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Analytics

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
coobwecmsa.



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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Scientific secretary
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L. Isa', L.T. Kurmangaziyeva’?, M.K. Urazgaliyeva®’, A.A. Kubasheva’,
A.G. Kassanova*

'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
2Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan;
?S.Utebayev Atyrau Oil and Gas University, Atyrau, Kazakhstan;
* Atyrau Engineering Humanitarian Institute, Atyrau, Kazakhstan.
E-mail: mira_090578@mail.ru

DEVELOPMENT OF A MATHEMATICAL MODEL OF THE
OIL RESERVOIR KENKIYAK FIELD ON THE BASIS OF ITS
GEOLOGICAL MODELS

Abstract. In the processes of development, production and transportation
of high-viscosity oils, such as the Kenkiyak fields, there are certain problems
associated with the composition and solidification of raw materials at a certain
temperature. In this regard, in order to increase the efficiency of the above
processes, it is necessary to select appropriate technologies that provide optimal
temperature conditions. At present, one of the most effective methods for
solving these issues is the use of mathematical modeling to search for, determine
the optimal parameters of oil development and production processes based
on modern computer and information technology tools. Therefore, in order to
effectively solve the problems of development and production of high-viscosity
oils, the issues of constructing mathematical models of oil deposits, taking into
account their geological and petrophysical characteristics, are an urgent task of
oil science and practice.

To study the geological models of the studied reservoirs of the Kenkiyak
oil field and to develop its mathematical model, methods of system analysis are
used. These methods make it possible to apply a set of interrelated methods of
geological exploration and determination of oil reserves, as well as methods
of forecasting and mathematical statistics in the development of models of the
studied horizons of the Kenkiyak field.

Based on the results of the study of 4 geological models of the selected main
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plateaus of the Kenkiyak field, a mathematical model was developed for it, which
allows taking into account the dynamics of the movement of the oil mixture
during the development and production of high-viscosity oil. The proposed
mathematical model is based on the heat-producing model and includes mass
and energy conservation equations, as well as mass and oil saturation limitation
equations.

The results of the study can be used to determine: the permeability of oil
reservoirs; oil reserves; optimal temperature conditions and to optimize other
parameters of oil production processes.

Key words: Geological model, mathematical model, oil reservoir, heat-
producing model, oil saturation, relative permeability.

. Uca', JI.T. Kypmanrazuesa’, M.K. Ypasraauena®', A.A. Kubasheva’,
A.I. Kacanosa*

.H. I'ymunes areiaaarsl Usl YITTBIK YHUBEPCUTETI, ACTaH KCTaH;
JLH. T eB a arel Eypa3s epcuteTi, Actana, Ka3zakcran;
2X. TocMyxameI0B aThiHAarbl AThIpay YHUBEPCHUTETI, AThipay, Kasakcran;
3C. OrebaeB aThiHIaFbl AThIpAy MYHAll )KOHE I'a3 YHUBEPCHUTETI,
Ateipay, Kazakcran;
*ATbIpay WHXKCHEPJIIK TYMaHUTAPJIBIK HHCTUTYThI, AThIpay, KazakcTaH.
E-mail: mira_090578@mail.ru

KEHKUSK KEHOPHbI MYHA KOMHAYBIHBIH
MATEMATHUKAJIBIK MOJIEJITH OHBIH I'EOJIOT USLJTBIK
MOJIEJIIEPI HET'I3IHJIE KYPY

AHHoOTauusl. KeHKUSAK KEeH OpbIHAApbl CHUSKTBl TYTKBIPIBIFBl JKOFaphl
MYHalIap/pl Urepy, OHJIIpy >KOHE TachkIMaiay mpouecTtepinae Oenrim Oip
TeMIeparypaja IIMKI3aTThlH KypaMbl MEH KaTalOblHAa OAalIaHBICTBI Macenesep
TyblHAAWabl. COHIBIKTaH JKOFaphila aTajfaH MPOIECTEPIIH THIMIUIITIH
apTTHIPY YIIIH OHTAWIBI TEMIIEPATypaJIbIK KaFaaiaapabl KaMTaMachl3 €TeTiH
ColiKeC TEeXHOJOTHIIApAbl TaHgay KakeT Oomanel. Kaszipri yakpITTa OCBHI
Mocenenep i MenTyIiH THIM/ oicTepiHiH 0ipi Ka3ipri 3aMaHFbl KOMITBIOTEPIIIK
KOHE aKMapaTThIK TEXHOJOTHS KypaiJapbl HETi3IHJEe MYHaiJbl Urepy MeH
OHJIIPY/IIH OHTAMIbI MapaMeTpiepiH i37ey, aHbIKTay YIIIH MaTeMaTHKaJIbIK
MOJIeNbACYAl KojaHy Oomnbill TaObutagbl. COHIBIKTaH TYTKBIPIBIFBI KOFaphI
MYHaHIap/bl UTepy *OHE OHIIpY MoceesepiH THIMJII LIelly YIIiH OJIapJblH
T'€0JIOTUSUIBIK KOHE NMETPOPUNKAIBIK €PEKIIETIKTEPiH eCKepe OThIPhIN, MyHal
KEH OpBIHAAPBIHBIH MaTeMaTHKaJbIK MOJENBIEpPIH Kypy Mocenenepl MyHai
FBUIBIMBI MEH NIPAKTUKACBIHBIH 03eKmi Minoemi OO TaObLIa bl
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KeHkusK MyHail Ke€H OPHBIHBIH 3€pPTTENTeH KaOaTTapbhIHBIH T'EOJOTHSIIBIK
MOJICBJICPIH 3EpPTTEYy JKOHE OHBIH MAaTEMATHKAJBIK MOJENIH JKacay YIIiH
KYHETIK Talaay Tocuiaepi Koimanbuiaasl. by Tocinaep KeHKUSK KeH OpHBIHBIH
3epTTEJIETIH TOPU3OHTTAPBIHBIH MOJICIBIACPIH )KacaKTay/a reoJI0THsUTBIK OapIay
MEH MYHail KOpPbIH aHBIKTay/IbIH, COHJIaii-aK OoJDKay >KOHE MaTeMaTHKaJbIK
CTaTUCTUKA SIICTEepiHIH ©3apa OalIaHBICTBl OAICTEPIHIH KEHIeHIH KOJJAaHyFa
MYMKIHJIIK Oepei.

KeHKHSK KeH OpHBIHBIH TaHIAJIFaH HEri3rl KOJUICKTOPIApBIHBIH 4 TeoJo-
THSUTBIK MOJISITIH 3ePTTEY HOTHOKEIEepi OOUBIHINA OJT YIITIH TYTKBIPIBIFBI dKOFAPHI
MYHa#i KOCHACBhIH UTepy JKOHE OHAIPY Ke3iHJe MYHal KOCHACBHIHBIH KO3FAJIbIC
JTUHAMUKACBIH €CEMKEe allyFa MYMKIHJIK OepeTiH MaTeMaTUKaJbIK MOJEIb
YCBIHBUIIBL. ¥ CHIHBUIFAH MaT€MaTHKAIBIK MOJIENb JKbUTY IIBIFAPATHIH MOJIEINIbIe
HETI3/IeNITeH JKOHE Macca MEH YHEPTUSHBI CaKTay TEHJCYIepiH, COHBIMEH KaTap
Macca MEH MYHaliFa KaHBIFY/IbI ICKTEY TCHICYICPIH KAMTH/IBI.

3epTTey HOTHXKENEPiH MPAKTHKAAa KeJIeCUIep/i aHBIKTayJa KOJJIaHBUTYBI
MYMKIH: MyHai KabaTTapbIHbIH OTKI3TIIITITH; MyHall KOPBIH; ONTHUMAJIbI TEM-
nepaTypablK peKUIEp/l )KOHE MYHAM OHJIIPY MPOIECTepiHiH 0acKka mapameTp-
JIEpiH ONTHUMHU3AIUSIIAY/IA.

Tyiiin ce3aep: TeoIOTHSIIBIK MOJENh, MaTEMAaTUKAIBIK MOJIEb, MYHall Kaba-
ThI, ’KbUTY IIBIFAPATHIH MOJICITh, MYHAIFa KAHBIKTHIK, CAJTBICTBIPMAJIbl OTKI3TIIITIK.
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PA3PABOTKA MATEMATUYECKOW MOJEJN HE®TSIHON
3AJIEZXKH MECTOPOXIEHUA KEHKUAK HA OCHOBE EI'O
T'EOJIOTMYECKUX MOJIEJIEA

AHHOTaunusi. B mpomeccax pa3palboTku, TOOBIMM M TPAaHCHOPTUPOBKU
BBICOKOBSI3KMX HE(PTEH, TaKuX KaKk MeCTOpOKACHWH KeHKHSIK, BO3HHMKAIOT
orpeiesIeHHbIE TPOOJIEMBI, CBA3aHHbBIE C COCTBABOM U 3aCTHIBAHUEM CBIPbS IIPU
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orpenesieHHON Temmeparype. B aToii c¢Bsa3u i noBbiIeHNs 3(PEKTUBHOCTH
MEPEYNCIICHHBIX ~ MPOIECCOB  HEOOXOIMMO  BBIOpaTh  COOTBETCTBYIOIINE
TEXHOJIOTHH, OO0ECIEeUnBaIOIINe ONTUMAIBHBIE TEMIIEPAaTypHbIE PEXHMBI. B
HacTosillee BpeMsi OAHUM U3 Haubosee Y3PPEKTUBHBIX METOIOB PELICHHS STHUX
BOIIPOCOB SBJISICTCSI IPUMEHEHHE METOJa MareMaTH4ecKoro MOAEIMPOBAHUS
JUIS TIOMCKA, OIpEJeNeHHUs] ONTUMAJIbHBIX MapaMeTpObIB MPOJLECCOB pa3pa-
060TKM W 1100bIMM He(pTH Ha 0a3ze COBPEMEHHBIX CPEACTB KOMIIbIOTEPHBIX,
MH(POPMALMOHHBIX TexHONOrui. IloaTomMy It 3(PQEKTUBHOTO peHIeHUs
npo6ieM pa3paboTKH U TOOBIYU BBHICOKOBS3KUX HE(PTEW BOIPOCHI MOCTPOCHUS
MaTeMaTU4YEeCKUX Mojieneil He(TAHBIX 3aleKell ¢ y4eTOM HX Ie0JIOTHYECKHUX,
NeTPOPU3NUECKUX XAPAKTEPUCTUK SABIISIOTCS aKmyanbHou 3aoayeli He(TIHON
HAayK{ U IPAKTUKH.

Jis  uccienoBaHUSl TEOJIOTMYECKMX MOJENIEH HCCIIEAyeMbIX IUIacTOB
HEPTSIHOTO MecTOpOXKIeHHs KeHKUsIK 1 U1 pa3paboTKH €ro MaTeMaTH4eCKOn
MOJIEJIM MCMONb3YIOTCS METO/Ibl CUCTEMHOI'O aHaIM3a. T METOAbI T03BOJISIOT
MPUMEHUTh KOMIUIEKC B3aUMOCBSI3aHHBIX METOJIOB I'€OJIOTHYECKOM pa3BelIKU
U ompejeieHus 3amaca He(TH, a TakkKe METOJOB IMPOTHO3MPOBAHUS U
MaTeMaTH4ecKoil CTaTUCTUKHU B Ipolieccax pa3paboTKH MOJeNel UCClelyeMbIX
TOPU30HTOB MECTOPOXAeHUST KeHKUsK.

B pabote Ha ocHOBE pe3ynbTaToOB UCCIIEI0OBAHNUS 4-X T€0JI0rHYeCKUX MOJIETIEH,
BbIOpaHHBIX OCHOBHBIX IUIaTOB MecTopokaeHus KeHkusik, paspaboraHa
IUIE HEeTOo MareMaTH4ecKas MOJENb, IO3BOJISIONIAs YYUTHIBATH JTUHAMHKY
JBIKEHUs HEPTIHOW cMecH MpHU pa3padoTKe W J0ObIYEe BHICOKOBSI3KON HE(DTH.
[IpenyioxkeHHass mMaremaTudeckas MOJAEIb OCHOBaHAa Ha TeIJIOA0ObIBarOIIEH
MOJIETd W BKJIIOYaeT ypaBHEHMs COXPAHEHUs MacChl W DHEPruH, a TaKKe
YPaBHEHHS OTPAHUYEHHUS MACChl U HEPTEHACBIIIIEHHOCTH.

Pesynprarel ncciaenoBaHusi MOTYT OBITh MCIIOJIB30BAaHbI JUIsl ONPENECIICHUS:
MPOHUIIAEMOCTH HE(TSIHBIX IJIACTOB; 3amacoB He(TH; ONTHUMAJIbLHOTO
TEMIIepaTypHOIo PeXUMa U U ONTUMU3ALUHU APYTHX apaMeTpoB IMPOLECCOB
T00BIYM HEPTH.

KiroueBble ci10Ba. reosornyeckasl Mojiesib, MaTeMaTuieckas Mojiesb, Hed-
TSHasE 3aJI€XKb, TEIUIOA00BIBAIOIIAs MOJIENb, HEe(TEHACHIIIEHHOCTh, OTHOCH-
TeJbHAsI IPOHULIAEMOCTb.

Introduction. The challenges of developing mathematical models of oil
reservoirs with high-viscosity oil allowing to forecast and determine the optimal
scheme and technology of oil fields development is one of the current objectives
of oil science and practice (JIpicenko u np, 2018: 5-247-02321-8, Gladkikh et
all 2018: 329 (7). 77-85). Various models, concepts and tools of mathematical
modeling are applied for development of mathematical models and modeling
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of oil field development processes and forecasting of processes occurring in
productive reservoir systems. Mathematical modeling of oil deposits, reservoirs
allows to perform a wide range of activities starting from research of flow
hydrodynamics to solving of important problems of oil field development
such as: delineation of oil reservoir; evaluation of oil reserves; geological and
economic evaluation of oil fields; decision-making as to the choice of optimal oil
field development (Kerimov et all, 2018: 52-56., Orazbayev et all 2021: 54(6),
1235-1241).

As it is known mathematical models of the unsteady oil flow in the reservoir
environment are described by differential equations in partial derivatives.
Mathematical models used for oil reservoir simulation include: reservoir system;
differential equations in partial derivatives and auxiliary equations; numerical
methods for solving the equation; solution algorithms implemented in the form
of programs that enable computer aided simulation (Ospanov et all., 2016: 978-
1-4673-8414-8. 103-109).

Many drawbacks of old methods of oil reservoir simulation have been
eliminated in the improved versions of these methods. But there are also known,
rather simple and effective old methods, which are currently practically, applied,
for example, methods of oil reservoir simulation, which use the equations of
material balance. Back in 70s of the last century the mass conservation equation
for productive reservoir has been obtained, which equation is used in oil reservoir
modeling (Kazhdan et all.,, 2018: 5-92335-257-3). This mass conservation
equation describes the oil reservoir as a homogeneous one with constant rock
and fluid properties and takes into account all the masses of fluid flowing in and
out over a given period of time.

Oil reservoir models based on the mass conservation equation for a productive
oil reservoir assume that parameters within the rock-fluid system are constant in
all directions. Besides, saturations and pressures are assumed to be uniformly
distributed throughout the oil reservoir, and any changes in pressures are
transmitted instantaneously to all points within the reservoir. Taking into account
the accepted assumptions the mathematical model of oil reservoirs, which is
based on the mass conservation equation for productive oil reservoir, can be
written in the following form:

N |B +B,(R,~R,)+W, =

p

Bti

=N (Bt_Bti)+1 mBﬁ

(c,+5,C, )ap+ -

Wi gi

. 1
(B, - B,)|+W,+W,+GB, ey

In the given model (1) the following designations have been used, on the
left side of the equation: N, - quantity of produced oil; B, and B, - ratios of
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reservoir volume of oil together with dissolved gas and reservoir volume of gas,
respectively; R and R, — total gas factor and initial gas solubility, respectively;
W total water production. On the left side of the equation: N —the amount of oil
initially confined in the reservoir; B _and B,— the reservoir volume factors for oil
and gas at initial reservoir pressure respectively; S| and S —the initial and current
water saturation of the porous medium respectively; Cf— rock compressibility;
C — water compressibility; Ap — reservoir pressure depression; m - ratio of
initial gas cap volume to initial reservoir oil volume; W and W, — respectively -
total edge water entering the productive reservoir and amount of water injected;
G- total gas injected. The remaining figures of the right part of the equation are
described in its left part.

Algebraic transformations of the above model, which are based on the mass
conservation equation for the productive oil reservoir (1), allow to determine
the following important parameters of an oil field: oil reserves; the amount of
water flowing into the reservoir; the size of the gas cap and gas reserves as
well as oil production. But this model is statistical by its nature and does not
allow taking into account changes in fluid and rock properties in the reservoir,
i.e., dynamic effects of fluid movement within the system are not considered.
Other models such as the model based on the deployment of resistive-capacitive
electrical grids (Orazbayev et all 2022: 15(4), 1573. 1-26) have been proposed
to take into account the dynamics of oil mixture movement, i.e. to eliminate
the drawbacks of the statistical model. In the context of this paper the authors
will propose a model based on a system of integral-differential equations, which
system includes basic equations based on the Darcy equation, mass conservation
equation, energy conservation equation, mass limitation equation and oil
saturation limitation equation.

The purpose of the scientific paper is conducting of a research of geological
models of the supra-salt Kenkiyak field and developing a mathematical model
on the basis thereof, which takes into account the dynamics of the oil mixture
movement and simulation of the oil reservoir of the field under investigation.

To achieve the formulated goal the following research tasks are solved:

— study and description of geological models of Kenkiyak field with
consideration of this field development, the geological characteristics and the
operation rate;

— development of a mathematical model of Kenkiyak field horizons with
high-viscosity oil, allowing to take into account the dynamics of the oil mixture
movement;

— determination of the relative permeability at the end point of the studied
field based on the models.

Research materials and methods. Materials for the research are geological
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and other data of Kenkiyak oil field, which is located in the southern part of
Aktobe region, not far from Zhanazhol field. The field refers to the category
of high-viscosity oil fields by supra-salt reservoirs. Development of Kenkiyak
field since 1971 has been carried out with application of steam injection. On
the basis of analysis of experimental-industrial development, long-term study of
geological structure and research carried out in the field of steam-heat treatment
technology the updated technological scheme of the field development with
application of heat-transfer agents has been developed and is being implemented
(Aidnalieva et all 2021:157., Gladkikh et all., 2017: 27(8). 90-93). Since April
1999 steam-heat treatment has been suspended and the main part of the field
has been developed in the natural mode, except for the experimental section of
block IV, where experimental works related to steam injection for development
of supra-salt Middle Jurassic reservoirs of heavy oil in the Kenkiyak field have
been started.

According to the data of laboratory research it was determined that viscosity
of formation oil of the reservoirs under development is in the range of [55 - 1200
and more] MPa*s, and average values for oil zones vary from 137 to 203 MPa*s
and for water-oil zones they vary from 277 to 532 MPa*s. Analysis of the actual
data shows that the highest values of viscosity are characteristic for oils of water-
oil zones. Total area of water-oil zones of reservoirs equals to 47% of their total
area. The average value of operation ratio of operating well stock is 0.88, while
the average value of injecting well stock is 0.91. The ratio of exploitation of the
operating well stock has reached 0.68 (Aidnalieva et all., 2021: 157). The main
volume of oil production is referred to the Middle Jurassic (Ju-II and Ju-III)
horizons, from which the production share exceeds 90% of the total volume of
oil produced.

It has been found out that Kenkiyak field is complicated by its structure:
significant tectonic faults, a high degree of permeable rock heterogeneity by
thickness and spreading, poor persistence of oil-saturated strata, wedging out
thereof. This makes it difficult in certain regions to apply the technology of steam-
heat process with continuous injection of coolant. In addition, the efficiency
of steam-heat treatment of the reservoir is affected by sanding associated with
lithological features of permeable rocks. The productive horizons of Middle
Jurassic deposits are represented by poorly cemented clayey cement, sandy-
aleuritic rocks, which are interlaced with clays. When considering coverage of
each stratum by a grid of wells it was found out that only Ju-II (stratum “G”) is the
horizon most fully covered by a grid of wells, the other objects have significant
oil-saturated areas which are not covered by a grid of wells.

This work develops a mathematical model of Kenkiyak oil field on the basis
of systematized and processed geological information, taking into account the
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hydrodynamics of oil reservoirs as well as methods of building mathematical
models.

System analysis methods (Orazbayev et all 2019: 13(4). 653-664), geological
exploration methods, methods for determination of oil reserves (Galkin et all.,
2021: 978-5-398-02611-5), forecasting and mathematical statistics methods
(Minko et all.,2017: 978-5-4486-0035-7., Orazbayev et all 2020:10.15587/1729-
4061.2020.219221), as well as methods of developing mathematical models
of systems including systems of oil reservoirs (Gladkikh et all., 2018: 77-8.,
Orazbayev et all 2020: 54(6), 1235-1241., Orazbayev et all.,2022: 15(4), 1573.
1-26., Zheltov et all .,2019., Orazbayev et all., 2021: 8317. 1-22) are used to
study geological models, to develop a mathematical model and to simulate the
oil reservoir of Kenkiyak field.

Results.

1). Study and description of geological models of Kenkiyak field, with
consideration of the requirements of regulation of its development, geological
characteristics and exploitation rate. Based on the results of research and with
consideration of the requirements of regulation of the development of Kenkiyak
field, geological characteristics, exploitation rate 4 models of the typical
geological elements were studied (Gladkikh et all., 2017: , 27(8). 90-93).

Model I: a model of a group of wells of Middle Jurassic section on the
northern wing. A+b+B horizons on the northern wing are exploited by natural
energy using 25x25 grid system, 14 reservoirs are distinguished in the section,
the average thickness of the oil reservoir is 15 m.

Model II: 4 models of a group of wells of Middle Jurassic section of the pilot-
industrial section on the southern wing. A+b+B horizons and Ju-I in the south
wing were exploited by natural energy using 35x45 grid system, 11 reservoirs
are distinguished in the section, the average thickness of oil reservoir for A+b+B
horizons is 27 m, for Ju-I horizon - 13 m.

Model III: the model of a group of wells of the western part of the pilot-
industrial area on the southern wing. Horizon U-II(D) is exploited by steam
using 53x19 grid system. Eight reservoirs are distinguished in the section, the
average thickness for G oil reservoir is 17.1 m, for A+b+B horizons - 5.65 m.

Model 1V: horizontal well model for undeveloped Ju-I and Ju-II horizons
with low degree of depletion and good connectivity, which are exploited using
23x11 grid system (see table 1). Three reservoirs are distinguished in the section,
the average thickness of Ju-I horizon is 12 m, A+b+B horizons - 15 m.

General position of modeling elements of all models is given in table 1.

Petrophysical properties of oil of supra-salt deposits of Kenkiyak field are
shown in table 2.

On the basis of the given geological models, taking into account the
petrophysical properties of oil of supra-salt deposits of Kenkiyak field it is
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possible to develop mathematical models of its horizons, which take into account
the dynamics of oil mixture movement.

2) Development of a mathematical model of Kenkiyak field horizons with
high-viscosity oil, which allows taking into account the dynamics of oil mixture
movement. With consideration of the characteristics of the oil reservoir of the
field a model of homogeneous porous medium should be applied. In the process
of model development and simulation first the coordination by elements with
development history, then - the forecast of reservoir development indicators is
carried out. In addition, it is necessary to conduct analysis of sensitivity to various
factors in order to obtain data for mechanical analysis of reservoir development,
for selection of rational parameters, creation of typical models of a group of
wells and profiles, and for optimization of parameters of the field development
project (Orazbayev et all., 2019: 330(7).182-194).

A mathematical model of well shall be developed with the purpose of
conducting computer aided modeling with consideration of the the reservoir
tectonics, oil and water location, porosity, permeability and oil saturation of the
oil reservoir, petrophysical properties of the permeable rock, characteristics of
oil displacement curves and nature of vertical fluid flow along the well shaft. The
regularity of fluid flow can be formulated by equations of motion, position and
constancy of masses.

Table 1 — Main position of the simulated elements

Number of . Pace Simulated | Model| Appa-
wells Number of grids, pcs. length, m | reservoir ratus
Model Oil |Injected Y Z | Total
steam | X XY
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Table 2 — Petrophysical properties of oil of supra-salt deposits of Kenkiyak field
Parameters Unit of measure Value
Oil thermal stretch ratio 1/°C 0,0008
Oil compressibility ratio 1/MPa 0,0000082
Oil density and oil weight by moles kg/m?, kg/mol 920, 260
Specific thermal capacity of oil kJ/kg.’C 2,1562
Combined oil compression ratio 1/MPa 0,0065
Rock heat transfer ratio kJ/d.m2.°C 110
Thermal capacity of rock volume kJ/m3.°C 2572
Caprock heat transfer ratio kJ/d.m.°C 110
Caprock thermal capacity kJ/m?.°C 2572
Oil viscosity in reservoir (Ju-II) mPa-c 260
Depth and pressure m, kPa 250, 2650
Oil reservoir temperature °C 19

After determining the location of wells and the mode of well operation it is
possible to calculate the dynamics of the duration of development of injection
and production wells and the reservoir using the computer aided implementation
of reservoir models. Monitoring of well operation dynamics, optimization of
development project and improvement of scientific solution on the basis of
computer aided simulation of the reservoir is carried out on the basis of the
studies performed by means of reservoir models.

In Kenkiyak field the oils of U-II(A+b+B) and U-II(D) horizons is highly
viscous. Due to the fact that since the U-II(A+b+B) horizons have been put into
production by natural energy in many areas the matching is carried out based on
the “black oil” model, forecasting of operation by steam injection by applying
a thermal model. For Ju-II(G) horizons in the heat-producing section of the
southern wing the modeling is carried out on the basis of the heat-producing
model.

The development processes of different high-viscosity oil reservoirs can be
strictly described by the heat-producing model, which consists of basic equations
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based on the Darcy equation, mass conservation equation, energy conservation
equation, mass limitation equation and oil saturation limitation equation:
— The mass conservation equation

ZJ.J.J.aT((DP,S,Z,,)dV+Zj.:f(p]S,;(Uv )ds+q,=0, i=12,.,N, )

J=l's

where ¢ —is rock porosity; p- fluid density; S— fluid saturation; X i number
of moles of fluid composition; v —fluid flow rate; N —amount of fluid.
— Energy conservation law

ZJ.J.I|:5T (0,0] (l (0),0,06,{ :l“'ﬁ qh+qc)ds+Qc+Qh:0> i=12,---,N,, (3)

J=l v

where u — internal energy of fluid j; p , — rock density; Cp rock specific
thermal capacr[y, T - rock temperature; T — temperature of i composition; g, —
enthalpy flow rate; g_— heat flow rate; Q_— heat source; Q, —enthalpy source.
— Mole restriction equations

N,
> x,;=1.0 4)
i=1
— Oil saturation limitation equations.
NP
;S ;=10 (5)

The equations of the three-dimensional and three-phase black oil model to
describe the oil reservoir are as follows:

VO|:§;(Vpo pogVD)} g((ﬁ"] (6)
v{g(v o prVD)} a(‘ﬁ“) (7)
V{z(Vpg—pggVD)M; (Vpo- pogVD)} ﬂw{sgf ;zﬂ (8)

3) Determination of relative permeability at the end point of the field under
research based on the models. As a result of the analysis of sealed core samples
from well No.6009 of Kenkiyak field the oil-water relative permeability (K )
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and oil-gas relative permeability (K ) were determined by relative permeability
at 20°C (normal) and 200°C (high) temperature using the following appropriate
models (Gladkikh et all.,2017: 27(8). 90-93):

S, -8,
K=K, o) — 20, 9)
»w rwa(T)(l _ SW,' _ Sg,-w(rj P>
1-S =S,
Krgw =K, ) [(W(T)WJ””W’ ( 1 O)
1-S -8
orw(T) we(T)

with indices in the models means water saturation of the porous medium for
different situations and temperature values; K, and K — are ratios of oil-
water and oil-gas permeability; n and n__ are the amount of oil-water and oil-
gas mixture.

On the basis of the data obtained using the above equations for the researched
horizons of Kenkiyak field an oil-water relative permeability curve was drawn
up, saturation of bound water, saturation of residual oil, values of the endpoints

of water and oil phases were determined (Table 3).

Table 3 — Parameters of relative permeability of different reservoirs at temperatures of 20°C
and 200°C

Horizons | Temperature, °C S, Sarw(T) K (S..) Krgw(swi)
o 20 0,40 0,28 0,068 1,0
200 0,571 0,169 0,43 1,0
20 0,284 0,29 0,0762 1,0
AtBTB 200 0.39 0.262 032 1.0
I 20 0,32 0,23 0,1163 1,0
200 0,42 0,2 0,33 1,0

Identification of mathematical models parameters. In order to clarify the
reliability of the geological model and accuracy of the adopted parameters and
to ensure the reliability of simulation results the identification of parameters of
mathematical models is carried out as per development history data with the
geological model using numerical simulation packages of the reservoir. As a
result of simulation of the development history from 2010 to December 2020
it was found out based on the proposed mathematical model system that the
adopted geological models and parameters thereof are sufficiently adequate, i.e.
the parameters of the models are identified correctly.

Discussion. As a result of the analysis of the residual oil saturation field
obtained on the basis of numerical simulation and actual pressure the following
has been found out:

- A+b+B horizons of the Middle Jurassic section on the experimental-

104



ISSN 2224-5278 5.2022

industrial plot have been exploited for 30 years, in a considerable part of the
plot, the area of which is 90%, the residual oil saturation is more than 60%, it
decreased by 10% in comparison with the initial oil saturation. From this we
can see the degree of the oil reservoir depletion is low. A+b+B horizons are
operated with application of steam injection, residual oil saturation of the area is
30%, which means that steam injection can effectively increase the degree of oil
reservoir depletion;

- G horizon of the Middle Jurassic section in the western part of the southern
wing has been operated for a long time by steam in series of wells; over the
recent years the level of depletion reached about 35%, residual oil saturation is
about 45%, it means that steam injection is an effective method to enhance oil
recovery in this reservoir;

- study of the pressure field shows that during operation by means of natural
energy the actual reservoir pressure is about 1.8 MPa, i.e. the reduction is 1 MPa
of the initial pressure.

The performed identification of the parameters of the proposed system of
mathematical model (2)-(10) has made it possible to evaluate the reliability of
the proposed types of geological models and accuracy of the adopted parameters,
which ensure adequacy of the models and the reliability of the simulation results.

Since when putting of horizons Ju-II[(A+b+B) of Kenkiyak field into
operation mainly natural energy was applied, there was matching carried out
with application of “black oil” model, forecasting of operation by means of
steam injection with help of heat-producing model. Development processes of
different high-viscosity oil reservoirs are described adequately enough by heat-
producing model, which consists of basic equations based on Darcy equation,
mass conservation equation, energy conservation equation, mass limitation
equation and oil saturation limitation equation. The developed system of the
mathematical model (2)-(10) on the basis of these equations adequately describes
the studied sections of Kenkiyak field oil reservoir.

To the advantages of the proposed mathematical model used to simulate
Kenkiyak field with high-viscosity oil on the basis of its geological models we
can refer its ability to consider the dynamics of oil mixture movement and its
sufficient adequacy.

To the disadvantages or limitations of the proposed mathematical model
for modeling of oil fields we can refer the need for parametric identification,
the cost of collecting and processing the necessary data and computer aided
implementation, which are considered as separate tasks.

Conclusion. As a result of the research related to development of a
mathematical model of Kenkiyak oil reservoir on the basis of its geological
models the following basic results were obtained:
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1). The geological models of Ju-I, Ju-II and Ju-III horizons of Kenkiyak field
reservoir were studied and described with consideration of the requirements of
regulation of its development, geological characteristics and exploitation rate.

2). A mathematical model was developed for the studied horizons of Kenkiyak
field with high-viscosity oil, which allows taking into account the dynamics of
the oil mixture movement. The developed mathematical model is based on the
heat-producing model, which includes the basic equations based on the Darcy
equation: mass conservation; energy conservation; mass limitation and limitation
of oil saturation:

3). Using the proposed models the relative permeability at the end point of the
studied horizons of Kenkiyak field was determined.
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