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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
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

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
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Mep3iMaimiri: KpUIbIHA 6 PET.
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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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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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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D. Urmanova'’, B. Durmagambetov?, John D. Humphrey?,
S. Zagranichniy'

'Satbayev University, Almaty, Kazakhstan;
’KNOC Kazakhstan, Almaty, Kazakhstan;
’King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia.
E-mail:d.urmanova@satbayev.university

GEOLOGICAL AND HYDRODINAMIC MODELING OF AN OIL
FIELD OF THE PRICASPIAN REGION OF THE REPUBLIC OF
KAZAKHSTAN

Abstract. Application of field modeling methods in Kazakhstan has been
going on for decades, in parallel with the discovery of new oil and gas fields
in the Caspian basin. The purpose of this article is to provide the results of a
comprehensive geological survey of an oil field in the west of the Republic of
Kazakhstan and to introduce an application hydraulic fracturing technology.
The methods used for modeling the field are considered in detail, namely:
petrophysical interpretation of wells; seismic interpretation (analysis of seismic
attributes for selected intervals); geological modeling (cross-well correlation and
channel sediment identification, structural modeling, property modeling). As a
result of the analysis of seismic attributes, potential development targets were
delineated in the form of polygons, which were further involved in geological
modeling. Following the completion of the aggregation phase, areas of possible
associated channel sandstones / sand trends in each zone were mapped. When
modeling properties for the final saturation model, predefined oil contacts were
introduced, which made it possible to define the geometry of oil deposits by
zones. Comparative experimental dynamic calculations of hydraulic fracturing
modeling methods using the EasyFrac plugin and the HydroFrac well completion
method were carried out. Under the same initial conditions, the Easy Frac plugin
demonstrated a better possibility of liquid extraction, the pick-up rate of injection
wells, an earlier water breakthrough into the producing well. Experimental
calculations were carried out using the KINETIX hydraulic fracturing modeling
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technology, which demonstrated the possibility of creating a detailed design
of the procedure for conducting a hydraulic fracturing operation, selecting the
technology depending on the desired result.

Key words: Kazakhstan, modeling methods, hydraulic fracturing, geological
exploration, oil field, Petrel, Pricaspian region.

. YpmanoBa'*, b. Jlypmaram6eron?, Izxon /1. Xamppn®,
C. 3arpaHuuHbIii’

'Satbayev University, Anmarsl, Kazakcras;
2KNOC Kazakhstan, Anmarsr, Kazakcran;
*King Fahd University of Petroleum and Minerals, [laxpan, Cayx ApaOusicsr.
E-mail:d.urmanova@satbayev.university

KA3AKCTAH PECITYBJIMKACHI KACIIUIA MAHBI
OHIPIHIH MYHA¥ KEH OPHBIH I'EOJOTHSIJIBIK JKOHE
TUIPOINHAMUKAJBIK MOJEJBAEY

Annoranus. Kazakcranma KeH OpbIHAAPBIH MOJIENbB/ICY SIICTEPiH KOJIJAHY
Kacnuit 6acceitHinae kaHa MYHa# jkKOHE Tra3 K€H OpPbIHIAAPBIHBIH allbLTybIMEH
Karap OipHeIIe OHXBUIIBIKTap OOWBI JKaIFachIl Keledi. MakKallaHbIH MaKCaThl
Kazakcran PecrnyOnukachiHbIH OaThICHIHAAFBl MYHAH KEH OPHBIH KEIIeH]I re-
OJIOTHSITBIK 3€PTTEY HOTIIKEIIEPiH YCHIHY JKOHE THAPABIHUKAJIBIK CHIHYIBIH KOJI-
naHOabl TEXHOJOTHACHIH eHTi3y. KeH OpHBIH MOENbey YIIIiH KOJAaHbUIAThIH
OMICTEP erKEH-TErKeWsIl KapacThIphIIabl, aTal auTKaHa: YHFbIMaJapabl Ie-
TPOPU3UKAIBIK TYCIHAIPY; CEHCMUKAIBIK MHTEpIIpeTanus (TaHJajJFaH MHTEp-
BaJIap YIIiH CEWCMUKAIBIK CUIaTTaMajap/bl Tajuaay); TeOJOTHSIIBIK MOJEIh-
ney (YHFpIMalap apachblHOAFbl KOPPEISIIUsS JKOHE apHaJapJarbl MIeTiHIUIepIi
aHBIKTAy, KYPBUIBIMIBIK MOJAENBILY, KacueTTepai moaenpiaey). CelicMUKabIK
cumnaTrTamaiapsl Tajujaay HOTHKECIHAE dJeyeTTl JaMy oObekTiiepi Oomamakra
T'€0JIOTUSUIBIK MOJIENbJICYTe KaTbICAaThIH MOJUIOHAAp TYpiHe Oenrinennai. Arpe-
ranusi Ke3eHl asKTaJFaHHaH KeWiH op alMaKTarbl BIKTUMaJl 1JIECIIe apHaJIbIK
KyMTacTap/KyM TPEeHATEPiHiH alMaKTapbl KapTara Tycipiiai. KaHbIKTBUTBIKTHIH
COHFBl MOJIETIIHE apHajJFaH KAacHeTTepAl MOJENbJey Ke3iHAe aljblH-ana
aHBIKTAJIFAaH MyHai OailylaHbICTaphl CHT131L11, O aliMaKTapAaarbl MyHal KeH
OpBIHAAPBIHBIH TE€OMETPHUSCHIH aHbIKTayFa MyMKIHAIK Oepai. Easyfrac mmarunin
xoHe HydroFrac yHFbIMAchIH asiKTay SJICIH KOJIaHa OTBIPHIN, (PPEKUHTTI MO-
JeNbJIEY OMICTEPIHIH CaJBICTBHIPMANBI SKCIIEPUMEHTTIK JUHAMHUKAIBIK €Cel-
Teynepi xyprizinmi. Jom oceiHmait O6acranke! xarainapaa Easy frac mmaruni
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CYMBIKTHIKTBI aTy/IbIH KaKChl MYMKIH/IIT1H, aiilay YHFbIMAIaApbIH aTy KbLUIIaM-
JBIFBIH, OHAIPYIIl YHFBIMara CYIbIH €PTEPEK CEpIIyiH KOPCETTi. DKCIepH-
MeHTTiK ecenteyiep KINETIX ¢hpexunrTi Moaenb/ey TeXHOIOTHICHIH KOJIaHa
OTBIPBII KYPri3uii, OyJ1 GPPEKHHT OMepalusIChIH )KYPri3y MPOoIeTypachIHbIH €T-
KEH-TErKEHIl KOOAChIH KYpY, KOKETTI HOTHXKere OalIaHbICThI TEXHOJIOTHUSHBI
TaHJay MYMKIHJIIT1H KOPCETT1

Tyiiin ce3aep: Kazakcran, Momenpaey omicTepl, THAPABIMKAIBIK CHIHY,
reoJIOTUSUIIBIK Oapiay, MyHall keH opHbl, Petrel, Kacriuit mans! eHipi.

. Ypmanosa'’, B. Jlypmaramo6eros?, [Izkon 1. Xamppu?,
C. 3arpaHuyHbIii’

!Satbayev University, Anmarsl, Kazaxcran;
KNOC Kazakhstan, Anmarsl, Kazaxcran;
3King Fahd University of Petroleum and Minerals,
Haxpan, CaynoBckas ApaBusi.
E-mail:d.urmanova@satbayev.university

I'EOJIOI'MYECKOE U THAPOAUHAMUNYECKOE
MOJIEJIUMPOBAHUE HE®TAHOI'O MECTOPOXJIEHUA
MPUKACIIUCKOI'O PETUOHA PECITYBJINKHA KA3BAXCTAH

AnHoTauus. IlpumMeHeHHE METOI0B MOJEIUPOBAHUS MECTOPOKICHUI
B Kazaxcrane nponomxkaercst yXe HECKOJIbKO NECATWIECTUN, MapajjielbHO C
OTKPBITHEM HOBBIX MeCTOpoXKaeHud HedTu u rasza B Kacmnwmiickom Oacceiine.
[lenbro TaHHOM CTaTbU SIBISIETCS IIPEIOCTABICHUE PE3YIbTAaTOB KOMILIEKCHOIO
TeOJIOTMYECKOT0 HCCIIEOBaHMUS HE(TSIHOTO MECTOPOXKICHHUS Ha 3amafe
Pecny6nuku Kazaxcran v BHeIpeHUE PUKIIAIHOW TEXHOIOTUU THIPOPA3phIBa
mwiacta. [TonpoGHO paccMOTpeHBI METOIbI, UCTIOIB3yEMBbIE JJISi MOJCTHUPOBAHHUS
MECTOPOXKICHHS, a HMEHHO: MNeTpopu3nyecKass HHTEepIpeTalusi CKBaKHH;
ceiicMuyYecKas MHTeprpeTanus (aHauu3 CEUCMUYECKUX XapaKTEPUCTUK IS
BbIOpaHHBIX HHTEPBAJIOB); T'EOJOTMYECKOE MOJAETUPOBaHUE (KOppensuus
MEXIy CKBOXHMHAMH W WUICHTH(PUKAIUSA OTIOKCHHA B KaHAJIAX, CTPYKTYpHOE
MOJICTMPOBAHKE, MOJICIIMPOBAHNUE CBOMCTB). B pe3ynbprareananuzaceiicMuuecKux
XapaKTEePUCTUK MOTEHLMAIbHbIE OOBEKTHI pa3paboTKu ObUIN OYEpUEHBI B BUJE
MOJIUTOHOB, KOTOPBIE B JaJbHEWIIEM OBLTU 3a/1IeHCTBOBAHBI B T'€OJIOTMUYECKOM
MonenupoBanuu. [locie 3aBepiieHus sTama arperaluu ObLJIM HAHECEHBI Ha
KapTy 00J1aCTH BO3MOYKHBIX COITYTCTBYIOIIUX PYCJIOBBIX I€CYAHUKOB/TIECYAHBIX
TPEHJO0B B Kaxaou 30He. [Ipn MomenupoBaHUU CBOMCTB Jii OKOHYATEJIbHOU
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MOJIENT! HACBHIIIEHUS ObLIIM BBEIEHBI MpENONpeieeHHble He(PTAHbIE KOHTAKTHI,
YTO MO3BOJIWJIO ONPEAETUTh Te€OMETPUI0 HE(DTAHBIX 3anexel 1mo 30HaM. bbuin
IIPOBEJICHBl CPaBHUTEJIbHBIE 3KCIIEPUMEHTAJIbHBIE JIMHAMUYECKUE pacueThl
METOJI0B MOJIEJIMPOBAHMS TMAPOpa3phiBa IJIACTa C UCHOJIb30BAHUEM ILJIarMHA
Easy Frac u Mmerona 3aBepiienust ckBaxunsl HydroFrac. [pu Tex e HayanbHbIX
ycioBusax ImiaruH Easy Frac mpomeMoHCTpupoBai JIydIllyl0 BO3MOYKHOCTb
W3BJICUEHHUS KUJKOCTH, CKOPOCTh OTOOpa HarHeTaTeJIbHBIX CKBaXHH, Oojee
paHHUN TPOPBHIB BOABI B JIOOBIBAIOIIYIO CKBAXKUHY. ODKCIIEPHUMEHTAJIbHBIC
pacueTsl ObUIM TPOBEACHBI C HCIOJIB30BAHUEM TEXHOJIOTHH MOJEIMPOBAHMS
runpopaspsia riacta KINETIX, kotopast npoaeMoHCTpUpOBaIa BO3MOKHOCTh
CO3aHMs AETATbHOIO POEKTA MPOLEAYPbI IPOBEACHUS ONIEPALIMH THIPOPA3PhIBA
acTa, BbI0OOpa TEXHOJIIOTUH B 3aBUCUMOCTH OT JKEJIaeMOT0 pe3ybTaTa.

KiroueBbie cioBa: Kasaxcran, MeToabl MOAEIMPOBAaHUS, THIPOpa3pbiB
IJ1acTa, reojioropasBezika, HeTsiHoe MecTopoxaeHue, Petrel, [Ipukacrmiickuit
pEruoH.

Introduction. Oil and gas condensate fields of the Caspian Basin began to
play an important role in the oil industry of the former USSR in the early 1980s
after the discovery of the giant formations Astrakhan, Karachaganak, Tengiz.
(Bedrikov et al., 1994).

The Ustyurt-Bozashinsky basin includes the Bozashinsky arch and the North
Ustyurt system of deflections and elevations. The pool area is 130,903 sq km.
About 60 local structures have been identified within the basin by geological
and seismic methods over the years of study (Azhgaliev, 2020). The North-
Ustyurt block has the shape of a wedge directed to the west, where it wedges
out along converging faults in the Komsomolets Bay area (Leonov et al., 2010).
The territory of the North-Ustyurt region has clearly expressed limitations in the
form of large fault systems and extended antaclinal zones. (Daukeev, 2002).

Paleozoic deposits of the Ustyurt region are buried under the Mesozoic-
Cenozoic sedimentary cover with a thickness from the first hundred meters to 6-8
km (Volozh et al, 2016). In the interior of the North Ustyurt Depression, on its
northern and southern sides, under the Mesozoic-Cenozoic sedimentary cover,
dislocated rock complexes of the Upper Paleozoic intermediate structural floor
(Triassic, Permian, Carboniferous and Upper Devonian) lie to varying degrees
(Niyazova., 2021) Differences in sedimentation conditions predetermined the
different composition of hydrocarbons in the west (sea conditions) and in the
east (lake-swamp conditions). (Abilkhasimov, 2019) From the position of the
geothermal regime of the subsurface of the Caspian region at depths of 1-4 km,
the central part of the Northern Ustyurt is characterized by the greatest heating
(Glumov, 2004).
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The field described in this manuscript is located in the northern part of the
Ustyurt basin (Fig. A.1), where the productive Jurassic deposits of nearby fields
play an important role. Permian and Lower Triassic deposits are widespread and
have capacities up to 2 kilometers. Permian sediments are distinguished by their
predominantly sandy composition, and Early Triassic organic matter (ostracods)
has been found in Lower Triassic red-colored sandy-clay-siltstone rocks. (Volozh
et al, 2015) Its structure is an anticline formed in the course of strike-slip and
extensional tectonic regimes, where the plan shows the segmentation of a group
of major and minor normal extensional faults with tracking of separation in
geometry. Faults are also detected on logs in the form of cycles isolated from the
section (in the general case), as well as duplicated ones. Previous interpretations
of sedimentary environments in one way or another indicated a terrigenous
fluvial, amenable to interpretation based on curves, cyclicity, mutual and spatial
location of sandstones in wells and in the core, including the transition zone
in the upper part of the section. The setting also correlates with the origin of
hydrocarbons (lacustrine, fluvial, deltaic) established by geochemical analyzes.

Similar research results were published in the publication of S.M. Ozdoyev
(Ozdoyev et al., 2017). The article presents the reservoirs of the field in the form
of laterally and layer-by-layer heterogeneous in their reservoir properties and
productivity factors, permeability, efficiency of oil-saturated capacities. Methods
of using optimal technologies in increasing oil production from productive wells
of the field have been selected.

The following sections of the article present the results for each method
of computerized geological modeling of an oil field and assessment of the
implementation of new technologies in the process of well design and completion.

Research material and methods. Oil field modeling methods. Petrophysical
well interpretation. Quality control of logging curves of new wells was carried
out. Log data in these wells was used as a reference for studying the well section.
An example of a comparison is shown in Fig. B.1

As part of the quality control of the curves, graphical analysis tools were used
in the Techlog software. For deep alignment of core data, spectrometric gamma-
ray logging (GR) data were used. Structural and textural features, mineral
composition of rocks, which are represented by detrital rocks of productive
deposits, composed of grains of quartz, mica, feldspar, have been studied.
According to granulometric analysis data, polymictic sandstones have different
grain sizes (from small to large) and cementation degrees (from weak to densely
cemented). Clay rocks are composed of the minerals chlorite, illite and kaolinite.

As a result of deep correlation «core description - logging», a model for
calculating lithology was developed. Based on the analysis of core data, the
separation of productive sandy rocks into two lithotypes was carried out - pure
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sandstones and dense clayey sandstones. Clean sandstones are characterized by
GR values less than relatively dense clayey sandstones and large divergences of
the GR-NPOR-DEN curves. This model also allows calculating the lithotypes
of clay, limestone and coal based on the readings of the log curves. In Fig. B.2
presents an example of a comprehensive analysis of core and log data to study
the degree of reservoir heterogeneity.

In Fig. B.3 shows the sums of the thicknesses of sandstone and clay in the
previous and updated models. In the updated model, there is an increase in the
thickness of sandstone (on average by 13%) and clay (on average by 2%).

The previous petrophysical model used a common «globaly relationship
between the permeability factor and the porosity factor. In Fig. B.4 shows the
relationship «Permeability coefficient-Porosity coefficient» (Kpr-Kp) in the
previous and updated models.

It is noted that the general dependence «Srw-Kp» has a high reliability (R2
= 0.89), but does not describe the sample in high Kp values, where the cloud
of values “flattens out” at the level Srw = 27%. In this regard, an additional
logarithmic dependence «Srw-Kp» was adopted, which describes samples with
Kp more than 9%.

Productive deposits are represented by sandstones of various grain sizes and
with varying degrees of cementation with the presence of finely dispersed clay
minerals. This type of reservoir is capable of retaining a significant proportion of
non-free water (clay- and capillary-bound). This is confirmed both by the results
of core data analysis and by special logging studies. Dividing the type of sand
reservoir into 2 subtypes allowed different permeability coefficient regressions
to be applied.

In the previous model, general regression was used to predict Kpr. The
updated model uses different Kpr-Kp relationships for sandstone lithotypes to
predict permeability.

In this work, the Archie equation with the parameters of the existing
petrophysical model was used to calculate Sw. The presence of residual water
is confirmed by core data. Based on the analysis of core data, a dependence was
obtained for calculating the Srw, according to which the minimum value is 27%.

Seismic interpretation. The seismic interpretation has been rebuilt, added
velocity model building and seismic attribute analysis for all seismic horizons,
followed by implementation in geological modeling.

The seismic interpretation was performed on the 3D seismic cube (177.1
km?2), reprocessed in 2012.

The seismic interpretation workflow can be roughly divided into 2 parts:
structural interpretation and seismic attribute analysis. The traditional structural
interpretation approach has focused on the interpretation of faults and horizons,
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along with the construction of a velocity model for depth conversion. Seismic
attribute analysis was aimed at visually highlighting and isolating promising
objects like sand bodies. In seismic-attribute analysis, two techniques are
involved: straightening the seismic volume to the horizon with its subsequent
use as a source material for calculating seismic attributes Maximum Rated
Sinusoidal (RMS amplitude), Sweetness and Envelop, the calculated attributes
were analyzed as a single volume over time slices using Red Green Blue (RGB)
color mixing; method of spectral decomposition followed by scanning along
strato-sections in the form of a sample along the horizons.

The results of both methods were linked to well information to confidently
delineate promising targets as polygons.

Interpreting horizons. According to the results of seismostratigraphic
referencing and analysis of the wave field, more than 10 seismic horizons were
identified and traced (Fig. C.1). Laterally sustained and well-connected seismic
horizons (J-1V, JV, J-VI, J-VIII-A (FS2), J-IX-A, JXA (FS-1), J-XI (J2Base) are
designated as reference and involved in the construction of the structural frame
of the geological model. Each of the additional seismic horizons is characterized
as a single lithological event in the wells between the reference horizons. All
horizons are traced by a 10X10 grid in the ILN and XLN directions. For quality
control purposes, the Anomaly identifier attribute was applied. Gray color of the
attribute is identified. with zones of confident correlation for secant ILN / XLN,
and red-blue gamma with residuals (Table A.1).

Table A.1
Horizons Display Response Pick Quality
J3 top Blue Trough Very Good
Carbonate Top Red Peak Very Good
J-I (Shale Top) Red Peak Good
J-1I (FS3) Red Peak Good
J-1I Red Peak Fair - Good
J-IV Red Peak Good
-V Red Peak Good
J-VI (Coal) Red Peak Good
J-VII-A Blue Trough Fair - Good
J-VII-B Blue Trough Fair - Good
J-VIII-A (FS2) Blue Trough Fair - Good
J-IX-A Red Peak Good
J-X-A (FS1) Red Peak Fair-Good
J-XTI (J2Base) Blue Trough Poor-Good
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3D seismic tracking of horizons was carried out taking into account the
following criteria: lateral continuity of reflection; dynamic and frequency
component of reflection; reflection geometry; number of reflections in a single
package.

All horizons were traced in two stages. Initially, taking into account the lateral
continuity with a 10X10 grid to determine the general structure and subsequent
auto-tracking, taking into account the amplitude-phase characteristics of the
reflection. The degree of auto-tracking is directly related to the original reflection
quality.

Deterioration in the quality of seismic reflections with depth is observed,
especially for the J-XI (J2Base) horizon, which may affect the ambiguity of the
result. On the flank of the structure, deeper than the J-XI horizon (J2Base), there
is an angular unconformity phenomenon.

Most of the horizons are characterized as confidently traced. Difficulties in
tracing horizons are usually associated with fault zones and thin sandstone-clay
interbedding.

The most confident are the J3 Top and Carbonate Top horizons. In general,
the reflections in the interval of interest are sub-parallel with varying degrees of
intensity. The lower part of the interval of interest can be characterized as low-
intensity.

Reflections in the middle and upper sections of the section are sub-parallel
and acoustically hard.

Seismic Attribute Analysis. There are more than 100 distinct seismic
attributes calculated from seismic data and applied to the interpretation of
geological structure, stratigraphy, and rock/pore fluid properties. (Adero et al.,
2017) Seismic attribute analysis involves obtaining additional visually expressed
information, which may be implicit in a traditional seismic field, and leads to
improved geological and geophysical interpretation of the data.

In seismic attribute analysis, two techniques were used (Fig. D.1). Channel-
type objects, as a rule, do not have a pronounced manifestation in the original
seismic sections. Screening by slices of a mixed object of three attributes
was applied. Initially, the attributes are calculated from the seismic volume
straightened to the target horizon. This approach makes the visualization of
stratigraphic features more obvious. The Sweetness, RMS amplitude, Envelop
and eXchroma attributes were successfully applied to detect and highlight
hidden objects by paleo-channel type. In an alternative approach to the analysis
of seismic attributes, the spectral decomposition attribute was used, followed by
its screening using horizontal samples.

RGB color mixing of seismic attributes works well for revealing structural
and stratigraphic features. To confidently confirm the prospects, all objects were
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calibrated using well data, taking into account the geological concept of the
region of work, the revealed thickness of the sandstone and the logging signature
(a certain form of logging the logging curve) in each of the modeled intervals.

In Fig. D.2, Fig. D.3 shows an example of the described log calibration
process. Unfortunately, the quality of the initial seismic survey and the thin-
layered section did not allow the extraction of objects in the form of geological
bodies. Potential development targets outlined in the form of polygons were
involved in geological modeling.

Geological modeling. One of the most important tasks of the current stage
of geological modeling is to revise the distribution of sandstones in the main
production horizons, porosity, and saturation. Interpretation of seismic facies
polygons in each zone has been performed, the position and number of polygons
used in the interpretation of seismic facies has been changed. This, in turn,
influenced the change in total net-to-gross and reservoir connectivity. Water
saturation was modeled by spreading properties from wells using Gaussian
Random Function Simulation (GRFS).

The geological interpretation process consisted of 4 stages. Quality control has
been performed for the main marking horizons. Further, the secondary horizons
were picked, controlled by the power of the subzones. The correlation of the
horizons was complicated by the nature of channel sand incisions of different
scales and tectonics, manifested by the isolation of cycles from the section - or
by duplication. In order to better describe the behavior of the net-to-gross trend,
at the preliminary stage, the concept of calculating the thicknesses of individual
sandy interlayers (ICBT), which is most likely associated with river (channel)
deposits, was applied. At the same time, the most probable lateral sandstone
trends have been identified and integrated with core and seismic data. Due to
the nature of the cyclic bedding of sandy channel bodies, there was a problem
of unambiguous identification of their lateral prediction, which was solved by
superimposing on the seismic trend - the isolation of seismic facies observed by
sounding along a seismic cube (horizon probe). As a result of this aggregation, at
the final stage, polygons of possible distribution of associated channel sandstones
/ sand trends in each zone were mapped.

Cross-well correlation and channel sediment allocation. More than 20
main and auxiliary correlation schemes were built in the wells before correlation
and identification of individual channel sandstones.

Further, regional markers were identified and placed in all wells: the top of
the Jurassic - the base of clayey, unconsolidated and low-resistivity Cretaceous
rocks; roof of carbonates - the roof of a thick regional layer; clay roof - transition
from carbonate thicknesses to pure regional clays; coal (VI or CBS) - a regional
coal-seam that can be traced through the entire deposit; Jurassic base (base of
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horizon XI, fluvial, alluvial sandstones, with an unconformable adherence to
Triassic rocks).

Some seismic horizons are associated with main skips, which in cross section
represent maximum flood surfaces (MFS), or consistent horizons in area, such
as coalified sequences. However, not all seismic horizons have been identified
with geological horizons. In the model of the previous project, the upper horizon
started from I, while in the 2020 model from IV.

To establish the spatial patterns of the distribution of sand bodies, ICBT
logging was created, measuring the thickness of individual sandstones
(logging thickness from 0 to 40 meters), which, based on a set of identification
parameters, were identified in the section as channel ones. Not all sand bodies
have been identified as channel bodies, but these sandstones were of interest
for modeling. So, for example, the motive for the change in the GR curve for
channel sandstones of a meandering river has a sharp lower contact and fining
upwards, suggesting a mostly curvilinear geometry of sandy bodies, while the
motive of a wandering river has a mainly cylindrical trend with sharp contacts,
and in combination with a large fraction of sandstone in the basal part can easily
be attributed to this type of bodies. The geometry of the wandering river trend
suggests the development of linearly elongated sand bodies or trends (Fig. E.1).
In horizon XI, the thickness of the mapped bodies exceeded 40-60 meters, which
is not typical even for cyclic generations of river sandstones.

Speaking about the geometry of sandy bodies (Fig. E.2), it is worth noting
that even being distinguishable by the generation mode (meanders, wanderings),
lens sandstones and linearly elongated sandstones can have a cloak-like regional
structure, the resulting thickness of which can be quite high, and the connectivity
can be quite continuous in the case of repeated cyclicity of the sandstone
formation process. For example, the thickness of the sandstone trend in zone
IX bisa good example.

Core data with photographs and descriptions were embedded in the correlation
schemes. In addition, for a more accurate correlation in the core, a petrographic
analysis was carried out for sandstones and clays and the results of structural and
texture features were grouped: dimension, color, texture and structure, type of
cement, inclusions and oil shows (Fig. E.3).

Structural modeling. In a previous project, the Corner point method was
used to create a structural wireframe, in the present model, the method was
replaced by the Structural Framework. All faults are built into the project, then
«soldered». In the previous campaign, all faults were divided into 2 groups:
primary and secondary, this time all faults are presented as 1 set (Fig. F.1). The
Structural Framework (SF) method has an advantage over the classic Corner
Point in terms of labor costs, but requires more machine time. All highlighted
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horizons and faults were embedded in the structural framework. The process of
creating zones was controlled by pre-created skips and isochores.

After the structural frame was built, the 3D mesh was simulated with a
rotation of 120 degrees in azimuth and dividing into layers, the number of layers
coincided with the previous model. The grid resolution was 50 * 50m.

Property modeling. The next step was to upscale the interpreted logs onto
the grid. For the discrete properties of facies, the Most of method was chosen,
for continuous - several methods, among which arithmetic and harmonic were
also used. The selection of methods was used to more accurately reproduce the
values on the histogram with minimal data loss after scaling (Fig. G.1, Fig. G.2).

Next, a geostatistical analysis was performed for facies properties, porosity
and saturation. In particular, for facies this is the selection of GSR (Fig. G.3),
analysis of the fraction of facies, determination of the direction of anisotropy
by zones, enumeration of variograms in three directions, etc. The Sequential
Indicator Simulation method was used to propagate discrete properties, for the
rest - Gaussian Random Function Simulation.

In addition, a geometric cube was built that defines the boundaries of the
background and channel facies in space and a variable azimuth cube for the
distribution of channel sandstones in directions in each zone (Fig. G.4).

The cubes of the background and channel facies, as well as the input logs
from them, were modeled separately for data analysis. In reality, the “body”
of the channel can be more than half covered with silt, fine-grained material,
and the presence of the channel itself can only be evidenced by the coarse-
grained material in its talweg part. This is especially true of meandering types
of channels, in which sand is deposited in bends and, in the absence of cyclicity,
represents isolated lenticular sealed bodies.

For quality control, for each zone, sandstone facies thickness maps were
generated in the overall model and compared with the background.

After the facies model was built (Fig. G.5) the porosity and saturation
properties were calculated by fitting variograms for each individual facies.
Analogue databases were then used to derive a geological meaningful range of
dimensions for the geometry of the respective sand bodies. (Kakayor et al., 2019)

Further, for the final saturation model, pre-defined oil contacts were introduced,
which made it possible to set the geometry of oil deposits by zones.

Assessment of the implementation of technologies in the process of
well design and completion. Design of completion of wells with hydraulic
fracturing in various ways. To simulate hydraulic fracturing operations within
the framework ofthe 2018-2019 project, Schlumberger used the Easy Frac plugin.
To begin with, the main differences between these two modeling methods: Easy
Frac plugin and Hydraulic Fracture (Hydro Frac) were analyzed.
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Easy Frac creates an additional connection in the cells for wells with fractured
hydraulic fracturing through which the crack passes. The calculation of the joint
coefficient is based on the geometric parameters of the fracture, the permeability
of the rock and proppant, as well as taking into account the effects of «choke
restriction» (occurs when the inflow to the sides of the fracture far exceeds the
possibility of transporting the fracture). In the case of «choke restriction», the
outflow from the central cell should be much greater than the outflow from the
cells at the end of the fracture sides; this is determined in terms of the opening
coefficient CF in each cell. In addition, the plugin allows you to create and
export ECLIPSE keywords that are responsible for reducing the productivity of
the well over time (reducing the impact of hydraulic fracturing) or for increasing
the injection capacity of injection wells if the bottom-hole pressure exceeds the
hydraulic fracturing pressure (WINJMULT-automatic hydraulic fracturing in
injection wells).

The Hydro Frac completion option simulates the effects of hydraulic
fracturing by modifying the coupling coefficients for the model grid cells
affected by the fracture and the permeability. Modified interblock conductivities
are created for all grid cells affected by the fracture. This method of hydraulic
fracturing modeling also has the option of using a correlation of matching with a
small-scale resolution of a grid with local reduction in sizes, which changes the
well productivity index and permeability using a negative skin factor. Thus, an
approximation to the characteristics of a single-phase inflow occurs.

A simple model was created on which the sensitivity of different hydraulic
fracturing modeling options to different crack characteristics was tested. Figure
1 shows a model with 4 producing wells located in the corners of the pit, each
of which was taken into account in the calculations as a quarter of the producing
well and one injection well. Thus, the ratio of production / injection is 1:1. The
size of the grid cells in the x, y, z directions is 10m*10m*0.45 m. Number of
cells - 58*58*31. The laterally homogeneous porosity increased with depth in
order to reproduce the effect of porosity changes on the productivity of a well
with hydraulic fracturing. The permeability was calculated from the porosity,
the residual water saturation is constant and is equal to 0.4, approximately the
average for the productive part of the field. The relative phase permeabilities,
compressibility, and properties of oil, gas, and water are assumed to be the same
as for the J-XI horizon.

Working conditions of wells: Bottom-hole pressures for producing wells are
80 atm; bottom-hole pressure of the injection well is 450 atm.
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Figure 1. The model created for analyzing the sensitivity of hydraulic fracturing modeling

To analyze the sensitivity, 4 variations of the proppant permeability in a
hydraulic fracturing crack were used: 100 D, 300 D, 500 D and 700 D. The
direction of the azimuth of the fracture propagation is 0° and 90°. The calculations
were performed with the Easy Frac plugin, the HydroFrac completion method,
as well as using correlations that exist as an option in the HydroFrac completion.
The parameters of fracture opening, height and half-length/length of the fracture
are assumed to be the same for all variants. In this way, the sensitivity to the
modeling method was investigated for different permeabilities of proppant.

Next (Fig. 3 - Fig. 5 and table A.2) the analysis of the results of calculations
on the basis of which the following conclusions:

* Production fluid when using the plugin Easy Frac is much higher than the
method of modeling the HydroFrac;

» Water extraction when using the plugin Easy Frac is much higher than the
method of modeling the HydroFrac;

* Oil production using the Easy Frac plugin is much higher than with the
HydroFrac modeling method;

» Well performance indicators using correlations and without them for the
HydroFrac modeling method are almost the same;

* With an increase in the permeability of the proppant with the EasyFrac
modeling method, the accumulated water production increases by 20%;

* With an increase in the permeability of the proppant with the HydroFrac
modeling method, the accumulated oil production increases by 5%;

» With an increase in the permeability of the proppant, no changes occur in the
HydroFrac modeling method with correlations.
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Figure 2. Changes in productivity by depth with different methods of hydraulic fracturing
modeling
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Figure 3. Accumulated production of liquids with different permeabilities of proppant for
hydraulic fracturing modeling using the EasyFrac plugin

Figure 4. Accumulated production of liquids with different proppant permeabilities for
hydraulic fracturing modeling using HydroFrac completion
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Figure 5. Analysis of changes in the parameters of well operation with various methods of
hydraulic fracturing modeling

Table A.2 - Main results of calculations of hydraulic fracturing modeling methods for
different propant permeabilities

Hydraulic fracturing Proppant | Accumulated liquid | Accumulated oil | Accumulated water
modeling method permeability | production production production
100D 3.5e+05 m’ 1.8e+05 m*
EasyFrac 700D 38ct05m> | 1-7et0Sm’ 22405 m’
100D 1.9¢+05 m* 1.5e+05 m? 0.4e+05 m®
HydroFrac 700D 2.1e+05 m’ 1.5¢+05 m* 0.6e+05 m’
HydroFrac with All options 2.1e+05 m? 1.5e+05 m® 0.5¢+05 m®

correlations

An introduction of an application of technology for modeling the completion
of wells with hydraulic fracturing

As a new technology for designing well completion, the plug-in of the
company Schlumberger Kinetics (KINETIX) was used, which allows to optimize
the design and technology of the hydraulic fracturing procedure as efficiently as
possible. Calculations of the sensitivity of the well performance depending on
the design of the hydraulic fracturing were carried out. Kinetix allows you to
simulate hydraulic fracturing in detail. In real conditions at the field, hydraulic
fracturing is performed in 2 stages: creating a crack and keeping this crack open
using propane. To analyze the sensitivity of hydraulic fracturing, we use the
following variable parameters:

1. Volume of injected water;

2. Water/propane injection rate.
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In the future, for a more in-depth analysis, it is recommended to conduct a
sensitivity analysis using a large number of parameters. The process contains
several stages: choosing a sector model, well modeling, hydraulic fracturing
modeling, creating scripts, analysis of the results.

Selecting a sector model. The part of the J-XI horizon model where there are
no wells is selected as a sector model (Figure 6)

Figure 6. The part highlighted in gray is selected for creating a sector mod

Well modeling
Two wells were created: Production (hereinafter referred to as Well 2),
Injection (hereinafter referred to as Well 1) (Figure 7).

Producer

Figure 7. Production and injection wells on the sector model

The wells are perforated in a zone with non-zero porosity. On average,
this region had better reservoir properties than the rest of the horizon, where
the existing well stock is located. It is worth noting that the Arystanovskoye
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field is characterized by low reservoir connectivity, especially in the overlying
horizons, which is one of the main reasons, along with the low permeability of
the reservoir, for the need to use hydraulic fracturing operations. Therefore, we
decided to worsen the properties in such a way that the properties are statistically
similar to the most problematic parts of the horizon for mining. Using the active/
inactive cell - ACTNUM properties, Figure 8 demonstrates the separation of the
reservoir around the producing well. It is in such cases that hydraulic fracturing
is a necessary procedure for obtaining production.

2

Figure 8. Active cells of the sector model near the Well 2

Using Kinetix, we can simulate all the stages of preparation for hydraulic
fracturing. To start the simulation, we decided to use the design of the hydraulic
fracturing well 223. Figure 9 shows an example of the design of modeling the
stages of hydraulic fracturing.

Figure 9. The stages of hydraulic fracturing of well 223, described using Kinetix
282
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Kinetix models the fractured in a detailed way, as a result of which it
automatically creates an unstructured grid that allows you to describe the
geometry and properties of the crack as accurately as possible. Figure 10 shows
an example of the created grid. Note that the crack is modeled by small cells
to take into account the direction, shape and distribution of properties along it.
The properties of the remaining cells are created by upscaling the properties
of the sector model of a regular grid to an unstructured grid. It is important to
remember that due to the sharp difference between the values of the property
in the crack and the «matrix», there may be problems with the convergence of
solutions of the equations during the simulation in INTERSECT(IX). And also,
it is necessary to carefully consider the vertical resolution of the unstructured
grid, because it depends on how successfully the properties from the reservoir
model will be distributed to the unstructured grid.

Fro.
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Figure 10. Unstructured grid automatically created by Kinetix
[ Well2 g Well1

Figure 11. Example of created fractures
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Creating scenarios

Working conditions of wells:

* Well 2 (producer):

Control: flow rate of liquid=20 m*/day

Limit: downhole pressure=20 atm (minimum)

* Well 1(injection):

Control: water injection=20 m*/day

Limit: downhole pressure=450 atm (maximum)

The table below shows 3 hydraulic fracturing scenarios, where the volume of
injected water and the injection rate change:

Table 3 - Hydraulic fracturing scenarios

Scenario Volume of initially injected Water / propane injection rate [m? /
water[m?] min]

1(Inj 127 28 2.7

2(Inj_1.3 2) 28 32

3(Inj 227 70 2.7

Results and discussion. Figure 12 shows the accumulated liquid and oil
production under three water injection scenarios. The scenario with initially
more injected water has the highest production in terms of liquid and oil. After
it, scenarios 2 with a higher download speed and scenario 1, respectively, with a
lower download speed, follow in order.

— L1 2.7 1 32 —In_227

o " ) = T T
U ion | adom | JARor | Jend0m | ME0B | MnfoRe degom | JZeh  Jen20n | en | deress  aiess  Jmdo
Date Date

Figure 12. Accumulated liquid and oil production
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Figure 13 shows that Scenario 3 keeps the liquid extraction longer than the
other scenarios. An oscillation is visible on the oil flow chart, which is explained
by the dissimilarity/instability of the calculations of the systems of equations.
For this kind of dynamic calculations with a high resolution grid, especially
unstructured, with a significant change in the volume and properties of adjacent
cells, it is necessary to use powerful tools and software products such as
INTERSECT (IX). It is recommended to pay special attention to checking the
configuration of the model with a fracture, selecting the number of zones that
they are used for upscaling, to conduct a preliminary series of calculations to
obtain maximum stability.

— 127 Inj_1_3_2 In_2_2_7

i T 1
Jan 2023 3l 2023 Jan 2024 Jan 2021 Jul 2021 Jan 2022 3l 2023 Jan 2023 3ul 2023 Jan 204

303t Juidoar Jentes | duiZoas
Date Date

Figure 13. Flow rate of liquid and oil

In Fig. 14, the bottom-hole pressure is fully consistent with the fluid flow
rate. Scenario 3 can keep the liquid extraction longer, respectively, the minimum
downhole pressure of 60 atm is reached later. A similar explanation applies to
other scenarios. For an injection well, the bottom-hole pressure increases more
slowly if the reservoir properties allow it. This explains the slow increase in
downhole pressure for scenario 3, compared to scenarios 1 and 2. In none of
these scenarios it is possible to achieve the maximum permissible pressure at the
bottom of 450 atm, respectively, all can pump 20 m*/day of water.
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—Ini_1_2_7 Ini_1_3_2 Ini_2_2_7

Figure 14. Bottom-hole pressure of the injection (left) and production (right) wells

Conclusion. This article is a compilation (Bealessio et al., 2020) of the
results of geological and hydrodynamic modeling of an oil field in the west of
the Republic of Kazakhstan.

Based on the results of a comprehensive study, a new geological model of
an oil field in the west of the Republic of Kazakhstan was created. Its features
are disclosed in this manuscript. The model takes into account data from new
drilled wells in 2019-2020, updated petrophysical interpretation, refined seismic
interpretation and attribute analysis, and updated vision of reservoir sand bodies
identification. Numerical reservoir models quality can be significantly increased
by wider usage of well-test and production-logging results for reservoir modeling.
(Gulyaev et al., 2008)

Based on the analysis of the core data, a dependence was obtained for
calculating Srw, according to which the minimum value is 27%. At the end
of the seismic interpretation, the results of both methods were linked to well
information in order to confidently delineate promising objects in the form of
polygons. During the process of horizon interpretation, it was revealed that the
J3 Top and Carbonate Top horizons can be attributed to the most confident. As
a result of the analysis of seismic attributes, potential development targets were
delineated in the form of polygons, which were further involved in geological
modeling. Following the completion of the aggregation phase, areas of possible
associated channel sandstones / sand trends in each zone were mapped. When
modeling properties for the final saturation model, predefined oil contacts were
introduced, which made it possible to define the geometry of oil deposits by
zones.

Comparative experimental dynamic calculations of hydraulic fracturing
modeling methods using the EasyFrac plugin and the HydroFrac well completion
method were carried out.
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Under the same initial conditions, the Easy Frac plugin demonstrated a better
possibility of liquid extraction, the pick-up rate of injection wells, an earlier
water breakthrough into the producing well.

Experimental calculations were carried out using the new KINETIX hydraulic
fracturing modeling technology, which demonstrated the possibility of creating a
detailed design of the procedure for conducting a hydraulic fracturing operation,
selecting the technology depending on the desired result.

Nomenclature. CO2 carbon dioxide;

H2S hydrogen sulfide;

po formation oil viscosity;

mcD displacement fluid viscosity;

po density of reservoir oil;

pD displacement fluid density;

ICBT individual channel body thickness;

MFS maximum flooding surface;

Srw residual water saturation;

GRFS Gaussian Random Function Simulation.

Information about authors:

Urmanova Dilyara — Master of Technical Sciences, doctoral student, deputy
director of Geology and Petroleum engineering at Kazakh National Research
Technical University named after K.I. Satpayev, d.urmanova@satbayev.
university, Scopus ID: 57306504400,https://www.scopus.com/authid/detail.uri?
authorld=57306504400&origin=recordPage, https://orcid.org/0000-0001-8622-
8898;

Durmagambetov Berik — Master of technical sciences, Technical (Reservoir)
Manager at KNOC, b.durmagambetov(@knoc.kz, https://orcid.org/0000-0002-
8326-6888;

Humphrey John — PhD, Geosciences Department Chairman, professor, King
Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia, humphrey@
kfupm.edu.sa, Scopus ID: 7202977770, https://www.scopus.com/authid/detail.
uri?authorld=7202977770, https://orcid.org/0000-0002-8927-2322;

Zagranichniy Stanislav — founder and CEO of Temir Energy Central
Asia, MBA in Oil and Gas Management from Heriot Watt, Edinburgh, UK;
has published more than 20 technical articles in the on various issues of well
stimulation, coiled tubing and hydraulic fracturing technologies.

287



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

REFERENCES

Abilkhasimov Kh.B. (2003) Petroleum geology. [Geologiya nefti I gaza] 3: 25-30 (in Russ.).

Adero B., Masinde A., Osukuku G. Using Seismic Attributes for Reservoir Characterization.
Date Views May 2017/ Conference: Oil, Gas & Mines Africa, Exhibition and Conference
(OGMA).

Azhgaliyev D.K. Geological structure and new directions of oil and gas exploration in
Paleozoic deposits of the Caspian basin and the western part of the Turan plate. (2020), 259 p.

Bealessio B.A., Blanquez Alonso N.A., Mendes N.J., Sande A.V. and Hascakir B. A review
of enhanced oil recovery (EOR) methods applied in Kazakhstan. Date Views 03/16/2020.
Petroleum Engineering Department, Texas A&M University, United States. Petroleum journal
homepage. Mendeley Data, V1, doi: 10.1016/j.petlm.2020.03.003.

Bedrikov P.G. & Basniev K.S. 1994. Petroleum Engineering Challenges of the Development
of Precaspian Depression Fields (Kazakhstan, Russia). World Petroleum Congress.

Daukeev S.Zh., Vocalevskiy E.S., Shlygin D.A., Pilifosov V.M. (2002) Petroleum Geology.
[Neft I gaz] 3: 138 ISBN: 9965-13-760-9 (in Russ.).

Glumov LF., Malovitskiy Ya.P., Novikov A.A., Senin B.V. (2004), Regional geology and oil
and gas content of Caspian Sea. [Nedra-Businesscentr], 66p. ISBN: 5-8365-0184-X.

Gulyaev D., Chernoglazova N., Fedoseev M. Carbonate Reservoir Simulation Improvement
on Base of Well-Test Data to Increase Forecast Reliability (Russian). SPE Russian Oil and
Gas Technical Conference and Exhibition, 28-30 October 2008, Moscow, Russia. DOI;
10.2118/115351-ru.

Kakayor O.G. Reservoir Architecture as a Driver for Effective Field Development Planning
in an Un-Appraised Field; Kz field, Kazakhstan as a Case Study. Society of Petroleum Engineers.
(2019, August 5).

Leonov Yu.G., Volozh Yu.A., Antipov M.P., Bykadorov V.A., Kheraskova T.N. (2010)
Consolidate Crust of Caspian Region. Moscow, GEOS. ISSN 0002-3272, p. 33.

Niyazova A.T. (2021) Geological structure and prospects of oil and gas potential of the
Jurassic deposits of the North Ustyurt depression according to geological and geophysical data.

Oil and gas basins of Kazakhstan and prospects for their development. (2015), Association of
petroleum geologists of Kazakhstan PA. ISBN: 978-601-06-3477-0, 342 p.

Ozdoyev S.M., Mashrapova M.A. Geological structure and methods of increasing oil
recovery of the productive horizons of the Arystan deposit. Date Views 2017. News of the
National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical
Sciences. 4 (424). P.270-275. Mendeley Data, V1.

Volozh Yu.A., Bykadorov V.A., Antipov M.P., Sapozhnikov R.B. (2016) Petroleum Geology.
Theory and Practise. [Neftegazovaya geologiya. Teoriya I praktika] 11: 1-43 (in Russ.).

Volozh Yu.A., Bykadorov V.A., Antipov M.P., Parasyna V.S., Rybalchenko V.V. (2015)
ISSN 2070-5379 [Neftegasovaa geologia. Teorid i practika] (in Russ.) DOI: https://doi.
org/10.17353/2070-5379/41_2016.

288



ISSN 2224-5278 5.2022

CONTENTS

G.R. Baspakova, S.K.Alimkulov, E.S. Sarkynov, A.A. Tursunova, A.R.
Zagidullina, A.A. Saparova, K.M. Kulebayev

IMPACT OF CLIMATE CHANGE AND ANTHROPOGENIC FACTORS

ON THE RUNOFF OF THE ERTIS RIVER........ccccccoviiiiiiieieieeeeeeeeee, 6

K.A. Battakova, A.A. Saipov
THE INFLUENCE OF ATMOSPHERIC AIR POLLUTION ON THE
GEOGRAPHY OF PROFESSIONAL HEALTH.......cccceecuiviiniiiinieieeienne 23

Zh.G. Berdenov, R.Z. Safarov, E.Kh. Mendybaev, Zh.K. Shomanova,

D.C. Ilies

IMPACT OF TECHNOGENIC FACTORS ON SURFACE WATER OF

THE ILEK RIVER BASIN......oiiiiiiiieiieieeeeee ettt 37

ML.T. Biletsky, B.T. Ratov, V.L. Khomenko, B.R. Borash, A.R. Borash
INCREASING THE MANGYSTAU PENINSULA UNDERGROUND
WATER RESERVES UTILIZATION COEFFICIENT BY ESTABLISHING
THE MOST EFFECTIVE METHOD OF DRILLING WATER SUPPLY

I.M. Dyussebayev, Zh. Issabekov, A.D. Tulegulov, D.S. Yergaliyev,

N.A. Bazhaev, A.A.Kaipova

METHODOLOGICAL BASIS FOR THE APPLICATION OF WIND
GENERATORS IN GEOLOGY.....cccotttiirieiriinieieieneieiesieeeesiesee e 63

T.Ibrayev, M. Li, N. Bakbergenov, M. Narbayev, A. Batyrbayeva
CURRENT ISSUES OF WATER MANAGEMENT
IN KAZAKHSTAN ..ottt et 79

I. Isa, L.T. Kurmangaziyeva, M.K. Urazgaliyeva, A.A. Kubasheva,

A.G. Kassanova

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

ITS GEOLOGICAL MODELS.......cciiiiiiiiiiiiieiieiceceeeeeeceeee e 93



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

G.Zh. Kokymbaeva, R.N. Uteev, A.S. Mardanov, Zh.S. Murzagalieva,

E.V. Yermekov

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

THE PRORVA GROUP OF FIELDS........ccooiiieiiieeieeeeee e 109

M. Mirdadayev, A. Basmanov, N. Balgabayev, B. Amanbayeva,

A. Duisenkhan

RESEARCH OF HYDROGEOLOGICAL CONDITIONS AND ENERGY
PARAMETERS OF ZONAL IRRIGATED SOILS WHEN OPTIMIZING
ENERGY-EFFICIENT RECLAMATION TECHNOLOGIES IN

THE REPUBLIC OF KAZAKHSTAN.....cccoiiiiiiiiinieiieiceciceee 128

Ye.Zh. Murtazin, D.K. Adenova, S.R. Tazhiyev

ASSESSMENT OF THE POTENTIAL OF SELF-DISCHARGING
HYDROGEOLOGICAL WELLS FOR SUSTAINABLE DEVELOPMENT
OF RURAL AREAS OF ZHAMBYL REGION.......cccccoiiiniiiiiniicieieeee, 143

K.N. Orazbayeva, Zh.Zh. Moldasheva, B.B. Orazbayev, Y.A. Ospanov,
S.Sh. Iskakova

MODELING AND OPTIMIZATION OF OPERATING MODES OF

OIL HEATING TUBE FURNACES........cocotiiiiiieienieeeeseeeeee e 156

V. Padar, S. Kuzembayeyv, V. Berezyuk, M. Sikhimbayev, B. Absadykov
RECOVERY AND HARDENING OF WORN PARTS FROM STEEL
25L FOR GRINDING EQUIPMENT.......cccccccoiiimininininieiereecieneeeeeee 176

B.R. Rakishev, M.M. Mataev, Z.S. Kenzhetaev, A.Kh. Shampikova
INNOVATIVE METHODS OF INTENSIFICATION IN SITU LEACHING
OF URANIUM IN DEPOSITS WITH LOW FILTRATION
CHARACTERISTICS OF ORES......oiiiiiiiieeeeeeeeee e 188

A.K.Sambetbaeva, E.B. Kurmanbekova, S.T. Shaltabaeva,

S.A. Ugryumov

EVALUATION OF PROTECTIVE PROPERTIES OF COATINGS

OF FILLED COMPOSITIONS BY ELECTROCHEMICAL

METHODS ...ttt et et eebeesaseeneeas 207

320



ISSN 2224-5278 5.2022

V.G. Stepanets, V.L. Levin, K.S. Togizov, I.Yu. Silachyov, D.A. Zheltov
NEW DATA ON THE MINERALOGY OF SUPRA-SUBDUCTION
OPHIOLITES OF THE TEKTURMAS MOUNTAINS (CENTRAL
KAZAKHSTAN). .ttt sttt 219

V. Solonenko, N. Makhmetova, M. Kvashnin, N. Ivanovtseva, V. Nikolaev
VIBRODIAGNOSTICS OF METAL RAIL STRANDS FOR DIFFERENT
TYPES OF FASTENINGS.......oooiiiiiiieee ettt 238

N. Tauova, M.S. Yessenamanova, K. Kozhakhmet, A.R. Kushakov,

A. Kaliyeva

GEOLOGICAL STATE OF THE STRATIGRAPHIC COMPLEX

OF THE TENGIZ DEPOSIT......ooiiiiieeeeee e 249

D. Urmanova, B. Durmagambetov, John D. Humphrey, S. Zagranichniy
GEOLOGICAL AND HYDRODINAMIC MODELING OF AN OIL FIELD
OF THE PRICASPIAN REGION OF THE REPUBLIC

OF KAZAKHSTAN . ....ooiiiiiiiic et 266

A.S. Zhumagulov, M.T. Manzari, G.B. Kezembayeva, S.M. Nurmakova,
D.B. Mukanov

TECTONIC EVOLUTION AND HYDROCARBON ACCUMULATION
CONTROLLING CHARACTERISTICS OF THE SHU-SARYSU

K.T. Sherov, A.K. Rakishev, B.N. Absadykov, M.R. Sikhimbayeyv,

A. Esirkepov

EXPERIMENTAL STUDY OF CHIP FORMATION DURING ROTARY-
FRICTION TURNING OF PARTS TYPE OF ROTATION BODIES

FROM VARIOUS MATERIALS.......coittiiiieeeieseeeeeeee e 306

321



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see http://
www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service http://
www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[IpaBuiia opopmiieHHs CTaThu JUI MyONUKAlMHU B XKypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

JupexTop otaena uzganus HayuHsix xkypHanoB HAH PK 4. Bomankwizwl
3aMecTUTENh TUPEKTOP OTAeNa n3naHus HaydHbIX KypHamoB HAH PK P. JKanuxwizer
Penaxroper: M.C. Axmemosa, JI.C. Anenos
Bepctka Ha kommbrotepe 1/ JKaowvipanosa

TToxmucano B nmeuars 14.10.2022.
®opwmar 70x90'/,. Bymara odcernas. [levars — pusorpad.
20,0 .. Tupax 300. 3aka3 5.

Hayuonanvuas akaoemus nayk PK
050010, Armamei, yn. Llleguenxo, 28, m. 272-13-19





