ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

KA3AKCTAH PECITIYBJIIMKACBHI
YJITTBIK FBIJIBIM AKAJIEMUACBHI

Satbayev University

XABAPIIAPDBI
N3BECTUA NEWS

HAHHOHAHBHOﬁ AKAJIEMHN OF THE ACADEMY OF SCIENCES

HAYK PECITYBJIMKHA OF THE REPUBLIC OF

KA3AXCTAH KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

6 (456)

NOVEMBER - DECEMBER 2022

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



I 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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU 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
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

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

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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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B. Durmagambetov'’, D. Abdrazakov?, D. Urmanova'

!Satbayev University, Almaty, Kazakhstan;
“Schlumberger, Atyrau, Kazakhstan.
E-mail: b.durmagambetov@knoc.kz

ADVANCED METHODS OF FRACTURE GEOMETRY ANALYSIS
AND PARAMETERS SENSITIVITY STUDY

Abstract. This article highlights the Integrated Research study of production
optimization using Multiphysics hydraulic fracturing simulator and advanced
numerical matrix flow simulator. Current work is based on actual field study to
understand one of the key challenges of the oilfield: what are the real geometry and
characteristics of the hydraulic fractures, and how can we optimize them?
Additional challenge for the project was a need to involve meaningful research
component, meaning that software used in the project should be based on
outstanding or new algorithms and workflows. In collaboration with Schlumberger
Research Centers, the integrated Field-Software-Analytic workflow was developed to
resolve challenges mentioned above. This workflow consisted of the following steps.
First, for the first time in region, the Hydraulic-fracture-induced rock anisotropy
survey was performed in fractured well using dipole acoustic tool. Then, Reservoir-
centric Multiphysics fracturing simulator was employed to run digital sensitivity
study of the fracture parameters. Finally, the hydrodynamic simulation using
Intersect, with subsequent analysis, closed the loop. As a result of the applied workflow
with the help of powerful Multiphysics model, it was revealed that the fracture
effective length is overestimated by 40%, which significantly affects the fracturing
projects profitability estimations. More than that, thanks to the advanced particle
transport algorithm inside Multiphysics Fracturing Simulator, for the first time in
region, the detailed proppant distribution inside hydraulic fractures were understood,
and optimization recommendations were given. Example of this study clearly
shows how integration of the latest digital Multiphysics solutions (Kinetix based
on recognized reservoir-centric platform (Petrel can be combined with advanced
surveys (induced anisotropy detection to yield a reasonable conclusion on hydraulic
fracturing strategy.

Key words: Dipole Acoustic log, Hydraulic fracturing, Fracture geometry, Proppant
distribution.

45


mailto:b.durmagambetov@knoc.kz

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

B. lypmaraméetoB!”, JI. A6apa3zakos?, /I. YpmanoBa!
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'KAPBIKIIAK TEOMETPUSICBIH TAJIJAVIBIH ’KOHE
MMAPAMETPIEPIIH CE3IMTAJIABLIFBIH 3EPTTEYAIH
O3bIK OJICTEPI

Annoramus. byn makanana MynbTHQHU3UKANBIK (QPEKHHT CUMYJSTOPBIH JKOHE
KETUIIIPIITEH CaH IbIK MAaTPHUIIAIBIK aFbIHIBI IMHTATOPIbI KOJIAHA OTHIPBII, OHAIPICTI
OHTANIaHIBIPY/IbI KEIIEH Ti 3ePTTEeY KAMTBUIFaH. AFbIM/IaFbI )KYMBIC MYHal KEH OPHBIHBIH
HeTi3ri MocenenepiHiy OipiH TycCiHyre OaFbITTaNfaH HAaKThl JallalIbIK 3epTTeyiepre
HETI3JIeNITeH: THAPABINKAJIBIK Y31UTICTePIiH HAKThl TE€OMETPHUSICHI MEH CHITaTTamaliaphbl
KaHJall J>KOHE Oolapabl Kamai OHTaWigaHaeipyra Oonaapl? JKoOaHBIH KOCBIMIIA
po0IeMachl MaHbI3/IbI 3ePTTEY KOMIIOHEHTIH KOCY Ka)KeTTLIIr1 OOJIIbI, SIFHU kK00a/1a
KOJIIaHBIIATHIH OaFJapiaMaliblK sKacakTaMa KOpHEeKTI HeMece KaHa allTOpUTMIEp MEH
KYMBIC TIpollecTepiHe Heri3uenyi kepek. Schlumberger 3epTrey opTanbIKTapbIMEH
Oipriece OTBIPBIN, KOFApbla aTaliFfaH MoceleNiepAl IIelly YIIiH WHTerpalusiaHfaH
OarmapiaMablK aHATMTHKAJIBIK )KYMBIC TIpOLieci xacambl. Byt skyMbIc porieci keneci
KagaMIapaaH TYpnbl. bipiHumiijeH, aiMakTa anfram peT THAPABIUKAIBIK KapbUTydaH
TYBIHJAFaH Tay XBIHBICTAPBIHBIH aHH30TPOIHUSCHIH 3EPTTECY NWUIONBIIK aKyCTHKAIBIK,
Kypassl KOJIJIaHa OTHIPHII, )KapbUIFaH YHFbIMaa Kypriziaai. ComaH KeiiH KbIPTHLTY
napaMeTpiepiHiH  Ce3IMTAJIbIFbIHA CAHABIK 3€PTTEYy OKYPrisy YIIiH KabaTka
OarbITTaNFaH MYJIBTHQHU3UKAIBIK CHIHY CHMYJISITOPBI KonaaHbuiasl. COHBIHAA, intersect
KOMETIMEH THIPOJMHAMHKAIIBIK MOJEINbACY, CONaH KeWiH Tayjay LUUKIIbl asKTabl.
KonmaHblFaH )KYMBIC TPOIECIHIH HOTHXKECIHIE KyaTThl MYJIbTH()U3UKAIBIK MOJIEIIbIIH
KOMETiMeH Y3UTicTiH THiMI Y3bIHABIFEl 40%-Fa apTKaHbl aHBIKTAIBI, Oy (pEeKUHT
JKOOaJIapbIHBIH peHTA0eNbIUIIriH Oaramayra aitapibikTaii ocep eremi. CoHbIMEH
KaTtap, MyIbTH(GU3NKAIBIK (PPEKUHT CUMYJISITOPBIHAAFBI OOIIIIEKTEPl TachIMaIayabIH
KETUIIIPIITeH aJrOpUTMiHIH apKachblHIa aiMaKTa aifram peT (QppexuHrTep imiHmeri
NPOMIAHTTHIH ~ €MKEH-TEr kel Tapaixybl TYCIHIIIN, OHTaWIaHgslpy OOWBIHIIA
ycoiHbIcTap Oepinmi. By 3epTreyniH MbIcanbl TaHBUIFAH KOJJIEKTOpPFa OarbITTalFaH
wiatopmara (Petrel) HeriznenreH e skaHa U PIIbIK My IbTH(OU3UKAIIBIK MISITIMISPIIH
(Kinetix) nHTETpannschl (PPEKHHT CTPATETUSICHI TYPaJIbl AKbLIFA KOHBIMJIBI KOPBITHIHIBI
JKacay YIIiH KeHEHTINreH 3epTTeyaepMeH (WHAYKIUJIaHFaH aHU30TPOITUSHEI aHBIKTAY )
Kajail OipiKTIpUIETIHIH aHBIK KOPCETEI.

Tyiiin ce3aep: Aumonsai akyCTUKAIBIK KApOTaX, GPEKHHT, )KaPBIKIIAK T€OMETPHSICHL,
NPOTIAHTTHIH TapaTybl.
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HEPEJOBBIE METO/Ibl AHAJIN3A TEOMETPUU TPEIIUHBI
N UCCIEAOBAHUA YYBCTBUTEJIBHOCTHU TAPAMETPOB

AnHoTanus. B 310l cTathe ocBemaeTcs KOMIUIEKCHOE HCCIIE0BAaHUE OTITUMH3ALIUH
JOOBIYM C UCTIONB30BAHNEM MYJIBTH(PHU3HIECKOTO CUMYJISITOpa THIPOpa3phiBa I1acTa u
YCOBEPIICHCTBOBAHHOTO YHCIEHHOTO MaTPUYHOTO UMHTATOpa ITOTOKA. Tekymas padbora
OCHOBaHa Ha PeaJIbHBIX MOJIEBBIX UCCIICOBAHHSIX,, HATIPABICHHBIX Ha TOHUMAaHUE OTHOM
U3 KJIIOYEBBIX MpPOOIeM HEPTIHOTO MECTOPOXKACHUS: KaKoBa peajbHas reOMETpHs H
XapaKTEPUCTUKH THIIPABIMYESCKUX Pa3pPhIBOB U KaK MBI MOXKEM HUX ONTHMH3UPOBATH?
JomonauTensHON mpoOieMol Il MpoeKkTa Oblla HEOOXOAMMOCTHh BKIFOUCHUS
3HAUUMOTO HCCIIEIOBATENLCKOTO KOMIIOHEHTa, YTO O3Hadajo, YTO MPOrpaMMHOE
obecrieueHue, UCTIONIb3yeMOe B MPOEKTE, JOKHO OCHOBBIBATHCS HA BBIIAIOIINXCS WITH
HOBBIX QJITOPUTMAaX M pabovrX mporeccax. B coTpyqHuYecTBe C HCCIIEN0BATEILCKUMH
ueHtpamu  Schlumberger Obul  pa3pa0OTaH HMHTETPUPOBAHHBIM  MPOTPAMMHBIH
aHANMTUYEeCKU paboumii Tpolecc i pelieHus NpooieM, YIOMSHYTHIX BBIIIE. DTOT
pabounii MpoIEecc COCTOSUT M3 CIEAYIOIUX MaroB. Bo-mepBeIX, BIEpBbIE B PETHOHE
HCCIIeIOBAHUE aHU30TPOITUH TOPHBIX TTOPOJ], BBI3BAHHON I'MJIPAaBIHMYCCKIM Pa3phIBOM,
OBLIO BBITIONIHEHO B CKBaXMHE C TPEHIMHOBATOCTHIO C MCIOJIB30BAaHHEM JHIOIBHOTO
AKyCTHUECKOTO HMHCTpYMEHTa. 3areM ObUI  HCIOJNB30BaH  MYIBTH()U3HYECCKHUH
WMUTATOP pa3pbiBa IUIACTA, OPUEHTHUPOBAHHBIIN Ha TUIACT, IS IPOBEICHUS IPPOBOTO
HCCIIeIOBaHUS 9y BCTBUTEIHLHOCTH [TAPaMETPOB pa3pbiBa. HakoHen, ruiponnHaMuieckoe
MOJIeIUPOBaHNE C HCIHONb30BaHHEM Intersect ¢ MOCIEqyIOIUM aHAIN30M 3aMKHYIIO
ouKI. B pesymsrate mpuMeHEHHOTO pa0odero mnpormecca ¢ TOMOIIBI0 MOIIHOH
MynbTH(QU3NYEeCKO Mopienn OBUIO BBISBICHO, 4YTO S(QEKTHBHAs UIMHA pa3pbiBa
3aBblieHa Ha 40%, 4TO CYIIECTBEHHO BIIMSET HA OIEHKH PEHTAOEIbHOCTH NMPOEKTOB
ruapopaspeiBa miacta. bonee Toro, Gmarogaps yCOBEpIIEHCTBOBAHHOMY alTOPUTMY
NepeHoca YacTUll B MYJIBTH(HU3NIECKOM CUMYIISITOPE THAPOPA3phIBa IJIACTa BIIEPBHIE B
peruoHe ObIJIO MOHSTO JETALHOE paclpeieieHUe MPONIaHTa BHYTPU THAPOPa3PHIBOB
IUIacTa W JaHbl PEKOMEHAAIUH M0 ONTUMH3aLuK. [IpuMep 3TOro McclienoBaHus SCHO
MOKA3bIBAET, KaK WHTErpalys HOBEHIIUX IU(PPOBBIX MYIbTHQH3MUECKUX pEIICHHH
(Kinetix), ocCHOBaHHBIX Ha MPU3HAHHOH TaTGOpMe, OPUESHTUPOBAHHOW Ha KOJUIEKTOP
(Petrel), MoxeT coueTarbcsi ¢ pacCHIMPEHHBIMU HCCIEOBAaHUAMHU (OOHApYKEHHE WH/TY-
IUPOBAHHON aHU30TPOIHH), YTOOBI AaTh Pa3yMHBIH BBIBOJ] O CTPATETHH THAPOpa3phIBa
IIacTa.

KuiroueBble c10Ba: JUIIOJIBHBIA AKYCTHUECKUM KapoTaXK, T'MAPOPAa3pbIB IUIACTA,
reOMETpUs TPEIIUHBI, paciipeielieHre MPOITIaHTa.
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Introduction. Hydraulic fracturing technology makes it possible to extract previously
inaccessible reserves of oil and natural gas. The success of hydraulic fracturing depends
on a number of factors. First of all, the object for the implementation of the method
must be selected taking into account its features, types of reservoirs, as well as the depth
and intensity of development. The choice of technology depends on the conditions in
which the well is located. When applied correctly, the efficiency of oil recovery in a
treated well becomes much higher. The main root of the problem is understanding of
actual fracture geometry (Webster et al., 2013) When modeling hydraulic fracturing
(Lecampion et al., 2018), it is necessary to take into account several interrelated
physical processes: the flow of a viscous fluid along the fracture, the elastic response of
the fracture walls to fluid pressure, filtration fluid through the walls of the fracture into
the reservoir, and the destruction of the rock to estimate influence of fracture geometry
(Metelkin et al., 2017) on productivity and define the key reasons of the production
decline (Miao et al., 2020). In this paper, we analyse Inorganic scales induced skin,
Reservoir Pressure Depletion, and Fracture parameters degradation as three potential
reasons of the production decline. There are two groups of challenges that triggered the
need in this study from the practical point of view:

Reservoir parameters-related challenges.

Challenge to understand permeability-thickness in dynamic conditions (due to poor
information about radial flow in low permeability reservoirs — (Y.L. Zhao et al., 2015)

Pressure depletion (this is reservoir between Unconv (Pavlyukov et al., 2020; Rezaei
et al., 2017) and Conventional (Rezaei et al., 2017) range).

Lack of advanced modelling of fluid flow inside the fracture and proppant distribution
within the fracture media (An Overview of Recent Advances in Hydraulic Fracturing
Technology, n.d.; Cipolla et al., 2008)

Lack of understanding of in-situ stresses change during depletion (Zeng et al., 2019).

Challenges to understand the fracture evolution with time.

Fracture conductivity degradation (Miao et al., 2020).

Inroganic Scales inside the proppant pack of the fracture (Osiptsov, 2017).

Damage of the Frac face (ZHANG et al., 2020).

As a result of analytical and numerical (Multiphase hydraulic fracturing simulator)
study, it was shown that the pressure in the fracture increases with increasing influence
of the poroelasticity effect, and the fracture geometry remains almost unchanged. (Q.
Zhao, 2019). Accounting for reverse stress in 3D simulation of hydraulic fractures
was made in Multiphysics software (Stolyarov et al., 2019). The study showed that
in the presence of inhomogeneities physical characteristics of the medium, the role of
pore pressure increases, which qualitatively affects the direction of hydraulic fracture
propagation and its geometric characteristics. In particular, if there are layers in the
medium with substantially different permeability and the resulting inhomogeneity of the
reverse stress, which prevents the propagation of a crack, there is an increase in either
only the right or left wing of the crack. In the case when the influence of pore pressure
is absent, this does not occur, and the fracture propagates in both directions. Therefore,
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stress shift is occurring during pressure depletion process (Rezaei et al., 2017) (Zeng et
al., 2019).

Methodology. Advanced Methods of Fracture Geometry Analysis, and Fracture
Parameters Sensitivity Study” is a second part of the Integrated laboratory, software
and research study under the R&D scope. The Research and Scientific nature of this
work is supported by the fact that Lagrangian -based Multiphysics hydraulic fracturing
modelling software in combination with fracture height measurement techniques is a
new approach to the production stimulation industry in Kazakhstan.

Design and Hypothesis: As the first step of the process, the design of the well
A-210 for Hydraulic fracturing treatment was prepared. Below is the extraction from
well model (Fig.1).
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Figure 1. Extraction from well model

Based on the prepared well model, the main hypothesis to check was: Do we correctly
predict the Fracture geometry, and if no — how to optimize it?

Diagnostic tests analysis using Bottomhole Pressure Gauge data: Diagnostic
tests determine the in-situ parameters critical to optimum fracture treatment design.
Assumed or inaccurate parameter values can result in reduced fracture penetration
caused by pad fluid depletion and Increased treatment cost because of excessive pad
volume. Diagnostic tests typically consist of the closure test and calibration test. Closure
test determines closure pressure, which is the minimum in-situ rock stress. Accurate
determination of closure pressure is important because all fracture analysis is referenced
from it. Calibration testis an injection/shut-in/decline procedure with pad fluid, which
is usually a viscous fluid pumped at proposed fracturing treatment rate. The well is then
shut in and a pressure decline analysis is performed. The following data can be obtained
during different stages of diagnostic tests analysis: Fracture extension pressure and
rate, fracture closure pressure, fluid efficiency, leak off coefficient, dominant leak off
mechanism; reservoir transient flow regimes, reservoir pressure, reservoir flow capacity
(kh/m) or permeability.

49



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

For this particular study on well A-1, the Diagnostic testing was improved by

Introduction of the dynamic analysis (breakdown part of the injection tests and step-
up/step-down part of the additional injection tests). The dynamic analysis helped to
determine the following:

Breakdown pressure;

Fracture propagation pressure;

Friction analysis.

Use of downhole gauges to distinguish near-wellbore frictions and effects from the
tubing effects and calibrate the tubing frictions data.

Use of temperature logging data after the calibration test to estimate the fracture
initiation point and fracture height.

Calibration test opened the whole kh of the target sand layer, with average k lying in
arange from 3 to 6 mD. The downhole gauge data are extremely important to determine
after-closure transmissibility at the crosslinked stage, because the surface readings
showed underestimated kh. From temperature log we obtained the fracture initiated,
and most probably has the maximum width somewhere at 3030-3031 m. The reservoir
model in fracture simulator was adjusted accordingly. Using fracture initiation point
from temperature log, and step-like breakthrough signatures during injection test 2, the
maximum reasonable number of zones with varying minimum-in-situ stress in target
net pay can be 4 or 5. There is no practical need to finer layering of reservoir model in
fracture simulators. The fracture top height is determined with satisfactory error +/- 2
meters; however, the fracture bottom determination is questionable (sonic tool helped
to solve this — Fig. 2).

FEFWE

Figure 2. Fracture bottom determination is questionable

Dipole Acoustic Log Data Analysis: shear slowness was extracted from Dipole
data using 5 receiver’s multishot technique and the final results are good in the expected
range of values
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Definite presence of fracture was observed at depths 3016-3044 m: 3046-3060 —
presence of wellbore diameter change (Fig. 3).
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Figure 3. Definite presence of fracture was observed at depths 3016-3044 m

The fracture bottom may be masked by this fact (formation signal coherency becomes
week and casing arrival appears to be visible), but presence of isotropic points at 3046
and 3055 may indicate that the fracture stopped at 3045, and the induced anisotropy
signals below are caused by pumped fluid entry and work in washed out zone. Another
important piece of information obtained from acoustic data is direction of the fracture
plane. The deviation of the well is very low, so the precision of the fracture azimuth
determination can be low. In general, the fracture azimuth is expected to be in WNW
direction, in a range of 105 to 135 deg (refer to the log below, Fast Shear Azimuth
red line) (Fig. 4). This fracture azimuth reflects the local maximum horizontal stress
direction. The local maximum horizontal stress direction can be different in the vicinity
of the geological faults. The minimum horizontal stress gradients observed during
fracturing are indicating normal regime in this field, where normal faulting is expected.
In this case, the maximum horizontal stress direction is aligned with the fault line. If the
faulting lines are not aligned with the maximum horizontal stress direction given above,
then either this maximum horizontal stress direction is a local feature, or the faulting
history contains some strike-slip movement in the past.
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k.

Figure 4. Fracture azimuth is expected to be in WNW direction, in a range of 105 to 135 deg (refer to the
log, Fast Shear Azimuth red line)

Fracture Model Calibration: Using the data obtained from Mini-frac, temperature
logs and Sonic tools, the Advanced Multiphysics software was used to recalibrate the
fracture design. In the used Multiphysics method, transport equations describing the
advection of proppants, fluids, and fibers via a conservative Lagrangian algorithm
(particle-in-cell method) (Harlow 1964; Grigoryev et al. 2002). It has zero numerical
diffusion and allows us to simulate slurry flow with no excessive smoothing. The
velocity field for each component is calculated using a finite volume scheme on 2D grid
in the x, y plane and closure relations for settling velocity and bridging. The particle-
in-cell method gives an exact determination of fluid/proppant location and enables
the capture of many important effects, thus combining advantages of both mesh and
meshfree methods. These include materials degradation via tracking temperature and
shear exposure; displacement of proppant in the near-wellbore area in case of overflush;
correct simulation of tail-in/resin-coated proppant stages; and complex boundaries
between fluids, proppants, and fibers. Algorithm allows for tracking exposure history
for all fracturing materials and account for fluid and fiber degradation. Fluid degradation
affects rheology according to a given experimental table.

Below is the fracture created during Calibration test, built on calibrated reservoir,
before main job. (Fig. 5).
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Figure 5. Fracture created during Calibration test, built on calibrated reservoir, before main job
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Fracture Fluid Rheology Testing: For modelling of the actual job, the fluid
rheology digital model was reconstructed. It is especially important, because the
advanced fracturing software used in this study is equipped with Multiphysics fluid/
proppant transportation algorithms, which are very representative, so the precision of
fluid model becomes increasingly important in this case. The fluid rheology tests were
performed on actual chemical and water samples from the field.

30# gel
pH 8.23 @ 24.8 degC
Viscosity @ 170 sec-1 54 cP
Viscosity @ 511 sec-1 27 cP
33# gel
pH 8.3 @ 24.4 degC
Viscosity @ 170 sec-1 60 cP
Viscosity @ 511 sec-1 34 cP

Sensitivity study on the Actual Fracture length Actual pumped job was simulated
on the calibrated model. Two cases were checked in order to get a range of actual
fracture length. P50: Less propped height due to any reason (slightly higher actual rate,
less fracture width on top, more fracture toughness in vertical direction, and less in
horizontal, etc.) P90: Height seen at acoustic data. The difference between two cases in
propped length is not more than 5 meters (around 80 m for P90 vs 85 m for P50). Refer
to figures below (Fig. 6).

Figure 6. Calibrated fractures after Actual job: P90 (left) and P50 (right)

Refrac sensitivities: Modelling of the re-fracturing is a complex process, which
can’t be performed precisely because of the multiple factors: two different conditions
of the reservoir itself, changed state of geomechanics components from the previous
fractures, micro- and macro scale geometrical/completion/geology uncertainties. For
this study, the following question was raised: when we perform frac, do we expect
significant change of fracture plane direction, considering that crack during refracturing
may be initiated in different depth than during initial fracturing.

Refrac modelling was performed in the following way:

The initial fracture was modeled on a less depleted zone.
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The refracturing was modeled by giving 40% depletion, shifting the fracture initiation
point 1-2 meters along the wellbore, increasing leakoff.

Planar3D modelling engine was used, to account for more complex processes.

Multiphysics simulator allowed stress shadowing effect (between two fractures) to
be accounted for.

Job volumes were reduced, because the key parameters that we are interested in
here is the initiation zone and several meters of the fracture propagation in a preferrable
fracture plane.

Results. Results of refracturing simulations are shown below (Fig. 7). On the left
— initial fracture, on the right — re-fracture. At the bottom — overlapped picture of both
fractures, where yellow-orange-brown colors are reflecting refracture, and purple colors
are initial fracture. Note, the cross-section is shown, the distance between two fractures
from the top view is less than radius of the wellbore.

Figure 7. Results of refracturing simulations

It is noted in some publications in industry, e.g. SPE-106140 (picture below), that
fracture reorientation may happen. In locally depleted zone. Thus, for refracturing
candidates, it is recommended to observed the fracture efficiency. If fracture efficiency
is close to that of during initial fracture, then probably fracture is created in new plane.
However, if fracture efficiency is significantly lower, then, probably, the fracture is
created along the initial fracture (Fig. 7).
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Figure 7. If fracture efficiency is significantly lower, then, probably, the fracture is created along the

initial fracture
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Conclusions and Recommendations. Fluids and Laboratory.

Consider decrease of gel loading of guar-based polymer by 5 pounds per thousand
gallons, and increase of breaker delivered into the fracture (e.g. putting extra breaker
into the flush) — to increase the Effective fracture length.

Consider performing Intermediate laboratory tests between the fracturing jobs in
High-pressure — high temperature equipment, at least once every 5 jobs, or when new
fluid is involved, and/or reservoir temperature changes by more than 10 °C

Fracturing Treatment Strategy in depleting formation

As shown by production decline analysis, the key mechanism of the production
decline for given fractured wells is the reservoir depletion.

Increase of pumping rate and proppant volume (from 45 t to 65 t) provides less than
10% of fracture half-length increase due to increased leak-off in depleted reservoir.
Propped half-length gain per 1 ton of extra proppant is decreasing significantly once
the job volume exceeds 60-70 tons. The significant portion of the effect from added
propped half-length proppant is compensated by the added damage from the added
polymer required to deliver extra proppant.

Consequently, main strategy to deal with depleting reservoir is to increase the effective
fracture half-length via several options, the most remarkable are: (i) to minimize fluid
volumes pumped into formation, use more aggressive PAD percentage, eliminate extra
pumping stages like SRT, double injection test, because injection combined with SDT
or SRT may be enough; (ii) use cleaner fluids, like the ones based on Cellulose or
on the Viscoelastic Surfactants; (iii) use bigger proppants whenever possible, or more
conductive proppant type

From the calibrated model, the following recommendations should be considered for
lower permeability, higher fluid efficiency (>45%) wells like A-233, in order to increase
the effective half-length:

Consider gradual replacement of some PAD volume from crosslinked to linear gel
in the beginning of PAD stage. Start with replacement of 20% of X-linked PAD to
linear gel, on first well, then try 30% on the next well. After each job analyses the net
pressure gain. Stop increasing linear gel percentage if the net pressure gain becomes too
aggressive.

Consider addition of 20/40 or 30/50 proppant in the initial stages of jobs if the
fracture half-length exceeds 100 meters for wells with efficiency more than 45%. It may
help to prop the near-tip region (10-20 m) of the fracture.

Consider channel fracturing technique, which can provide up to 50% effective
fracture half-length increase (based on well A-210 estimation) for the same volume of
proppant pumped in comparison with the conventional propped fracturing techniques;
in addition, channel fracturing techniques will allow to optimize future costs by
replacement of expensive proppant by the regular cheap sand.

There is a certain limit of profitability, which may happen at fluid efficiencies below
13%, and assuming clean revenue less than 30 USD/bbl, independently on measures
taken to increase the fracture effective length.

Fracture and Reservoir understanding
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Fracture height was successfully determined with acoustic methods. It was revealed
that good calibration can provide frac height which is in satisfactory match with the
actual fracture height. Acoustic methods showed higher precision than temperature logs.

WNW-NW is the max stress direction in the zone of well A-210.

Multiphysics advanced proppant transport modelling was applied for analysis of the
internal fracture structure. It helped to reveal the effective half-length, and proppant
distribution.

Fracture length was derived from the actual frac height. Maximum propped frac
length is in range 90-95 m for well A-210, and 115 meters for well A-233; effective
half-length is about 60% of this length.

Temperature logs helped to calibrated fracture height for well A-233 with good
precision, because logs were recorded with higher frequency than on well A-210.

Reservoir pressure and kh/mu were determined (refer to technical details in report)

Fracture geometry development during injection test were defined: the strong PKN
type in linear gels, with extent of height into the whole net pay at viscous stages, and
further continuation of PKN-type growth.

Refracturing doesn’t result in fracture propagation in different azimuth, or fracture
plane twisting. Most probably, refracturing will happen in parallel to existing fracture,
close to it.
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