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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pephepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The article focuses on the study of geodynamic processes
associated with the development of hydrocarbon deposits in western Kazakhstan.
Objective. Enhancing the safety of oil field development through systematic
monitoring and forecasting of hazardous geodynamic processes and related
phenomena. Materials and methods A comprehensive research methodology
was used to carry out the study, including the analysis and generalization of
national and international experience in geodynamic research; repeated geodetic
observations of deformations in undermined areas using modern geodetic
instruments; assessment of the influence of various factors on ground surface
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subsidence through theoretical calculations of seam roof subsidence; consideration
of the impact of deposit development intensity on ground surface displacement;
and formulation of conclusions regarding the nature of geodynamic processes in
the study area. Results. The results of comprehensive monitoring of land surface
and Caspian Sea coastline deformation are presented using areas of intensive
and large-scale subsoil development as case studies. The need for integrated
territorial monitoring and geodetic monitoring on the Buzachi Peninsula is
substantiated. To investigate natural geodynamic processes and phenomena,
as well as to identify the impact of technogenic factors on crustal dynamics, a
geodynamic testing ground has been established in areas of intensive hydrocarbon
development in western Kazakhstan. This testing ground includes stationary high-
precision leveling, satellite, gravimetric, and seismic stations located within the
Karazhanbas, Kalamkas, and North Buzachi fields. Geodynamic monitoring using
modern geodetic instruments improves the accuracy and efficiency of determining
subsidence parameters, ensuring maximum safety and economic efficiency in the
overall development of oil and gas fields. Results of the study were implemented
at the existing Geoservice-S LLC during the implementation of the project
«Monitoring deformation processes of the earth's surface during the development
of oil fields in Western Kazakhstan» and were used in the educational process at
Satbayev University, as well as at Al-Farabi Kazakh National University.

Keywords: hydrocarbon deposits, land surface, subsidence, reservoir roof,
reservoir pressure, geodynamic test site, geodetic monitoring, GPS observations,
geodynamic process modeling
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AHHoOTamua. Oszexminici. Maxkana KazakcranHblH 0atbic  eHipiHIETi
KOMIPCYTEK KE€H OPBIHJAPbIH UTepy OapbIChIHIA OPBIH allaThIH I€OJMHAMUKAIIBIK
yaepicrepii 3eprreyre apHanraH. Makcamouli.  KayinTi  reoguHaMHKabIK
yaepictep MeH KyOBbLIBICTapAbl MOHUTOPUHITEY >KOHE OOJDKay apKbUIBI MyHan
KCH OPBIHAAPBIH UTEPYIiH KayiNCi3miriH apTTeipy. Mamepuanrdap men adicmep.
JKyMBICTBI OpBIHAAY OapbhICBIHAA KEHICH[I 3epTTey oici KOJIAAHBUIIBI, OHBIH
IIIiHAe: TeOoJMHAMUKANBIK 3epTTeyliep OOWBIHIIA OTAHIBIK JKOHE IIeTEIIiK
ToXipuOeHi Taljgay >KOHE JKMHAKTay; 3aMaHayd TeOJC3UsUIBIK acCIanTap/ibl
KOJIJJaHa OTBIPBII, UTEPLIIII )KaTKaH ayMaKTapAarsl AeQopManusiap/sl KaiTaiaMa
reolle3nsIbIK OaKpliay; Kabar TeOeciHIH IIeryiH TEOPHUSUIBIK €CenTey apKbLIbl
Kep OCTiHIH Imery yHAepiciHe opTypii QakTopiapablH ocepiH Oarajnay; KeH
OpBIHJIAPBIH UTEPY KAPKBIHABUIBIFBIHBIH Kep OCTiHIH BIFBICYbIHA 3CEPiH eCKepy;
KapacTBIPBUIBIIT OTHIPFAaH ayMaKTarbl TE€OJWHAMHUKAJIBIK YACPICTepIiH CHIATHI
OOWBIHINIA KOPBITBIHABUIAD Kacay. Homuoicenepi. KapkvinObi KOHE ayKbIMJIBI
JKep KOWHAybIH MIepy ydacKesepi MbIcajbliHia kep 0eri meH Kacnuil TeHi3iHiH
JKarayay ChI3bIFBIHBIH Je(OpMaIUsUIapbIH KEIICH[I MOHUTOPUHITEY HOTHXKeJepi
yeeraputrad. Compaif-ak bo3zamiel TyOeriHme ayMaKThl KEMICHAI TeOe3USIIBIK
MOHHUTOPHHTTEY/IIH KaKeTTUIIr Herizaenren. TabuFu reofnHaMUKaIbIK YIepicTep
MeH KYOBLIBICTap bl 38PTTEY KOHE TEXHOTCH TIK (PaKTOPIAP/IbIH XKeP KbIPTHICHIHBIH
JTMHAMHKACBhIHA 9CEPiH aHBIKTay MakKcaThiHa bateic Ka3zakcraHmarel kKeMipcyTek
KEH OpBIHAAPBIH KapKbIHABI UTePy aliMaKTapbIHAa KOFaphl AJIIKTI HUBEIUPIIK,
CIYTHHKTIK, TPaBUMETPHUSUIBIK JKOHE CEHCMHUKANBIK CTaHLMUsUIApIAH TYpPaThiH
TeOoMMHAMUKAIBIK TOMUTOH Kyphutrad. On Kapaxkanbac, Kanamkac, ConTycTik
Bo3amrel keH OpBIHAApHl ayMarblHAA OpHAJAacKaH. 3aMaHayW TeoMIe3MsUIBIK
acmanTappl KOJJaHa OTHIPHIN KYPri3ijeTiH re0AMHAMHUKAIIBIK MOHUTOPUHT Kep
OeTiHiH 1Iery mapaMeTpiepiH aHBIKTAYIbIH JJIIIrT MEH JKEACIITTH apTThIpabl,
COHJali-aK MyHai-ra3 KeH OpbIHAAPBIH UTEPYAiH Kayilci3Airi MeH SKOHOMHUKAIIBIK
THIMIUIITIH KamMTamachl3 eTefi. 3eprrey Hatmkenepi «[eocepBuc-C» XKIIC-
ne «barpic KazakcTanmarsl MyHail K€H OpPBIHIAPBIH UTEpy Ke3iHae jkep OeTiHiH
nedopMaIUsUITBIK YAePiCTEPiH MOHUTOPHHTTEY » )K00aIapblH OPBIHAAY OapBIChIH 1A
eHTi3inreH, conmaii-ak Satbayev University meH on-®apabu ateiagarel Kaz¥y
OKY YJepiCiHJIe KO TaHbLIY/IA.
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Tyiiin ce3mep: xKeMmipcyTek KeH OpPBIHAApHI, kep OeTi, mmery, kadbar Tebdeci,
Ka0aTTHIK KBICBIM, T€OAMHAMUKAIBIK MOJUTOH, T€OAE3HIBIK MOHUTOPUHT, GPS
OakpLIayIap, TCOAMHAMUKAIIBIK YACPiCTEeP I MOJICIbICY
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AHHOTAauus.  AxmyanrbHocms.  CTaTbs  TIOCBALIEHA  MCCIIEIOBAHHUIO
TeOIMHAMUYECKHUX TPOIECCOB, BOSHUKAIOMINX MPH pa3paboTKe MEeCTOPOXKICHUN
YIIIEBOAOPOAOB B 3amafHbIX pernoHax Kaszaxcrama. MHTEHCHWBHOE OCBOCHHE
He(pTEera3oBeIX  MECTOPOXKACHHH  MOXET  CONPOBOXKAATHCA  HW3MEHECHUEM
HanpsHKEHHO-IE(OPMUPOBAHHOTO COCTOSIHUSI TOPHOTO MaccHBa M OCEJaHHEM
3eMHOH TMOBEPXHOCTH, YTO OOYCJIOBIMBACT HEOOXOAMMOCTH CHCTEMAaTHUECKOTO
reoIMHaMUYeCKOr0 MOHHUTOpUHTA. [[ens. 110BBICUTH 0€30MacHOCTh pa3paboTKu
HEe(PTAHBIX MECTOPOXKIEHHII Ha OCHOBE MOHHTOPHMHTAa W TPOTHO3WPOBAHUS
OMMACHBIX TEOIWHAMHUYECKHUX TIPOLECCOB W  ABIEHUH. Mamepuansl u
MemoOsl B wWccienoBaHWM TPUMEHEH KOMIUICKCHBIA TIOAXOM, BKITFOUAONTUI
aHanu3 W 00O0OIIeHHWE OTEYECTBEHHOTO M 3apyOeyKHOTrO OIbITa IMPOBEACHUS
reoIMHaMUYECKUX HCCIIEIOBAHUM; TIOBTOPHBIC TeOe3UUeCKue HaOMIONeHHS 32
nepopMaIusIMu MoApadaThIBAEMbIX TEPPUTOPHH C HCITOTB30BAHUEM COBPEMEHHBIX
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M3MEPUTENbHBIX TPUOOPOB; OIIEHKY BIMSHUS Pa3INUHBIX (DAKTOPOB HA OCE/IaHUe
3eMHOW TOBEPXHOCTH TIOCPEJICTBOM TEOpEeTHUYecKoro pacuéra naedopmanuii
KpPOBJIM TUIACTA; YYET BIUSHUS WHTEHCUBHOCTH Pa3padOTKH MECTOPOXKICHUHA Ha
CMEIICHNEe 3eMHOH TOBEPXHOCTH; OTpEAClICHHE XapakTepa T'eOJAHMHAMUYECKUX
MpOLIECCOB Ha MUCCcIeayemMoil Ttepputropuu.  Pesynremamul. 1lpeacTtaBiieHbl
pe3yabTaThl KOMIUIEKCHOTO MOHHTOPHWHTA JehopMaIiii 3eMHON IMOBEPXHOCTH
u OeperoBoit nmuHUM Kacmuiickoro Mopsi Ha MpUMepe Y4acTKOB WHTCHCHBHOTO
u MacmtabHoro ocoeHust Hexp. OOOCHOBaHa HEOOXOJMMOCTh KOMIUIEKCHOTO
TeOIMHAMAYECKOTO M TE0/Ie3MIeCKOTO MOHUTOPHHTA TEPPUTOPHUU MOIYyOCTPOBA
By3zaun. [l nccnemoBanust MpUPOIHBIX TEOAMHAMHYECKHUX MTPOIECCOB U SBICHUN,
a TAKXC BbISBIICHHUA BIHAHUA TCXHOI'CHHBIX q)aKTOpOB Ha JUHAMHKY 3eMHOM
KOpBl B paiioHAX HWHTCHCHUBHON pa3pabOTKH MECTOPOXKICHHUH YIIIEBOIOPOIOB
3amagHoro Kazaxcrana co3maH reogmHaMu4deckuid monuroH. OH BKITIOYAET CETh
CTallMOHAPHBIX BBICOKOTOYHBLIX HUBCIMUPHBIX, CIIYTHUKOBLIX, 'PABUMETPUUYCCKUX
U CEUCMHUYECKMX CTaHIWW, pPaCIOJIOKEHHBIX B paloHaX MEeCTOPOXKIACHUN
Kapaxanbac, Kanamkac u CeBepuble bysaun. IIpoBenenne reogmHaMuuecKoro
MOHUTOPUHIAa C HUCIOJB30BAHUEM COBPCMCHHBIX TI'€OAC3NYCCKUX HpI/I60pOB
MO3BOJIIET  TOBBICHTH JOCTOBEPHOCTh W  OMNEPATUBHOCTH  OMpEACNICHUs
MapaMeTpoB OCENAaHUs 3eMHON MOBEPXHOCTH, & TAK)KE CITIOCOOCTBYET IMOBBIIICHUIO
0e30MacHOCTH W JKOHOMHUYECKOH 3(deKkTnBHOCTH OCBOCHHsSI He(Tera3oBbIX
MECTOPOXKICHUN. Pe3ympTarsl MCCIENOBaHUS BHEIPEHBI B AesaTeabHOCTE TOO
«l'eocepBuc-C» mpu BBITIOTHEHUH TpoekTa «MOHUTOPUHT aeOpMAIMOHHBIX
MPOLIECCOB 3€MHOW IMOBEPXHOCTH IMPH OCBOCHHU HEQPTSIHBIX MECTOPOXKICHHUN
3anmagaoro KazaxcraHay, a Tak)Ke HCIIONB3YIOTCS B YIeOHOM mporiecce Satbayev
University u Kazaxckoro HallnoHaJIBHOTO YHUBEpCHTETa UMEHU anb-Dapadu.

KuroueBble cjoBa: MeCTOpPOXKIEHHUS YIIIEBOJOPOJIOB, 3eMHasi MOBEPXHOCTb,
ocelaHne, KpOBJs IIacTa, TUIACTOBOE JaBleHHE, T€ONWHAMUYECKUN ITOJHTOH,
reope3ndeckuii MoHuTOpwHr, GPS HaOmomeHus, MoOAETUpPOBAaHUE T'€OJMHA-
MHUYECKHX MPOIIECCOB

Introduction. Subsoil of the western region of the Republic of Kazakhstan is
rich in hydrocarbon deposits. Large-scale oil and gas development leads to intense
ground movements, both within localized areas and within individual structural
elements. This results in the distortion of drilled wells, rupture of oil, gas, and
water pipelines, and disruption of railways, highways, underground utilities, and
engineering structures, which in turn leads to significant economic losses.

During development of hydrocarbon deposits in many oil and gas basins
worldwide, intense and even catastrophic geodynamic phenomena associated with
oil and gas production have been recorded.

Examples include strong earthquakes recorded at gas fields such as Gazli in
Uzbekistan, Lacq in France, Strachan in the Snipe Lake area of Canada, Fashing in
the USA, and several others. These phenomena are a direct consequence of changes
in the geodynamic regime of the geological environment under the influence of
large-scale subsoil development. This conclusion is convincingly supported by
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the results of experimental studies conducted on the natural-technical system of
the Caspian zone by Satbayev University in cooperation with Geoservice-S LLP
within the framework of the «Program for integrated geodynamic monitoring of
natural and technogenic processes at hydrocarbon fields for the periods 2012—
2019 and 2023-2025

01 ]2 [-=T]3[« Ja[—]s [@D ]s

1 — stratoisohypses, m; 2 — thrusts; 3 — strike-slip faults; 4 — wells; 5 — seismic section line;
6 — anticlines (1 — Karazhanbas, 2 — Northern Buzachi)
Figure 1. Depth map over the Jurassic Bottom covering (Karazhanbas and North Buzachi
anticlines).

Materials and methods. At the Northern Buzachi deposit, geodetic
monitoring and analysis of ground movement were sporadic. Comprehensive
ground movement observations were conducted by the GEOKEN Scientific and
Production Center from 2007 to 2010 (Saparbekova et al., 2015; Solyanoy, 2018).
These comprehensive ground movement monitoring efforts included ground-
based, satellite, and space-based observations.

Establishment of geodynamic testing site. In accordance with Work program
for geodynamic monitoring at the Northern Buzachi Field, Satbayev University
continued work on developing the geodynamic testing site, as well as organizing
and conducting comprehensive monitoring of natural and man-made processes
using expanded set of measurement methods. Results obtained are planned to be
used in addressing industrial and environmental safety at the long-running oil
fields of the Buzachi Peninsula (Nurpeisova et al., 2016; Nosirov et al., 2018).

Figure 3 shows the layout of leveling stations within the deposit area. Profile 5-5
is oriented along the strike of the deposit. Previously, 12 primary and 7 additional
leveling stations were established along this profile. In addition, 4 GPS stations
were included in the leveling traverse. Total number of stations along profile 5-5
is 19 (Table 1).
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Table 1. Characteristics of the leveling profile 5 — 5.

NeNe Profile length (km) | Number of points | Number of leveling | Average distance between
Profile cycles points, m
5-5 24,7 19 6 130

103 01 112 GPS-44 g 97 4 GPS-18 GPS-41 85 96
10 ® sz 88 89 $-32 GPS-3

1147 30 GPS-15

..— leveling points combined with gravimetric points.

points; - wells.
Figure 3. Layout of points on the territory of the Northern Buzachi deposit.

Highly accurate GPS measurements. In 2024, high-precision GPS
measurements continued at the Severnye Buzachi deposit (the third monitoring
cycle). Measurements were conducted at four GPS stations (including one GPS-5
control station and three regular stations) within the deposit's boundaries. Four sets
of GPS equipment were used for the GPS measurements: dual-frequency Leica
GS16 receivers. Final benchmark elevations were determined using trigonometric
leveling with a TS15 Plus electronic total station.

Positioning of four long-term GPS points at the field was determined statically
using groups of four receivers, with observations referenced to the GPS-5 base
station. Only two observation sessions were conducted at the site, second session
serving as a control. Observations were conducted statically, with synchronous
sessions lasting at least 24 hours with a recording interval of 30 seconds.

Based on measurement results and considering accuracy assessment, catalog
of GPS point coordinates for Cycle 3 in 20124 (Table 2) and diagram of actual
locations of GPS points within the Severnye Buzachi field were compiled
(Seytmuratova et al., 2018; Zhantaev et al., 2012).

Table 2. List of GPS coordinates based on GPS measurements Northern Buzachi deposit,

August 2024.
Ne Item Rectangular coordinate, m UTMN Zone 39 Height, m
number X v
1 1 4966425,4450 733801,9124 165,8928
2 2 4969697,1623 737091,9870 155,4020
3 3 4969541,5278 733177,5372 168,4864
4 5 4972408,7700 730245,3000 161,4100
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Quality of measurements was assessed based on discrepancies observed at
the points where the observation sessions overlapped. A total of three control
measurements were carried out. The standard error of a single coordinate
measurement was +0.8 mm, while the standard error for height measurements was
+1.3 mm. These results confirm the high accuracy of third GPS measurement cycle
and allow its data to be reliably compared with results of previous measurement
cycle.

Results and discussion. At the Northern Buzachi geodynamic testing site
(GDS), Class II leveling was performed using a Leica WILD NA 3003 digital laser
level with Invar rods using the dual leveling method in both forward and reverse
directions. Level was set to accuracy tolerance of 0.4 mm, which corresponds to
Class I leveling tolerances (Nurpeisova, Kenesbayeva, 2018).

Based on the results of first two precision leveling cycles along profile 1-1,
which intersects the Northern Buzachi deposit across its strike, it is now possible
to obtain initial estimates of the magnitude of modern vertical ground movements
along this profile. Figure 4 shows a graph of modern vertical ground movements.
Movement values are given in millimeters. Graph shows that the main part of the
Buzachi deposit is characterized by ground subsidence. The maximum subsidence
value is 12 mm. The average ground subsidence value is approximately 5 mm.

10

Monitoring points

-1
=20
=25

-30
Figure 4. Graph of modern vertical movements of the earth's surface along profile 1-1.

Experience studying deformation processes at developed fields in the Republic
of Kazakhstan shows that the most typical annual subsidence associated with
hydrocarbon production is approximately 10 mm. Therefore, subsidence at
the Northern Buzachi field should be considered entirely predictable. Results
obtained allow us to draw a preliminary conclusion about the possible influence
of development processes at the Northern Buzachi field on subsidence processes
(Zhardaev, 2006).

Active subsidence of ground surface is observed at the deposit, particularly in
the central part of the area. Two basins have been identified, located approximately
in the middle of the site. The right basin is elliptical in shape, with a major semi-
axis of approximately 840 m and a minor semi-axis of approximately 420 m. The
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left basin is circular, with average radius of approximately 650 m. The rate of
vertical movement has tended to increase over time. In the center of right basin,
subsidence rate is 12.5 mm/year, while in the center of the left basin, it is 10 mm/
year. Minor localized uplifts of ground surface are present in the eastern part of
the deposit. Systematic, comprehensive monitoring of geodynamic processes is
necessary to promptly identify abrupt changes in existing subsidence trend.

In the work (Kenesbaeva et al., 2019), based on space radar interferometry,
results presented in Figure 5 were obtained. As can be seen from the map of
accumulated subsidence, soil subsidence of up to 45 mm occurred over three years.

Figure 5. Map of accumulated subsidence over 3 years based on the research interval from March
2017 to February 2019.

Thus, intense subsidence processes are recorded within the deposit area, most
pronounced in the central zone. Presence of two troughs, located approximately in
the middle of the site, has been established. The right trough is nearly elliptical in
shape, with a major axis of approximately 840 m and a minor axis of approximately
420 m. The left trough is characterized by a nearly circular shape with an average
radius of approximately 650 m. Increase in the rate of vertical deformation over
time is noted: in the center of the right trough, it reaches 12.5 mm/year, and in the
center of the left trough, it is approximately 10 mm/year.

High-precision gravimetric measurements. In August 2025, second cycle of
high-precision gravimetric measurements was conducted at the Northern Buzachi
oil field using long-term gravimetric stations combined with leveling stations along
profile 1-1. Locations of gravimetric stations combined with leveling stations are
shown in Figure 6.

Before start of the field season, the gravimeters were tested at the Kapchagay
- Almaty State gravimetric test site. Before work began at the Northern Buzachi
field, cyclic measurements were taken over a 24-hour period. Standard deviations
and nonlinearity of daily drifts do not exceed 0.01 mGal.
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High-precision gravity measurements at the Northern Buzachi deposit were
conducted from August 1 to 3, 2025, at 15 specially equipped stations within the
deposit's geodynamic testing area. Long-term gravimetric stations were combined
with leveling stations. The measurements were conducted using AutoGrav CG-5-
091 automated gravimeters (Zholtaev et al., 2018).

All observations at the test site's points were conducted using the «central
reference point» method. All observations were conducted in parallel with geodetic
instruments. Trips lasted no more than three hours. Measurement quality control
was maintained throughout shift by performing check measurements at one or two
points in adjacent units, as well as by an independent check trip.

Field processing of measurement results was performed in parallel with the
field measurements and included processing gravimetric measurement results,
generating and updating graphs, assessing the quality of the linear drift breakpoint
cruises, compiling a gravimetric point survey report, and assessing the quality
of the gravimetric measurements. Results obtained in Cycle 2 were analyzed in
comparison with Cycle 1. Graph of gravity changes (variations) from August 2016
to August 2018 was plotted along the profile line (Fig. 6).

GPS-3

1 2 3 4 5 -] T 8 ] 10 11 12 13 14 15
o I i L 1 i i i i i 1 i i 5

Monitoring points

14 = A h MM 4g weran L 3

Figure 6. Graph of gravity variations (Ag) over an annual time interval along profile 1-1 of the
field in comparison with the graph of modern vertical movements of the earth's surface (Ah).

Along profile 1-1, gravity variations range from -18 pGal to 0 pGal. The
average gravity variation for the entire field is -10 pGal. Thus, the overall gravity
variation background for the Northern Buzachi field (along profile 1-1) is negative
over the annual time interval. The identified negative gravity variation background
is typical, as it has been found for virtually all studied fields in the Republic of
Kazakhstan (Kenesbayeva et al., 2019).

Development of a predictive geodynamic model for the Northern Buzachi field.
Various approaches and algorithms are used to create predictive geodynamic
models for hydrocarbon fields. To create a robust predictive model, we used both
parametric spatiotemporal trend models and a method using the Knothe influence
function, which considers the relationship between surface subsidence and
reservoir compaction (Szostak-Chrzanowski et al., 20006).

(Knothe 1953) presented spatiotemporal subsidence trend model to describe
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land subsidence due to gas production. In this method, the height Hi of reference
point i at time t is determined as:

Hi,t = Hi,t + Zi,t t +nit, (1)
where
Hi,t — initial height of the benchmark before the start of subsidence at the
timet ;

Zi, t — vertical deformation due to gas production approximated by a
spatiotemporal trend model;
+ ni, - noise caused by stochastic instability of the reference frame.

According to this trend model, the drawdown can be represented as:

zi,t—t0= v(t—t0)exp(—12ri2)+{t—t0 2)

where:

- t0<t<tend;

- t0, tend - the start time of subsidence and the end time of the subsidence
model;

- 11 - standardized radius from the center of the settling bowl to the point i;

- (t—t0- noise factor that accounts for stochastic differences between the
spatiotemporal trend model and the actual subsidence due to gas production.

Standardized radius is determined from following expression:

ri2=(xi—xc)2+(yi—yc)2r2, 3)
where:
- xc u yc - coordinates of center of the settling bowl;
- r - radius from the center of the settling bowl to the inflection point

However, in the first case, it is necessary to introduce a coefficient that corrects
for the subsidence bowl shape to improve the correlation between modeled and
observed ground subsidence values. In the second case, it is necessary to more
accurately determine the value of parameter a, which represents the percentage of
reservoir compression transferred to the surface as subsidence. Therefore, when
creating a robust model of ground subsidence, it is essential to primarily consider
reservoir compaction. In general, magnitude of compaction depends on changes
in formation pressure, reservoir thickness, and physical and mechanical properties
of host reservoir rocks.

To construct a geodynamic model of the Northern Buzachi deposit, we used the
spatial parametric model expressions (2) and (3) given above. After calculating
subsidence and creating simulated trend models, we obtained subsidence troughs
(of the earth's surface) closer to reality (Fig. 7).
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dz= v, R )i vl 3mimdy; R=350m dZ=fv.R 1 v=13mm'y; R=150m
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Figure 7. Subsidence bowls with radii of 350 m (left) and 150 m (right).

The analysis ofthe accuracy characteristics of the developed model demonstrated
that an adequate description of ground surface deformation processes requires the
application of a model based on the Knothe influence function, which takes into
account the physical and mechanical properties of the reservoir, the depth of the
productive formation, and changes in reservoir pressure. The development of this
geodynamic model is the subject of a separate research project being conducted by
researchers at Satbayev University.

Conclusions. A comprehensive analysis of domestic and international
experience in geodynamic investigations related to the instrumental monitoring
of deformations in undermined areas was carried out. Based on this analysis, a
methodology for the integrated assessment and prediction of hazardous geodynamic
processes within a geodynamic monitoring network was developed.

1. The methodology for repeated observations at the geodynamic monitoring
network was improved through the integrated application of high-precision digital
leveling, electronic total stations, and GNSS/GPS technologies. The proposed
approach increases the accuracy and efficiency of determining ground surface
subsidence and enhances monitoring performance through the automation of field
measurements and computerized processing of geodetic data.

2. A comparative analysis of two monitoring cycles at the Severnye Buzachi
oil field revealed a persistent trend of ground surface subsidence. According to
repeated high-precision leveling along Profile 1-1, the maximum subsidence in the
central part of the field reached 10—12 mm/year during the 2017-2019 observation
period.

3. The results of repeated gravimetric observations showed a decrease in
gravity along Profile 1-1. During the 2016-2018 period, the average gravity
reduction relative to the peripheral parts of the field amounted to 15-17 pGal,
indicating changes in the stress—strain state of the rock mass associated with the
development of the oil field.
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4. Repeated GNSS/GPS measurements confirmed the occurrence of general
ground surface subsidence. The maximum vertical displacement of —4.3 mm was
detected in the central and southern parts of the Severnye Buzachi oil field, which
is consistent with the results obtained from high-precision leveling.

5. The developed simulation-based predictive model of ground surface
subsidence, based on the adapted Knothe influence function, adequately describes
the observed deformation trend and can be used to predict future subsidence and
assess the geodynamic safety of oil and gas fields.
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