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ABSTRACT

Asdomestic ail and gasfields approach maturity or even abandonment, new methods are being
tested to add lifeto thefields. One areabeing addressed isthe reduction of water production to extend
the economic lifeof afield. In many fields avery common problem is permeability heterogeneity from
matrix variations, fractures, or both. Conventional proceduresto remediate high water ratesin fractured
networks, including cement squeezing, openhole packers, and liners are generally unsuccessful. The
objective of thisproject wasto test the viability of using sequential treatment of aproduction well witha

cross-linked polymer to restrict water production from highly permeable and fractured zones. Thefield
used for testing was the Ashley Valley field in northeastern Utah.

The process proposed for testing in this field was the sequentia application of small batches of a
cross-linked polymer, chromium (111) polyacrylamide polymer (MarcitK). First, the highest permesbility
fractureswere to be blocked, followed progressvely by smdler fractures, and findly the higher permestility
matrix channels. Theinitia application of thispolymer in September 1997 inthe Ashley Valey (AV) well
#2 did increase oil production while decreasing both water production and the relative permeability to water.
The successive application of the polymer was considered asa method to increase both daily and ultimate
oil production and reduce produced water.

The second polymer treatment was conducted in October 1999in AV #2. Thetreatment consisted
of 4,994 barrelsof 1,500-mg/I to 9,000-mg/I polymer at surfaceinjection pressures no higher than 380
psig. During injection, four offset wells showed polymer breakthrough and were shut in during the
remaining treatment.

Present oil and water production ratesfor AV #2 are 14 BOPD and 2,700 BWPD, whichisa
44% decreasein the oil rate and a40% reduction in water from the rates after thefirst treatment. The
decreasein water production did result inaminima savings on both utilities and water-trestment chemicas.
However, the savingsdid not offset thedecreasein il production. The second treatment appearsto have
targeted adifferent, high-permesbility network thanthefirst treetment, indi cating that thefirst trestment was
still effective after two years.

Becauseof the negative resultsfrom the second treatment, the conduct of athird treatment hasbeen

shelved. The possibility of alarger treatment in another well with the shut in of adjacent wellsasthe
polymer is detected is being considered if further treatment is conducted.
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EXECUTIVE SUMMARY

Astheoil and gasfieldsin the United States approach maturity or even abandonment, new
methods are being tested to add lifeto thefields. One areathat isbeing addressed isthe reduction of water
production. By restricting water production, the pumping, produced fluid separation, and water disposa
costs can bereduced. By reducing operating costs, the operator can extend the economic life of afield.

Inmany fields, including many inthe Rocky Mountain region, avery common problem ispermeability
heterogeneity from matrix variations, fractures, or both. One field where both features exist is the Ashley
Vdley fiedinthe northeastern Uintah Basin of Utah. Inthisfield, afracture system connectstheoil Strata
with an underlying, prolific aquifer.

Thefield experienced early water breakthrough, within two years, asaresult of the extensive
fracture network. Conventiona proceduresto remediate the high water rates, including cement squeezing,
openhole packers, and liners were unsuccessful.

Theobjectiveof thisproject wasto test theviability of using sequential trestment of aproduction
well with across-linked polymer to restrict water production from highly permeable and fractured zones.
The process proposed for testing in thisfield was the sequentia application of small batches of a cross-linked
polymer, chromium (I11) polyacrylamide polymer (MarcitK). Firgt, the highest permeability fractureswere
to beblocked, followed progressively by the smaller fractures, and finally the higher permeability matrix
channds. Theinitid application of this polymer in September 1997 inthe Ashley Valey (AV) wel #2 did
increase oil production while decreasing both water production and the relative permeability to water. The

successive application of the polymer was considered as a method to increase both daily and ultimate oil
production and reduce produced water.

The second polymer treatment was conducted in October 1999in AV #2. Thetreatment consisted
of 4,994 barrels of polymer at concentrations ranging from 1,500 mg/l to 9,000 mg/l. The injection
pressures sarted at 100 psig and increased to 380 psig at the highest concentration. During injection, four
offset wells showed polymer breakthrough and were shut in during the remaining trestment. Following a
few days of shut-in, all wells were returned to production.

Following treatment, the oil and water production ratesfor AV #2 were 14 BOPD and 2,700
BWPD. Thiswasa44% decreaseinthe oil rate and a40% reduction in water from the rates after thefirst
treatment. There was aso a noticeable decrease in the fluid level in AV #2, from 2,500 to 3,370 ft.
However, there was a corresponding increase in the fluid level (300 ft) in offset AV #4.
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The second treatment appearsto havetargeted adifferent, high-permesbility network than thefirst
treatment becausethe polymer breakthrough pattern at offset producerswasdifferent. Thisindicatesthat
the first treatment was still effective after two years.

The second trestment did not produce an added increasein oil and decreasein water production;
both the oil and water production decreased. The decreaseinwater production did result in adecrease
of 20 hpinthe size of the eectric submersible pump (ESP) in AV #2, asavings on both utilities and water-
treatment chemicals. However, the savings on utilities and chemicalsjust offsets the decrease in ail
production.

The operator has decided that because of the negative results from the second treatment, the
conduct of athird trestment will be shelved. However, the possibility of alarger treetment in another well
with the shut in of adjacent wells asthe polymer isdetected is being considered if further treatment is
conducted.
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INTRODUCTION

Astheoil and gasfiddsin the United States gpproach maturity or even abandonment, new methods
are being tested to add lifeto thefields. One areathat is being addressed is the restriction of water
production. By restricting water production, the pumping, produced fluid separation, and water disposa
costs can bereduced. By reducing operating costs, the operator can extend the economic life of afield.

Inmany fields, including many inthe Rocky Mountain region, avery common problem ispermeability
heterogeneity. The permesbility variation isgenerally the result of either matrix variations, fractures, or both.
Onefield whereboth problemsexist isthe Ashley Valey field. Thisfield hasafracture system that connects
the il stratawith underlying Mississppian limestonesthat are prolific aquifers. Fracture digplacement as
high as 150 ft has been mapped.

The Ashley Valey field, discovered in 1948, isinthe northeastern Uintah Basin of Utah (Figure
1). Thefield producesa29.5 EAPI ail from the Pennsylvanian Weber sandstone by means of aprolific
edge and bottom water drive. Theformation is at adepth of 4,200 ft with an average thickness of 86 ft,
aporosity of 13%, and amatrix permesability ranging from 1to 700 md. Theinitia oil saturation was 84%
for an origina-oil-in-place (OOIP) estimate of 16.5 MMSTB.

Thefield experienced early water breakthrough, within two years, as aresult of an extensive
fracture network that permitted large volumes of water to be produced from the edge water drive and the
underlying aquifers. Because of the extensive fracture network, high water cut production was noted
regardless of structural position of the well. Attempts to remediate the high water rates involved
conventional zoneisolation procedures, including cement squeezing, openhole packers, and liners, dl of
which have been unsuccessful. To handlethehigh water rates, € ectric submersible pump (ESP) systems
were installed in the 1980s (Larson, et a. 1999).

The existence of thefracture system has been verified by the operator with the use of abacklit,
DHV camera. The camerawas placed in awdl and was effectivein providing avisuad observation of the
fractures, aswell asacorrel ation between remaining mobile oil saturation and matrix permeability in high-
WOR (water-oil-ratio) environments.

The method proposed to restrict water production wasthe use of achromium (111) polyacrylamide
polymer (MarcitK)-trestment tofirst block the high-permesbility fracturesand then the higher permegbility
matrix channels. The MarcitK treatment has been used to improve injection well conformance in
conventional waterfloods, but has not had much usein production wells, particularly highly fractured ones.
The application of the MarcitK treatment was proposed in a sequential manner such that small batches of
the polymer would be injected to plug the larger



fracturesfirst, then progressively smaller fractures with each successive trestment. Timewould be allowed
between each treatment to allow the polymer to gel.

The rational for this type of treatment was based on the results of an early test of the MarcitkK
treatment in AV #2 (Larson, et al. 1999). AV #2 was treated in September 1997 with MarcitK,
eliminating a portion of the fracture flow conduit to bottom water. Originaly planned as a 6,300-bbl
treatment, only 2,303 bbl of polymer could be placed because of polymer breakthrough at the offset
producers. However, thesmall treatment did increase oil production inthetreated well by 32% (from 19
to 25 BOPD), while decreasing water production by 40% (2,950 BWPD) (Figures2 and 3). Theseresults
infer adecreaseinthe relative permesbility to water. It wasfet that the water production could be further
reduced by successive, small gpplicationsof MarcitK. Thesmdl, successivetreatmentswereto minimize
polymer breskthrough to the adjacent wells. Theinitia treatment did not affect the production of the offset
wells.

Positive results from the second treatment would have been an increase in both daily and ultimate
oil production and areduction in produced water. The reduction in produced water would have severa
positiveimpacts. If the post-treatment water production were reduced by 1,500 BPD, the existing ESP
system could have possibly been replaced with aprogressive, cavity-pumping system to increase artificia
lift efficiency. Also, therewould be acorresponding reduction intregting chemicasin direct proportion to
thereduction in water produced. These changescould reduce operating costs by athird per bbl of oil.
The environmental impact from theimplementation of the project would beareductionin the volume of
produced water discharged at the surface.

EXPERIMENTAL TASKS
The objective of this project wasto demondrate the sequentid trestment of a production well with
across-linked polymer to restrict water production from highly permesble and fractured zones. Following

isadescription of the activities completed as part of this project.

Test Design and Well Preparation

Theinitial task was the preparation of the well for the treatment series and the design of the
treatment. The existing ESP and associated tubing and wire were removed from thewell. A packer and
tubing string were run into the well and the packer was set above thetarget zone. Theintegrity of the well
was evaluated through pressure testing.

Thetreatment was designed to establish agd injectivity prior to placement of themain, chromium
(111) polyacrylamide polymer (MarcitK)-plug. Toinitiatethetreatment, three 200-bbl stagesof injection



with polymer concentration beginning at 1,500 mg/I and increasing by 1,500 mg/l to 4,500 mg/l were
planned. The200-bbl incrementswere deemed sufficient to determine theinjection pressure responseto
theincreasing polymer concentration. To rapid an increase in the injection pressurewould resultina
decrease in the polymer concentration. If the injection pressure was acceptable, below the maximum
allowable surface pressure of 600 psig, the 4,500-mg/| stagewould be continued. The planned treatment
isshowninTablel1. Theinjection timewasestimated at 5.7 days. Thistreatment would be the second
treatment of AV #2. Analysis of the test results would dictate further treatment.

Conduct of Treatment

The polymer treatment was conducted in October 1999in AV #2. Theactual trestment deviated
from the planned treatment because of early polymer breakthrough at some offset wells and the low
injection pressures, 100 psig to sart and 380 psig at the highest concentration (Figure4). Because of these
factors, the treatment consisted of alarger treatment at the higher polymer concentrations. The actual
treatment is shown in Table 1.

M onitoring of Treatment

Following a short shut-in period after the polymer treatment, the ESP in the target well was
replaced and the well was put on test. Astesting progressed the ESP was replaced by asmaller sized
pump set at adeeper depth. The smaller ESP was selected over aprogressive, cavity-pumping system
because no vendor would warranty the performance of their progressive, cavity pump at the required
volume and depth.

To evaluate the effectiveness of the treatment, the production data from the entire field were
collected for more than ayear, analyzed, and compared to pretest rates.

RESULTSAND DISCUSSION

The second polymer injection phase was compl eted with the placement of 4,994 bbl of high-
srength polymer (Table1). Asthetreatment wasperformedin AV #2, the surrounding production wells
were continually monitored for polymer breakthrough. When polymer was detected inawell, thewell was
shut in until the polymer injection was completed. Four of the wells offsetting the target well experienced
polymer breskthrough. The breskthrough pattern was different from thefirst treetment, indicating thet the
first treatment was still modifying the subsurface flow patterns.

Four offset wells showed polymer breakthrough during thetrestment. Thewellsand thetimeto
breakthrough were AV #4in 4.4 hr, PA#1in7 hr, AV #5in 8.4 hr, and HA #1in 26.5 hr.
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For AV #2, the present oil and water production rates are 14 BOPD and 2,700 BWPD. This
compares to pretest rates of 22 to 25 BOPD and 4,465 BWPD (Figures 2 and 3). Thedifferenceisa
44% decrease in the oil rate and a40% reduction in water from the rates after the first treatment. There
has a so been anoticeable decreasein thefluid level in AV #2, from 2,500 to 3,370 ft, but there hasbeen
acorresponding increase in the fluid level (300 ft) in offset AV #4.

The present oil rateistill higher than the projected rate based on the decline curve from 1993 to
just prior to thefirst treatment (Figure 2). The projected value from Figure 4 would be approximately 8
BOPD compared to the present rate of 14 BOPD. The present water rate of 2,700 BWPD is
considerably lower than the 7,400 BWPD prior to the first treatment.

On afidd-wide basis, the first treatment had an effect on both the oil and water production with
anincreaseinoil and areductioninwater. Offset wellsAV #4 (Figure5) and T.H. Fee#1 showed some
increasein oil production from thefirst treatment. AV #4 aso showed an increase in water production
(Figure 6), which indicates that some of the water from AV #2 was diverted to AV #4. The second
treatment had little effect ontheoil production ratesfor the offset wellswith some showing an increase for
afew months following the treatment, but returning to pretreatment rates fairly rapidly. The water
production ratesfor the offsets did not appear to have been affected in the long term by the treatment.
Total field rates after the second treatment showed a10to 12 BPD decreasein oil production and only
adlight decrease in water production.

The decreasein the water rate from the treated well hasresulted in adecreasein the size of the
ESP by 20 hp. There hasa so been a44% decreasein the oil production rate for thetarget well. Ona
field-wide basisthere has been an oil production decrease equivaent to the decrease in the target well and
the only noticeable change in the field-wide water rate is due to the decrease in AV #2.

CONCLUSIONS

Asdtated by Larson et . (1999), thefirst polymer trestment of the highly fractured reservoir at
Ashley Valey was successful in reducing the water production and increasing oil production. The second
treatment appearsto havetargeted adifferent, high-permesbility network than thefirst trestment because
the polymer breskthrough pattern was different. Thisindicatesthat thefirst trestment was il effective after
two years.

The second trestment did not produce an added increasein oil and decreasein water production;
both the oil and water production decreased. The decreaseinwater production did result in adecrease
of 20hpintheszeof theESPin AV #2, aminima savingson both utilitiesand water-trestment chemicals.
However, the savings on utilities and chemicals does not offset the decrease in oil production.



The second treatment did not produce the desired response but did modify the water production
and may, in other situations, actually increasethe oil production. When apolymer injectionisplannedin
aproduction environment to modify the production profile, it should beanintegral part of theplantotest
offsetting wells and shut them in when polymer isdetected. Itisbedievedthat if thishad been done during
thefirg treatment, the resultswould have indicated agreater reduction in water production and anincrease
in oil production on afield-wide basis.

The project team decided that the results of this second treatment do not justify any further
sequentid treatment of AV #2. Other wells may be evaluated for asingle, large treatment with the shut in
of adjacent wells as polymer is detected in the well.
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Table 1. Planned and Actual Treatment Protocolsfor Ashley Valley Polymer Application

Planned Treatment Actual Treatment
Injection Polymer Conc. Injection

bbl mg/l bbl

200 1,500 200

200 3,000 0
2,600 4,500 2,300°
2,800 6,000 214

200 9,000 2,080

200 200 Cationic 200

100 Water Overflush 100

¥ollowing this 2,300 bbl was 50 bbl of water and 12.7 hr of shut in to alow blockage to occur and
therefore pressure to increase.
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