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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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K. Bissembayeva'", A. Khadiyeva', E. Mamalov’, G. Sabyrbayeva',
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RESEARCH OF THE PROCESS OF OIL DISPLACEMENT BY POLYMER
SOLUTION IN COMPLICATED GEOLOGICAL CONDITIONS

Abstract. The development of oil fields in the world is carried out using various
methods of stimulating the layer. In newly discovered fields, development work is
performed on behalf of the natural regime of the layer. The oil recovery factor (ORF)
is small. To increase the oil recovery factor, in most cases, they switch to the process
of oil displacement by water. Water injection leads to depletion of the field, early water
cut of production wells and a decrease in oil production in them. To further increase
of the recovery factor, it is necessary to switch to secondary and tertiary methods or
their combinations. These technologies should be energy efficient and inexpensive.
This article examines the displacement of oil from a depleted formation by a polymer
rim (polyacrylamide), which is pushed by a water-air mixture. The experiments were
carried out on a homogeneous formation model. Quartz sand was used as a porous
medium. The viscosity of oil at 20°C is 205 mPa.C, the density is 922 kg / m3. For
comparison, pure experiments were carried out, i.e. oil displacement only by polymer
rim of different concentration. Then experiments with the advancement of the polymer
rim with a water-air mixture.

Key words: Polymer, polyacrylamide, viscosity, mixture, water-gas, water-air
ratio, permeability, oil recovery, saturation, rim, lithological heterogeneity, geological
structure.
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K.T. Bucem6aeBa', A.C. Xaauena', E.H. Mammauio?, I.C. CaGbip0aeBal,
B.M. Hypaun6aeBa’®

'TII.EceHoB atbiaarbl Kaciuii MeMICKeTTiK TEXHOJIOTUsIIAP JKOHE HHKUHUPHHT
yHHBepcuTeTi, AKray, Kazaxcran;
2O3ipbaitkan ¥ arTeIK FeutbiMu AkaaeMusChIHBIH « MyHa# yoHe Ta3y WHCTUTYTHIHBIH
Kabar *KyHenepeHiy TuIpora3inHaMUKachh 3epTxaHachl, baky, O3ipOaiixaH;
’Kacmmii ynusepcuteti, Anmarsl, KazaxcraH.
E-mail: karlygasha bissemb74@mail.ru

KYPIEJI I'EOJIOTUSLJIBIK JKAFJIAUJIA TIOJUMEPIIK EPITIHIIMEH
MYHAMIbI BIFBICTBIPY YJAEPICIHIH 3EPTTEJIYI

AHHOTAIUS: ONeMJeri MyHall KeH OpBIHAAPBIH UTepy, pe3epByapra ocep eTyIiH
OipHere 9ICTepiH KOJIJIaHy apKbUIbI JKy3ere achipbliajbl. JKaHamaH anibuiFaH KeH
OPBIH/IAPBIHBIHBIH Ka0aTTapelH Hrepy TaOWFH PeKUMre OaiaHbIcThl. MyHalabI amy
koapunmenti (KUH) ocel mponecke karbictel a3 Oonanel. Cebebi, MyHaHIpl amy
KOA(QUIMEHTIH apTThIPY YIIiH, KOTI XKarF/aia MYHaHIbl CYMEH BIFBICTBIPY MPOLECiHE
komesni. Cy/pl aiiiay TEXHOJIOTHSICHIHBIH dCEPiHEH, KEH OPHBIHBIH/IA CAPKBLTY, OHIpYILI
YHFBIMAJap/IbIH MEp3iMiHEH OYPBIH CyJaHybIHA )KOHE MYHal OHJIPiCIHIH KYMBICHIHBIH
TeMeH IeyiHe oKelneti. MyHaiipl any KodQQHUIUEHTTIH OllaH opi apTThIPY YILiH eKiHIII
JKOHE VIIHII 9/icTepre HEMece OJIaplblH KOMOWHAIMsUIapblHA KOIly KakeT. by
TEXHOJIOTUSUIAP SHEPTHSIHBI YHEMJICHTIH yKoHE ap3aH O0ybl KepeK. byt sKyMbICBIMBI3Ia
MYHaMJIBIH TayChUIFaH KaOaTbiHAaH moiuMepi (TIoIMaKpuiIaMul) cy-aya KOCHachIMeH
aiiay apKpUIbl JKHETIMEH BIFBICYBI KapacThIpbuiaabl. ToxipuOernep OipTexTi Kadar
Mojelnine Kyprizuii. Keyekri opra peTiHae KBapil KYMbI aiaaaaHbuiibl. MyHalabIH
TyTKbIpiIbIFbl 20°C-ta 205 wmlla-fra TeH. Au, ThIFBI3ABIFBI 922 kr/m?. CalbICTBIpY
MaKcarbIH/a O1pTeKTi ToXKiprueOe )KYPri3isil, SFHH MyHAR 161 OPTY Pl KOHIICHTPALIHS IAF bl
MOJIMMEp JKHUEeTiMeH FaHa bIFbICTBIPY. ColaH KeiiH FaHa MOJUMEPAiH JKUETiH cy-aya
KOCTIaChIMEH JKBIJDKBITY TKiprOemepi Ky pri3iii.

Tyiiin ce3aep: I[lomumep, monuakpriIaMul, TYTKBIPIBIFI, KOCIACHI, Cy-Ta3, Cy-aya
KATBhIHACKI, OTKI3TiIITIri, MyHail Oepyi KOPCETKilli, KAHBIKTBUIBIFBI, JKHETi, JINTOJO-
THSJIBIK TETEPOTCH/IITIK, TEOIOTHUSUTBIK KYPBUIBIM.
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HNCCIEJOBAHUE ITPOIIECCA BBITECHEHUSA HE®THU
MNOJIMMEPHBIMU PACTBOPAMM B CJIOKHBIX 'TEOJIOTHYECKHUX
YCJIOBUSAX

AnHoTamus: Pa3paboTka HEPTSIHBIX MECTOPOXKICHHUH B MHUPE OCYIICCTBIISCTCS
C TPUMEHEHHEM pa3IMYHBIX METOJ0B BO3JACHCTBHS Ha IiacT. Ha BHOBbH OTKPBITHIX
MECTOPOKICHUIX pa3paboTKa OCYIIECTBISIETCS 32 CUET €CTECTBEHHOTO PEKMUMa IIIACTa.
Koadpunment nzpnedenus nedgru (KMH) npu aTom Hebonbimoit. s mossimenus KITH
B OOJILIIIMHCTBE CITy4aeB MEPEXOSIT Ha MPOLECC BHITECHEHHUS HEPTH BOJOH. 3aKadka
BOJIbl TIPUBOJMT K HCTOIIEHHIO MECTOPOXKACHUS, MPEKIACBPEMEHHONH 0OBOJIHEHHOCTH
JNOOBIBAIOIINX CKBAXHH W CHWDKEHHIO J00buM HedTH B HuMX. g nanpHeimero
noBeimeHns KIMTH HeoOXomumo nepexoanT Ha BTOPUYHBIE U TPETHYHBIE METOIbI MIIH UX
KOMOWHAIUH. DTU TEXHOJIIOTHH JOJKHBI OBITH YHEProcOeperaromuMi U HETOPOTUMHU.
B nanHOI crarbe paccMmaTpuBacTCsi BBITECHEHHE HE(TH W3 WCTONICHHOTO IUIACTA
OTOPOYKOHM ToJMMepa (MOoNMaKpHiIaMua), KOTopast MPOTaJIKUBAETCS BOAOBO3AYIIHOM
cMmechio. OTBITH TPOBOIMINCEH Ha OHOPOIHONW MOJIENH TU1acTa. B kauecTBe mopHCTOil
CpeIbl CIIOIb30BAJICS KBAPIIEBEIN Mecok. Bsskocts HedTn mpu 20°C pasHa 205 mIla-C,
WIOTHOCTD 922 kr/m®. J{yis cpaBHEHHsI ObLIM TPOBEICHBI YUCThIE SKCIIEPUMEHTHI, T.C.
BBITECHEHHE HE(PTH TOJIBKO OTOPOYKOHM IMOMMMepa pa3HOW KOHICHTpaluel. 3ateM
OTIBITHI C MPOABMKEHHUEM OTOPOUKH MOJIMMEpPa BOAOBO3AYIIIHON CMECHIO.

KuloueBble cjoBa: moiuMep, MOJHAKPUIAMHII, BA3KOCTh, CMECh, BOJOTA30BBIH,
BOJIOBO3/IyIITHOE OTHOIIEHHE, MPOHUIAEMOCTb, HE(TEOTAaua, HACBIIIEHHOCTh, OTO-
poUKa, TUTOJIOTHYECKasi HEOJIHOPOJHOCTh, T€0JIOTHYECKas CTPYKTypa.

Introduction. The practice of developing oil fields shows that the efficiency of the
development process is particularly affected by the complex geological structure of the
reservoirs and their lithological heterogeneity. Currently, the development of oil fields
with a complex geological structure and physic - chemical properties of fluids saturated
in productive reservoirs is carried out using active stimulation methods.

Timely identified causes of complications, which manifest themselves in various
geological and field operating conditions in a field with high-viscosity oil, are topical
problems. This is due to the fact that each working oil deposit of different fields differs
significantly from each other both in terms of the volumetric nature of the change in
the structural space of reservoirs, and technological and technological parameters. One
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of the most effective and promising methods for assessing the high viscosity of oil is
physical and chemical technologies based on the injection of polymer compositions.

The large-scale application of innovative technologies to enhance oil recovery, based
on the effective reduction of residual oil saturation while displacing oil with viscous
fluids, will provide long-term support for stable production from most oil fields at a
later stage of development. It is well known that the control of the viscosity of liquids is
achieved by using polymers. For these purposes, various grades of polymers are used.
Polymers are able to affect the rheological properties of water systems and form gels of
various densities (Kukin et al., 1982, Shevtsov et al., 2001, Polymers for oil extraction
et al.). The analysis of numerous works showed that the injection of polymers was
carried out both to increase production due to flow diverting actions, and as a water-
insulating material in production wells (Babaev et al., 2016, Manzhai et al., 2017, Toma
etal., 2017, Fedorova et al., 2012, Veliev et al., 2020).

Research Materials and methods. The use of polymer solutions allows the use
of various mechanisms for blocking or reducing the permeability of a water-saturated
porous medium. The limitation of water inflows in an oil well is explained by the
property of polyacrylamide (PAA) to adsorb on the surface of the pores or to form
crosslinked polymers that can clog the pores. A decrease in the mobility of the solution
was found with an increase in the concentration of the polymer (Sparlin et al., 1976,
Smith et al., 1970). Among the numerous works showing the effectiveness of polymer
flooding, there are works that deal with the low efficiency of polymer flooding at a later
stage of development (Aleazar-Vara et al., 2016). In the literature, there are a large
number of works devoted to the use of a water-gas mixture to increase oil production
from depleted formations (Drozdov et al., 2007, Mullaev et al., 2016). This article
discusses a technology based on the use of the above two technologies for stimulating
oil formations.

Research results. The studies were carried out on a model of a formation 0.84 m
long and 0.025 m diameter. Quartz sand with a fraction of less than 0.2 mm was used
as a porous medium. The initial data and the results of the experiments are shown in
Table 1. It can be seen from the table that the permeability of the porous medium in all
experiments was approximately the same. The initial oil saturation varied from 79.9%
to 85%. Initially, two experiments were carried out to displace oil from a depleted
formation with a polyacrylamide (PAA) rim. The experiments were carried out in the
following sequence. First, a depleted formation was created (stage I). For this purpose,
the displacement of oil from the formation was carried out by injection of distilled
water. Distilled water was used to eliminate the influence of salts in other waters on the
displacement process. After pumping 3-4 pore volumes of water and almost stopping
the presence of oil in the product coming out of the formation model, the displacement
process was completed. At the same time, there was still a sufficient amount of oil in the
formation. Table I shows the values of the oil recovery factor from the formation and the
residual oil saturation after experiments No. 1 and 2.
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Table 1 - Initial data and experimental results

PARAMETERS EXPERIMENTS
1 2 3 4 5

1 | Permeability:

by air, pm2 2,6 12,67(2,65|2,62 (2,57

by water, pm?2 1,8 |1,881,79| 1,8 [ 1,82
2 | Oil viscosity at 200C, mPa.C 205 | 205 | 205 | 205 | 205
3 | Oil saturation,% 85 |81,8(81,5|79,9 81,8
4 | Water saturation,% 15 |18,2]18,5]20,1 [18,2
5 | The volume of the rim of the PAA solution,% of the pore volume 43,8 (42,4141,2|41,4 42,4
6 | Concentration of PAA solution in the rim,% 0,5 10,25( 0,5 10,25 0,1
7 | Viscosity of PAA slug solution at 220C, mPa.s 188 | 38 | 188 | 38 | 12
8 | Oil recovery factor (ORF) for stage 1,% 53 43,7| 42 | 42 | 47
9 | Final recovery factor,% 78 | 50 |74,5| 67 [60,7
10 | Oil recovery factor,% 23 | 6,3 [32,5] 25 |13,7
11 | Residual oil saturation after stage 1,% 41,2 |51,5147,7|46,7 |44,8
12 | The amount of water released during stage I (V1), porous volume 4 |13,08|4,35|5,65(3,55
13 | The amount of water released during stage II (V2), porous volume 1,9 12,39|1,862,96 [2,92
14 | Water-air ratio, 10-3m3 / nm3 - - |79 85 [13,5
15 | Decrease in water cut, V1 /V2 1,89 1,29 (2,34 1,91 | 1,22
16 |Residual resistance factor, R 26 | 1,367 |38 |24

The volume of water taken for the stage was, respectively, in experiment No. 1 - 4
pore volumes, and in experiment No. 2 - 3.1 pores. volume. After that, we pump a slug
of polyacrylamide solution into the formation with a concentration of 0.5% (experiment
No. 1) and 0.25% (experiment No. 2). The fringe is pushed along the layer with distilled
water. The fringe of the polyacrylamide solution, depending on the concentration, has
a high viscosity (table 1, item 8), which is higher than the viscosity of water. This
contributes to a decrease in the mobility of the injected water, partial adsorption of
the polymer on the grains of quartz sand. All this leads to an increase in the residual
resistance factor and a decrease in water inflow at the exit from the formation model.
The residual resistance factor is determined by the formula:

R=np~nCl (D
np=APn /AP _, nq=q0/qrl 2)

where AP and q - are the pressure drop and liquid flow rate after injection of
polyacrylamide; AP and q - pressure drop and fluid flow rate before polyacrylamide
injection.The residual resistance factor was 2.6 in experiment No. 1, and 1.3 in
experiment No. 2. As can be seen from Table 1 and Fig. 1 (graphs 1 and 2), the amount
of water discharged from the formation model decreased by 1.89 times in experiment
No. 1 and 1.29 times in experiment No. 2. It should be noted that as the polyacrylamide
ridge advances, the polymer is adsorbed in the porous medium and diluted, which
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leads to a decrease in the viscosity of the solution. Partial water breakthrough occurs
towards the outlet end. This leads to an increase in the amount of withdrawn water and
a decrease in the volume of withdrawn oil. The final oil displacement ratio in tests No. 1
and 2 was 51 and 37%, respectively (Fig. 1, graphs 1 and 2). We see that the higher the
concentration of polyacrylamide, i.e. the more thickened the water on which the rim is
prepared, the higher the process indicators.
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amount of injected water in the pore volume, m3/m3

Figure.1. The dependence of the oil recovery factor from the volume of pumped water
1- experiment Nel slug injection in water volume interval 4,4-4,8 m*/m?
2- experiment Ne2 slug injection in water volume interval 3,4-3,8 m*/m>,
3- experiment Ne3 slug injection in water volume interval 4,3-4,5 m*/m’,
4- experiment Ne4 slug injection in water volume interval 6,5-6,9 m*/m°,
5- experiment Ne5 slug injection in water volume interval 3,9-4,4 m*/m’* .
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Figure 2. The dynamics of the sampled water in the experiments
I-experiment No. 1, 2-experiment No. 2, 3-experiment No. 3,
4-experiment No. 4, 5-experiment No. 5
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Despite this, there is still a fairly decent amount of oil in the formations: the residual
oil saturation was 30.6% in test No. 1 and 41.2% in test No. 2.

The results of these experiments show that for additional oil recovery from the
formation it is necessary to use new technology. One of these possible technologies is
discussed in this article.

The purpose of the experiments is to determine the efficiency of oil displacement
from a homogeneous formation by injection of a polymer rim and a water-air mixture.

Experimental studies were carried out in two stages. At the first stage, oil was
displaced with distilled water. The end of the first stage was determined by pumping
4-6 pore volumes of water through the formation or in the absence of oil in the product
taken at the outlet of the formation model, as in experiments 1 and 2.

Discussion. Thus, we get a depleted formation. Residual oil saturation in all
experiments was high, and oil recovery factor was not high (Table 1, items 8 and 11
and Fig. 1). Therefore, to ensure additional growth of oil from the depleted formation, it
was decided to switch to the injection into the formation of a rim of the polyacrylamide
solution, the movement of which is carried out by the injection of a water-air mixture.
The transition to the second stage was carried out by injecting a rim of a polyacrylamide
solution with a concentration of 0.1 into the formation; 0.25 and 0.5% and in the amount
0f 41.2-43.8% of the pore volume (Table 1). Pushing the polymer through the formation
is carried out with a water-air mixture. The use of a water-air mixture as a propelling
agent is caused by the ability of air (gas) and water to form an emulsion in the formation.
The viscosity of this emulsion differs from the viscosity of the injected water and, in
particular, from the viscosity of air (gas). The viscosity of the mixture in formation
conditions can be determined using the modified Einstein formula (Mullaev et al., 2016,
Voyutsky et al., 1976, Moldabayeva et al., 2021):

p =u (1+2,4R)  mPas (3)

where po - is the viscosity of water, mPa.s; Rc - volume fraction of air (gas) in the
water-gas mixture in formation conditions.

Rc — Vl'l'lf[
VinatVsaks. (4)

where V- is the volume of injected gas (air) in formation conditions, m3; V
volume of injected water, m>.

The increased viscosity of the water-air mixture should better push the polyacrylamide
solution into the formation and, therefore, more fully displace oil from the formation.
At the same time, the amount of withdrawn water decreases. Figure 2 shows this well,
and Table 1 (column 15) shows the degree of this decrease. Figure 3 shows the change
in the viscosity of the water-air mixture from the water-air ratio. We see that up to a
certain value of the water-air ratio, the viscosity of the mixture increases. Then they
stabilize. As we see, the beginning of the stabilization of viscosity values depends on

3aK.B.
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the concentration of the polyacrylamide solution. The lower the concentration of the
solution, the faster the maximum value is reached, and in the future, with an increase in
the water-air ratio, it remains practically constant. This is most likely due to the different
values of the residual resistance factor in the experiments (table 1).

peMm , mIla-c

3

2,5 Te——te—
2 1 3 /

// / 1
1.5

/4

0,5

0

- 3 3
0 2 4 6 8 10 12 14 B10.m/um

Fig. 3. The dependence of the viscosity of the mixture on the water-air ratio

1-experiment No. 3, 2-experiment No. 5, 3-experiment No. 4

The lower the concentration and, accordingly, the residual resistance factor, the faster
the high-viscosity emulsion is formed in the formation. The high-viscosity emulsion is
less prone to thinning the rim, retaining its properties for a long time and therefore
better displaces oil at a low water inflow. There is an increase in the oil displacement
coefficient and a decrease in the amount of withdrawn water (Table 1 and Fig. 1.2).

Conclusion: Thus, we see that the use of a polymer solution slug and a water-air
mixture is an effective technology. It improves both the efficiency of oil displacement
from the formation and the reduction in water flow. This technology should show itself
well in layered heterogeneous formations.
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