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TECHNOLOGY

Water fracs outperform gel fracs
in coalbed pilot

lan D. Palmer
Amoco Production Co.
Tulsa

R. T. Fryar

Kelly A. Tumino
Amoco Production Co.
Houston

Rajen Puri
Amoco Production Co.
Denver

Initial results from over 12
months work indicate that
water fracture treatments out-
perform gel fracture treat-
ments in gas production from
coalbeds.

The water fracs are also
less expensive—only about
half the cost.

The coalbed methane pilot
project is being conducted by
Amoco Production Co. in the
Black Warrior basin of Ala-
bama.

The well completion meth-
od consists of installing cas-
ing, with perforations into the
individual coal seams. The
Black Creek series is stimu-
lated first, followed by sepa-
rate stimulation of the Mary
Lee/Blue Creek seams.

The borate crosslinked-gel
fracture treatments are de-
signed to carry high concen-
trations of proppant (10 ppg).
in contrast, water fracture
reatments carry proppant
concentrations to only a few

pounds per gailon.

In both cases 12/20 mesh
sand is used. About 20 wells,
half of them stimulated with
waler and half with gel, are
iterspersed in the Oak

Grove field to nullify geologi-
cal variability.

Qak Grove field

Amoco has been develop-
ing the coalbed methane re-
source in the Oak Grove field
of the Black Warrior basin for
over 2 years, and several hun-
dred wells have been drilled,
completed, and stimulated.

Fig. 1 shows a sketch of the
Mary Lee/Blue Creek zone
and the Black Creek coal
zone. Depths are fairly shal-
low, with the Black Creek zone
mostly less than 2,000 ft.

Amoco’s standard comple-
tion has been through casing
and perforations in the indi-
vidual coals. The Black
Creek zone is perforated and
fracture-stimulated before a
bridge plug is inserted to iso-
late this zone from the Mary
Lee/Blue Creek, which is
then perforated and fracture-
stimulated.

Permeability of the coals
appears to lie in the 5-20 md
range. Untif recently, the frac-
ture stimulations have been
of two kinds:

1. Gel fractures, which use
30 {b/1,000 gal borate cross-
linked gelled fluids carrying
12/20 sand up to concentra-
tions of 10 ppg

2. Water fractures, which
use plain water as fracturing
fluid, with sand concentra-
tions up to about 5 ppg.

A separate study of gel
fractures, to be released lat-
er, shows that generally the
Black Creek fractures are
vertical, with substantial

height growth, and are char-
acterized by low fracture
propagation pressures.

The coalbeds are generally
below 1,200 ft. In the Mary
Lee/Blue Creek coalbeds

Fig. 1

Oak Grove field*
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(800-1,200 ft), approximately
half of the gel-fracture treat-
ments are just like the Black
Creek fractures, and they are
interpreted similarly.

The other half are different
and exhibit high fracture
propagation pressures. They
are probably T-shaped frac-
tures, with a T-fracture con-
fined to a coal seam.

Hydraulic fracturing

The history of hydraulic frac-
turing has been a search for
viscous fracturing fluids which
would carry higher concentra-
tions of proppant and place
them in the formation so that
more of the productive pay
height is propped.

However, the use of such
viscous fluids, especially
crosslinked gels, always
damages the formation per-
meability to some extent (due
to invasion of fracture fluids
into the formation, or to filter
cakes forming on the walls of
the fracture).

In general, production im-
pairment by this damage is
compensated for by the in-
crease in production due to
the enlargement of the effec-
tive well bore radius. How-
ever, a recent article has ar-
gued that the damage to a
coal formation by gelled frac-
turing fluids may be a lot
worse than in competent for-
mations.'

Based on a paper presented at the
1991 Coalbed Methane Symposium,
Tuscaloosa, Ala., May 13-17. Copy-
right held by SPE. Paper No. SPE
23415.
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Average gas and water production*

Fig. 3

No. Wells

Damage to coal permeabil-
ity appears to be caused by
sorption-induced swelling of
the coal matrix, and possibly
some plugging of the cleat
system by residual gel.

Assuming that gelled fluids
result in better proppant
placement over the coal
seams intercepted by the
fracture, when compared with
water fracturing, this project
is actually a test of whether
the loss in production due to
permeability damage is com-
pensated for by the gain in
production due to better
propping of coal seams
(more seams propped, and
better fracture conductivity).

To understand better which

72 0il & Gas Journal, Aug 12, 1991

seams will be propped by the
different fracture treatments,
and what the resultant frac-
ture conductivity will be,
some fracture modeling is
discussed here.

Pilot project

To better compare the pro-
duction from water fractures
vs. that from gel fractures, a
23-well pilot was designed in
the western portion of the
Oak Grove field (Fig. 2). Thir-
teen wells were gel fractured,
and 10 were water fractured.

The wells were inter-
spersed to rule out geological
variability, which otherwise
could skew a comparison

such as this. The Mary
Lee/Biue Creek and Black
Creek coalbeds typically lie in
the 1,600-2,200 ft interval. In
each case, two treatments
were performed per well.

The gel-fractured wells
used 30 1b/1,000 gal cross-
linked borate gel with around
100,000 Ib/zone of 12/20
sand (up to 10 ppg) pumped
at 40 bbl/min.

The water fracture treat-
ments consisted of pumping
around 70,000 b of 12/20
sand per zone (up to 4 ppg)
at 50-60 bbi/min (Table 1).

Variations were made to
the water fracture design.
Sand concentrations as high
as 6 ppg and as much as

T

100,000 Ib of sand were
pumped. Figs. 3a and 3b
show the results.

The start time for each
well’'s production is made
time zero in Fig. 3. Thus, in
Fig. 3a, nine wells have been
on-line for 240 days, eight
wells for 280 days, stc.

The gas production plotted
is simply the average of the
number of wells on-line. Most
of the pilot wells have been
on production for almost 1
year. Furthermore, after
about 150 days the wells are
pumped-off, i.e., the water
level lies below the bottom
perforated coal.

Under this condition, which
allows proper comparison of
gas production,- it can be
seen that water fractures out-
performed ge! fractures by
roughly 115 to 80 Mcfd, or by
a factor of 1.4 (using the peri-
od 150-300 days).

The main difference lies in
the cost.

To fracture both zones of
Fig. 1, the water fractures
cost $28,000/well, while the
gel fractures cost
$50,000/well (Table 2).

Thus, the water fractures
are only about one half as
expensive as the gel frac-
tures, but their gas produc-

tion appears to be better. No- 1

tice that the gel fractures pro-
duce more water (about 100
b/d) than the water fractures
(about 25 b/d), although the
gel fracture result is biased
because two wells are close
to an undersaturated area
where water rates are very

- high.

Because gas production
follows dewatering of these
coalbeds (initially water satu-
rated), one possible explana-
tion is that with water frac-
tures a smaller region of the
reservoir is stimulated, and
dewatered more quickly (e.g.,
because fracture length is
shorter).

A major question is wheth-
er the gas production from
the water fracture treatments
will decline faster with time
than that for the gel fracture
treatments.

Some independent evi-
dence from other portions of
the Oak Grove field indicates
that, over a longer time peri-
od, water-fractured wells do
not decline any faster than
gel-fractured wells.
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Model of Mary Lee/Blue Creek water frac

Fig. 6
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Modeling gel fracs

Various fracture designs
have been tried by Amoco in
e Oak Grove field of the
Black Warrior basin. To pre-
dict the propped length and
tonductivity for these fracture
designs, we need to know
wo pieces of information in
Yparticular:

1. Appropriate fracture
model

2. Leakoff coefficient.

Appropriate fracture model
A downhole television
tamera was used to measure
opped fracture heights and
idths in the Black Creek
| zone following an open-
jole completion, and cross-

ked gel fracture.?

The results indicated sub-
tantial height growth in
greement  with projections
ed on a measured in situ
ess profile.’> This same
ofile  implies downwards
sight growth when the Mary
e/Blue Creek coals are
clured.

Athough such downward
ight growth has been mod-
led by a 3D fracture simula-

Fleld u:‘:x"l‘qm

Fracture
"'Q."’.

H =191
C. = 0.074

Newcastle

Mary Lee/Blue Creek

tor, independent fracture di-
agnostics seem to infer up-
wards fracture growth above
the Mary Lee/Biue Creek
seams (about 200 ft) follow-
ing a gel fracture treatment.*

The downhole television
experiment also suggested
that for fracture height much
greater than coal thickness,
all fracture widths (including
coal) are controlled by prop-
erties of the bounding zones
(shale, siltstone).

All of this means that a
radial fracture mode! in the
vertical section, which uses
bounding zone moduli (not
coal), is appropriate as a first
approximation. Such a model
would eventually approach a
Perkins-Kern geometry if the
fracture encountered suffi-
cient stress barriers.

Leakoft coefficient

Several crosslinked gel
minifracs have been pumped
(typically 6,000 gal), mostly in
the Oak Grove field.

Fracture fluid efficiencies
for these minifracs have been
found to be 0.47, >0.77,
>0.71, and 0.63 for the Mary
Lee/Blue Creek seams. For
the Black Creek seams the
coefficients are 0.55 and
0.68. Thus, it appears that
fracture fluid efficiencies lie in
the range of 50-80%.

A fracture simulator has
been used to match the case
with efficiency of 0.63, found
in the Mary Lee/Blue Creek
seams in a well in the White
Qak field. The White QOak

field lies across the Warrior

River from the QOak Grove
field. The simulation as-
sumes a radial fracture mod-
el in the vertical plane.

The pressure decline (in-
cluding closure) was
matched by a leakoff coeffi-
cient, C = 0.023 ft/min®%, if it
is assumed that all leakoff
occurs through 14.5 ft of net
coal pay (the interseam stra-
ta are tight,> and the
coalbeds are the aquifers).

Note that the initial shut in
pressure (ISiP) was 0.95
psifft, in support of the as-
sumption of a vertical frac-
ture.

An economic study was
then carried out to find an
optimal fracture half-length®
in the Mary Lee/Blue Creek
seams, assuming the above
leakoff coefficient and a limit-
ing fracture height of 200 ft
{which was arbitrarily cho-
sen).

The results of the study are
shown in Fig. 4, which gives
optimal half-length as a func-
tion of absolute reservoir per-
meability, between 5 and 20
md.

For example, for a pefme-
ability of 10 md, the optimal
fracture half-length is about
175 fi. If fracture height were
not confined to 200 ft, but
unconfined, the curve of Fig.
4 would be shifted a little to
shorter haif-lengths.

Fig. 4 can also be used as
a guide for optimizing frac-
ture length for Black Creek
stimulations in Oak Grove
field, because:

e We have not found a

systematic difference yet in
minifrac fluid efficiencies cal-
culated for Mary Lee/Blue
Creek zones, and for Black
Creek zones.

® A systematic difference
in permeabilities is also diffi-
cult to establish, in part be-
cause the measurement de-
pends on the type of test
(e.g., slug test versus fall-off
test).

The fracture design on the
left in Fig. 5 has been com-
puted using the fracture stim-
ulator STIMPLAN,” for a de-
sired fracture half-length of
170 ft (corresponding to coal
permeability of 10 md).

Predicted average prop-
pant concentration is about
1.6 psf, corresponding to a
fracture conductivity of 6,600
md-fit and Fy = 15.5.

A factor of 0.4 has been
used to account for damage
to the proppant pack. Fg
comes from:

kw
ch _keﬁ Xp
where:
kw = Fracture conductiv-
ity

X, = Propped fracture half-
length

ket = Effective reservoir
permeability to gas

A rule of thumb that is a
useful approximation for de-
scribing relative permeability
effects as gas desorbs from
coal during dewatering is:

keff = k./4
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