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RESUMO

Um dos métodos quimicos de impacto no reservatério para melhorar a eficiéncia do processo de
desenvolvimento de campos de petréleo é inundagdo de polimeros. Este artigo descreva um estudo de
viabilidade da eficacia da aplicacdo da tecnologia de inundagdo de polimeros no campo no Cazaquistao
Ocidental. Este campo é caracterizado por alta viscosidade do 6leo do reservatério, corte de agua e
heterogeneidade dindmica do reservatorio. A experiéncia mundial na aplicacdo de inundacgdes de polimeros em
campos analogos mostra alta eficiéncia tecnolégica. Sao apresentados os resultados da analise da experiéncia
da aplicacdo da tecnologia em campos analogos, estudos fisico-quimicos de polimeros, estudos de filtragdo em
tubos cheios de areia, modelagem hidrodindmica de inundagdes de polimeros e a relagdo custo-beneficio
esperada da introducgdo da tecnologia, aplicada as condigdes do campo de Karazhanbas com alta viscosidade
do 6leo de reservatdrio. A analise baseada na experiéncia de aplicagao de inundagdes de polimeros em campos
de petroleo de alta viscosidade, estudos de laboratério e calculos estimados da produgao esperada no modelo
geolégico e hidrodindmico do setor mostra a diminuigdo no corte de 4gua, o aumento na producgéo de petrdleo e
na recuperacao atual e final de dleo.

Palavras-chave: estudos de filtragdo, modelagem hidrodinamica, eficiéncia técnica e econémica, inundacéo de
polimeros, ensaio de campo.

ABSTRACT

One of the chemical methods of stimulating the reservoir to increase the efficiency of the oil field
development process is polymer flooding. This article conducted a feasibility study of the effectiveness of the
application of polymer flooding technology in one field in Western Kazakhstan. This field is characterized by high
viscosity of reservoir oil, water cut, and dynamic heterogeneity of the reservoir. World experience in the application
of polymer flooding in analogous fields shows high technological efficiency. Presented results of the analysis of
the experience of applying technology in analogous fields, physicochemical studies of polymers, filtration studies
on bulk models, hydrodynamic modeling of polymer flooding and the expected cost-effectiveness of introducing
the technology, as applied to the conditions of the Karazhanbas oil field with high viscosity of reservoir oil. The
analysis based on the experience of applying polymer flooding in high-viscosity oil fields, laboratory studies and
estimated calculations of the expected production in the sector geological and hydrodynamic model shows a
decrease in water cut, an increase in oil production, and an increase in current and final oil recovery.
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Keywords: filtration studies, hydrodynamic modeling, technical and economic efficiency, polymer flooding (PF),
field trial (FT).

AHHOTALUA

OOHMM 13 XMMUYECKMX METOO0B BO3AEWCTBMS Ha MnacT And noBbileHUs 3EKTUBHOCTM npouecca
pa3paboTkM HemTSHbIX MECTOPOXAEHUN SABMSIETCS MNONMMEPHOE 3aBOAHEHWe nnacTtoB. B pgaHHOW cTaTtbe
NPOBEAEHO TEXHUKO-3KOHOMMYECKasl oueHKa 3((EKTUBHOCTM MNPUMEHEHUA TEXHOMOrMM MOSIMMEPHOrO
3aBOOHEHNs1 Ha ofdHOW MmecTopoxaeHus 3anagHoro KasaxctaHa. [JaHHOe MeCTOpOXAEHME XapakTepuayeTcs
BbICOKOW BA3KOCTbLHIO NIIaCTOBON HETUN, 06BOAHEHHOCTbLIO U AMHAMUYECKON HEOQHOPOAHOCTLIO Nnacta. Muposon
ONbIT MPUMEHEHMS TMOJSIMMEPHOIO 3aBOAHEHUS HA MECTOPOXOEHUSAX aHanorax MokKasbiBaeT BbICOKYH
TexXHonornyeckyto adppektnBHocTb. [puBeaeHbl pedynbTaThl aHanmM3a oOnbiTa NPUMEHEHUS TEXHOMOrMM Ha
MECTOPOXAEHUAX aHanorax, ou3nKo-XMMmn4eCcknx nccnegoBaHuim NnonmMmepoB, PUNbTPaLMOHHbBIX NCCIEA0BaHNI
Ha HacbIMHbIX MOAENAX, rMAPOAMHAMUYECKOr0 MOLENMPOBaHUSA MpoLecca MNOMIMMEPHOrO 3aBOAHEHUS WU
OXMOaeMoOW IKOHOMUYECKON I(PPEKTUBHOCTU BHEOPEHUS TEXHOMOrMW, MPUMEHUTENBHO K  YCMOBUSAM
MecTopoXxaeHust KapaxxaHbac ¢ BbICOKOW BA3KOCTbIO NIacToBown HedTu. [MpoBeaeHHbI aHann3 Ha OCHOBE OnnbiTa
NPUMEHEHNS MOMMMMEPHOrO 3aBOAHEHUS Ha MECTOPOXAEHMSX BbICOKOBA3KOM HedTW, NpoBeOeHHbIX
nabopaTopHbIX UCCNeaoBaHWI, OLEHOYHbIX pacyeToB OXWOAaemMon [oObluM Ha CEKTOPHOW  reorioro-
rMapoAMHaMUYECKOW MOLENN, NOKa3biBaeT CHUXEHME OOBOAHEHHOCTU, yBennyeHme aobbium HedTH, NnpupocTa
TEKyLLEen N KOHEeYHOM HeTeoTaaum.

KnioueBble cnoBa: uibmpayuoHHbie uccriedosaHusi, 2uOpoduHamu4yeckoe MoOesuposaHue, MexHUKO-
3KOHOMUYEeCKasi aghghekmueHOCMb, nonumepHoe 3ago0HeHue (I13), onbimHo-npomsiciosoe ucrnsimaHue (OF1N).

1. INTRODUCTION

Traditional methods for increasing oil
recovery in high-viscosity and heavy oil fields are
aimed at reducing its viscosity and increasing
mobility by injecting the heat into the reservoir. In
some cases, thermal methods do not give a good
result, for example, for thin-layered or deep-
seated formations. Currently, the chemical
methods of stimulation are the most commonly
used to increase the efficiency of oil field
development.

It was previously believed that polymer
flooding was limited to use only in fields with light
oil or with medium viscous oil, and thermal oil
recovery methods were strictly applied in fields
characterized by high viscosity oil (Babaytsev et
al., 2017; Kuznetsova and Rabinskiy, 2019;
Formalev et al., 2017; Gendler et al., 2019).
However, recently in world practice, this provision
is no longer observed in connection with the
successful use of polymer flooding for high-
viscosity oil, where thermal methods do not seem
feasible (Radyuk et al., 2019; Samarin et al.,
2019). With the accumulation of new knowledge
about the process, the development of new
polymer compositions, and the reassessment of
the rationality of polymer flooding parameters, this
technology becomes economically viable when oil
is extracted from reservoirs with a viscosity
exceeding 100 mPa-s (Buzinov and Umrikhin,

1984).

This article presents the results of an
analysis of the experience of applying technology
in analogous fields, physicochemical studies of
polymers, filtration studies on bulk models,
hydrodynamic modeling of polymer flooding and
the expected cost-effectiveness of introducing the
technology, as applied to the conditions of the
Karazhanbas field with high viscosity of reservoir
oil. The results of experimental studies and
hydrodynamic modeling of the polymer flooding
process shows high technical and economic
efficiency and gives the basis for field trial
(Delamaide et al., 2015; Orlov et al., 2001;
Lazarenko et al., 2019; Formalev et al., 2019;
Bulychev, 2019; Sultanbekov et al., 2020).

The experience of using analogs at
deposits, to compare the results of the technology
implementation at analogs deposits, the main
technological parameters were summarized in
Table 1 (Moe Soe Let et al., 2012; Delamaide et
al., 2013). In this article, according to the author,
we present the most striking example of the
application of polymer flooding technology in a
field with high viscosity of reservoir oil. The Pelican
Lake field is similar to the Karazhanbas field in
geological and physical parameters and is located
250 km north of Edmonton, Alberta, Canada.
Development began in 1980. The field covers an
area of 177.000 hectares and is part of the
significantly larger “Wabasca” oil field. Geological
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reserves are estimated at 6.4 billion barrels, and
oil recovery factor is in the range of 5-10%
(Delamaide et al., 2013).

The dissolved gas is used as the
development mode. However, the initial reservoir
pressure is low, and very little dissolved gas is
contained in the oil. Also, due to the high viscosity
of the oil, the first vertical wells drilled in 1980-1981
were unprofitable with a flow rate below 30 barrels
per day, characterized by an intensive drop to 10
barrels per day. The use of thermal methods could
not improve oil recovery due to heat loss in such
small thickness deposits. The introduction of
horizontal well drilling yielded slightly better results
in oil production by increasing coverage over the
area.

2. MATERIALS AND METHODS

Despite the high oil viscosity, the
conditions and characteristics of the field were
ideal for polymer flooding: low formation
temperatures, low water salinity, lack of active
water (aquifer), and high permeability values (Wei
et al., 2007; Manichand et al., 2010; Xiaodong and
Jian, 2013). The first polymer flooding test was
launched in 1996 in a cell with one injection well
and two responsive production wells. This FT was
unsuccessful due to the failure to achieve the
planned viscosity (100-200 mPa*s) (Akulshin,
2000). In addition, aquifer water in this area
contained a large amount of Fe?*. In this regard,
preliminary aeration of the solution was started
with the aim of changing Fe?* in Fe(OH)s. Despite
this, the injection decreased significantly due to
the clogging of the incorrectly installed filter by iron
particles, and the FT was stopped due to a change
of management and incorrect conduct of the FT
(Azga and Settari, 1982; Orlov et al., 2003;
Wassmuth et al., 2007; Delamaide, 2014; Sheng
et al., 2015; Sultanbekov and Nazarova, 2019).

The second FT was launched in May 2005
with a planned initial solution viscosity of 20
mPa*s, followed by a decrease to 13 mPa*s. After
analyzing the results of the first FT and laboratory
studies, it was found that there is no need for high
values of the viscosity of the polymer solution to
improve the mobility coefficient. In order to avoid
colmatization, it was also decided to reduce the
molecular weight of the polymer to 12.5*10°
Daltons. A cell of 5 horizontal wells with a
horizontal stem of 1.400 m and a borehole
distance of 175 m was selected as the FT site. The
response of production wells to injection was
observed in February, April, and September 2006
for each of the three wells. In the first well, oil

production increased from 18 bbl/day to 232
bbl/day, from 9 bbl/day to 364 bbl/day in the
central well, and from 16 bbl/day to 139 bbl/day in
the last well (Figure 1).

The main indicator of the success of
applying the PF is the relatively low rate of water
cut growth for all three wells compared to the
adjacent plot of water flow with normal flooding
(Figure 2) (Amelin et al., 1978; Amelin and
Subbotina, 1986; Barashkin and Samarin, 2005).
The cumulative injection is 0.3 d. pore volume
(PV), the final predicted oil recovery factor reaches
25%. Based on the results of the successful
conduct of the FT, it was decided to expand the
impact area and start the PF in new areas.

A FT was also conducted at Pelican Lake
to determine the effectiveness of the PF from the
very beginning of development instead of the
usual waterflooding and the regime of dissolved
gas and to determine the variability of the effect of
the PF with even more highly viscous oil.
According to the results, it was found that the
efficiency of oil production and improved oil
recovery as a whole increase. The use of oil and
gas at the present time indicates that the efficiency
becomes lower compared to an increase in the
viscosity of the oil, but nevertheless, the oil
recovery becomes higher compared to a
traditional refinery.

Based on the results of the successful
conduct of several field trials at the Pelican Lake
field, the effectiveness of PF was also proven for
oil with a viscosity of up to 10,000 cPs. However,
the effectiveness of PF in areas with an oil
viscosity from 1000 cPs to 2000 cPs remains
better and is characterized by a low rate of
increase in water cut (Bagrintseva, 1982; Amelin
et al., 1991; Amelin et al., 1994). With increasing
viscosity, this effect decreases, but in the end, a
significant increase in oil recovery is still achieved.
In the case when the PF is used as the primary
method of oil recovery from the very beginning of
development, the effectiveness of the PF reaches
its maximum value and is accompanied by a long
and stable selection of oil.

To align the injectivity profile and regulate
the waterflooding process, was used a technology
with polymer systems based on a water-soluble
AN-132 brand of acrylamide. Area of use, collector
type is terrigenous — porous. Productive zone of
the well occurring in the chalk deposits. They are
represented by sandstones and argillaceous
sandstones, characterized by alternating
formations with medium and high porosity and
permeability. The artificial bottom hole is 1330 m,
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the current bottom hole is 1291.5 m. The
accumulated injection is 4 056 344 m3 of water.

3. RESULTS AND DISCUSSION:

3.1. Site-Specific Conditions of the Karazhanbas
Deposit

The effectiveness of polymer flooding
technology is largely determined by the properties
of the reagents used. The selection of reagents
should be carried out, taking into account the
individual characteristics and development status
of a particular field (Balakin et al., 1998).
Associative polymers are one of the promising
types of polymers for highly viscous deposits.
These polymers have in their structure hydrophilic
and hydrophobic units of macromolecules and
consist of a long hydrophilic chain with a small
number of hydrophobic groups located along with
the main chain or at its ends (Barenblatt et al.,
1984; Barenblatt et al., 1992).

Associative polymers have a high
thickening ability in waters of various salinity, and
this fact is an advantage of associative polymers
over hydrolyzed polyacrylamides. Another
advantage of associative polymers is their higher
resistance to mechanical degradation due to the
more rigid structure of macromolecules (Figure 3).

The authors propose to test the technology
of polymer flooding with a combination of
straightening of the injectivity profile deep in the
reservoir. To do this, you need to choose two types
of polymer, one for displacement (PF), the other
conformance control (CC). When selecting a
polymer for the conditions of a particular field, one
should take into account: physico-chemical
properties of produced and injected water;
reservoir temperature; permeability and porosity of
the formation; pore size; reservoir heterogeneity;
mineralogical composition of reservoir rocks
(Barenblatt et al., 1960; Buzinov and Umrikhin,
1984; Bourdais and Algoa, 1984; Bourdais et al.,
1984; Basniev et al., 1993).

For flooding at the Karazhanbas field, its
own produced water is used (Table 2), the studied
water according to the Sulin type is referred to as
calcium chloride, with a total salinity of 26 g/l (at a
density of 1.018 g/cm3), with a predominant
content of chloride ions (15.7 g/l), pH of water at
the neutral level — 7.1 units. The reservoir
temperature of the Karazhanbas deposit in the
zones of water injection does not exceed 30°C.
The temperature regime of the reservoir is
favorable for polymer flooding.

3.2. Application of Polymer Flooding Technology

Permeability, porosity, the pore size of the
collector are interrelated factors, and their
magnitude influences the choice of molecular
weight and polymer size (Bourdais et al., 1983).
The molecular size of the polymer decreases with
increasing salinity of the water while increasing the
restriction on permeability. The molecular size of
the polymer is selected according to the existing
size range of the pore channels. Existing types of
polymers for PNP have a limit on the permeability
of at least 50 mD and injectivity of at least 50
m3/day (Vakhitov et al., 1980; Victorin, 1988). The
permeability of the productive horizons of the field
(against core, well logging, well test) vary widely
from units to several thousand mD. In the areas of
water injection, the injectivity is an average of 50
m3/day with restriction by the nozzle and can
potentially take more than 200 m3day and higher.
Existing ranges of permeability and injection well
regimes are favorable for polymer flooding (Vlasov
et al., 1997; Vlasov et al., 1998; Volkov et al.,
1998).

To assess the effectiveness of polymer
flooding in this work, we tested two types of
polymer: 1) for oil displacement (PF) — AR-RV-1
with a molecular weight of 7.39 million Daltons; 2)
for conformance control (CC) — AR-RV-2 with a
molecular weight of 15.15 million Daltons. The
experiments used real formation water purified
from oil products, solids, and iron ions (Table 2).
The dynamic viscosity of the solutions was
measured on an Anton-Paar automatic high-
precision viscometer in the ranges of shear rates
of 0-100s" and temperature of 40°C.
Measurement of the rheological properties of each
sample was repeated twice and averaged under
the condition of the minimal discrepancy; in the
opposite case, the measurement was repeated.
All samples of the polymer solution were prepared
under atmospheric conditions. The results of
physico-chemical analyzes and rheological
studies are presented in Tables 3-5 and in Figure
4. As follows from the presented tables and
figures, associative polymers have high thickening
ability, good filterability, excellent solubility, and
high resistance to aging under reservoir conditions
of the Karazhanbas field.

In this work, a series of filtration studies
were carried out to assess the effectiveness of
filtration in the low-permeable part of the reservaoir,
the blocking coefficient of the high-permeable part
of the reservoir, and to replace the residual oil after
flooding. Bulk models with layered heterogeneous
permeability, which are typical for the
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Karazhanbas field, were used as a reservoir
model. Model size: 4.5x4.5x30cm, permeability by
layers: 100/500/1200 mD, thickness by layers:
0.75/3.15/0.6 cm (Figure 5). The viscosity of the
model reservoir oil was 881.7 cps, a combination
of oil and diesel was used as model oil, the
temperature was 28°C. Figures 6-7 and Tables 6-
10 show the results of the studies. As follows from
the presented table and figure data, these
experiments confirm the positive ability of the
polymer solution to be filterable in the rock. This
can be seen by the pressure gradient of the
injection and its stabilization through 7-10 pore
volumes of pumping the solution.

The results of filtration studies are
presented in Tables 8-10 and Figure 7. As follows
from the presented figures and tables, the optimal
concentration of AR-RV-1 polymer in water was
2000 mg/l, and the optimal rim size was 0.3 units.
Pore volume (PV), the optimal concentration of the
CC rim, is 0.1 PV at a concentration of 3000 mg/I
of AR-RV-2 polymer. With this design of injection,
the maximum increase in the displacement
coefficient is reached and amounts to 19.07%.

The thickness of an effective oil-saturated
formation is not less than 10 m; weighted average
permeability over the thickness of the reservoir is
more than 200 mD; formation temperature — not
more than 70°C; bedding — more than three layers;
the coefficient of variation by bedding is less than
0.5; weighted average current oil saturation —
more than 0.45; absence of a gas cap; absence of
underlying water; absence or low degree of
fracture.

Based on the selection criteria, a site with
four conjugate elements of a 7-point waterflooding
system was selected. The calculation of
development indicators was carried out on the
model of non-volatile oil (Black oil model). The
prediction of polymer flooding was carried out on
the “Polymer flooding” module, with setting the
parameters of adsorption on the rock, polymer
viscosity, mechanical destruction, resistance
coefficient according to the results of laboratory
studies of this work.

The forecast of the main technological
development indicators was carried out in two
ways:

1) The basic option is to continue
flooding to 12/31/2034, while the injectivity and
production rates of the wells remain constant and
equal to the levels of December 2018.

2) Polymer flooding — from 01/01/2019
to 03/18/2020 injection of a polymer solution AR-

RV-2 with a concentration of 3.000 mg/I (viscosity
561.44 cPz), from 03/19/2020 to 10/24/2023
injection of a polymer solution with a concentration
of 2.000 mg/l (viscosity 39.56 cPs), from
10.25.2023 to 12.31.2034 water injection.

In the basic option, by December 31, 2035,
cumulative oil production will amount to 514.862
thousand tons, oil recovery factor 26.4%. In the
case of polymer flooding, by December 31, 2035,
cumulative oil production will amount to 724.2
thousand tons, an oil recovery factor of 37.1%.
The increase in oil recovery due to polymer
flooding will amount to 10.8%, additional oil
production — 209.338 thousand tons. The
dynamics of the development indicators for the
base case and polymer flooding option are
presented in Figure 8.

4. CONCLUSIONS:

The polymer solution AR-RV-2 shows
excellent blocking ability of highly permeable
channels, on average, when pumping from 0.2 to
0.6 units. The pore volume blocking coefficient is
more than 99%. Filtration studies on oll
displacement were carried out in three stages:

1. Tests to add oil with a polymer
solution of various concentrations after pumping
two pore volumes of water in order to determine
the optimal ratio of the mobility of displaced and

displacing phases and optimizing the
concentration (viscosity) of the polymer rim.

2. At the same concentration of the
polymer solution according to step 1, after

pumping two pore volumes of water, pumping the
polymer solution with different volumes of the rim,
in order to optimize the rim volume.

3. Modification of the design of rims
with the complex effect of PF and CC — pumping
of different variants of the rim and polymer
concentration (CC) during polymer exposure
taking into account stage 1 and 2.

The optimal concentration of AR-RV-1
polymer in water made up 2000 mg/L; the optimal
rim size was 0.3 units. Pore volume (PV), the
optimal concentration of the runway rim is 0.1 PV
at a concentration of 3000 mg/l of AR-RV-2
polymer. With this design of injection, the
maximum increase in the displacement coefficient
is reached and amounts to 19.07%.

To select a site for the field trial of polymer
flooding (PF FT), a two-stage screening of the field
was performed according to a number of
geological, physical, and technological criteria.
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During the first stage, an analysis was made of the
current state of development of the field by objects
in order to determine the site, and then, during a
detailed analysis of the site, waterflooding
elements were selected for the water treatment.

The analysis based on the experience of
applying polymer flooding in high-viscosity oil
fields, laboratory studies and estimated
calculations of the expected production in the
sector geological and hydrodynamic model shows
a decrease in water cut, an increase in oil
production, and an increase in current and final oil
recovery. An economic analysis, taking into
account the existing market situation, shows that
the payback index is 4.8 units, and the payback
period is 5 years. This direction for increasing oil
recovery is promising and requires further testing
at the Karazhanbas field.
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Table 1. The results of physico-chemical analysis of wastewater for pressure maintenance method

Index Results
pH medium 7.1
Density, g/cm?3 1.018
Calcium content (Ca®*), mg / dm3 1202.4
Magnium content (Mg?*), mg/dm3 608.0

The amount of potassium and sodium (K**Na*), mg/dm3 7 894.8

Chloride content (CI-), mg/dm3 15714.6
Sulfate content (S02+4), mg/dm3 Not detected
Hydrocarbon content (HCO33), mg/dm3 561.2
Mineralization, mg/dm3 26 008.0
Sulin type Cl-Ca
Total water hardness, mg-Equiv/I 110.0
Total iron content(Fe®*, Fe3*), mg/dm3 50.4

Table 2. Physico-chemical analysis of polymers AR-RV-1, AR-RV-2

Parameter AR-RV-1 AR-RV-2

Fact Valuation Fact Valuation
Molecular weight, mil. 7 39 ) 15.15 )
Daltons
The contentoof the main 92 51 >90 90.31 >90
substance, %
Degree of hydrolysis, %  20.6 15-25 16.96 15-25
Intrinsic viscosity, dl/g 12.6 10-30 22.3 10-25
Insoluble residue, % 0.88 <1 0.31 <1
Filterability, ea 0.6 <=1.5 1.04 <=1.5
Dissolution time, hr 3 3 3 3
Compliance with the Match Match

requirements

Table 3. Viscosity of polymers at various concentrations

Polymer concentration, ppm

Dynamic viscosity at 7,34c-1, cPs

AR-RV-2 (CC) AR-RV-1 (PF)
1000 275 13.3
2000 242.6 47.0
3000 540.6 70.0
5000 1162.0 199.8
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Table 4. The results of determining the resistance to the aging of polymers within 15 days

Resistance to aging, %

Polymer

0 days 7 days 14 days
AR-RV-1 (PF) 100% 99% 93%
AR-RV-2 (CC) 100% 97% 97%

Table 6. The results of the injection test of the polymer solution AR-RV-1 on the core

Polymer

Permeability . . Injection -
Polymer mD Porosity viscosity, stabilization Coefficient, U.
concentra- o cPs
. , % —————— pressure, :
tion, mg/l for for . . residual
in out mPa resistance .
gas water resistance
2000 200 29 16.2 47 345 2.07 213.32 31.53
2000 200 31 16.12 47 331 1.35 150.53 27.88

Table 5. Studies on the blocking ability of the polymer solution AR-RV-2

Pore volume Injection - .
Sample umped. unit ressure Permeability Blocking
permeability, mD pumped, P ’ after, mD coefficient, %
fraction mPa
370.2 0.2 0.379 3.5 99.05
352.9 0.4 0.79 1.8 99.49
419.2 0.6 1.06 2 99.52

Table 6. Results of filtration studies of the 1st stage

c Visco- Water . Oil Displacement ratio, %
oncentra- - No. . Porosity,
tion, mg/l sity, spec permeabi- % satura- , fore  after growth

’ cPs ) lity, mD tion %

0 1 6 213 15,46 59.77 26.79 30.19 3.4
1000 12 7 209 14,54 60.1 28 37.8 9.8
1500 23 2 205 14,76 60.36 27.65 4098 13.33
2000 35 3 218 14,57 60.8 27.71 4394 16.23
2500 48 1 212 15 60.4 27.25 4415 16.9
3000 64 5 201 14,22 59.81 27.76 45.1 17.34
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Table 7. Results of filtration studies of the 2nd stage

Polymer rim No. Water Porosity, Oil Displacement ratio, %
size, PV sp. permeability, mD % saturation % before after growth

0 6 213 15.46 59.77 26.79 30.19 34

0.1 8 198 14.7 59.86 27.6 35.2 7.6

0.2 9 197 14.13 59.78 27.29 4949 13.2
0.3 3 218 14.57 60.8 27.71 43.94 16.23

0.4 16 206 14.76 60.2 26.92 4432 174
0.5 4 203 14.34 60.36 27.06 45.64 18.58

Table 8. Results of filtration studies of the 3rd stage

" . " " — %
AR-RV-2 CC + V;?tc;o No. pe‘:vr:;zL . Poro- sa(t)l,::'a- Displacement ratio, %
- - 4 i o
AR-RV-1 PF cPs spec. lity, mD sity, % tion % before after growth
0 PV+0.3PV2000
mg/l -/135 3 208 14.57 60.8 27.71 43.94 16.23
0.05PV2000mg/I
+0.3pv2000mg/I 173/35 14 210 14.15 59.86 27.77 44.66 16.89
0.1PV2000mg/I+0
.3PV2000mg/I 173/35 10 203 14.39 60.43 27.2 45 17.8
0.05PV3000mg/I
+0.3pv2000mg/I 505/35 15 193 14.44 60.02 27.2 45.6 18.4
0.1PV3000mg/l
+0.3PV2000mg/l  505/35 30 209 16.11 60.44 27.04 46.11 19.07
Well layout for PF FT 500 100
4_:»? &w";»“ 1\»@”‘&»" 450 Well 15 - 34 90
400 80
350 - 70
£ 300 P
- 250 BF 50 %
5 3 200 a 2
31| 2 3 150 l 0
100 20
50 10
0 0
:;: Well 14 - 34 : Z Well 16 - 34 Z
P PF o §|Ewe -4
3 150 l i I, w *

Figure 1. Scheme of the implementation of the FT (a) and production dynamics by wells: (b) — well
15-34; (c) — well 14-34; (d) — well 16-34
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Figure 2. Scheme for the implementation of the water supply injection (a) and production dynamics in
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Figure 3. The molecular structure of associative polymers

| —e—aARRV2Z(FT) —=—ARRVA(PF)|
| Mineralization 26 g/l, T = 28°C |

Dynamic viscosity at 7.34 ¢'cPs
N ETEERERERER Y

s
-

= e s o] . S 5.
Polymer concentration . pee

Figure 4. Comparison of the viscosity characteristics of polymers AR-RV-1, AR-RV-2
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Figure 5. Three-layer artificial heterogeneous reservoir model of the Karazhanbas field

1.5 T T T 100
' | ot
\—-'—""""_H_Hf 1
1.2 | -1 98
[ ®
5 £
g 0.9 <96 8
3 E
8 8
o
E 0.6 -1 94 %
£ @
0.3 F -1 92
0.0 - L - L - 1 = 90
0.0 0.2 0.4 0.6 0.8
Pumped steam volume, d.

Figure 6. Studies on the blocking ability of polymer solution AR-RV-2
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Figure 7. The results of filtration studies of the 1st (a) and 2nd (b) stage
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