.10 PGDW30-04232018 None 

E300 2902477BLANK WG Chloride 0.34 15.7  1.2 PGDW30-04232018 None 

E300 2902477BLANK WG Sulfate 0.65 331  1.2 PGDW30-04232018 None 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 98.6 J 500 PGDW30-04232018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
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Table 4 - List MS/MSD Recoveries outside Control Limits 
N/A 

 
Table 4A – List RPDs outside Control Limits 

N/A 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 –Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW30-
04232018 

10428448001 
EPA 

6010D 
N 2X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW30-
04232018 

10428448001 E300 N 5X: Diluted to bring the sulfate concentration within the calibration curve. 

PGDW30-
04232018 

10428448001 AM20GAX N 
Reanalyzed due to a “hump” in the chromatogram that the laboratory identified as 
carryover. The reanalysis was reported. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 

 
 
  



Data Usability Summary Report Project: Pavillion Gas Field Supplemental 
Groundwater Investigation – Round 2 

Date Completed: November 20, 2018   Completed by: Lynne Parker   
Reviewed by: Marcia Galloway 

 

DUSR_10428448_R1.docx Page 9 of 9 

 
Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 10428571 Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428571 WG 
PGDW32-
04242018 

10428571001/ 
265290001 

4/24/2018 
13:30 

N  

10428571 WQ 
TRIPBLANK-

04242018 
265290002 

4/24/2018 
15:30 

N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method LD02-04232018Name 
Number of 

Samples 
Sample 

Type 

10428571 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428571 WG EPA 6020B Major Cations: Sr 1 N 

10428571 WG SM 2320B Alkalinity 1 N 

10428571 WG SM 2540C Total Dissolved Solids 1 N 

10428571 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428571 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428571 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10428571 WQ AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 TB 

 
 

General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
4/25/2018 was recorded at 0.4°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
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General Sample Information 

Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

sampling event; however, they were not included 
in this SDG. 
1 trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detect in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

Yes. 
The sample was analyzed as laboratory QC for 
strontium. The MS/MSD recoveries were within 
control limits. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the reported 
sample results for manganese are not associated 
with the CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) 19522154CCB. 
Manganese was detected in CCB  19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 



Data Usability Summary Report Project: Pavillion Gas Field Supplemental 
Groundwater Investigation – Round 2 

Date Completed: November 20, 2018   Completed by: Lynne Parker   
Reviewed by: Marcia Galloway 

 

DUSR_10428571_R1.docx Page 4 of 9 

Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

N/A 
The batch laboratory duplicate was not a client 
specific sample. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2902477BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in ICB 19318000ICB.  
There were positive detections for sulfate in three of 
the associated CCBs (19523431CCB, 
19523433CCB, 19534098CCB). 
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentrations 
of sulfate and fluoride within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases – Method AM20GAx 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, ethane, ethene, and 
propane were detected in the trip blank.  
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Dissolved Gases – Method AM20GAx 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for propane was detected below 
the reporting limit and was less than 5X the blank 
detection; therefore, the result was U qualified as 
non-detect. 
The sample result for ethane was detected below 
the reporting limit and was greater than 5X the blank 
detection and the sample results for ethene were 
non-detect; therefore, no qualification of the data 
was required.  

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Ethane and ethene were detected in the closing 
CCB 042818 less than the reporting limit. The 
results for ethane were greater than 5X the blank 
detection and the results for ethene were non-
detect; therefore, no qualification was required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 The sample result for propane was U qualified as non-detect due to positive trip blank 
detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04242018 TB Oxygen 8.2  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04242018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04242018 TB Methane 0.054 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04242018 TB Ethane 0.0032 J ug/L 0.0030 0.10 

AM20GAX TRIP BLANK-04242018 TB Ethene 0.0051 J ug/L 0.0040 0.10 

AM20GAX TRIP BLANK-04242018 TB Propane 0.0098 J ug/L 0.0050 0.10 

AM20GAX CCB 042818 CCB Ethane 0.0087 J ug/L 0.0030 0.10 

AM20GAX CCB 042818 CCB Ethene 0.2017  ug/L 0.0040 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2902477BLANK MB Sulfate 0.65 J mg/L 0.27 1.2 

E300 2902477BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19523431CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19523433CCB CCB Sulfate 0.69 J mg/L 0.27 1.2 

E300 19534098CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04242018 WG Oxygen 8.2 4.8  0.50 PGDW32-04242018 J Flag 

AM20GAX TRIP BLANK-04242018 WG Nitrogen 16 23  2.0 PGDW32-04242018 J Flag 

AM20GAX TRIP BLANK-04242018 WG Methane 0.054 36  0.50 PGDW32-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Ethane 0.0032 0.068 J 2.0 PGDW32-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Ethene 0.0051 ND U 0.50 PGDW32-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Propane 0.0098 0.037 J 2.0 PGDW32-04242018 U Flag 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 16.5 J B 500 PGDW32-04242018 None 

E300 2902477BLANK WG Sulfate 0.65 358  1.2 PGDW32-04242018 None 

E300 2902477BLANK WG Chloride 0.34 21.6  1.2 PGDW32-04242018 None 
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Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 –Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW32-
04242018 

10428571001 E300 N 
5X: Diluted to bring the fluoride and sulfate concentrations within the calibration 
curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 10428572 Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428572 WG 
PGDW33-
04242018 

10428572001/ 
265290001 

4/24/2018 
15:00 

N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method LD02-04232018Name 
Number of 

Samples 

Sample 
Type 

10428572 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428572 WG EPA 6020B Major Cations: Sr 1 N 

10428572 WG SM 2320B Alkalinity 1 N 

10428572 WG SM 2540C Total Dissolved Solids 1 N 

10428572 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428572 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428572 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

 

Table 1B: Holding Time Exceedances  
None. 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
4/25/2018 was recorded at 0.4°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters only 
Equipment Blank - 1/ set of samples per day? 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis (the TB data is reported in SDG 
10428571 – the detections are summarized in 
Table 2). 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4) 

 LCS Outside Limits  (Table 5) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detected in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data.   

The sample results were greater than 5X the blank 
detection; therefore, no qualification was required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 3)?  
If not, was a post digestion spike analyzed? QC 
limits are not applicable to sample results 
greater than 4 times spike amount.   

Yes. 
The sample was analyzed as laboratory QC for 
Method 6010D. Sodium was recovered high in the 
MS; however, the native concentration was greater 
than 4X the spiked concentration. No qualification of 
the data was required. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 4)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

The serial dilutions for iron, magnesium, and 
manganese exceeded the laboratory criteria; 
however, the samples results were all less than 50X 
the MDL. No qualification of the data was made. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the reported 
sample results for manganese are not associated 
with the CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) 19522154CCB. 
Manganese was detected in CCB  19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits? N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 6)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data.   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data.   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data.   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes. 

Are laboratory duplicates within QC limits? N/A 
The batch laboratory duplicate was not a client 
specific sample. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2902477BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data.   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4)?  
QC limits are not applicable to sample results 
greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in ICB 19318000ICB.  
There were positive detections for sulfate in three of 
the associated CCBs (19523431CCB, 
19523433CCB, 19534098CCB). 
The sample results were greater than 10X the blank 
detection; therefore, no qualification of the data was 
required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases – Method AM20GAx 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, ethane, ethene, and 
propane were detected in the trip blank. 
 
Ethane was detected in method blank 55107-MB. 
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Dissolved Gases – Method AM20GAx 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data.   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for propane was detected below 
the reporting limit and was less than 5X the blank 
detection; therefore, the result was U qualified as 
non-detect. 
The sample result for ethane was detected below 
the reporting limits and was greater than 5X the 
blank detection and the sample results for ethene 
were non-detect; therefore, no qualification of the 
data was required.  
 
The sample result for ethane was greater than 5X 
the method blank detection; therefore, no 
qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4A and 
4B)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
The batch MS/MSD was not a client specific 
sample. 

LCS within QC criteria (see Table 5A and 5B)?  
If out, and the recovery high with no positive 
values, then no data qualification is required.  

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

ICB/CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Summary of Findings 

 The sample result for propane was U qualified as non-detect due to positive trip blank 
detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04242018 TB Oxygen 8.2  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04242018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04242018 TB Methane 0.054 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04242018 TB Ethane 0.0032 J ug/L 0.0030 0.10 

AM20GAX TRIP BLANK-04242018 TB Ethene 0.0051 J ug/L 0.0040 0.10 

AM20GAX TRIP BLANK-04242018 TB Propane 0.0098 J ug/L 0.0050 0.10 

AM20GAX 55107-MB MB Ethane 0.0036 J ug/L 0.0030 0.10 

AM20GAX CCB 050518 CCB Ethane 0.0036 J ug/L 0.0030 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2902477BLANK MB Sulfate 0.65 J mg/L 0.27 1.2 

E300 2902477BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19523431CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19523433CCB CCB Sulfate 0.69 J mg/L 0.27 1.2 

E300 19534098CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04242018 WG Oxygen 8.2 2.8  0.50 PGDW33-04242018 U Flag 

AM20GAX TRIP BLANK-04242018 WG Nitrogen 16 22  2.0 PGDW33-04242018 U Flag 

AM20GAX TRIP BLANK-04242018 WG Methane 0.054 41  0.50 PGDW33-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Ethane 0.0032 0.075 J 2.0 PGDW33-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Ethene 0.0051 ND U 0.50 PGDW33-04242018 None 

AM20GAX TRIP BLANK-04242018 WG Propane 0.0098 0.034 J 2.0 PGDW33-04242018 U Flag 

AM20GAX 55107-MB WG Ethane 0.0036 0.075 J 2.0 PGDW33-04242018 None 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 19.2 J B 500 PGDW33-04242018 None 

E300 2902477BLANK WG Sulfate 0.65 358  1.2 PGDW33-04242018 None 

E300 2902477BLANK WG Chloride 0.34 21.6  1.2 PGDW33-04242018 None 
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Table 3 – List of Samples with Surrogates outside Control Limits 
None. 

Table 4 - List MS/MSD Recoveries outside Control Limits 

Method Sample ID 
Sample 

Type Analyte 
Orig. 

Result 
Spike 

Amount MS MSD 
Dil 
Fac 

Low 
Limit 

High 
Limit 

Sample 
Qualifier 

EPA 
6010D 

PGDW33-
04242018 

N Sodium 202000 20000 136 117 2 75 125 None: 4X 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 5B - List SRM Recoveries outside Control Limits 
None. 
 

Table 6 –Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW33-
04242018 

10428572001 E300 N 
5X: Diluted to bring the fluoride and sulfate concentrations within the calibration 
curve. 

PGDW33-
04242018 

10428572001 
EPA 
6010D 

N 5X: Diluted to bring the sodium concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

BD =  blank spike duplicate 

BS = blank spike 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

GC/FID = gas chromatography / flame ionization detector 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LB = laboratory blank 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10429905 
10429929 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10429905 WG 
PGDW41A-
05032018 

10429905001/ 
266110001 

05/03/2018 
15:20 

N  

10429905 WG 
PGDW41A-
05032018Q 

10429905002/ 
266110002 

05/03/2018 
10:30 

FD  

10429905 WQ 
TripBlank-
05032018 

10429905003/ 
266110003 

05/03/2018 
15:30 

TB  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10429905 
WG EPA 6010D 

Major Cations: Ca, Fe, Mg, Mn, K, and 
Na 

2 N/FD 

10429905 WG EPA 6020B Major Cations: Sr 2 N/FD 

10429905 WG SM 2320B Alkalinity 2 N/FD 

10429905 WG SM 2540C Total Dissolved Solids 2 N/FD 

10429905 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 2 N/FD 

10429905 WG SM 5310C Total Organic Carbon (TOC) 2 N/FD 

10429905 
WG AM20GAx 

Dissolved Gases with Light 
Hydrocarbons and Permanent Gases 

2 N/FD 

10429905 
WG AM30 

Dissolved Gases: Argon, Helium, and 
Hydrogen 

2 N/FD 

10429905 
WG AM10 

Dissolved Gases: Iso-Pentane, Pentane, 
and Hexane Plus 

2 N/FD 

10429905 
WG DGIA-1 

Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

2 
N/FD 

10429929 WG N/A Isotopic Sulfate 2 N/FD 

10429929 WG N/A Next Generation Sequencing 2 N/FD 

10429905 
WG AM20GAx 

Dissolved Gases: Permanent Gases and 
Light Hydrocarbons 

1 TB 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Pittsburgh on 
5/4/2018 was recorded at 1.0°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event. Sample PGDW41A-05032018Q 
was collected as the field duplicate. 
One trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 

 
 
 
 
 
 
  



Data Usability Summary Report Project: Pavillion Gas Field Supplemental 
Groundwater Investigation – Round 2 

Date Completed: November 20, 2018   Completed by: Lynne Parker   
Reviewed by: Marcia Galloway 

 

DUSR_10429905_R1.docx Page 3 of 10 

 

 

Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

The sample  PGDW41A-05032018 was used for 
laboratory QC. Potassium was recovered high in the 
MS/MSD/PDS; therefore, the result in the parent 
sample was J qualified as estimated. Sodium was 
recovered at negative values; however, the sample 
result was greater than 4X the spiking concentration; 
therefore, no qualification was required. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Iron and potassium exceeded the laboratory control 
limits in the serial dilution of PGDW41A-05032018. 
For both analytes, the native sample concentration 
was less than 50X the MDL; therefore, no 
qualification of the data was required. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Sodium was detected in CCBs  19584745CCB and   
19584748CCB. The sample results were greater 
than 10X the blank detections; therefore, no 
qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The samples were diluted to bring the 
concentrations of sodium and strontium within the 
calibration curve. No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The samples were diluted to bring the concentration 
of organic carbon within the calibration curve. No 
impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in the ICB 19518113ICB. 
There were positive detections for sulfate in the 
CCBs 19585030CCB and 19598426CCB.    
The sample results were greater than 5X the blank 
detection; therefore, no qualification was  

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The samples were diluted to bring the 
concentrations of chloride, sulfate and nitrate within 
the calibration curve. No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 

 

Dissolved Gases (Methods AM10, AM20GAx, and AM30) 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, ethane, and ethene 
were detected in the trip blank.  
Ethane was detected less than the reporting limit in 
method blank 55107-MB. 
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Dissolved Gases (Methods AM10, AM20GAx, and AM30) 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for methane and ethane were 
detected less than the reporting limit and was less 
than 5X the trip blank detection; therefore, the result 
was U qualified as non-detect. 
 
The sample results for ethene were non-detect; 
therefore, no qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory QC met the SOP requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

Yes. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample results methane and ethane were U qualified as non-detect due the positive trip 
blank detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 

 The methane concentrations were not high enough to perform CSIA determinations. 

 The result for potassium in sample PGDW41A-05032018 was J qualified as estimated due to 
the MS/MSD/PDS outside of control limits. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-05032018 TB Oxygen 8.5  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-05032018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-05032018 TB Methane 0.061 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-05032018 TB Ethane 0.0099 J ug/L 0.0030 0.10 

AM20GAX TRIP BLANK-05032018 TB Ethene 0.0092 J ug/L 0.0040 0.10 

AM20GAX 55107-MB MB Ethane 0.0036 J ug/L 0.0030 0.10 

EPA 6010D 19584745CCB CCB Sodium -59 J ug/L 44.6 1000 

EPA 6010D 19584748CCB CCB Sodium -58 J ug/L 44.6 1000 

E300 19518113ICB ICB Sulfate 0.51 J mg/L 0.19 1.2 

E300 19585030CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

E300 19598426CCB CCB Sulfate 0.50 J mg/L 0.19 1.2 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-05032018 WG Oxygen 8.5 4.2  0.50 PGDW41A-05032018 U Flag 

AM20GAX TRIP BLANK-05032018 WG Nitrogen 16 17  2.0 PGDW41A-05032018 U Flag 

AM20GAX TRIP BLANK-05032018 WG Methane 0.061 0.072 J 0.50 PGDW41A-05032018 U Flag 

AM20GAX TRIP BLANK-05032018 WG Ethane 0.0099 0.012 J 0.10 PGDW41A-05032018 U Flag 

AM20GAX TRIP BLANK-05032018 WG Ethene 0.0092 ND U 0.10 PGDW41A-05032018 None 

AM20GAX TRIP BLANK-05032018 WG Oxygen 8.5 4.0  0.50 
PGDW41A-
05032018Q 

U Flag 

AM20GAX TRIP BLANK-05032018 WG Nitrogen 16 17  2.0 
PGDW41A-
05032018Q 

U Flag 

AM20GAX TRIP BLANK-05032018 WG Methane 0.061 0.062 J 0.50 
PGDW41A-
05032018Q 

U Flag 

AM20GAX TRIP BLANK-05032018 WG Ethane 0.0099 0.013 J 0.10 
PGDW41A-
05032018Q 

U Flag 

AM20GAX TRIP BLANK-05032018 WG Ethene 0.0092 ND U 0.10 
PGDW41A-
05032018Q 

None 
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Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW41A-
05032018 

10429905001 E300 N 
5X: Diluted to bring the concentrations of chloride and nitrate within the calibration 
range. 

PGDW41A-
05032018 

10429905001 E300 N 50X: Diluted to bring the concentration of sulfate within the calibration range. 

PGDW41A-
05032018 

10429905001 
EPA 

6010D 
N 10X: Diluted to bring the concentration of sodium within the calibration range. 

PGDW41A-
05032018 

10429905001 
EPA 

6020B 
N 50X: Diluted to bring the concentration of strontium within the calibration range. 

PGDW41A-
05032018 

10429905001 SM 5310C N 
3X: Diluted to bring the concentration of total organic carbon within the calibration 
range. 

PGDW41A-
05032018Q 

10429905002 E300 N 
5X: Diluted to bring the concentrations of chloride and nitrate within the calibration 
range. 

PGDW41A-
05032018Q 

10429905002 E300 N 50X: Diluted to bring the concentration of sulfate within the calibration range. 
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Sample ID Lab ID Method 
Sample 

Type Action 

PGDW41A-
05032018Q 

10429905002 
EPA 

6010D 
N 10X: Diluted to bring the concentration of sodium within the calibration range. 

PGDW41A-
05032018Q 

10429905002 
EPA 

6020B 
N 50X: Diluted to bring the concentration of strontium within the calibration range. 

PGDW41A-
05032018Q 

10429905001 SM 5310C N 
6X: Diluted to bring the concentration of total organic carbon within the calibration 
range. 

 
Table 7 – Summary of Field Duplicate Results  

Method Analyte Unit Matrix PQL 
Anal 
Type 

PGDW41A-
05032018 

PGDW41A-
05032018Q RPD 

RPD 
Rating 

Sample 
Qual 

E300 Bromide mg/L Water 0.080 A 0.41  ND NC -- -- 

E300 Chloride mg/L Water 6.0 A 142 142 0.0% Good None 

E300 Fluoride mg/L Water 0.050 A 0.25 0.25 0.0% Good None 

E300 Nitrate as N mg/L Water 0.50 A 20.1 20.0 0.5% Good None 

EPA 6010D Calcium ug/L Water 500 A 518000 516000 0.4% Good None 

EPA 6010D Magnesium ug/L Water 500 A 51700 51600 0.2% Good None 

EPA 6010D Manganese ug/L Water 5.0 A 18.7 18.6 0.5% Good None 

EPA 6010D Potassium ug/L Water 2500 A 5690 5500 3.4% Good None 

EPA 6010D Sodium ug/L Water 10000 A 1250000 1220000 2.4% Good None 

EPA 6020B Strontium ug/L Water 25.0 A 5340 5440 1.9% Good None 

SM 2540C Total Dissolved Solids mg/L Water 200 A 5960 5800 2.7% Good None 

SM 5310C Total Organic Carbon mg/L Water 2.5 A 9.3 11.3 19.4% Good None 

SM2320B Alkalinity, Total as CaCO3 mg/L Water 5.0 A 311 308 1.0% Good None 

SM2320B Alkalinity,Bicarbonate (CaCO3) mg/L Water 5.0 A 311 308 1.0% Good None 

AM20GAX Carbon Dioxide mg/L Water 5.0 A 33 34 3.0% Good None 
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Acronym List and Table Key: 

BD =  blank spike duplicate 

BS = blank spike 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10428733 
10428801 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428733 WG 
PGDW44-
04252018 

10428733001/ 
265330001 

04/25/2018 
12:30 

N  

10428733 WG 
TripBlank-
04252018 

265330002 
04/25/2018 

15:30 
TB  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10428733 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428733 WG EPA 6020B Major Cations: Sr 1 N 

10428733 WG SM 2320B Alkalinity 1 N 

10428733 WG SM 2540C Total Dissolved Solids 1 N 

10428733 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428733 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428733 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10428733 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10428733 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10428733 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10428801 WG N/A Isotopic Sulfate 1 N 

10428801 WG N/A Next Generation Sequencing 1 N 

10428733 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 TB 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

A date and time was not recorded on the Trip 
Blank vials; however, it was recorded on the COC. 
The laboratory noted a collection time for the trip 
blank of 12:30 in the report; however, the COC 
recorded the collection time as 15:30. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

Yes. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detect in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample result was greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the sample 
results for manganese are not associated with the 
CCV. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) analyzed 
19522154CCB. Manganese was detected in CCB 
19524046CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentrations 
of sodium and strontium within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19583173CCB. The sample detection was greater 
than 10X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2903856BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in the ICB 19318000ICB. 
There were positive detections for sulfate in the 
CCBs 19534098CCB, 19534100CCB, 
19534106CCB, and 19534108CCB.    
The sample results were greater than 5X the blank 
detection; therefore, no qualification of the data was 
required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Dissolved Gases (Methods AM10, AM20GAx, and AM30 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, methane, and ethene were 
detected in the trip blank.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen, nitrogen, and 
methane were less than 5X the blank detection; 
therefore, the results were U qualified as non-detect. 
The sample results for ethene were non-detect; 
therefore, no qualification was required. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory QC met the SOP requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   CCV2 050218 was recovered high for hydrogen at 
116.9%. The sample results were UJ qualified as 
estimated. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Ethane and ethene were detected in the closing 
CCB 042818 less than the reporting limit. The 
sample results for the analytes were non-detect; 
therefore, no qualification was required. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
 

 The sample results for oxygen, nitrogen, and methane were U qualified as non-detect due the 
positive trip blank detections. 

 The sample results for hydrogen were UJ qualified as estimated due to elevated CCV recovery. 

 The methane concentrations were not high enough to perform CSIA determinations. 

 Due to the elevated sample concentration of sulfate, there was a shift in retention time and the 
software did not recognize the detection of the analyte. The laboratory analyst did not verify the 
chromatogram and the sulfate result was initially reports as non-detect. The error was 
discovered after holding time had been exceeded; therefore, the result from the initial analysis 
was reported even though the sample concentration exceeded the calibration curve. The initial 
results were reported with J qualification as estimated. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04252018 TB Oxygen 8.1  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04252018 TB Nitrogen 16  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04252018 TB Methane 0.049 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04252018 TB Ethene 0.0064 J ug/L 0.0040 0.10 

AM20GAX CCB 042818 CCB Ethane 0.0087 J ug/L 0.0030 0.10 

AM20GAX CCB 042818 CCB Ethene 0.0217 J ug/L 0.0040 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2903856BLANK MB Chloride 0.33 J mg/L 0.14 1.2 

E300 2903856BLANK MB Sulfate 0.69 J mg/L 0.27 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534098CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534100CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534106CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534108CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

SM 2320B 19583173CCB CCB Alkalinity 1.7 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04252018 WG Oxygen 8.1 3.6  0.50 PGDW44-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Nitrogen 16 24  2.0 PGDW44-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Methane 0.049 0.076 J 0.50 PGDW44-04252018 U Flag 

AM20GAX TRIP BLANK-04252018 WG Ethene 0.0064 ND U 0.10 PGDW44-04252018 None 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 20800 B 500 
PGDW44-04252018 

None 

E300 2903856BLANK WG Chloride 0.33 25.9  1.2 PGDW44-04252018 None 

E300 2903856BLANK WG Sulfate 0.69 1060 E 1.2 PGDW44-04252018 None 
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Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 
 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW44-
04252018 

10428733001 
EPA 

6010D 
N 5X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW44-
04252018 

10428733001 
EPA 

6020B 
N 10X: Diluted to bring the strontium concentration within the calibration curve. 

 
Table 7 – Summary of Field Duplicate Results  
N/A 
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Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 10428976 Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428976 WG 
PGDW45-
04262018 

10428976001/ 
265470001 

4/26/2018 
08:25 

N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method Name 
Number of 

Samples 

Sample 
Type 

10428976 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428976 WG EPA 6020B Major Cations: Sr 1 N 

10428976 WG SM 2320B Alkalinity 1 N 

10428976 WG SM 2540C Total Dissolved Solids 1 N 

10428976 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428976 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428976 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

 
 

General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

Yes. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
4/27/2018 was recorded at 0.2°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with dissolved gases 
Equipment Blank – 1 per day 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis (the TB data is reported in SDG 
10428977 – the detections are summarized in 
Table 2). 
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General Sample Information 

An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? No. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detect in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample result was greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the reported 
sample results for manganese are not associated 
with the CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) 19522154CCB. 
Manganese was detected in CCB  19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentration of 
strontium within the calibration curve. No impact to 
data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5)?  
If out, and the recovery high with no positive 
values, then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19602155CCB. The sample detection was greater 
than 5X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2906086BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Nitrate as N was recovered low in CCVs 
19522402CCV, 19522404CCV, 19522406CCV, and 
19534358CCV. The CCVs did not directly bracket 
the sample; therefore, no qualification was required. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in ICB 19318000ICB. The sample results 
were greater than 5X the blank detections; 
therefore, no qualification of the data was required. 
Sulfate was detected CCBs 19522405CCB, 
19522407CCB, 19534359CCB, 19534361CCB, and 
19522413CCB. The sample results were greater 
than 10X the blank detection; therefore, no 
qualification of the data was required. 
Nitrite was detected in CCBs 19522407CCB, 
19534361CCB, 19522413CCB, and 19534363CCB. 
The sample result was non-detect; therefore, no 
qualification was required. 
Chloride was detected in CCBs 19534359CCB, 
19534361CCB, and 19522413CCB. The sample 
result was greater than 5X the blank detection; 
therefore, no qualification of the data was required. 
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Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentration of 
sulfate within the calibration curve. No impact to 
data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases (Method AM20GAx) 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Oxygen, nitrogen, and methane were detected in 
the trip blank.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for methane was detected below 
the reporting limit and was less than 5X the blank 
detection; therefore, the result was U qualified as 
non-detect. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory frequency met the QC requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   Yes. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

ICB/CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 The sample result for methane was U qualified as non-detect due the positive trip blank 
detections. 

 The sample results for oxygen and nitrogen were J qualified as estimated due to positive trip 
blank detections. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04262018 TB Oxygen 8.7  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04262018 TB Nitrogen 17  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04262018 TB Methane 0.061 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04262018 TB Ethene 0.0099 J ug/L 0.0040 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2906086BLANK MB Sulfate 0.65 J mg/L 0.27 1.2 

E300 2906086BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19522405CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19522407CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534359CCB CCB Chloride 0.31 J mg/L 0.14 1.2 

E300 19534359CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534361CCB CCB Chloride 0.32 J mg/L 0.14 1.2 

E300 19534361CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

E300 19534361CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19522413CCB CCB Chloride 0.31 J mg/L 0.14 1.2 

E300 19522413CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

E300 19522413CCB CCB Sulfate 0.64 J mg/L 0.27 1.2 

E300 19534363CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

SM2320B 19602155CCB CCB Alkalinity 1.2 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04262018 WG Oxygen 8.7 4.0  0.50 PGDW45-04262018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Nitrogen 17 19  2.0 PGDW45-04262018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Methane 0.061 0.041 J 0.50 PGDW45-04262018 U Flag 

AM20GAX TRIP BLANK-04262018 WG Ethene 0.0099 ND U 0.10 PGDW45-04262018 None 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 30000 B 500 PGDW45-04262018 None 

E300 19318000ICB WG Chloride 0.31 49.9  1.2 PGDW45-04262018 None 

E300 19318000ICB WG Sulfate 0.62 85.5  1.2 PGDW45-04262018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW45-
04262018 

10428976001 E300 N 2X: Diluted to bring the sulfate concentration within the calibration curve. 

PGDW45-
04262018 

10428976001 
EPA 

6020B 
N 20X: Diluted to bring the strontium concentration within the calibration curve. 
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Table 7 – Summary of Field Duplicate Results  
N/A 

 
 
 
Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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The analytical data provided by the laboratory were reviewed for precision, accuracy, and complete-
ness based on applicable sections of the QAPP, including qualification guidelines in National 
Functional Guidelines for Organic Superfund Method Data Review (EPA-540-R-2017-002) and 
National Functional Guidelines for Inorganic Superfund Method Data Review (EPA-540-R-2017-001). 
Specific criteria for QC limits were obtained from the site-specific QAPP: Quality Assurance Project 
Plan for the Pavillion Gas Field Supplemental Groundwater Investigation, Pavillion, Fremont County, 
Wyoming, Revision 0. Compliance with the project QA program is indicated in the checklist and table 
below. Any major or minor concerns affecting data usability are listed below. The checklist and tables 
also indicate whether data qualification is required and/or the type of qualifier assigned.  

 
Reference: 
 

Project ID Lab Work Order Laboratory 

1009819.0001.01 
10428977 
10429183 

Pace Analytical, Minneapolis 

 
Table 1: Sample List 

SDG Matrix Sample Name Lab ID Sample Date 
Sample 

Type 
ID Correction 

10428977 WG 
PGDW49-
04262018 

10428977001/ 
265460001 

4/26/2018 
11:10 

N  

10428977 WG 
TripBlank-
04262018 

265460002 
4/26/2018 

15:30 
N  

 
Table 1A: Sample Test Summary 

SDG Matrix Test Method Method LD02-04232018Name 
Number of 

Samples 

Sample 
Type 

10428977 WG EPA 6010D 
Major Cations: Ca, Fe, Mg, Mn, K, and 

Na 
1 N 

10428977 WG EPA 6020B Major Cations: Sr 1 N 

10428977 WG SM 2320B Alkalinity 1 N 

10428977 WG SM 2540C Total Dissolved Solids 1 N 

10428977 WG EPA 300.0 Major Anions: Br, Cl, Fl and SO4 1 N 

10428977 WG SM 5310C Total Organic Carbon (TOC) 1 N 

10428977 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 

10428977 WG AM30 
Dissolved Gases: Argon, Helium, and 

Hydrogen 
1 N 

10428977 WG AM10 
Dissolved Gases: Iso-Pentane, Pentane, 

and Hexane Plus 
1 N 

10428977 WG DGIA-1 
Dissolved Gas Isotope Analysis with 
CGC and δ13C and δD of Methane 

1 N 

10429183 WG N/A Isotopic Sulfate 1 N 

10429183 WG N/A Next Generation Sequencing 1 N 

10428977 WG AM20GAx 
Dissolved Gases with Light 

Hydrocarbons and Permanent Gases 
1 N 
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General Sample Information 

Do Samples and Analyses on COC check against Lab 
Sample Tracking Form? 

A date and time was not recorded on the Trip 
Blank vials; however, it was recorded on the COC. 

Did coolers arrive at lab between 2 and 6oC and in 
good condition as indicated on COC and Cooler 
Receipt Form? 

The sample cooler that arrived in Minneapolis on 
4/27/2018 was recorded at 0.2°C. There was no 
indication that the samples were frozen; therefore, 
no qualification of the data was made. 

Frequency of Field QC Samples Correct? 
Field Duplicate - 1/20 samples 
MS/MSD – 1/20 samples 
Trip Blank - Every cooler with VOCs waters only 
Equipment Blank - 1/ set of samples per day? 

One field duplicate and one MS/MSD were 
required to be collected over the course of the field 
sampling event; however, they were not included 
in this SDG. 
One trip blank was provided for dissolved gases 
analysis. 
An equipment blank was not required. 

Case narrative present and complete? Yes. 

Any holding time violations? Yes. 
The sample was analyzed for argon outside of the 
recommended 14 day holding time. The sample 
result was J qualified as estimated. 

 
 
The following tables are presented at the end of this DUSR and provided summaries of results outside 
QC criteria: 
 

 Method Blanks Results (Table 2 and 2A) 

 Surrogates Outside Limits  (Table 3) 

 MS/MSD/LR Outside Limits  (Table 4, 4A, and 4B) 

 LCS Outside Limits  (Table 5 and 5A) 

 Re-analysis Results  (Table 6) 

 Field Duplicate Results  (Table 7) 
 
Go to Tables List 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Major Cations by EPA Methods 6010D/6020B  

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Magnesium was detect in method blank 
2904883BLANK.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample result was greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  If not, was a post digestion spike 
analyzed? QC limits are not applicable to 
sample results greater than 4 times spike 
amount.   

N/A 
The batch MS/MSD was not a client specific sample. 

Were elements recovered ≤30%?  If so, “R” flag 
associated NDs.  

No. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery is high with no positive values, 
then no data qualification is required. 

Yes. 

Is there one serial dilution per 20 samples?  
Flag all data reported with an “E” as “J”. 

Yes. 

Spot check ICS recoveries 80-120%.  Contact 
lab if unacceptable.   

Yes. 

Spot check ICV 90-110%.  Contact lab if 
unacceptable. 

Yes 

Spot check CCV 90-110%.  Contact lab if 
unacceptable. 

No. 
The CCV 19522161CCV exhibited a %Recovery of 
111.0% for manganese; however, the reported 
sample results for manganese are not associated 
with the CCV.  

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

Magnesium and manganese were detected in the 
continuing calibration blank (CCB) 19522154CCB.  
Manganese was detected in CCB 19524042CCB. 
The CCBs did not directly bracket the sample; 
therefore, no qualification was required. 

Are laboratory replicates within limits (see Table 
4B)? 

N/A 
A MS/MSD was analyzed instead of a laboratory 
replicate. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

The sample was diluted to bring the concentrations 
of sodium and strontium within the calibration curve. 
No impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 
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Total Organic Carbon – Standard Method 9060A 

Description Notes and Qualifiers 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 20 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits?   

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

Yes. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

The sample was diluted to bring the concentration of 
organic carbon within the calibration curve. No 
impact to data usability. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Alkalinity – Standard Method 2320B 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No.  

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch and one set of MS/MSD per 10 
samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Yes. 

Spot check CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection in CCB 
19602155CCB. The sample detection was greater 
than 10X the blank detection; therefore, no 
qualification of the data was required. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

No. 
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Total Dissolved Solids – Standard Method 2540C 

Description Notes and Qualifiers 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

No qualification required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
duplicate sample per every 10 samples? 

Yes. 

Is LCS/LCSD within QC criteria (see Table 5 
and 5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Are laboratory duplicates within QC limits (see 
Table 4B)? 

Yes. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Are any compounds present in method and field 
blanks as noted on Table 2?   

Yes. Sulfate and chloride were detected in method 
blank 2906086BLANK. 

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The associated sample results were greater than 5X 
the blank detection; therefore, no qualification was 
required. 

Is laboratory QC frequency one blank and LCS 
with each batch of 20 samples and one 
MS/MSD per every 10 samples? 

Yes. 

Are MS/MSD within QC criteria (see Table 4 
and 4A)?  QC limits are not applicable to sample 
results greater than 4 times spike amount. 

N/A 
The batch MS/MSD was not a client specific 
sample. 

Is LCS within QC criteria (see Table 5)?  If out, 
and the recovery high with no positive values, 
then no data qualification is required. 

Yes. 

Is initial calibration verification within QC limits? Yes. 

Is continuing calibration verification within QC 
limits? 

Nitrate as N was recovered low in CCVs 
19522402CCV, 19522404CCV, 19522406CCV, and 
19534358CCV. The CCVs did not directly bracket 
the sample; therefore, no qualification was required. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

There was a positive detection for chloride and 
sulfate in ICB 19318000ICB. The sample results 
were greater than 10X the blank detections; 
therefore, no qualification of the data was required. 
Sulfate was detected CCBs 19522405CCB, 
19522407CCB, 19534359CCB, 19534361CCB, and 
19522413CCB. The sample results were greater 
than 10X the blank detection; therefore, no 
qualification of the data was required. 
Nitrite was detected in CCBs 19522407CCB, 
19534361CCB, 19522413CCB, and 19534363CCB. 
The sample result was non-detect; therefore, no 
qualification was required. 
Chloride was detected in CCBs 19534359CCB, 
19534361CCB, and 19522413CCB. The sample 
result was greater than 10X the blank detection; 
therefore, no qualification of the data was required. 
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Anions – EPA Method 300.0 

Description Notes and Qualifiers 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 

Dissolved Gases (Methods AM10, AM20GAx, and AM30) 

Description Notes and Qualifiers 

Any compounds present in method or field 
blanks (see Table 2)?   

Yes.  
Methane, ethene, oxygen, and nitrogen were 
detected in the trip blank.  
Ethane was detected less than the reporting limit in 
method blank 55107-MB.   

For samples, if results are <5 times the blank 
then "U" flag data (see Table 2A).   

The sample results for oxygen and nitrogen were 
detected above the reporting limit; therefore, the 
results were J qualified as estimated.   
The sample result for methane and ethene were 
detected below the reporting limit and were less 
than 5X the blank detection; therefore, the results 
were U qualified as non-detect. 
The sample result for ethane was detected less than 
5X the blank detection; therefore, the result was U 
qualified as non-detect. 

Laboratory QC frequency one blank and LCS 
with each batch? 

The laboratory QC met the SOP requirements. 

MS/MSD within QC criteria (see Table 4 and 
4A)?  If out and LCS is compliant, then J flag 
positive data in original sample due to matrix?   

N/A 
A MS/MSD is analyzed with the analytical batch 
when additional volume is supplied by the client. A 
client specific MS/MSD was not provided with the 
sample delivery group. 

LCS/LCSD within QC criteria (see Table 5 and 
5A)?  If out, and the recovery high with no 
positive values, then no data qualification is 
required. 

Yes. 

Is initial calibration within QC limits? Yes. 

Is continuing calibration within QC limits?   CCV2 was recovered high for hydrogen at 116.9%. 
The sample results were UJ qualified as estimated. 

Spot check ICB/CCB +/- RL.  Contact lab if 
unacceptable. 

ICB/CCBs were acceptable. 

Were any samples re-analyzed or diluted (see 
Table 6)?  For any sample re-analysis and 
dilutions is only one reportable result by 
flagged? 

No. 

Do field duplicate results show good precision 
for all compounds (see Table 7)?   

N/A 
A client specific field duplicate was not submitted 
with the SDG. 

 
 

Summary of Findings 

 No deviations were noted for isotopic analysis and next generation sequencing. 
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Summary of Findings 

 The sample results for oxygen, nitrogen, and ethene were U qualified as non-detect due to the 
positive trip blank detections. 

 The sample results for ethane was U qualified as non-detect due to the positive method blank 
detections. 

 The sample results for hydrogen were UJ qualified as estimated due to elevated CCV recovery. 

 The sample was analyzed for argon outside of the recommended 14 day holding time. The 
sample result was UJ qualified as estimated non-detect. 

 Due to the elevated sample concentration of sulfate, there was a shift in retention time and the 
software did not recognize the detection of the analyte. The laboratory analyst did not verify the 
chromatogram and the sulfate result was initially reports as non-detect. The error was 
discovered after holding time had been exceeded; therefore, the result from the initial analysis 
was reported even though the sample concentration exceeded the calibration curve. The initial 
results were reported with J qualification as estimated. 
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Table 2 – List of Positive Results for Blank Samples 

Method Sample ID 
Sample 

Type Analyte Result Qualifier Units MDL PQL 

AM20GAX TRIP BLANK-04262018 TB Oxygen 8.7  mg/L 0.12 0.50 

AM20GAX TRIP BLANK-04262018 TB Nitrogen 17  mg/L 0.34 2.0 

AM20GAX TRIP BLANK-04262018 TB Methane 0.061 J ug/L 0.016 0.50 

AM20GAX TRIP BLANK-04262018 TB Ethene 0.0099 J ug/L 0.0040 0.10 

AM20GAX 55107-MB MB Ethane 0.0036 J ug/L 0.0030 0.10 

EPA 6010D 2904883BLANK MB Magnesium 3.1 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Magnesium 2.9 J ug/L 2.6 500 

EPA 6010D 19522154CCB CCB Manganese 0.59 J ug/L 0.38 5.0 

EPA 6010D 19524042CCB CCB Manganese 0.56 J ug/L 2.6 500 

E300 2906086BLANK MB Sulfate 0.65 J mg/L 0.27 1.2 

E300 2906086BLANK MB Chloride 0.34 J mg/L 0.14 1.2 

E300 19318000ICB ICB Chloride 0.31 J mg/L 0.14 1.2 

E300 19318000ICB ICB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19522405CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19522407CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

E300 19522407CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19534359CCB CCB Chloride 0.31 J mg/L 0.14 1.2 

E300 19534359CCB CCB Sulfate 0.62 J mg/L 0.27 1.2 

E300 19534361CCB CCB Chloride 0.32 J mg/L 0.14 1.2 

E300 19534361CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

E300 19534361CCB CCB Sulfate 0.63 J mg/L 0.27 1.2 

E300 19522413CCB CCB Chloride 0.31 J mg/L 0.14 1.2 

E300 19522413CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

E300 19522413CCB CCB Sulfate 0.64 J mg/L 0.27 1.2 

E300 19534363CCB CCB Nitrite N 0.041 J mg/L 0.10 0.016 

SM2320B 19602155CCB CCB Alkalinity 1.2 J mg/L 1.0 5.0 

 
Table 2A – List of Samples Qualified for Blank Contamination  

Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04262018 WG Oxygen 8.7 4.5  0.50 PGDW49-04262018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Nitrogen 17 21  2.0 PGDW49-04262018 J Flag 

AM20GAX TRIP BLANK-04262018 WG Methane 0.061 0.086 J 0.50 PGDW49-04262018 U Flag 
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Method Method Blank Matrix Analyte 
Blank 
Result 

Sample 
Result 

Lab 
Qualifier PQL Affected Samples 

Sample 
Qualifier 

AM20GAX TRIP BLANK-04262018 WG Ethene 0.0099 0.0051 J 0.10 PGDW49-04262018 U Flag 

AM20GAX 55107-MB WG Ethane 0.0036 0.0075 J 0.10 PGDW49-04262018 U Flag 

EPA 
6010D 

2904883BLANK WG Magnesium 3.1 140000 B 500 PGDW49-04262018 None 

E300 2906086BLANK WG Sulfate 0.65 1540 E 1.2 PGDW49-04262018 None 

E300 2906086BLANK WG Chloride 0.31 64.1  1.2 PGDW49-04262018 None 

 
Table 3 – List of Samples with Surrogates outside Control Limits 
None. 
 

Table 4 - List MS/MSD Recoveries outside Control Limits 
None. 

 
Table 4A – List RPDs outside Control Limits 

None. 
 

Table 4B – List of Laboratory Replicate outside Control Limits 

None. 
 

Table 5 - List LCS Recoveries outside Control Limits 
None. 
 

Table 5A – List RPDs outside Control Limits 

None. 
 

Table 6 – Samples that were Reanalyzed/Diluted 

Sample ID Lab ID Method 
Sample 

Type Action 

PGDW49-
04262018 

10428977001 
EPA 

6010D 
N 10X: Diluted to bring the sodium concentration within the calibration curve. 

PGDW49-
04262018 

10428977001 
EPA 

6020B 
N 50X: Diluted to bring the strontium concentration within the calibration curve. 

PGDW49-
04242018 

10428977001 SM 5310C N 
3X: Diluted to bring the total organic carbon concentration within the calibration 
curve. 
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Table 7 – Summary of Field Duplicate Results  
N/A 
 
 
 
Acronym List and Table Key: 

CCB = continuing calibration blank 

COC = chain of custody 

DUSR = data usability summary report 

FD = field duplicate sample 

ICB = initial calibration blank 

ICP/AES = inductively coupled plasma / atomic emission spectroscopy 

ICP/MS = inductively coupled plasma / mass spectrometry 

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

LR = laboratory replicate 

MB = method blank 

MS = matrix spike 

MSD = matrix spike duplicate 

N = normal field sample 

NC = not calculated 

ND = not detected 

PQL = practical quantitation limit 

QA = quality assurance 

QAPP = quality assurance project plan 

QC = quality control 

RPD = relative percent difference 

SDG = sample delivery group 

TB = trip blank sample 
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