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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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LN. Aliyev

Azerbaijan State Oil and Industry University.
E-mail: inqilab.aliyev@asoiu.edu.az

HYDRODYNAMIC CHARACTERISTICS OF ONE DIMENSIONAL
DISPLACEMENT OF OIL BY LIQUID

Abstract. This article deals with a technique that has been developed for the purpose
of calculating the displacement of oil by a homogeneous liquid based on hydrodynamic
law considering the physical properties of fluids and reservoir permeability. Taking into
consideration filtration methods and materials for underground hydraulics, volume flow
of oil, time of the contour advancement and the total time of hydrocarbon extraction are
determined.

Itisknown that with increasing depth, the methods of influence become more complex.
In this case, it is more appropriate to use combined methods of exposure. Increasing
the impact of various reagents also increases the productivity of the well, since in this
case the method makes it possible to control the total production by hydrocarbons. To
increase the productivity of wells, various methods are used, the purpose of which is
to increase production, and thereby increase oil recovery from reservoirs. The most
used method is water injection. However, such a problem is often very complex and,
therefore, a limited number of methods are applicable to its solution.

So, in previously published works, to solve the problem, the viscosities of oil and
water are equated. At the same time, it is believed that the oil and water permeability are
also equal. Such a formulation distorts the results obtained.

To solve this problem, the authors reject such a formulation. At the same time,
the results obtained are more applicable in practice, which makes it possible to more
realistically apply this technique to solve numerous problems for enhanced oil recovery.

It should be noted, that the process of injection another fluid into the reservoir gives
additional energy to the reservoir that is, in this case, the reservoir pressure increases
and ultimately has a positive effect on increasing oil production. At the same time, the
physical properties of the injected fluid also affect the productivity of production wells.

In a particular case, this also affects the oil recovery. However, when sweet or
formation water is injected, in some cases, an increase in well water cut is observed,
which sharply reduces the cost of oil produced, that is, regardless of the production
method — naturally flowing, gas lift or mechanized - water cut dramatically affects oil
recovery.
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The proposed work, in a particular case, makes it possible to regulate the process of
advancing the water-oil-bearing contour in the reservoir, creating a displacement process
in the reservoir, which is of a piston nature, which in practical conditions contributes to
an increase in oil production and a decrease in water cut in production wells.

Key words: oil and water permeability; dynamic viscosity; contour and bottomhole
pressure; volume flow; displacement time; permeability; porosity; pressure gradient.

HN.H. Annes

AzepOaitmxanckuii [ocynapcreennsiii YausepeuteT Hedru u [IpombinuieHHOCTH.
E-mail: inqilab.aliyev@asoiu.edu.az

I'maPOIMHAMMNYECKHUE XAPAKTEPUCTUKHN OJHOMEPHOI'O
BBITECHEHUA HE®TH KNIAKOCTBIO

AnHoTanusi. B crarbe paccmarpuBaeTcs METOAMKA, pa3paboTaHHas IJsl pacueTa
BBITECHEHHSI HEPTHU OJHOPOJHOM KUIKOCTHIO HA OCHOBE THIPOINHAMUYECKOTO 3aKOHa
¢ y4eToM (PU3MYECKUX CBOMCTB (MIIOMAOB M MPOHUIAEMOCTH KosuiekTopa. C ydeToMm
METONOB (DMIBTpAaMM W MaTepualioB Ul MOA3EMHOM THIPOTEXHUKU OIPEACIISIOT
00BbeMHBIN pacxox HeTH, BpeMs MPOABIKEHHS KOHTYpa U o0lee BpeMs: U3BJICUCHUS
yIIEBOLOPOIOB.

W3BecTHO, 4TO € yBenMUEHHEM IITyOWHBI METOIBI BO3ACHCTBHS YCIOKHSIOTCS.
B atom cnywae Oonee uenecooOpa3HO MpUMEHEHHWE KOMOMHUPOBAHHBIX METOJOB
BO37ICHCTBUSA. YBEIMUYEHNE BO3IEHCTBUS pa3IMuYHBIMU peareHTaMH TakKe yBETNYUBAET
MIPOM3BOIUTENILHOCTh CKBAKUHBI, TaK KaK IPU 3TOM METOJ [JaeT BO3MOXHOCTh
perynupoBaHusl CyMMapHOU TOOBIYM MO yriieBopopoAaM. st yBenTuueHus MpOU3BO_
JUTENbHOCTH CKBaYKHH IPUMEHSIOTCSI PA3JIMUHBIE METO/IBI, LIEJIb KOTOPHIX —yBEJINYHNBATh
N00BIYY, U TEM CaMbIM yBEIMYMBATh HeTeoTAauy miactoB. Hanbonee npuMeHseMbIM
METOZIOM SIBJISIETCS 3aKauka B IJ1acT Bojbl. OIHAKO YacTo Takas 3ajjada ABJSETCS OUeHb
CJIO’KHOM 1 TIO3TOMY JUIA €€ pelIeHNs] IPUMEHUMO OTPAaHUYEHHOE YHCIIO METOJOB.

Tak, B paHee onmyOIMKOBaHHBIX paboTax il PELICHUS 3aJaud BSI3KOCTH HE()TH H
BOJBI IPUPABHUBAIOTCS. [IpH 9TOM, CUMTAIOT, YTO MPOHULAEMOCTH MO HEPTH U BOAE
TOXKe paBHBI. Takas MOCTAHOBKA UCKAYKAET MOJIyYEHHBIE PE3YJbTATHI.

g perieHns naHHOW 3a7a4M aBTOPHI OTBEPraloOT TaKylo MOCTAaHOBKY. [Ipu sTom
MOJTy4YeHHBIE pe3ynbTaThl Ooee MPUMEHHUMBI Ha MPAKTUKE, YTO JAeT BO3MOXKHOCTD
Ooee peasbHO MPUMEHSTH JaHHYIO METOAUKY AJISl PELICHHUsT MHOTOUMCIICHHBIX 3a/1a4
JUIsl yBENWYeHUS] He(hTEOTIauH [IIaCTOB.

Heo0xonuMo OTMETHTb, YTO MpOLECC 3aKauKW B IJIACT WHOM JKUIKOCTH JaeT
JIOTIOJIHUTENBHYIO HEPTHUIO TJIacTy, TO €CTh B ATOM CIIyyae YBEJIMYHUBAETCS IIaCTOBOE
JIaBJICHUE U B KOHEYHOM HTOTe OKAa3bIBAeT IOJIOKUTENILHOE BJIMSHUE HAa yBEJIUYEHHE
o0bemMoB 100b1un HedTu. [Ipu sTOM (u3MUeckne cBOMCTBA 3aKa4MBaEMOM JKUAKOCTU
TaKKe BIMAIOT Ha TIPOU3BOIUTEIBHOCTD JOOBIBAIOIINX CKBAKUH.

B wactHOM citydae 370 BiusieT 1 Ha HedTeoTaaqy. OHAKO MPH 3aKavyKe IPECHOM UK
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ITACTOBOW BOBI, B OTACIBHBIX CiIydasx HaOMonaeTcs pocT 0OBOIHEHHOCTH CKBAXKUH,
YTO PE3KO CHIKAET ce0eCTOMMOCTh I00bIBaeMOii He(DTH, TO €CTh HE3aBHCHUMO OT CIIOco0a
J00BIYM — )OHTAHHBIN, ra3MMQTHBIA WK MEXaHU3UPOBAHHBIN — 0OBOJHEHHOCTh PE3KO
BJIMSCT Ha HepTeoTnAUY.

[Ipeanaraemass paboTa, B YacTHOM ciyd4ae, JaeT BO3MOXKHOCTb PEryJIHUpOBATH
Mpolecc NPOABMKEHUSI KOHTypa BOJOHE(TEHOCHOCTH B TIACTE, CO3/aBasl B IUIACTE
MIPOLIECC BBITECHEHUS, KOTOPbIII HOCUT MOPIIHEBOW XapakTep, 4TO B MPAKTHUYECKHUX
YCIIOBUSIX CIIOCOOCTBYET YBEIMUEHHIO JOOBIYU HEPTH U yMEHBILICHHIO OOBOAHEHHOCTH
IKCILTYaTallMOHHBIX CKBa)KUH.

KiioueBble ciioBa: mpoHUIIaeMOCTh HE(PTH W BOIbI; AMHAMHYECKAsl BSI3KOCTD;
KOHTYpHOE M 3a00WHOE AaBJCHUE; OOBEMHBIH PAacXol; BpeMsl BBITCCHEHUs, MPOHU-
LaEMOCTb; MOPUCTOCTh; TPAJUEHT JaBIEHUS.

Introduction. Field practice shows that for many decades the development of the
oil industry was carried out by drilling production wells and extracting hydrocarbons
from reservoirs and horizons as a result of the use of resources of all natural types of
reservoir energy. Water is a companion of oil from the moment of its formation, and
the appearance of formation water in production wells was considered as contingency.
However, it was noticed that more oil was extracted from wells where water appeared,
and production was stable. At the same time, the problem of increasing the efficiency of
oil displacement from the reservoir arose. As well, the natural water-drive mode of oil
field development was adopted in the most efficient way. However, this method was first
put forward in the post-war years.

The applicability of water injection, the displacement process in oil fields around the
world is due to indisputable advantages:

a) the availability of water;

b) relative ease of injection implementation;

c) relatively high coefficients of oil displacement efficiency by water.

At present, conventional oil flooding, the process of oil displacement by water is the
most effective method of enhanced oil recovery.

The process of oil displacement by liquid is aimed at replenishing reservoir energy
resources and improving the ratio of viscosities of the displaced (oil) and displacing
liquids. Therefore, the improvement of systems and technology for oil displacement by
liquid are the main directions for increasing oil recovery from reservoirs and the volume
of recoverable oil reserves.

The development of systems, technologies and methods for flooding oil fields in
the world occurs simultaneously and independently. The analysis showed that the
main aspects of the process of oil displacement by liquids with different physical and
chemical properties, as a result of the complexity of the waterflooding principle, include
the start time of waterflooding, the order of well drilling, well grid placement systems,
waterflooding systems, process technology, etc.

Literary analysis shows that these works mainly consider the general principles of
displacement. However, this paper considers the general case of oil displacement by
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water or other liquids that have different physical properties, both under atmospheric
and reservoir conditions.

It should be noted that although the development of oil deposits makes it possible to
study the structure of reservoirs, determine the mechanism of oil movement in reservoir
conditions and use reservoir energy more economically, nevertheless, flooding of oil
fields is carried out at associated high costs, which indicates the relevance of studying
the displacement process in our time.

Theory and mathematical model. Field experience reveals that the task of oil
displacement by water or gas represents a large theoretical practical process. The so-
called secondary oil production methods consist in injecting water into oil reservoirs,
which in the process of development essentially reaches a complete depletion. From
the hydrodynamic point of view, these methods can be considered as extreme methods
of field development. The development of fields by pressure maintenance is to stop the
pressure drop when the field is not fully exploited (Shelkachev, 2002:132; Schterenlicht,
2005:655; Dontsov, 1977:360).

It should be noted that increasing of reservoir pressure is observed while injecting
water or some other liquid. This is particularly noticeable when injecting liquid into the
formation, when water flooding is carried out on a large scale and the injected liquid
exceeds the extracted oil. However, key difference between secondary methods and
reservoir pressure maintenance is based on the initial conditions of the production
process. Secondary methods are the state of natural energy for the displacement of oil
from the porous medium, and in the development with maintaining the reservoir pressure
by water injection; it is carried out during the entire period of primary operation until oil
deposits are depleted. More serious factors differing degree of impact on the process of
oil recovery are closely connected with these differences.

These parameters include oil saturation fall in the reservoir, increasing of the
viscosity of oil, reducing the reservoir volume ratio and increasing the surface tension
of oil-water. These factors are more actively expressed at the secondary stage of field
operation.

It should be noted, that increasing of the viscosity of oil as a result of a decrease in
oil saturation worsens its mobility, and decrease of the oil reservoir volume coefficient
increases the equivalent of commercial oil per unit of oil porosity decrease when
pumping water into the reservoir.

Secondary methods of hydrocarbon extraction have the advantage, mostly when the
pressure required for water injection, in some cases, is much lower than that used in
the development of deposits by pressure maintenance. (Pikhachov et al., 2013:354.,
Novruzova et al., 2021:6)

In case of injection of water into the oil reservoir, the hydrocarbon flow into the
production well occurs under the influence of the water pressure and the water-oil
contour is advancing. During injection of water the oil reservoir is in a state of steady
development at the time when the reservoir is completely filled with water. It should be
noted that the main part of water flooding process occurs in unsteady state. The total oil
production following the establishment of the stationary flow of the liquid will likely
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constitute an insignificant part of the entire production received during the extraction
(Morris, 2004:622)

The hydrodynamic conditions of water flooding indicate that during established
period of filling the drained sections, pressure distribution and fluid motion is
mainly determined by the operating mode of the injection wells (Masket 2004:327.,
Shchelkachev et al., 2001:763., Entov et al., 2018:204).

Actually, process of water flooding of a homogeneous reservoir will be higher than
the corresponding value at a steady state, where the discharge of the injection liquid is
taken equal to the selected oil production rate.

Initially, questions about the advancement of the water boundary; the viscosity
and density of oil and water were assumed to be the same. In subsequent works while
solving the problems of oil displacement by water, the difference in the viscosities of oil
and water was taken into account, which makes it possible to regard the plane of contact
between oil and water as vertical.

Considering the works, it can be noted that the plane of contact will be vertically
flat if the distance from a number of wells to the contour of the field of supply of the
formation is greater than the distance to the water boundary. It should also be noted, that
in case of lack of plantar water, the assumption of verticality of the oil-water contact
plane, even in a small slope of the layer, does not cause a significant error to results of
solving the problem of displacement of oil by water. (Economides et al., 2015:430.,
Schlichting 2018:783).

It should be noted, that the rate of the reservoir pressure drop depends on the rate
of advancement of the contour water. In case of contour advancement and without of
taking it into consideration it can lead to large errors in the calculation of oil reserves.
(Basniev et al., 2005:497).

Taking in consideration mentioned above, in this article we consider the problem
of oil displacement by liquid taking into account the difference in viscosity and phase
permeability of oil and liquid (in the particular case of water).

Research material and methods. On the basis of a mathematical model, a method
for studying the process of displacement of one fluid by another, referring to the laws of
filtration of a homogeneous system, phases in reservoir conditions is proposed.

On figure 1 schematic movement of water and oil with taking into consideration the
progress of the water-oil contact is shown. As seen, the part of the reservoir between the
water boundary contour and the gallery will be called the oil-bearing region, and part of
the reservoir between the supply contour and the water boundary contour will be called
the water boundary area.( James 2014:164., Discs 2015:5., Kelbaliev et al., 2017:7).
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Figure 1. Schematic motion of water and oil.

The parameters applied in the task are following:

P_— pressure in the supply contour;

P— gallery pressure;

P’— pressure on a moving water boundary;

X ;— distance from the supply contour to the initial position of the water boundary;

L — distance from the supply contour to the gallery;

m — reservoir porosity;

k — reservoir permeability;

X, — distance to the moving water boundary;

Hoit and py — respectively, oil and water dynamic viscosity.

In the beginning, the speed of movement of water and oil during piston displacement
is determined.
Ky . dP

Koil . dP
=y — and vy=-—x— (1)

V = -
oil Hoil dX py dX

If we multiply the left and right parts to the cross-sectional area of the formation,
we will determine the volume flow of oil.

Koi dpP
Qoil = 1 S& (2)

Hoil

Let’s solve this equation within the boundary conditions

By substituting the boundary conditions, we will determine the volumetric flow of
oil.
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K011 (P,_Pg)
QOll (LC_XW) (3)

And the speed of the oil phase.

Koil P,_Pg
vy = 2ot E-Fe. 4)
Hoil  Lc w

By solving this equation for the water phase, taking into consideration the boundary

conditions.
X=0;P =P

X = Xy; P =P’

Integrating the equation within following boundary conditions

_ Ky dP
Taking into consideration mentioned above, we can determine the volumetric flow

rate and the average water velocity.

Kyw ~Pc—P’
Qu = 2 S (6)
or
Ky Pc—P’
= X )

\Y
w Hw  Xw
Assuming the piston displacement and the speed of the phases are equal to each
other, we can determine the pressure on the supply contour.

P’ = P cKwHoil (Le—Xw)+Pg Koil bw Xw (8)
Kw Hoil (Le=Xw)+Koil hw Xw

If we equate the permeability of oil and water, we will have the formula proposed in
the paper. [Basniev, 2014].
By substituting this value, it is possible to determine the volume flow of oil.

KoilS (Pc Pg)
Qoil = ©)
Hoil (Le—Xw) +_ Hw Xw

In the same way, we can determine the rate of oil filtration.

KoilS (Pc Pg) (10)

Hoil (Le—Xw) +_ Hw Xw

Voil =
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If K = Ky;; = Ky, then we have the formula proposed by Professor V.N. Shelkachev,
however, if L = Hoil = Hw, and then we will have the formula of M. Muskat.

Considering the fact that displacement has piston character, then the rate of filtration
of oil and water are equal, then it is possible to determine the speed of movement of the
water-oil contact.

an Vw Voi
Ve T e T (11)

By substituting the value of the filtration rate and solving with respect to time, we
will have

™ [y LX) 4 Kot
dt = Koil (Pc—Pyg) [uml(Lc Xw) + Ky Hw Xw] dXy (12)

By integrating this equation within the limits from (o) to (t) and from to, then we
will have

_— X\ZN_Xg Koi
t= Koil(:::_Pg) [HOHLC(XW —Xo) + 2 (I'lW le - uoil)] (13)

This expression enables us to determine the time of advancement of the water-oil
contact. If we equate the phase permeability of water and oil, then the resulting formula
proposed in (Basniev, 2014:520).

Assuming that = X,, = L, it is possible to determine the time of total extraction of
oil from the formation or advancement of water from the initial position of the water
boundary to the gallery.

m

eEe—— Koi
= 2Koi1 (Pc—Pg) [P—oil(Lc - XO)Z + I.lw_l (L% — Xg)] (14)

Kw

The proposed formula indicates that the time of displacement of oil by liquid (water)
is directly proportional to the porosity of the formation and inversely proportional to the
permeability of the formation over oil and depression.

The analysis reveals that the greater porosity of the formation, with other equal
conditions, the time for advancement of the water boundary from the supply contour
to the gallery is greater. On the other hand, if the porosity of the formation is greater, it
means greater oil reserves in it, and therefore, with other equal conditions, it takes more
time to extract this oil. The greater permeability of formation and greater depression,
with other equal conditions, means the greater velocity of the homogeneous fluid.

Let’s suppose that a homogeneous system moves from the power contour to the
gallery, that is then we will have

_ m i1 (Le—Xo)
TOil N Koil(Pc_Pg) LC (15)
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By solving the last equation together, we will find

Koil
Kw

% = i [H(Lc -X,) + (Le+ Xo)] (16)

— Hoil - . . . .
where L = HL” is dimensionless viscosity.
W

If Ko = Ky, we will have the formula proposed in the work (Morris, 2004:622).

The analysis revealed that the difference in viscosities of oil and water, as well as
the permeability of oil and water, during the oil exerts a great influence to contour
extension.

Results and discussion. As seen from the figure 2, the calculations carried out
showed the dependence of oil flow rate on the distance from the moving water boundary
with using M. Muskat, V.N. Shelkachev, and proposed model which shows the character
of the movement of the system.

The consideration of permeability ratios is more permissible for solving numerous
problems of field experience.

The results obtained can be used in the development of oil fields in order to increase
oil recovery and maintain reservoir pressure.

n
Qo1 *107* o Muskat model

Shelkachev model

] Propgsed  model

o i~
e =02 ®
K .- ‘
SR i
oL e .
S
30
[ L e >
ot &
B &
10
Xw * 10°m

% 1 ) 7 1 3 s ] [ [

Figure2. Dependency of oil flow rate VS moving water boundary.

The present method of taking into consideration the impact of the dynamic viscosity
of displaced and displacing liquids and the permeability of individual fluids makes
it possible to take into consideration the displacement process for other liquids with
different rheological properties. Taking into consideration the changes in the physical
properties of the displacing liquid affects the character of the contour advancement, as
well as the displacement process. It should be noted that the coverage of the formation,
distribution of pressure and the process of displacement, considering the characteristic
parameters of the formation and fluid, changes dramatically.

The proposed calculation scheme enables us to regulate the operation process when
reservoir stimulation with purpose to increase the oil extraction.
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The main conclusions are that further improvement of fluid injection methods,
increasing their technological efficiency and expanding the range of equipment and
technologies for stimulating the productivity of oil wells can be predicted in the
following areas:

a) according to thermochemical methods, the most promising research is in the field
of heating solvents directly at the bottomhole, in the interval of the productive formation
with the least heat loss;

b) according to implosion-chemical methods, one can expect the effectiveness of
studies on the combined injection of hydrocarbon solvents in water, compositions of
specially selected surfactants with implosive and thermal-implosive effects on the
reservoir system;

¢) according to pulse-drawdown methods, research is planned to develop a new class
of equipment that allows for cyclic multiple drawdown pumping of reservoir fluid to the
surface, which would significantly reduce time losses and increase the efficiency of the
technological process.

It should be noted that conventional methods of fluid injection and the displacement
process make it possible to control the injected fluid. On real objects in the process of
field operation, along with reservoirs that require injection limitation, reservoirs with
low permeability are identified, requiring increased injection pressure for development.
A more detailed study of the displacement process makes it possible to increase the oil
recovery of an oil deposit as a whole or a horizon.

Every year, the volume of implementation of methods for increasing oil recovery in
old fields is growing and, mainly, through physical and chemical methods that do not
require a radical reconstruction of the oil field. Full identification of these issues and
their solution requires a detailed study of the problem of displacement of one fluid in
reservoir conditions by another.

Conclusion. 1) The analysis reveals that the displacement process is also strongly
influenced by permeability, relative to oil and water.

2) The difference in phase permeability for oil and water has a significant impact
not only on the time of oil extraction, but also on the nature of the advancement of the
water boundary.

3) If the viscosity of oil and water, the permeability for oil and water were the same,
then the velocity of the fluid at all points of the formation, including the beginning,
would be the same.

4) The late stage of oil field development is the result of the process, so the prospects
for the use of injection of various fluids into the reservoir should be a main element in
the design of the development system.

5) Basically, further development of methods for increasing oil recovery will be
associated with the development of a theoretical basis for the model-based analysis of
the new methods of oil displacement by liquid from the point of view of EOR technology.
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