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Comparison of the chemical flood recovery efficiency
via experimental studies on the Pre-Caspian Basin core samples

This article examines the polymer and ASP flooding effects on the X field. Experimental studies were carried
out on core material from heavy oil to compare the effectiveness of these methods. Core data as a sampling
depth, porosity, permeability and core volume, as well as properties of reservoir oil and water were deter-
mined before filtration tests. At early stage of the study, an optimum composition of alkali-surfactant system
for combined flooding has selected. At the second stage, type of the polymer and its optimum/concentration
has been determined, both for the polymer and for the ASP flooding methods. The one-concentration values
have been used for a comparative analysis of the both flooding methods. At the final stage; the filtration tests
have been performed on the PLS-200 unit for the comparative evaluation of polymer/or ASP flooding effi-
ciency. The studies represent increased displacement coefficient through both recovery' methods. For this
field, the maximum total displacement coefficient with a value of 0.68 unitfraction is achieved when a solu-
tion of both the polymer and the polymer in combination with surfactant and alkali solutions affect. However,
the maximum displacement with coefficient 0.19 has been achieved by the ASP method.

Keywords: core samples, polymer flooding, ASP flooding, heavy oily surfactant, alkali, concentration, dis-
placement coefficient.

Introduction

Nowadays the hydrocarbon resource can be characterized by a significant increase in hard-to-recover
heavy oil reserves. The Pre-Caspian Basin remained highly concentrated on reserves of heavy oil and natural
bitumen; there is an increasing tendency due to'the depletion of light fraction. The yields are currently low;
the water breakthroughs are more rapid in more permeable layers and inter-layers, the field development be-
comes less profitable.

Oil reserves of such fields can be recovered with the use of tertiary recovery, for example, chemical
flooding method. These methods are not an innovation and have used around the world for more than
30 years. However, due to the development of technology and chemical industry, oil companies again turned
their attention to chemical methods. The main Chemical Enhanced Oil Recovery (EOR) includes technolo-
gies based on injection of surfactants, alkalis, gel and sedimentation reagents, and polymer solutions [1, 2].
Such flooding methods are widely used in countries such as Russia and China. For example, 80 % of applied
tertiary methods refer specifically to chemical EOR in Russia [3]. Also, there are successful examples of
polymer flooding in the Daging and Shenglioil fields in China, where in 2004, oil production increased to
14 % due to thepolymer injection and increased to 25 % due to surfactant / alkali / polymer injection [4].

It was agreed to carry out a laboratory test at one of the local oilfields based on such successful chemi-
cal methods abroad. The polymer and polymer / surfactant/ alkali systems are the most acceptable in order to
remove highly water cut heavy oil. The polymer greatly influences the water viscosity, because of which the
solution mobility ratio was reduced and displacement efficiency was increased [5, 6]. The use of water-
soluble polymers allows improving the front of oil/water displacement, to extent the water-free operation,
which as a result contributes to the increased oil recovery [7, 8]. The combination includes surfactant solu-
tions to reduce the interfacial tension between oil and water, which leads to improved rheological and filtra-
tion properties of the oil and microemulsions stabilized by surfactants.

In many websites and articles, both a polymer and ASP flooding methods are applied at various fields
with theoretical justification, the field and experimental data [9—15]. Based on the review results, both meth-
ods have demonstrated good oil displacement properties, suitable for heavy oil located at the West Kazakh-
stan field. Therefore, in order to identify an effective flooding method, the laboratory tests have been carried
out on core samples from Pre-Caspian Basin. When selecting test samples, factors such as reservoir type,
average porosity and the permeability, reservoir temperature and water salinity have been taken into account
[16]. Based on the above, the laboratory tests have been carried out on X field chosen as comparative study
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for heavy oil displacement and identification of an effective method. Data on core samples from his field is
presented in Table 3 and the parameters of the reservoir water are presented in Table 1.

Experimental

Experience with late stage development project has shown the high water cut and high level of viscosi-
ty. The field has several productive horizons, which has represented by sandy siltstone with the medium- and
high-permeable layers having average porosity of 34 %. The net pay thickness reaches up to 10 meters and
has a reservoir temperature of about 24-30 °C, which are acceptable indicators for polymer flooding.

Cretaceous deposits were selected for the study; core samples with a diameter of 3.8 cm and 5.8 cm
have been used. The studies were carried out on four core models with porosity about 33 %. To determine
the effect of permeability the cores were selected varying within the range of 400-2300 mD. Core sampling
was made manually with subsequent laying out. Upon selection, all samples have been sent for the extraction
from mineral oils, water and salts [17, 18]. After core preparation, the next step was to prepare oil and reser-
voir water. Oil sample was selected manually from the field; water was prepared under laboratory conditions.
The reservoir water was prepared based on its chemical composition using the salt types specified in Table 2

[19].

Table 1
Reservoir water parameters (initial data)
. Ion content (mg/L)
Horizon HCO,' Br Cl Na+K' Ca" Mg"
M-I 268.0 8.22 71672.0 41069.0 2405.0 1459.0
Table 2
Necessary salt amounts to create reservoir water
M-II
No. Salts o/l
1 |Sodium bicarbonate (NaHCO;) 0.369
2 |Sodium bromide (NaBr) 0.011
3 |Magnesium chloride (MgCl,-6H,0) 12.204
4 |Calcium chloride (CaCl,) 6.660
5 |Sodium chloride (NaCl) 78.047
6 |Potassium chloride (KCI) 19.571
Total mineralization 116.861

The next step was the selection of the surfactant / alkali / polymer systems. The lauryl sulfate was used
as a surfactant; the sodium hydroxide was used as an alkali. These reagents were prepared in the reservoir
waters in the desired concentrations and mixed until complete dissolution has occurred. A phase behavior
study of the surfactants and alkali at the oil/water interface was made for the selection of a suitable ASP so-
lution. The following factors have been taken into account for selecting the most suitable polymer for this
field:

= high-water solubility;

— high viscosity at a given concentration;

— emulsion stability;

— economic parameters.

Based on the above characteristics a FloPaam 5205 VHM polymer having a concentration of 2500 ppm
has been selected for the study. Then the main experiment has implemented on the filtration unit. PLS-200
system with four hydrostatic core holders was used for filtration tests. Core samples have been initially satu-
rated with water, and then inserted into the hydrostatic core holders of the equipment [20].

The saturation process of the water samples was performed on an automatic saturator (AST-600), which
allows selecting the time of air extraction and saturation pressure in an automated manner for fast and com-
plete saturation of the core samples. The studies were carried out on four core samples. The filtration tests
were carried out using two-cylinder high-pressure syringe pumps and piston displacement cylindrical tanks
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for the supply of reservoir water and polymer solutions. All experimental studies were carried out at the lack
of back pressure, since the liquid volumes were calculated by the method of material balance. The experi-
ment was carried out in the following sequence:

1. Samples were saturated 100 % with water, which then was displaced by oil to create reservoir condi-
tions.

2. The stage of water/oil displacement was carried out to determine the displacement coefficient. In this
regard, measuring tubes were installed at the core holder outlet to count the recovered oil. The water/oil dis-
placement coefficient was determined by the ratio of the displaced oil ¥, to the initial oil volume and was
calculated by the following formula:

V.

init o

3. After the injection of 6—8 pore volume and bringing the water cut to the 95-99 %, a selected alkali /
surfactant system was injected at a 1-1.5 of the pore volume (only for ASP flooding).

4. Then 2500 ppm polymer solution was injected. Polymer injection continued until the water cut
reached 99 % when the pressure was stable.

Results and discussion

Filtration studies on the effectiveness of polymer systems (polymer and ASP flooding) were carried out
on four core samples. Table 3 represents the investigation data indicating the sampling intervals and the typi-
cal parameters.

Table 3
Core samples and results
Name | Value
Core data
Model number No.l No.2 No.3 No.4
Depth, m 258.75 258.75 258.85 260.8
Diameter, cm 3.82 3.83 3.81 3.8
Cross section area, cm’ 11.47 11.52 11.42 11.34
Pore volume, cm’ 24.69 24.68 21.58 27.05
Air permeability, mD 724.1 1460 393.5 2370
Porosity, % 37.27 36.76 32.87 37.27
Experiment data
Flooding method ASP | Polymer
Temperature, °C 20
Oil viscosity in the experiment, mPa-s 407.4
Water viscosity in the experiment, mPa-s 1.05
Polymer concentration, ppm 2500
Alkali/Surfactant congentration, gram 0.02/0.6 | 0.02/0.8 | 0 | 0
Experiment results

D1§placement coefficient in water injection, 051 049 0412 0.58
unit fraction
Re.SIdual .011 saturation after water injection, 0.265 0315 0.476 0.343
unit fraction
D1§placement coefficient in polymer injection, 0.60 068 051 068
unit fraction
Re.s1dua1 .011 saturation after polymer injection, 022 020 0416 0275
unit fraction

For the filtration studies on ASP flooding it was necessary to predict the phase behavior of all the in-
jected liquids. For this purpose, the different alkali/surfactant solutions were prepared in the reservoir water.
According to the experiment the following results were achieved:

— the surfactant concentration of 0.02 % reacts without sedimentation,

—the alkali concentration of 0.6 % and 0.8 % demonstrates the low sedimentation at the Cretaceous

horizon. Therefore, the following concentrations were chosen for filtration studies:
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a) 0.02/0.6;
b) 0.02/0.8.
Surfactants and alkalis should not be used for polymer flooding. The results of the filtration studies are
shown in Figure 1.
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Figure 1. The values of displacements/at a polymer and an ASP flooding method

In the Figure above, models 1 and 2 are related to-ASP flooding method. Oil displacement by water in-
jection reaches 0.51 unit fraction for the first' model and is 0.49 unit fraction for the second model. Then re-
mained oil is displaced by surfactants / alkali solutions, which gave absolutely different results for the both
model. For example, the first model, which has a surfactant concentration of 0.02 and alkali concentration of
0.6, does not provide additional extraction. However, an increase in alkali concentration to 0.8 for the second
model showed an increase in displacement coefficient for 5 %. Models 3 and 4 demonstrate only polymer
flooding, where oil initially displaced by reservoir water then by polymer solution. Based on the results of all
four models, a polymer flooding has shown the low displacement equal to 0.51 unit fraction, and both poly-
mer and an ASP flooding have shown the maximum displacement equal to 0.68 unit fraction. In addition,
there were signs of increase in displacement coefficient when increase the permeability. The relationship be-
tween the displacement coefficient and permeability has shown in Figure 2.

g 070 o ®

= 0.60 5]

-~

g 050

3E

E £ o4

S5 o e Model 1
s & 030

2 ¢ Model 2
o 0.20

_ij Modeil 3
& 0.10 e Modeld
-]

~ £nn e 1 En0 P senn

air permeability, mD

Figure 2. Dependence of displacement coefficient on core sample permeability
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Conclusion

The following results have been obtained during the experimental studies. Firstly, when choosing a sur-
factant/alkali system, it is not enough to study only the phase behavior of polymer solution at the oil/water
interfaces; the key element to achieve the effectiveness of solutions is to carry out filtration tests. Secondly,
filtration tests with polymer concentration 2500 ppm have shown an equally high displacement coefficient
for both flooding methods. However, this value of 0.68 unit fraction was achieved by polymer and water in-
jection. To obtain more accurate data on the effect of chemicals, the displacement coefficient was calculated
only for injected solutions without effect of water displacement and study showed the following results:

a) for model 1, the displacement coefficient increases by 9 % for polymer flooding; there is no dis-
placement due to combined surfactant/alkali flooding;

b) for model 2, the displacement coefficient increases by 5 % in surfactant and alkali injections and in-
creases by 14 % in polymer flooding and showed 19 % increase due to the chemical flooding;

¢) for models 3 and 4, the displacement coefficient increases by 10 % in polymer flooding.

Based on these results, the maximum incremental production of 19 % has achieved. only with ASP
flooding. Undoubtedly, the oil/water displacement also depends on the permeability; which has shown in
Figure 2. However, the incremental production for the first core model reached 9—10.% at.a lower permeabil-
ity of 724 mD within ASP flooding and at a higher permeability of 2370 mD within polymer flooding. This
is another proof of effectiveness of the ASP flooding method. The laboratory results prove that an ASP
flooding is more developed and effective oil recovery method compared to polymer flooding.
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A K. Haykenosa, XX.b. Kyatos, b.E. bex6ayos, P.b. Mep0aeB

MyHaii Oepyai apTTBIPpY/ABIH XUMHMAJIBIK dliCTePiHiH THIMAITITIH
Kacnuii MaHbI 0finaThl Tay *KbIHBIC YJTiIepiHae IKCIIePUMEHTTIK
3epTTeyJepi KYPrizy apKbLIbl CAJIBICTBIPY

Makasazna Gpu3rka-xuMHUSIIBIK d1icTepMeH X KeH OpbIHbIH/IA KOWHAY KaTKa ocep eTyJIe HOJIMMEpIIi KoHe apa-
Jac Cy TOFBITYIObl KOJIaHy KapacThIpbUiabl. OCbl OIiCTEpAiH THIMAUIINH CaJbICTBIPY MaKcaTbiHIa
TYTKBIPIBIFBl JKOFApbl MYHAWIIBl KEpH YJCIepiHAe SKCIEPUMEHTANIbI 3epTTeyiep Kyprizingi. Kepn
JIepeKTepi: KepH/i IpiKTey MHTEPBAIbI, KEPHHIH KSYEKTLIIr, OTIMILTIT jXoHE KeJieMi, COHai-aK KaOaTThIK
MyHall MEH CyABIH KacuerTepi (GHIbTPAlMSUIBIK 3epTTEyJIep OTKi3iIreHre NeriH aHBIKTALgbl. 3epTTeymiH
OipiHIni Ke3eHiHZe apamac Cy TOFbITy yiniH BA3 »oHe cinTi epiTiHAUTepiHIH OHTAWIbl apaKaThIHACKI
TaHAanAbl. EKiHII Ke3eHJIe MONMMEpIIiK JKOHE apaiac omicTep YIIH HOJUMEpPAiH TYPI TaHJaJbl jKoHE
OHTAMIbl KOHLEHTPALMACHl aHbIKTaXAbl. Cy TOFBITYIBIH €Ki {TOCUIH CalbICTBIpMaibl Tajjay YIIiH
KOHIIEHTPANMSICBIHBIH Oip MOHIH MaipanaHy memingi. KopsITEIHIB Ke3eHae MOIuMepIiK jkKoHe apanac cy
TOFBITY OMICTEPiHIH THIMALNIIIH CaJbICTHIpMANbl Oarajay YIIH (GWIBTpAanusuIsIK 3eprreynep PLS-200
KOH/IBIPFBICBIH/IA OpbIHAAIABL. JKyprisiireH 3eprreyiep HOTHKCCIHIE aHBIKTAIFaHAAH, OCBI €Ki OMiCIeH
KOMHay KaTKa ocep eTy Ke3iHJe BIFBICTHIPY K03 (dHUnueHTiHiH ocyi OaiKanasl. OCkl KeH OpHBIHIA ITOJIMEp
epiTiHaiciMeH MeH nonumepain BA3-0eH jxoHe cinTi MeH/KOMOWHALKSIaFbl epiTiHALIepi MeH KOoifHay KaTKa
acepi Ke3iHAe ©H JKOFapFbl JKUBIHTBIK BIFBICTBIPY KOd(GQuuMeHTiHIH MoniHe 0,68 ynecTik OGipmik Koi-
JKETKI3inai. Anmaiiia erep KoiHay KaTKa TEK XHUMUSUIBIK 9CEpIi €CKepCeK, OHMA BIFBICTHIPY KO PHIMEHTI
cotikeciniue 0.1 xone 0.19 Tex 6omanp, Oy apanac 91ic THIMALTITIH KOPCETe .

Kinm co30ep: Tay *BIHBI CYITLIEPI, IIOJMMEPMEH Cy TOFBITY, KOMOMHALMSIIBIK Cy TOFBITY 9JIiCl, TYTKBIPIIBIFBI
JKOFaphl MyHail, BA3, ciiTi, KOHIEHTpanusl, BIFEICTHIPY KO3 QUIUEHTI.

A.K. HaykenoBa, JK.b. Kyaros, b.E. bex6ayos, P.b. Mep6aes

CpaBHenue 3¢ GeKTUBHOCTH (PU3UKO-XUMHYECKUX METOI0B YBeJINYeHU I
HedTeoTIAYH Iy TEeM IKCIEPUMEHTAIbHBIX HCCJIeJ0BaHUM
HA KePHOBBIX 00pa3uax mecropo:xaennii [lpukacnuiickoii BnaguHbl

B crarhe paccMOTPEHO MoJIMMepHOe H KOMOMHUPOBAHHOE 3aBOJHEHHE JUI (PM3UKO-XUMHYECKOTO BO3JCHCT-
BUS HA IU1acT MecTopokaeHus X. [t cpaBHeHns 3(GEKTHBHOCTH JaHHBIX METO/IOB ObLIN MPOBEJICHBI 3KC-
HEePUMEHTAIBHBIC UCCIIEI0OBAaHNS Ha KEPHOBBIX 00pa3liax, COAEpXKaIMX BBICOKOBs3KHe HedTH. [JaHHbIE Kep-
Ha (MHTEpBaI 0TOOpA, MOPUCTOCTH, IIPOHHUIIAEMOCTh, 00BEM, a Takke CBOWCTBA IIACTOBOM He(TH M BOIbI)
OBUIM OIIpe/IeNICHEI 10 POBEACHIS (DIIIBTPALOHHBIX HcclienoBanmii. Ha mepBoM sTane nucciexnoBaHuii ObLIO
MoJ00paHo ONTHUMAIBHOE COOTHOIIEHHE pacTBOpoB ITAB m menodeil a1t KOMOMHHPOBAHHOTO 3aBOJHEHHUS,
Ha BTOPOM dTarle ObUIH BBIOPAHBI TUIT HOJIMMEPA U ONTUMAaNbHAasl KOHIIEHTPAIHS KaK I HOJIUMEPHOT0, TaK 1
JU1si KOMOMHUPOBAaHHOTO MeTona. Il CpaBHUTENBHOTO aHalIM3a ABYX CIIOCOOOB 3aBOAHEHMS OBUIO PELICHO
UCIOJIb30BaTh OJTHO 3HAYEHHE KOHLEHTpauuu. Ha 3aKkIi0unTeNIbHOM 3Tane A CPaBHUTEIBHOM OLEHKH 3¢-
(hEeKTHUBHOCTH MOJIMMEPHOTO 1 KOMOMHHPOBAHHOTO 3aBOJHEHHS ObLIN BBINOJIHCHBI (MIBTPALIMOHHBIC HCCIIE-
noBaHus Ha ycraHoBke PLS-200. B pesynpraTe npoBEeIeHHBIX UCCIEIOBAHHH yCTAaHOBIEHO, YTO MPU 000UX
METOoJ[axX BO3/EHCTBHS Ha IUIACT HAOMIOZATOCH yBENMUeHHE KOd(h(HIEeHTa BEITeCHEeHUs. s TaHHOTO Me-
CTOPOXKJEHHS MAaKCHMAJIBHBIH CyMMapHBIH K03((GHUINEHT BHITeCHEHHs co 3HadeHueM 0,68 momm ex. mocTu-
raeTcs IPH BO3/ICHCTBUU PAcTBOPOM Kak MOJHMMEpa, TaK U MOIMMepa B KOMOMHAIMHK ¢ pactBopamu [TAB n
menoun. OHAKO €CIM y9ecTh TOJBKO XMMHUYECKOe BO3JCHCTBHE Ha IUIACT, TO KOX()(UIMECHT BBHITECHEHUS
6yner pasubiM 0,1 1 0,19 cOOTBETCTBEHHO, YTO MOKa3bIBaeT IPPEKTUBHOCTH KOMOMHUPOBAHHOTO METO/IA.

Kntouesvie crosa: KepH, NMONUMEPHOE 3aBOJHEHUE, KOMOMHHPOBAHHBIH METOJ 3aBOJHEHHS, BBICOKOBS3KAs
HedTh, [TAB, menoup, KOHIEHTpaNKs, KOIGPHUIHMEHT BHITECHEHUSL.
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