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2 Clarivate
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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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



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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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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G.Zh. Kokymbaeva*, R.N. Uteev, A.S. Mardanov, Zh.S. Murzagalieva,
E.V. Yermekov

Atyrau branch LLP «kKMGE» Atyrau, Kazakhstan.
E-mail: G.Kokymbayeva@kmge.kz

MODELING PVT PROPERTIES OF RESERVOIR FLUIDS WITHIN
THE KARATON-SARKAMYS BLOCK BY THE EXAMPLE OF THE
PRORVA GROUP OF FIELDS

Abstract. To date, the urgent task is to create PVT models that adequately
reproduce the properties of reservoir hydrocarbon mixtures, based on both Black
oil-type models and composite PVTi, PVTsim.

Availability of reliable data on PVT properties of reservoir fluids plays a
leading role in calculating oil and gas reservoir reserves, estimating oil recovery
factors, well studies, numerical reservoir modeling and for making informed
decisions when designing field development. In practice, the results of field,
laboratory and theoretical studies are used simultaneously to justify the properties
of natural hydrocarbon mixtures. At each of the noted stages, specialists strive
to increase the reliability of the obtained data and to develop methods of their
interpretation. Determination of the properties of reservoir fluids in the oil field
is a prerequisite for the effective use of various methods of exposure to the
bottomhole zone, the selection of equipment for well operation. Properties of
formation fluids are determined by different thermobaric conditions and change
depending on the current state of the reservoir and the characteristics of reservoir
pressure changes. All known methods for determining the properties of reservoir
fluids are divided into two groups: experimental and computational. Each group
has both advantages and certain disadvantages.

Key words: reservoir, formation oil properties, PVT, experiment, density,
viscosity, saturation pressure.

109



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

I K. KoxbimbaeBa*, K.H. YTeeB, A.C. Mapaanos, 7K.C. Myp3ara;iuesa,
9.B. EpmexoB

Artsipayckuii punman TOO «KMI'E» Atsipay, Kazaxcran.
E-mail: G.Kokymbayeva@kmge.kz

MOJEJUPOBAHUE PVT CBOMCTB IIIACTOBBIX ®JIIOUOB
B ITPEJIEJIAX BJIOKA KAPATOH-CAPKAMbBIC HA TIPUMEPE
IMPOPBUHCKOM I'PYIIIBI MECTOPOXJIEHUI

AnHoTanusi. Ha cerogHsmHuil JeHb axkTyaJdbHOM 3ajadyeil sBIsETCS
coznanne PVT-moznenelt, agekBaTHO BOCIPOU3BOIAIIMX CBOMCTBA IJIACTOBBIX
YIJIEBOJIOPOJIHBIX CMECEe, OCHOBAHHBIX Kak Ha Mojensx Hedtu tumna Black oil,
TaKk ¥ KOMIIO3UIMOHHEIX PV Ti, PVTsim.

Hanmuuue nmocroBepHsix maHHbiX 0 PVT cBoiicTBax 1iacToBbIX (IIOMI0B
UTpaeT BEIYIIyI0 POJib MPH MOACYETE 3aMacoB HE(PTAHBIX U ra30BBIX 3aJICKEH,
orieHKe KodpurmenTa n3BaedeHus HeTH, UCCIICTOBAHUN CKBAKUH, YCIICHHOM
MOJICTTHPOBAHUH KOJIJIEKTOPOB U JIJISl IPUHSITHS O0OOCHOBAHHBIX PEIICHUHN TpH
MIPOCKTUPOBAHUHN Pa3pabOTKH MECTOpOXKIeHH. Ha mpakTuke pe3ynabTaTsl
MIPOMBICIIOBBIX, TAOOPATOPHBIX M TEOPETUICCKUX UCCIICIOBAHUN UCTIONB3YFOTCSI
OJTHOBPEMEHHO JUIsi OOOCHOBAaHHSI CBOWCTB TMPUPOAHBIX YIIEBOAOPOAHBIX
cMmeceil. Ha ka)K71oM 13 OTMEUEHHBIX 3TAOB CIEIUATUCTBI CTPEMSITCS TIOBBICUTH
JIOCTOBEPHOCTh MOJyYaeMbIX JaHHBIX U Pa3BUTh METOAbl MX MHTEPIPETALUU.
OmpenenieHne CBOWMCTB IUTACTOBBIX (UIFOMAOB HE(MTSIHOTO MECTOPOXKIACHUS
ABJISICTCS 00s3aTEIbHBIM yCclIoBHEM 3(P(EeKTHBHOTO NMPUMEHEHUS Pa3IMYHBIX
METOJIOB BO3/ICHCTBUS Ha TPU3a00MHYIO 30HY CKBaXXHH, 1T0100pa 000py10BaHUS
JUTSL OKCIUTyaTaluy CKBaKUH. CBOWMCTBA TUTACTOBBIX (DIIOMIOB OTPEHCIISIOTCS
Pa3IUYHBIMU TEPMOOAPUUECKUMHU YCIOBUSMU U MEHSIIOTCS B 3aBUCHMOCTH
OT TEKYIIETO COCTOSIHUSI TUIaCTa W XapaKTEPUCTUKH WM3MEHEHUsS TUIaCTOBOTO
JIaBJICHUSL.

KiioueBble cJjioBa: 3aj1eXhb, CBOCTBA I1acToBor HehTH, PVT, skcniepumenr,
IUIOTHOCTD, BSI3KOCTh, JABJICHUE HACKHIIICHMUS.
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I.’K. Kokbim6aeBa', K.H. YTeeB, A.C. Mapaanos, JK.C. Myp3araiinena,
9.B. EpmexoB

Artsipayckuii punman TOO «KMI'E» Atsipay, Kazaxcran.
E-mail: G.Kokymbayeva@kmge.kz

ITPOPBA KEH OPBIHIAPBI TOBbIHbIH MbICAJIBIHJIA KAPATOH-
CAPKAMBIC BJIOT'BIHIATBI PE3SEPBYAP CYUBIKTBIKTAPBIHBIH
KACHUETTEPIH PVT MOAEJIBAEY

AnHoramusi. byriari tagma Black oil tunTi myHaii mopenbnepine ne,
pvti, pvtsim KOMMIO3HUIUSUIBIK MOJENBbAEpIHE 1€ HEeTI3AeNTreH KoeMipCyTek
KOCHaJIapbIHBIH KacueTTepin Oapabap kebeiiterin PVT Monenbaepin Kypy
03€eKTI MIHAET OOJIBII Ta0ObUIA L.

KabarTeIk cyitbIkThIKTapabiH PVT kacuerTepi Typaibl CEHIMII AepeKTepaiH
60srysl MyHali jkoHe Ta3 KeH OpBhIHJapbIHBIH KOpJIApbIH e€cenTeye, MyHai airy
ko3¢ urrenTin Oaranayaa, ¥ HFbIMajaapabl 3epTTeyie, KOJIIEKTOPIap bl CAHAbIK
MOJIENIB/ICY/IE€ JKOHE KEH OpBIHAAPBIH Wrepyli jkolanay Ke3iHAe HeTi3IenreH
niemimaep Kadbuigayaa jKeTeKIll pesl aTkapaabl. Ic jKy3iHAe KOMMEpUUSIIBIK,
3epTXaHANIBIK KOHE TEOPUSIIBIK 3E€PTTEYIEPIIH HOTHKEIEPl TAOUFH KOMIPCYTEK
KOCIaJapbIlHBIH KACHETTEpiH HEri3[ey YIIIH Oip YakbITTa KOJAaHbLIAJIbI.
benrinenren ke3eHaepAiH opKaiChIChIH/Ia MaMaHAap aJbIHFAH MAJIIMETTEP/iH
JYPBICTHIFBIH APTTHIPYFa XKOHE OJIAPABI TYCIHIPY 9/11CTEPIiH 1aMbITYFa ThIPbICAIbI.
MyHaii KeH OpHBIHBIH Ka0aT CYHBIKTBIKTAPBIHBIH KAaCHUETTEPiH aHBIKTAY
YHFBIMaJIAP/IbIH YHFBIMA MaHbI allMaFrbIHa dcep eTYMIH OPTYPIIi 9IICTEPIH THIM/II
KOJJIaHY/AbIH, YHFBIMAJIAP/Ibl TIali1aaHy YIIiH KaOabIKThl TaHAAYABIH MIHICTTI
maptel Oonbin Tabbutazbl. KabaT CyHBIKTBIKTapBIHBIH KAacHeTTepl opTypii
TepMOOApUSIIBIK JKaFJaillapMeH aHbIKTadaJIbl JKOHE KaOaTThlH arbIMAArbl
KyliiHe jkoHe KabaT KbICBIMBIHBIH 63repy CUIaTTaMachlHa OaliIaHbICThI ©3repeii.
KabarThIK CYHBIKTBIKTAPABIH KACUETTEPIH aHBIKTAY/IBIH OapIIBIK OCTiIl 9/1icTepi
€Ki TolKa OeJIiHe/l: SKCIICPUMEHTTIK JKOHE ecenTenreH. byrinri Tanma e3eKTi
MiHJIeT-Ka0aTTarbl KOMIPCYTEK KOCHaJapbIHBIH KAaCHUETTEPIH JKETKUTIKTI Typle
keOenTeTiH PVT Monensaepin Kypy.

Tyiiin ce3mep: keH opHbI, Kabar MailblHbIH Kacuertepi, PVT, Toxipube,
TBIFBI3JIBIK, TYTKBIPJIBIK, KAHBIKTHIPY KBICHIMBI.

Intoduction. The initial information for building thermodynamic models of
reservoir hydrocarbon mixtures are the results of studies of formation and surface
samples, as well as field data. The main criterion for reliability of the obtained
data on samples is representativeness of the selected samples (Yushchenko et al.,
2015:56). Accordingly, the samples of the reservoir fluid, which were taken in

111



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

accordance with the regulations of representative sampling provide an opportunity
to use these data to create a fluid model of the field (Odegov et al., 2015).

However, the complexity and specificity of geological structure, insufficient
study of the basic laws of change in filtration-volume properties, ambiguity of
assessments of the phase state of natural hydrocarbon systems, anomalously
high reservoir pressure create significant difficulties in creating geological and
hydrodynamic models of deposits.

Information about the composition, physical, chemical and thermodynamic
properties of the reservoir fluid is an important link in the structure of the
initial information required for the creation and further use of geological
and technological documentation of various levels (calculation of reserves,
technological schemes of field development, etc.) (Pedersen at al., 2010:407).

To create a PVT model of a field based on the equation of state (Nugaeva et
al., 2012) and fundamental principles of the thermodynamics of multicomponent
systems when calculating phase equilibrium, first of all it is required to determine
the component composition of the reservoir mixture (Wilson et al., 2011:15).

In practice, we are often faced with the lack of data on the component
composition of reservoir oil, and in the case of gas-condensate-oil deposits -
with the lack of information about the composition and properties of the gas
cap gas, as well as free gas, including the potential content of stable condensate
(C5+) (Rodriguez et al., 2006).

By the example of Prorva group of fields (Kisimbay, Aktobe,
Dosmukhambetovskoye, Zapadnaya Prorva, S. Nurzhanov (all deposits) and S.
Nurzhanov North-West wing) (Fig.1), the PVT characteristics of oil composition
and properties of Karaton-Sarkamys block are presented.

Fig.1 - Overview map
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The Aktobe field is geographically located in the south-eastern part of the
Pre-Caspian depression The S. Nurzhanov oil field is located 15 km south-west
of it. The field reveals a complex of Meso-Cenozoic deposits, represented by
Triassic, Jurassic, Cretaceous, Paleogene and Quaternary systems, as well as
saline deposits of the Kungurian stage of the Permian system.

The Dosmukhambetovskoye field is located on the southern edge of the Pre-
Caspian Basin, 6 km north of the Aktobe field. The Dosmukhambetovskoye field
contains deposits from the Kungurian age to the Quaternary system.

The Kisimbay field is located in the south-eastern part of the Caspian
depression. In the field, deposits from Quaternary to Lower Permian inclusive
are uncovered, but the upper part of the section is well studied by wells, the
lower part of the section is uncovered by isolated wells. The sections uncovered
in all of the drilled wells are identical.

The West Prorva field is geographically located in the southeastern part of the
Pre-Caspian Basin on the eastern shore of the Caspian Sea. The field has exposed
sediments from the Paleogene to the Kungurian stage of the Lower Permian.
From the surface, these sediments are overlain by sediments of Quaternary age.

The S. Nurzhanov gas and oil field (all reservoirs) is characterized by a
complex geological structure expressed in the presence of tectonic faults that
divide the field into numerous blocks. The reservoir strata are characterized
by significant heterogeneity both in the area of the deposits and in the section.
The commercial oil and gas content of the field is associated with terrigenous-
carbonate sediments of the Valanginian stage (Lower Cretaceous) and sediments
of the Upper, Middle Jurassic and Triassic deposits.

At the S. Nurzhanov field (all deposits), the strata of Paleozoic and Meso-
Cenozoic deposits are uncovered. In the section of deposits rocks of Permian,
Triassic, Jurassic, Cretaceous, Paleogene and Quaternary systems are
distinguished. S.Nurzhanov deposit (North-West wing) territorially belongs to
Karaton-Sarkamys block. Lithological characteristics of the section are given on
the basis of the nearby main S.Nurzhanov deposit (all deposits).

Dependences of reservoir oil parameters on gas content were plotted according
to the results of experimental measurements (Fig. 4-19). For rejection of low-
quality values of parameters, the control of material balance data was used. In
addition, all data were evaluated using the equation of state to eliminate gross
errors of laboratory studies (Brusilovsky et al., 2013).

Research Material and methods. To assess the properties of the initial
reservoir oil, a mathematical recombination of the composition was carried out
using the obtained average value of gas content. Gas and oil compositions were
used according to the results of KMG Engineering LLP laboratory as the most
qualitative and detailed ones. For other laboratories the composition of degassed
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oil is either missing, or determination of the composition was carried out with
violations of the methods of conducting, which led to poor-quality results (e.g.,
lack of “plus” residue in the composition). Properties of oil fractions were
obtained by exponential prediction from the hydrocarbon number, taking into
account compliance with the material balance with the adopted density and
molecular weight of oil (Tulsa, 2015). The obtained composition of reservoir
oil was used to roughly assess the quality of laboratory results, which resulted
in the rejection of clearly substandard values of parameters (saturation pressure,
volume factor, density of reservoir oil).

On the whole, the Prorva group of fields was analyzed:

* Kisimbay - 14 deep and 25 surface samples;

» Aktobe - 22 deep, 7 recombined and 29 surface samples;

* Dosmukhambetovsky - 22 deep, 11 recombined and 34 surface samples;

» West Prorva - 54 deep and 64 surface samples;

* S. Nurzhanov (all deposits) - 162 deep, 7 recombined and 174 surface
samples;

* S. Nurzhanov Northwest Wing - 22 deep and 19 surface samples (Table 1).

Table 1 - Number of analyzed samples of Prorva group of deposits of Karaton-Sarkamys
block

Number of samples analyzed
The field
depth samples | recombined samples | surface samples
Kisimbay 14 - 25
Aktobe 22 7 29
Dosmukhambetovsky 22 11 34
West Prorva 54 - 64
S. Nurzhanov (all deposits) 162 7 174
S. Nurzhanov Northwest wing 22 - 19

In the area of Kisimbay and S. Nurzhanov fields (all deposits), Valanginian
productive horizon at depths of -1585.0m and -1900.9m (South wing, South field)
and -1893.4m (N-E field), respectively, is identified. The density of formation oil
of m.y. Kisimbay of Valanginian horizon varies from 0.603 g/cm® to 0.805 g/cm’,
at the average for the horizon it is 0.757 g/cm?® (Fig. 6). Saturation pressure at Tpl
=61°Cand P = 15.4 MPa is 10.4 MPa. (Fig.2-3) Average gas content is 74.6
m?/t. Volume coefficient is 1.180 Oil in formation conditions is characterized by
viscosity - 3.1 mPa*s on average. Density of degassed oil averages 0.873 g/cm?,
which characterizes oil as heavy.

Valanginian productive horizon of S. Nurzhanov deposit (all deposits) covers
South wing, South field (abd. height -1900.9m) and North-East field (abd. height
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-1893.4m). The density values of formation oil of the Southern Wing, Southern
field and Northeastern field are 0.767 g/cm?® and 0.789 g/cm?® at an average
temperature of 64-66°C, respectively. The gas content of the South Wing, South
Field and Northeast Field averages 124.1 and 62.8 m?/t, at saturation pressures
of 7.3 and 10.4 MPa, respectively. The density of degassed oil of South Wing,
South field is characterized as particularly light (0.830 g/cm?), oil of North-
Eastern field as light (0.843 g/cm?®). Jurassic productive horizons of the field
(Yu-1, Yu-I1I, Yu-III, Yu-1V, Yu-V) are characterized by gas content from 95 m*/t
(Yu-I) to 153.6 m*/t (Yu-V), density of degassed oil from 0.848 to 0.878 g/cm’
and are classified as medium and heavy.

The Triassic productive horizons (T-I, T-11-A, T-III, T-IV, T-V) are characterized
by gas content from 146.2 m*/t (T-V) to 202.2 m*/t (T-I), density from 0.891 to
0.897 g/cm’ and are classified as heavy and bituminous.

The Jurassic productive horizons of Yu-II (abs. elevation -2283.0) and (abs.
elevation -2436.8) Yu-IV of the North-Western flank of the S. Nurzhanov field
are characterized by gas content from 147.3 m3/t (Yu-II) and 95.8 m*/t (Yu-IV),
degassed oil density from 0.865 to 0.873 g/cm?® and are classified as medium and
heavy.

The Triassic productive horizons (T-11-A, T-IV-A, T-V) are characterized by
gas content from 106.5 m*/t (T-V) to 286.0 m*/t (T-IV-A), density from 0.856
(T-IV-A), to 0.933 g/cm® (T-V), and are classified as heavy and bituminous
(Pitkevich et al., 2010).

Analyzing the results of studies of formation oil productive horizons
Dosmukhambetovskoye field should be noted that the study of fluid system of
Middle Jurassic horizons satisfactory, the parameters on the horizons sustained,
except for two samples, for which the gas content is 26 m?/t (horizon VIII-2)
and 25.2 m*/t (XIV horizon). Basically, according to the results of formation oil
studies, it is clear that there is some tendency for gas content to increase along
the depth, density of formation oil and viscosity of formation oil are decreasing.
Saturation pressure changes from 4.0 to 12.4 MPa (Fig.12). The density of
formation oil of Jurassic horizons varies from 0.750 g/cm? to 0.850 g/cm? (Fig.
14). The value of gas content varies from 32.0-85.0 m*/t. Volume coefficient
varies from 1.102-1.266. Oil in formation conditions is characterized by viscosity
of 2.5 mPa*s on average. The density of degassed oil varies from 0.836-884 g/
cm3 and is characterized as light (VIII-1+2 horizon), medium (VIII-2 horizon)
and heavy (VIII-4-B, IX-1, IX-2, X-2, XIV).

Physico-chemical properties of formation oil of Aktobe field were studied
from productive horizons: VIII1, VIII2, VIII3, VIII4, VIIIS, IX1, VII1-IX1.
Analysis of the results of PVT studies of reservoir oils, showed that the saturation
pressure varies from 7.1 to 18.8 MPa (Fig. 12). The density of formation oil of
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Jurassic horizons varies from 0.672 g/cm? to 0.755 g/cm® (Fig. 14). The value of
gas content varies from 102.4-214.5 m’/t. Volume coefficient varies from 1.217-
1.538. Oil in formation conditions is characterized by viscosity of 0.9 mPa*s on
average. The value of density of degassed oil varies from 0.811-842 g/cm? and is
characterized as Oil of all horizons belongs to type “0” and “1” and is classified
as especially light and light.

The main volume of downhole samples of the West Prorva field is characterized
by the T-III productive horizon. The distribution of sampled formation oil over
the area of the field is shown in Fig. 5 u 16-19. In terms of area, samples of the
Jurassic horizon were taken from the pure oil zone from the peripheral part of the
production facility, for the productive T-II horizon, samples were mostly taken
from the central (wedge-shaped) part, for the productive T-III horizon covering
almost the entire area.

Result and discussion. Laboratory PVT studies of reservoir oil samples from
the field were conducted only as part of a reduced complex (standard separation,
PV ratios), so only these basic experiments were used when building the model
(Lasater et al., 2013).

The equilibrium gas composition was used when it was necessary to resaturate
the reservoir oil samples to a saturation pressure corresponding to the reservoir
pressure at the depth of the GOC. Modeling was performed in Schlumberger
PVTi software. After adjusting the equation of state, fluid models corresponding
to degassing conditions at the separator were unloaded. Separation conditions
are assumed to be typical for the oil field system according to the RD (Standing,
2017).

As a whole, the dynamics of changes in gas content of formation oil based
on deep samples of Yu-II horizon agrees with the behavior of saturated reservoir
systems. Given the presence of a gas cap in the horizon, the saturated state of the
fluid in the initial period of exploration is beyond doubt. Since the height of the
deposit is not high and the error of laboratory data exceeds the probable changes
in depth, the parameters of formation oil can be assumed unified by the height of
the deposit (Petrosky, 2013).

The revealed dependence of formation oil properties allows to reconstruct
the properties of the initial fluid in the saturated state (Guzhov et al., 2015). The
saturation pressure of formation oil corresponds to the formation pressure at the
GOC. Oil density in formation conditions is 0.688 g/cm’. Viscosity of formation
oil is 1.1 mPa*s. Oil-gas saturation pressure - 24.9 MPa. Gas content - 194.2
m?’/t, at a volume factor of 1.460.

All samples of T-II horizon are well approximated by a single correlation on
the graphs of the dependence of the saturation pressure and volume coefficient
on gas content. This is a criterion of belonging of all samples to a single reservoir
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system (Abbaszadeh et al., 2010). Decrease of gas content by samples is caused
by sampling conditions (low permeability of reservoir and high underbalance,
lack of preparation time for sampling, etc.), as well as decrease of reservoir
pressure in the deposit (Khatib et al., 2012). Oil density in formation conditions
is 0.681 g/cm’. Viscosity of reservoir oil is 0.4 mPa*s. Oil-gas saturation pressure
averages 25.4 MPa. Gas content is 189.4 m*/t, with a volume coefficient of 1.490.

In general, for T-III horizon, the dependence over the entire pressure range is
very short, which may be an indication of under-saturation of the initial formation
fluid (Fig. 3). Research results are contradictory and indicate not only low
quality of samples due to unacceptable sampling conditions (two-phase state),
but also fitting laboratory data to conditionally conditioned values [18], [19]. For
example, many samples are taken at depths where the sampling pressure is much
lower than the formation oil saturation pressure determined in the laboratory.
At the same time, very often there is a parallel sample, measurements of which
allegedly confirm the high quality of the samples (Aguilera et al., 2011). The
density of oil in formation conditions is 0.685 g/cm?. Viscosity of formation oil
- 0.5 mPa*s. Oil saturation pressure with gas is 26.6 MPa. Gas content - 190.4
m’/t, at volumetric coefficient 1.540.

The characteristic of formation oil of T-V horizon was characterized by 3
studies. The obtained results of the studies are contradictory. The density of
separated oil was 0.889 and 0.780 g/cm?, respectively. Low values of oil density
such as 0.780-0.783 g/cm’ are not typical for the Triassic deposits not only in
the West Prorva field but also in the Sputnik - S. Nurzhanov field. It is likely that
deep samplers did not take samples of formation oil, but saturated condensate - a
product of condensate precipitation of the gas cap, which is present in the T-V
horizon. Therefore, these samples cannot characterize the properties of the initial
formation oil (Bourdet et al., 2009). The sample from well #400 was taken at a
depth of 2,500 m, and the sample saturation pressure was 24.0 MPa, which is
close to the hydrostatic pressure at this depth. Due to the presence of a gas cap in
the reservoir, it was decided to mathematically resaturate the composition (Tiab,
2013) of reservoir oil to a saturation pressure equal to the reservoir pressure at
the GOC. Gas content of the saturated formation oil was 227.0 m*/m?, density of
separated oil - 0.889 g/cm®. Oil density in formation conditions - 0.681 g/cm?.
Viscosity of formation oil - 0.5 mPa*s. Oil saturation pressure with gas - 34.0
MPa. Gas content - 195.8 m?/t, with a volume ratio of 1.550.

Parameters of reservoir oil have been determined according to the model of
reservoir oil, parameters of the equation of state of which have been adjusted
to reproduce adequate experimental data (Abbaszadeh et al., 2010). As a result,
we obtained a model characterizing the behavior of fluid properties, as close
as possible to reliable parameter values, and having a physical relationship
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of properties not only under initial conditions, but also during simulation of
reservoir development for depletion (table 2).

Conclusion. Analyzing the experimental material on the studied samples of
surface oils we can make the following conclusions:

Properties of oil within individual horizons are quite close to each other.
Visible distinctions can take place depending on a place of sampling, position of
a well on structure of a deposit, affinity VNK, i.e. correspond to existing ideas
about change of properties of oil within a deposit.

For oil of many fields of suprasalt complex the following regularity of
change of physical and chemical properties is characteristic, the more depth of
occurrence of a productive horizon, the lighter is oil.

Peculiarity of fluid systems of deposits of Karaton-Sarkamys block of
Atyrau region is that parameters of reservoir and separated oil of deposits are
characterized on the contrary by heavier oil with increase of depth of occurrence
of horizons. So, for example, oils from Triassic horizons are more heavy and
viscous than Jurassic, yield of light fractions, boiling up to 300°C is less, than at
oils of Jurassic horizons though such parameters as the contents of sulfur, resins
and paraffins are comparable.
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Fig.19 Dependence of viscosity on formation oil density
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Table 2 - PVT properties of oil of the fields under consideration

Mozets

Parameters
. Oil
Oil
Middle . den-
Th of the Reser- Forma- G?Sr Gas G i‘ensny Reser- sity in
N Horizon absolute | voir tion satur- Volu- | con- as voir sur-
field ation con- forma- .
mark pres- tempe- me tent, . oil vis- | face
’ pres- . 3 tent, tion .
m sure, rature, e ratio m?/ it cond- cosity, | con-
MPa C Sure, m? .. mPa*s | diti-
MPa itions, ons
3 e
kg/m ke/m?
Kisim- ) valan- -15850 | 154 61 10,4 1,184 | 649 | 746 | 0,757 3,1 0,873
bay gine
10-11 -2254.8 24,9 73 24,9 1,460 | 165,0 1942 | 0,688 1,1 0,850
T0-1I1-1 -2281,0 24,9 73 24,9 1,460 | 165,0 1942 | 0,688 1,1 0,832
West T-1T -3118,0 30 95 25,4 1,490 | 162,5 189,4 | 0,681 0.4 0,845
Prorva
T-IT1 -3202,0 32 98 26,6 1,540 | 1683 190,4 | 0,685 0,5 0,884
TV -3361,2 34 98 34,0 1,550 | 195,8 2248 | 0,681 0,5 0,890
VIII-1 -2134,9 20,4 76 5.4 1,129 | 32,0 38,2 0,778 1,8 0,838
VIII-2 -2148,6 22,7 71,8 4.4 1,152 | 36,3 41,7 0,802 2,9 0,868
Dosmu-
kham- VIII-4-b -2231,0 22,7 74,5 7,1 1,172 | 44,0 49,4 0,805 3,1 0,878
5:;((;_ 1X-2 -2316,4 23,5 75,9 7.4 1,200 | 50,0 56,6 0,800 2.4 0,880
X1V -2529.4 28,1 82,8 9.4 1,215 | 61,9 70,9 0,789 1,6 0,873
XV -2590,8 28,5 83,6 7,1 1,119 | 35,6 40,0 0,831 4,1 0,865
VIIT, -2243.0 24,7 73 7,8 1,312 94,4 116,9 0,720 1,1 0,823
VIIL, -2254,0 24,1 76,7 8,0 1,322 | 99,3 121,5 | 0,719 0,6 0,821
VIIIL, -2307,0 22,6 77,4 17,3 1,453 158,2 190,3 | 0,690 0,5 0,828
Aktobe -
VI, -2325,0 22,6 77,3 16,7 1,442 | 153 183,6 | 0,700 0,6 0,850
VI -2372,6 22,1 77,9 10,7 1,307 | 99,3 119,7 | 0,726 0,9 0,833
IX, -2376,1 23,0 77,4 14,6 1,395 131,8 158,3 | 0,707 0,6 0,836
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Table 2 continued

Parameters
Oil
. den-
Middle Oil sit
Gas densit Reser- Sy
of the Reser- | Forma- Gas y in
; abso- voir tion satura- | o | con- Gas in voir sur-
The field Horizon lute tion con- forma- oil
pres- tempe- me tent, . . face
mark pres- . 3 tent, tion VISco-
> sure, rature, sure ratio m’/ it condi sity, con-
m s 3 - , -
MPa ¢ MPa m tions, mPa*s d}
Ka/m?® tions,
& kg/
m3
Valan-
gine
-1900,9 19,3 64,0 73 1,295 | 103,1 124,1 | 0,767 0,7 0,830
South
Field
Valan-
gine S-V | -1893.4 17,4 66,0 10,4 1,164 | 54,3 62,8 0,789 1,86 0,843
Field
Yu-1 -2262,5 | 222 74,0 15,6 1,233 | 85,0 95,0 0,773 0,8 0,873
S. Nurzhanoy | Yu1I -2274,0 | 24,1 74,1 21,6 1,34 123,8 | 1414 | 0,734 0,8 0,870
(all deposits) | Yu-IIT 23158 | 20,7 78,0 16,9 1,241 | 955 | 109,6 | 0,775 0,77 0,848
Yu-IV -2394.5 26,6 75,0 239 1,331 130,6 | 149,5 | 0,743 0,86 0,876
YU-V -2775,7 29,2 88,1 20,8 1,475 | 1343 | 153,6 | 0,715 0,74 0,878
T-1I-A -3050,4 | 334 98,0 22,4 1,690 | 179,6 | 202,0 | 0,635 1,19 0,891
T-II1 -3219,0 | 29,9 97.4 24,2 1,375 | 116,5 | 147,3 | 0,761 0,94 0,897
T-IV -3185,0 | 29,9 97.4 24,2 1,375 | 116,5 | 147,3 | 0,761 0,94 0,895
T-V -3263,2 32,1 99.8 27,9 1,298 | 129,5 | 146,2 | 0,774 0,78 0,391
Yu-II -2283,0 | 24,2 75,0 22,3 1,310 | 127,1 | 147,3 | 0,746 0,7 0,865
Yu- IV -2436,8 26,9 76,8 16 1,231 | 83,5 95,8 0,778 1,1 0,873
S. Nurzhanov
Northwest T-II-A -3299.4 | 34,6 97,4 26 1,342 | 128,7 | 143,5 | 0,751 0,7 0,899
Wing T-IV-A -3259,9 | 36,2 97.4 254 1,698 | 2448 | 286 0,653 0,4 0,856
-V -3518.,8 36,9 99,5 28,7 1,229 | 99,1 106,5 | 0,818 1,8 0,933
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