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

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIUIBIM AKAJIEMUACDHI

Satbayev University

XABAPJJAPDI

HAILIMOHAJIbHON AKAJIEMHU HAVK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (448)

JULY - AUGUST 2021

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

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

KasakcmaH Pecniybnukacel ¥rimmbik fbiribivM akademusicbl «KP YFA Xabapnapel. [eonozsus xeHe
MmexHUKarnbIK fbiribiMOap cepusicbl» fblbIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabapnalosl. byn
uHOekcmery 6apbicbiHOa Clarivate Analytics komnaHusicsl XXypHandbl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xaHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemopnap, bacnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarnbiK fblribiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3eKkmi xoHe 6edesndi 2eonoausi XeHe MexHUKarnblK fblribiMOap 6olbiHWa KOHMeHmkKe
a0andblfbiMbI30b! 6indipedi.

HAH PK coobwaem, ymo Hay4HbIU XypHan «3eecmusi HAH PK. Cepusi 2eorno2uu U mexHu4ecKux
Hayk» 6b11 npuHam Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU sepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpPeHUs
komnaHueu Clarivate Analytics 0nsi OanbHelwezo npuHsamus XypHara e the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo U enybuHy kKoHmeHma Onsa uccrie@osameriel, asmopos,
usdamenel u y4pexdeHul. BkrrovyeHue Nseecmussi HAH PK. Cepusi eeonoauu U mexHuU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rnpusepxeHHocmb K Haubornee
akmyarnbHOMYy U 61usimeslbHOMY KOHMEeHMYy 10 2e0/102uU U MEXHUYECKUM Haykam Orns Hawez20
coobujecmea.



bac pepakrop

KYPBIHOB Mypar JKypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPBL, Tpodeccop, KP
YFA axamemuri, Kazakcram PecnyOmukacel ¥ITTBIK FBUIBIM akageMusiCBIHBIH mpesuneHTi, AK
«.B. CoxonbCKuil aTbIHAAFBI OTHIH, KaTalu3 jKOHE IEKTPOXUMMS MHCTHUTYTBIHBIH» 0ac JUPEKTOPbHI
(Ammarsl, Kazakcran) H = 4

Penakuusaneik anaKa:

9BCAMETOB Mauaic Kyasbicyibl (6ac penakTopibslH OpbIHOAacapbl), Ie0JIOTUs-MUHEPATOTHs
FBUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFrbl
THPOTEOJIOT Ul )KOHE T€0IKOJIOT Ul HHCTUTYTHIHBIHY AupekTops! (Anmarsl, Kasakcran) H =2

KOJITAEB TIepoii Koaraiiyabl (6ac pemakTopislH OpbIHOAcapel), TeOJIOTHUS-MUHEPATIOTUs
FBUIBIMJIAPBIHBIH JTOKTOpPHI, mpodeccop, K.M. CarnaeB aTbiHIaFbl T€OJIOTHS FBUIBIMAAPHI HHCTUTYThI-
HBIH qupekTopsl (Anmarsel, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaysivaacTeipsutran npodeccop, Hebpacka ynusepcuretiniy Cy FbUIBIMAAPHI
3epTxaHachIHbIH 1upekTopsl (HeOpacka mrarsr, AKI) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburm Tapux wmypaxkaiibiHelH JKep Typasbl FbUIBIMIAp
OesliMiHA€ NETPOJOTHS OHE Naijansl Ka3bajgap KeH OpBIHIApBI CalachIHAAFBl 3€pTTEYepAiH
xerekmrici (Jlonmon, Aurmus) H = 37

ITAH®UJIOB Muxana bopucoBn4, TexHHMKAa FbUIBIMAAPBIHBIH  JOKTOpbl,  HaHcu
yHHuBepcuTeTiHiH npodeccopsl (Hancu, @pannust) H=15

IIEH ITun, Ph.D, KpITail reonorusuiblK KOFaMBIHBIH Tay T'€OJOTHIICHl KOMHTETI JUPEKTOPBIHBIH
opbeiHOacapbl, AMEPHUKAaH/IBIK SKOHOMHUKAJIBIK TEOJI0TTap KaybIMIAcThIFBIHBIH Mymieci (ITekun, Kpitait)
H=25

OUIIEP Akceab, Ph.D, [lpe3neH TEeXHMKAJIBIK YHHUBEPCUTETIHIH KaybIMJACTBIPbUIFAH
npodeccops! (pesnen, bepmun) H = 6

KOHTOPOBHY Anekceil DMWIbeBUY, T'€OJOTUS-MUHEPAIOTHUS FhUIBIMIAPBIHBIH JTOKTOPHI,
npodeccop, PFA axanemuri, A.A. Tpodumyka aTbiHIaFbl MyHali-ra3 T€0JOTHACHl XKoHE Treodu3uka
uHctuTyThl (HoBOoCcuOupck, Peceit) H =19

ABCAJIBIKOB bBaxpiT Hapukaiiyibl, TeXHUWKa FBUIBIMIAPBIHBIH OKTOPHI, Mpodeccop,
KP ¥FA xoppecnonaent-mymeci, A.b. bekTypoB arblHAaFrbl XUMHS FHUIBIMAAPBl HMHCTHUTYTHI
(Anmmarsl, Kazakcran) H=5

AT'ABEKOB Buaaaumunp EHOKOBMY, XuMHS FBUIBIMJAPbIHBIH JOKTOpBI, bemapyce YTA
akazemwuri, JKana marepuangap XUMHICHI HHCTUTYTBIHBIH KYpMeTTi nupektops!l (MuHck, benapycs)
H=13

KATAJIMH Credgan, Ph.D, J[lpe3neH TeXHUKaJIbIK YHHMBEPCUTETIHIH KaybIMJACTBIPbUIFAH
npodeccopsl ([pesnen, bepmun) H = 20

CEUTMYPATOBA DOueonopa IOcymoBHa, TrcoJOrus-MHHEPAJIOTHUS  FBUIBIMIAPBIHBIH
nokropsl, mpodeccop, KP ¥ A xkoppecnornent-mymieci, K.W. Carnaes arbranars [ €0orus FEUIBIMAAPHI
WHCTHUTYTHI 3epTXaHaChIHBIH MeHrepyrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB ‘Kamnaii, Ph.D, xaysimpacteippuiran npodeccop, HazapbaeB yHuBepcuteri
(Hyp-Cynran, Kazakcran) H= 11

®PATTUHMU Ilaoso, Ph.D, bukokk MuiaH yHMBEpPCHTETI KaybIMAACTBIPBUIFaH INpodeccopsl
(Mwunan, Uramus) H =28

«KP YT A Xa6apaapsbl. ['eosiorust skoHe TEXHUKAJBIK FHLIBIMIAP CEPUACHD».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Memnmikreymri: «Kazakctan PecmyOniKachIHBIH ¥ ITTHIK FRUTBIM akageMusicbD» PKb (Ammars! k.).
Kazakcran PecnyOnukachlHBIH AKMapar XoHe KOFaMIBIK JaMy MHHHCTPIITIHIH AKmapar KOMHTETIHIIE
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achlIbIM TipKeYiHEe KOWBLTY TYpasbl KyoliK.
TaxpIpBINITEIK OAFBITHL: 2eosocus, MYHAU dcaHe 2a30bl OHOEVOIH XUMUSALbIK MeXHON02UALAPbl, MYHAL
XUMUACHL, MEMANOAPObl ALY HCIHE 0NAPObIH KOCHIHObLIAPBIHbIY MEXHOI02UACHI.

Mep3iMIimiri: )KBUTBIHA 6 PET.

Tupaxsr: 300 mana.

Penaxiusanaeig, MekeH-xaibel: 050010, Anmars! K., [1leBuenko keur., 28, 219 6e1., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecnyOnukachiHbIH ¥ ITTHIK FRUTHIM akaaeMusichl, 2021

TumorpadusubeiH MekeH-xaibl: «ApyHa» XKK, Anmarsl k., Mypar6aes kemr., 75.




I'naBHbIil penaxkTop
ZKYPUHOB Mypar KypuHOBUY, [OKTOp XHUMHUECKHX HayK, Mpodeccop, akKaaeMuk
HAH PK, npesunent HammonanpHOl akagemunm Hayk PecnyOnukn Kasaxcran, reHepasbHBbIM
mupekrop AO  «MHetutyT TOoruMBa, Karamusza W onekrpoxumun  uM.  J(.B.  Coxonbckoro»
(Anmarsl, Kazaxcran) H=4

PepakunoHHasi KOJLIErUsE:

ABCAMETOB Maauc KyabicoBu4Y, (3aMECTUTENh IIABHOTO PEIAKTOpa), TOKTOP TeO0JIOro-
MHUHEpaJIOTHYECKUX Hayk, mpodeccop, akagemuk HAH PK, nupexrop MHcTHTyTa rHIpOreosoruu u
reoskonorun uM. Y.M. Axmencaduna (Anmarsr, Kazaxcran) H = 2

KOJITAEB Tepoii 7KomraeBuy, (3aMeCTHTENIb TJIABHOTO PEIAKTOpa), JOKTOp Te€O0JIOTro-
MHHEpaJIOTHYECKUX HayK, mpodeccop, nupektop MuctutyTa reonornyeckux Hayk uMm. K.M.Carnaesa
(Anmarsl, Kazaxcran) H=2

CHOY JIpnuen, Ph.D, accomumnpoBanusiii npodeccop, aupexrop JlaGoparopuu BOTHBIX HayK
yausepcureta Hebpacku (mtar HeOpacka, CIIA) H = 32

3EJIBTMAH Peiimap, Ph.D, pykoBomuTens wuccienoBaHuii B 001acTH NETPOJIOTHH U
MECTOpPOXKACHUN NOJE3HBIX HcKonmaemblx B Otaene Hayk o 3emie Myses €CTECTBEHHOM HCTOpHUHU
(Jlonnon, Aurmus) H = 37

MMAH®HWNJIOB Muxauna bopucoBuy, T0KTOp TEXHUYECKUX HayK, Tpodeccop YuuBepcurera Hancu
(Hancu, ®pannus) H=15

INEH ITun, Ph.D, 3amecturens aupexropa Komurera mo rophoit reonorunm Kuraiickoro
re0JIOTHUECKOro  o0ImiecTBa, 4iIeH AMEPHUKAHCKOM  accolManuy HKOHOMHMYECKHMX  TI'eOJIOrOB
(ITexwun, Kurait) H = 25

OUIIEP Akceasb, accouuupoBaHHblii npodeccop, Ph.D, texnmueckuii ynusepcurer [pesnen
(dpe3nen, bepnun) H=6

KOHTOPOBHUY Aunexceii IMuibeBUY, TOKTOP Ie0JI0r0O-MHHEPATOTHYECKUX HayK, Tpodeccop,
akanemuk PAH, Wnctutyt HedrerazoBoit reomorun u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H =19

ABCAJIBIKOB baxpiT Hapuk6aeBu4, JOKTOp TEXHHYECKHMX HayK, mpodeccop, UiIeH-
koppecnonzieHiT HAH PK, Unctutyr xummnueckux Hayk uMm. A.b. bekryposa (Anmarsl, Ka3axcran)
H=5

AT'ABEKOB Buaaumup EnoxoBHM4Y, NOKTOp Xumudeckux Hayk, akagemuk HAH benapycu,
NoYeTHBIN aupekrop MHCTUTyTa XUMUM HOBBIX MarepuanoB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accounupoBannblii mnpodeccop, TexHuueckuil yHHUBEPCUTET
(Apesnen, bepman) H = 20

CEUTMYPATOBA Daeonopa KOcynoBHa, JOKTOp T€0JI0TO-MUHEPATIOTHYECKIX HAaYyK, Tpodeccop,
uynen-koppecnionzienT HAH PK, 3aBemyromas naGoparopum HMHCTUTyTa TIeOJOrMYECKHX HayK
uMm. K.W. CarnaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, accomumpoBansbsiii npodeccop, HazapbaeB yHHBepcuUTET
(Hypcynran, Kazaxcran) H= 11

®PATTUHU ITaoso, Ph.D, accounupoBannslii npogeccop, Munanckuii yHuBepcuter bBUKokk
(Munan, Utanus) H = 28

«H3Bectust HAH PK. Cepusi reojioruu 1 TeXHHYECKHUX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcTBenHuK: Pecrryonukanckoe odiecTBeHHOE 00beanHeHne «HanponansHas akagemust Hayk PecrryOnuku
Kazaxcran» (1. Anmartsl).

CBUAETENLCTBO O MOCTAaHOBKE Ha YUYET MEPHOJUYECKOro IMedaTHoro u3nanus B Komurere mHbopmanmu
MununcTepcTBa nHGOpMaLK 1 001ecTBeHHOro pa3BuTus Pecryonuku Kazaxcran Ne KZ39VPY 00025420,
Beganuoe 29.07.2020 r.

Tematudeckast HaNpaBIEHHOCTb: 2€0102Us, XUMUYEeCKUe MexHONo2UU nepepabomxku Hegpmu u easa,
Hepmexumus, mexHoIo2ul U3eieyeHus Memaiios u ux coe0eHeHull.

[lepuonnynocTs: 6 pa3 B roa.

Tupax: 300 3x3eMIUIAPOB.

Anpec penakiuu: 050010, . Anmartsl, yi. lllesuenko, 28, od. 219, Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwmonanbHas akagemus Hayk Pecnyonuku Kazaxcran, 2021

Anpec tunorpaduu: U1 «Apynay, . Anmarsr, yin. Myparbaesa, 75.

4




Editor in chief
ZHURINOV 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

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

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K. 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

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, corresponding
member of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5

AGABEKOY 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

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).

The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.

Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies for
extracting metals and their connections.

Periodicity: 6 times a year.

Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19

http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2021

Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.

5




N EWS of the Academy of Sciences of the Republic of Kazakhstan

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 4, Number 448 (2021), 42-49 https://doi.org/10.32014/2021.2518-170X.80

UDC 528.551.1.
IRSTI 52.13.04
Kenesbayeva A.", Nurpeisova M.}, Levin E.?

'Satbayev University, Almaty, Kazakhstan;
*Michigan Technological University, Michigan, USA.
E-mail: marzhan-nurpeisova@rambler.ru

MODELING OF GEODYNAMIC PROCESSES AT HYDROCARBON DEPOSIT*

Abstract: to select the optimal and environmentally friendly technology for the development of oil
and gas fields, it is necessary to assess in advance the likely deformation processes of the earth's surface. To
this end, it is recommended to build predictive geodynamic models before the start of field development, taking
into account the geological characteristics and tectonic activity of the area under consideration, as well as the
specific features of the reservoir.

Research methods. In this paper, two models of subsidence of the earth's surface in a hydrocarbon field
are considered: a parametric spatial model developed at Delft University of Technology and a model based on
the Knoté influence function developed at the Canadian Center for Geodetic Engineering. The first method is
more suitable for describing a smooth and gradual subsidence in deep gas reservoirs and allows you to assess
the spatial-temporal pattern of movement of the earth's surface. In the second method, geodynamic processes
are modeled based on the functional relationship between reservoir compaction and subsidence of the day
surface, taking into account the location of the oil reservoir, physical and mechanical properties of rocks,
changes in reservoir pressure and the results of surface deformation monitoring and is recommended for oil
fields.

Research results. A comparative analysis of these methods is carried out on the example of the Tengiz
oil and gas field in Western Kazakhstan. An assessment of the accuracy of building a model is carried out by
comparing the calculated values of soil subsidence with the data of radar interferometry, and estimates obtained
by other researchers. Recommendations are given on the application of the considered methods in the
construction of predictive models of oil and gas fields, the necessity of calculating the transfer coefficient of
the reservoir compaction to the position of the day surface, taking into account the depth of the reservoir and
the physical and mechanical properties of the rock massif, is indicated.

Key words: hydrocarbon deposits, earth surface, subsidence, seamroof, seam pressure, geodynamic
polygon, geodetic monitoring, radar interferometry, modeling.

Introduction. The western regions of allowing to create objective geodynamic model and

Kazakhstan are rich in hydrocarbon deposits. Here
many oil and gas companies have been intensively
developing fields for a long period. As a result,
deformation of the earth's surface occurs, in some
places reaching significant values.

To assess deformation characteristics of the
earth surface and warning of probably economic
and environmental consequences, the Government
of the Republic of Kazakhstan adopted Resolution
on the creation of 30 geodynamic polygons in the
areas of development of mineral deposits.

Currently, complex observation results of
displacements of the earth surface on the territory of
many fields have been accumulated. However, issue
of mathematical analysis and data interpretation

perform stable predictive estimates of future
deformations of the earth's surface isstill in the
process of development.

In this work, performed at KazNRTU named
after Satbayev two methods of geodynamic
modeling were applied and analyzed. One of which
is based on parametric spatial model, and the other
on the use of the Knoté¢ influence function. The
Tengiz field is considered as the object of research.

Study object. Tengiz field is one of the
deepestandlargestoil fields in the world. It was
discovered in 1979, 350 km southeast of Atyrau
city(Fig. 1).

Commercial production began in 1991 with
putting into operation of oil and gas complex. In
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1990deal was concluded with the American
company «Chevron» to develop Tengiz oil field. In
1993, government of Kazakhstan established
«Tengizchevroil» JV LLP jointly with «Chevrony.

tavropol Kral

rkessia

feorgia
n Republic

Tibilisi*

o \J/
{Amcm?
revanf? 5
Azerbaijan

4

Currently, four companies are already partners: JSC
NC «Kazmunaigas» (20%), «Chevron Overseas»
(50%), «Exxon Mobil» (25%) and «LukArco»
(5%).

Figure 1. Tengiz field in Kazakhstan

Tengiz field is huge isolated carbonate
platform located in the southern part of the Caspian
Basin [1-3]. The sedimentary stratum consists of
rocks from the Upper Devonian to Quaternary
deposits. A specific feature of the field is anomalous
reservoir pressure, the presence of a significant
amount of hydrogen sulfide and a complex
geological structure. The reservoir has a length of
160 km? and is located at a depth of more than 4000
m, and its thickness is more than 1500 m.

The carbonate massifis a single hydrodynamic
system consisting of three stratigraphic objects.
Object 1 is composed of rocks of the Bashkir,
Serpukhov and Oka stages, object 2 is composed of
rocks of the Lower Visean-Tournaisian stages, and
object 3 is Devonian sediments [4] Geological
reserves in Tengiz are estimated at 26 billion
barrels, of which 19 billion barrels fall on Object 1,
the remaining 7 billion on Objects 2 and 3 of this
field [5]. More than 1 billion barrels have been
produced so far.

Complex geodynamic monitoring is carried out
systematically at the field, including: high-precision
geometric leveling, seismic survey, as well as space
radar survey.

According to the analysis of the results of radar
monitoring of displacements of the earth's surface,
carried out in the period from 2004 to 2009 [6], the

soil subsidence accelerating in time takes place in
the area of active development of the field. The
maximum settling rate in the center of the trough is
30 mm per year. It was also found the appearance of
another bowl of subsidence, located to the northeast
of the first.

In general, according to the data carried out by
different researchers, the trend of an increase in the
rate of soil subsidence is confirmed. Thus, for the
main bowl, the maximum subsidence rate in the
field was in the periods 1991-2000. - 12 mm / year
[7], 2004-2010. - 30 mm / year, in 2016-2017 mm /
year - 60 mm / year [8].

Similar facts take place at other deposits in
Kazakhstan and testify in favor of the need for a
preliminary assessment of the geodynamic
consequences of the development of deposits, based
on an objective predictive geodynamic model, at the
stage of planning mining [9-10].

Methods for modeling the subsidence of the
earth's surface in oil and gas fields. Various
approaches and algorithms are used to create
predictive geodynamic models for hydrocarbon
fields. In particular, the use of a stochastic model
based on the influence function [11], the creation of
a coupled hydrodynamic-geomechanical model of
an oil field, as well as the use of cellular automata
for modeling geodynamic activity. All of these
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methods have their own advantages and specific
features that must be analyzed on the example of a
specific field in order to determine the most
effective approach. In this regard, the KazNRTU
named after Satbayev considered and analyzed two
methods for modeling the subsidence of the earth's
surface:

- parametric space-time model of trend, taking
into account subsidence rate in the center of bowl
[11];

- model based on the Knoté influence function,
considering connection between subsidence of the
earth surface and reservoir compaction [12];

Parametric space-time model of trend

Spatial-temporal subsidence trend model was
presented in the work [13], to describe land
subsidence due to gas production. In this method,
height Hi of benchmarki, at the time t can be written
as:

Hip = Hity + Zig—ey + Mt (1)

where:
H;, — initialbenchmarkheightbefore subsidence at
the timeto;
Zjp_¢,—vertical deformation due to gas
production approximated by space-time
trend model;
Ni¢ - noise caused by stochastic benchmark
instability

According to this trend model, subsidence
can be represented as:

Zi t—t,= V(t — to) exp (— % rlz) + Gty (Lo <

t <tend), ()
Where:
- ty, tenq - subsidence start time and action end of
subsidence model,;
- ri—standardized radius from center of subsidence
bowl to point i:
- Gt_t,- noise ratio, which takes into account
stochastic discrepancies between space-time trend
model and actual subsidence due to gas production.

Standardized radiusis determined from
following expression:

(xi=x) 2+ i—ye)?
rp = iz toeyo?, 3)

l
where:

- Xcuye- center coordinates of subsidence bowl;
- r- radius from center of subsidence bowl to

inflection point.

Subsidence of earth surface as function of reservoir
compaction.

In the development process of oil and gas
fields, reservoir rocks are compacted due to
volumetric compression of pores and repackaging
of individual granules and grains. In this regard,
during creating stable model of subsidence of the
earth surface, it is necessary first of all to take into
account the value of reservoir compaction. In
general, compaction magnitude depends on the drop
in reservoir pressure, thickness of productive layer,
physical and mechanical properties of enclosing
rocks and reservoir rocks.

Oil and gas reservoirs are generally long
horizontally and relatively thin vertically.
Therefore, it is assumed that reservoir is deformed
in uniaxial modein the vertical direction. In this
case, compaction capacity of rock is characterized
by one-dimensional compaction coefficient Cm.

For elastic isotropic rock, one-dimensional
compaction coefficient can be expressed in terms of
elastic modulus E and Poisson's ratio v:

Cm= (1+v)(1-2v)/[E(1-V)] “4)

Reservoir compaction taking into account
changes inseam pressure Apand reservoirthickness
hcan be determined by the following formula:

C = C,Aph (5)

For transition from reservoir compression to
subsidence of day surface, various expressions can
be usedincluding method using the Knot¢ influence
function:

k= (6)

where: 1 - is horizontal distance between reservoir
element and subsidence surface point, R- is radius
of critical area (minimum area that gives maximum
possible subsidence).

In the work [14], expression is presented for
calculating subsidence of the earth surface using the
the Knoté influence function, adapted for liquid
mineral deposits.

S =—af,Ck,dA (7)

where: a- is distribution factor showing relationship

between maximum reservoir compaction and

corresponding subsidence of day surface,

A- is productive area,

dA - is elementary particle of productive layer.
The value of the parameter a is in the range

from 0 to 1. The maximum value shows that the

compaction of the reservoir is almost completely

repeated by the day surface, which is unlikely, and
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the minimum value indicates that the deformation
of the reservoir attenuates before reaching the
earth's surface, which is quite possible with a
significant thickness cover layer and solid mass
resistant to deformation. Many researchers have
tried to empirically determine a more accurate
relationship between the magnitude of reservoir
compaction and soil subsidence. As a result, it was
revealed that for large reservoirs located close to the
surface of the earth, the subsidence spread
coefficient will be maximum, approximately a =
1[15].

However, in reality, it is not only the geometry
and location of the reservoir that play a role, but also
the elastic properties of the reservoir rock and
overburden. Russian scientists A.S. Maznitsky and
L.M. Serednitsky studied the effect of the physical
and mechanical properties of the reservoir on soil
subsidence, based on the expressions:

Ah = ¢cichalp,(8)
n = c,AR[2(1 — v,)] (1 - J%,;z)'

where Ah is one-dimensional compaction of the
reservoir; ci, c; are coefficients depending on the
elastic properties of the overburden and the
reservoir, the depth of the reservoir and its
dimensions;a is the Biot's coefficient; v, is the
Poisson's ratio of the overburden, 5 = H / R is the
ratio of the reservoir depth to its radius. As a result
of studying various types of reservoirs, it was found
that for a sandy reservoir with a thickness of 1600
m, the ratio between soil compaction and
subsidence is in the range of 0.531 to 0.590. In the
case of the carbonate reservoir, the compaction and
subsidence values were found to be less. It was
found that the maximum compaction corresponds to
the minimum values of Young's modulus and
Poisson's ratio of the reservoir rocks, and also that
the subsidence of the earth's surface decreases with
an increase in the rock hardness of the overburden,
as well as with a decrease in the reservoir area.

The results of modeling the subsidence of
the earth's surface. At the first stage, a parametric
method was applied, taking into account the speed
at the center of the trough.Figure 2 shows results of
analysis of radar monitoring data [16] for 2016-
2017, according to which maximum subsidence rate
is 58 mm. Along the profile 1-2, subsidence bowl
was built according to observed values and model
values calculated at the considered profile points
according to formula (1).

©)

©o3s0r 1e

Figure2.Subsidence bowl in Tengiz oil and gas
field [7].

As can be seen from Fig. 3, model curve is
flatter than actual one. At the edges of subsidence
bowl, there are large values discrepancies in the
subsidence of the earth surface than in bowl center,
where values are more correlated with each other.
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Figure3. Subsidence bowls obtained from
observations and model.

However, spatial representation of subsidence
bowl (Fig. 4) speaks in favor of application of this
expression with certain coefficient, which makes it
possible to accelerate subsidence process in time
and approach observed values of deformation of the
earths ur face. Another limiting factor of this
method is the need to know the value of the rate of
subsidence in the center of the trough. That is, in
order to use this approach at the stage of field
development planning, it is necessary to calculate a
priori the likely rate of subsidence of the earth's
surface as a result of hydrocarbon production.
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Figure4. Subsidence bowl obtained from the
calculated data.

At the second stage, the subsidence of the earth's
surface was simulated taking into account the
compaction of the reservoir. In this approach, when
calculating the model values of the subsidence of
the earth's surface along the profile 1-2, the values
of the elastic modulus were taken, as for a carbonate
reservoir, in the range of E = 50,000 - 90,000 MPa
and the Poisson's ratio in the range of v = 0.20 -
0.30. Depending on the reservoir compaction, C
took values a = 0.55, 0.65, and 0.75 [17]. Standard
deviation from observed values of subsidence of the
earth surface wereres pectively: 75 mm, 48 mm, 62
mm. As can be seen from Figure 5 and standard
deviations, the closest imitation is obtained with
value a=0.65.
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Figure 5. Comparison of real subsidence bowl with

the model ones.

In this method, during calculating factor a, it
may be more objective to use formula that takes into
account thickness of overburden and geomechanical
properties of constituent rocks. Since, by what
percentage of transfer red reservoir compaction to
day surface depends on these factors. Expression
can be obtained empirically, based on data analysis
number of fields. If subsidence of the earth surface
is determined from observations, and reservoir
compaction is also known, then by solving inverse
problem it is possible to determine percentage or
degree of transmission of reservoir compression to

the surface. Further, it is possible to determine type
of connection between parameter a and thickness of
overburden H, while taking into account physical
and mechanical properties of rocks of this layer, in
the form ofcertain factor associated, for example,
with Poisson's ratio. Only some difficulty lies in
obtaining reliable data on various deposits that have
long-term observations of deformation of day
surface [18].

Conclusions. To create stable predictive
model of oil and gas field, it is possible to use
bothparametric space-time trend model and method
using Knoté influence function. However, in the
first case, it is necessary to introduce a coefficient
(multiplier) correcting the shape of the subsidence
bowl in order to improve the correlation between the
model and observed values of soil subsidence. In the
second case, it is necessary to more accurately
determine the value of the parameter a, which
represents the percentage of transfer of reservoir
compression to the day surface in the form of
subsidence. At the same time, it is possible to use a
probabilistic distribution law that takes into account
the depth of the reservoir and the physical and
mechanical properties of the overburden and
reservoir rocks.

Taking into account the fact of an increase in
the rate of subsidence of the day surface in long-
term development fields, it is necessary to introduce
the practice of preliminary assessment of
geodynamic activity at the stage of planning the
field operation. To achieve the most objective
result, a comprehensive assessment of the
geomechanical, hydrodynamic and geodynamic
models of the hydrocarbon field can be performed.

«This research has been/was/is funded by the
Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant
No AP08857097»
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KOMIPCYTEKTEI'T KEH OPBIHJIAPBIHIA 'EOJAUHAMMUKAJIBIK
NPOLHECTEPAI MOJAEJBAEY

AHHOTaNMsA: MyHail JKOHE Ta3 KEH OpBIHAAPBIH HrepyAiH THIMII JKOHE DKOJOTHSUIBIK Ta3a
TEXHOJIOTUSCHIH TaHJAy VIIiH, kep OeTiHiH aedopMaIusuIbIK MPOLECTepiH ajiblH-alla Oaranay KaXKeTTiri
TyblHAalapl. OCBIFaH Opal, KapacTHIPBUIBIIT OTBHIPFAH AayMaKThIH TE€OJOTHSUIBIK CHIaTTaMaiapbl MeH
TEKTOHUKAJIBIK OEJNCEHAUIITH, COHJai-aK, KOJJIEKTOPAbIH ©3iHAIK epeKIIeNiKTepiH eCKepe OTHIPHIN, KeH
OpBIHAPHIH UTrepy OacTanFanfa JeiiH O0JKaMIbl €O JMHAMHUKAIBIK MOJAEIBACP Il KYPY YChIHBLIAIBI.

3eprrey omictepi. byn KyMmpIcTa KeMIpCyTEeKTI KEH OpHBIHIA Xep OeTi meryiHiH eki Mopeni
KapacTeIpbuFaH: Jlemb(T TeXHOIOTHUTBIK YHHBEPCUTETIHIE TaMbIFaH apaMeTPIIiK KeHICTIKTIK MOJIEh KOHE
KananaHblH reofe3usyIblKk HHKCHEPUS OPTaNbIFbIHAA JKacanFaH KHOT? ocep eTy QyHKUMSICHIHA HETi3[enreH
Moenb. bipiHtri oj1ic — TepeH ra3 KOJUIEKTOPIAPBIHAAFbI TETIC )KoHEe OIpTIHAC IIOeTy/Ii CUNIATTayFa bIHFAUIIBI
JKoHE Jkep OeTi KO3FaIbICHIHBIH KEHICTIKTIK-yaKbITINA 3aHIBUIBIFRIH Oaralayra MyMKIHIIK Oepemi

Exinmri onmic OoiibIHINA, TEOTUHAMUKAIBIK IIPOIIECTEPAl MOACIBCY MYHAW KaOaThIHBIH OpHAJIACYhIH,
KBIHBICTAPIBIH (DU3MKANBIK KoHE MEXaHUKAJIBIK KACUETTEPiH, pe3epByap KBICHIMBIHBIH ©3TepyiH KoHe OeTKi
nehopManusHBI 0aKbIIay HOTHIKEIEPIH €CKePE OTHIPHIIN, KOJUICKTOPABIH THIFBI3AATYHl MEH KYH OCTiHIH mIeTyi
apachIHIAFbl (PyHKIMOHAIABI OaiilaHbIC HETI31H e KY3eTe achIpbUIab )KoHe OYJ1 MyHal KeH OpBIHAAPHI YILIiH
YCHIHBUIFaH.

3epTTey HOTHXKETepi: OChl 9iCTepIiH canblcThipMansl Tainaysl bateic Kaszakcranmars! TeHi3 MyHaii-
ra3 KeH OpHBI YATiCiHAe OpbIHAAIARL. MOJeNbIi Kypy MOJAIrT TOMBIPAKTHIH IIOTYiHIH €CENTENTeH MOHIEPIH
panap HHTEPPEPOMETPHICHIHBIH JICPEKTEPIMEH JKoHE 0acKa 3epTTeYIIUIep alFaH OaranayjiapMeH CabICThIPY
apKbUTel Oarananael. MyHaii-ra3 KeH OpbIHAAPBIHBIH O00JKaMabl MOAEIBICPIH KYPY Ke3iHe KapacThpPbUIFaH
omicTepli KoiaHy OOMBIHINA YCHIHBICTAp Oepiii, pe3epByapAblH TEPEHIIriH KOHE MaCCUB KBIHBICTAPBIHBIH
(hM3HUKaTBIK-MEXaHUKAIIBIK KACHETTEPiH €CKepe OTHIPHIN, KOJUIEKTOPIABIH THIFBI3JAFBIIIBIH KYHII3TI OeTke
0epy KO3 UIMCHTIH ecenTey KaKeTTUIIr KOPCETIITeH.

Tyiiin ce3mep: KemipcyTeri KeH OpbIHIApbI, Xep OeTi, mery, KaOaTThIH KOFaprbl OeTi, KabaT
KBICBIMBI, T€OJIMHAMUKANBIK ChIHAK aJaHbl, TeOAC3HsIIBIK OaKplIay, PaJHoJIOKANUSIIBIK WHTepPEepOMETpus,
MOJIETB/IEY.

Keneco6aesa A.1", Hypneuncosa M.!, Jleun E.?

1Sa‘[bayev University, Anmarsl, Kazaxcras;
*MuunraHcKuil TEXHOIOTHUECKHil yrHuBepcuTeT, Muunran, CILIA.
E-mail: marzhan-nurpeisova@rambler.ru

MOJEJIUPOBAHUE T’EOAUHAMHNYECKHUX IMTPOLECCOB
HA MECTOPOXJIEHUU YTJIEBOJOPOAOB

AHHOTANUA: U1 BHIOOpPA ONTHMATBHOW W 3KOJOTMYHOW TEXHOJIOTUH Pa3pabOTKU HEPTEra3oBBIX
MECTOPOXJICHNH HEOOXOAMMO 3a0JIaTOBPEMEHHO OLIEHUTH BEPOSTHBIE Ie(OpPMAaIlMOHHBIE TIPOIECCH 3eMHOM
TTOBEPXHOCTH. C srou LEJIbI0 PEKOMEHAYETCA CTPOUTH IMPOTHO3HBIC I'€COAMHAMUYCCKUE MOACIN 10 Haydalia
pa3paboOTKN MECTOPOXKICHUN C YYETOM T'€OJOTHYECKUX XApPaKTePUCTHK M TEKTOHHMYECKOW aKTHMBHOCTHU
paccMarpuBaeMoOl TEPPUTOPHUH, a TAKXKE CIEIHPUIECKAX OCOOEHHOCTEH KOJUIEKTOpa.

Mertonp! ncciaenoBannid. B manHO# paboTe pacCMOTPEHBI IBE MOJIEH OCENaHUsI 36MHOM MTOBEPXHOCTH
Ha MECTOPOXKJICHUH YIJICBOJOPO/IOB: MapaMeTpruecKas POCTPaHCTBEHHAs MOJIeIb, pa3Butas B Jlenbdrckom
TEXHOJIOTUYCCKOM YHHMBEPCUTETE M MOJEIbh, OCHOBaHHAs Ha (hyHKIWH BiIusHUsS KHOT?, pa3spaboraHHas B
Kananckom neHTpe reomesndeckoil nHx)eHepun. [lepBeIit MeTox  Oosee MOAXOIUT ISl OTIMCAaHUs TUTABHOTO
U TIOCTCIICHHOI'O OCCaaHUusA B FJIy6OKI/IX ra30BBIX KOJUICKTOPAaX W IMO3BOJIACT OLCHUTHL IMPOCTPAHCTBCHHO-
BPEMCHHYIO 3aKOHOMEPHOCTh [BIKEHHUS 3€MHOM MOBEPXHOCTH. Bo BTOpOM MeToA€ MOJEIUpPOBaHUE
TeOJJMHAMUYECKUX TIPOIIECCOB OCYIIECTBISETCS HA OCHOBE (DYHKIIMOHAILHOW B3aWMOCBSI3U MEXKIY
VIUIOTHEHNEM KOJIJIEKTOpa ¥ OCEJaHIEM THEBHOW IIOBEPXHOCTH C YIETOM PACIIOJIOKEHUS He(TSHOTO IJIacTa,
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(U3UKO-MEXaHUYECKUX CBOWCTB MOPOA, M3MEHEHHMS IIACTOBOTO AABJICHUS M PE3yJIbTaTOB MOHHMTOPHHIA
nedopMaiyy IOBEPXHOCTU — PEKOMEHI0BaH Uil HE(PTAHBIX MECTOPOKACHHH.

Pe3yanaT1>1 I/ICCJIC)Z[OBaHPlﬁ. CpaBHI/ITeHBHHﬁ aHaJIM3 OaHHBIX MCTOJOB BBIIIOJHEH Ha IPUMEPEC
Tenrusckoro HedrerazoBoro MectopoxkaeHus B 3anmamgHoM Kasaxcrane. BrimonHeHa olieHKa TOYHOCTH
IIOCTPOEHHUSI MOJENH IyTEM CPaBHEHMsI PAcUETHBIX 3HAUYEHUH OCeJaHMsl TpyHTa C JaHHBIMH paJapHOH
nHTep(hEepOMETprH, W OIEHKAMHM, IOJyYeHHBIMH OPYTHMH HCCIIENOBaTesIMH. J|aHBl pEeKOMEHIAINH TI0
MPUMEHEHUIO PACCMOTPEHHBIX METOAOB TPU TIOCTPOCHUHM TPOTHO3HBIX MOJENEH He(TerasoBbIX
MECTOPOKACHUH, yKazaHa HE0OXOAUMOCTb pacueTa Kod(pQHULIUEHTa Nepeaadn YINIOTHEHUS KOJJIEKTOpa Ha
[IOJIOXKCHUE JHEBHON HMOBEPXHOCTH C YYETOM INIyOMHBI 3aJleTaHus pe3epByapa U (PU3MKO-MEXaHHMYECKHX
CBOICTB IIOPOJ MACCHBA.

KiroueBbie cioBa: MECTOPOXKIEHHUS YITIEBOJOPOJOB, 3€MHAas IMOBEPXHOCTh, OCENAaHUE,KPOBII
I1acTa, IUIACTOBOE JaBICHHE, TEONMHAMUYECKHM IIOJIMIOH, TEOAE3WYECKMH MOHWTOPHHI, pajapHas
nHTephepoOMeTpusi, MOJETNPOBAHHE.
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