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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. Introduction. Terrigenous Cretaceous deposits of the Gazli uplift
are key hydrocarbon reservoirs in the Bukhara—Khiva region, but geological
heterogeneity complicates prediction of productive zones. Methods. Well logs,
core analyses, 3D seismic data, sequential indicator simulation, sequential
Gaussian simulation, and hydraulic flow unit analysis were used to construct a
3D geological model. Results. The model identified productive zones and showed
more than 87% agreement with production history. Reservoirs with porosity >18%
and permeability >150 mD were mainly located in the central and southeastern
parts. Conclusion. The proposed workflow improves reservoir characterization and
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supports more reliable planning of new production wells. Methods. The study is
based on well logging data, laboratory core analysis results, and 3D seismic survey
data. Modeling was performed using stochastic algorithms of sequential indicator
simulation (for lithofacies) and sequential Gaussian simulation (for porosity
and permeability). The correlation of "porosity-permeability" petrophysical
relationships was carried out considering the identified hydraulic flow units
(HU). Results. A highly detailed 3D geological and hydrodynamic model of the
Cretaceous complex of the Gazli uplift was constructed. Regularities in the spatial
distribution of sandy reservoirs and shale barriers were revealed. It was established
that zones with improved reservoir properties (porosity > 18%, permeability > 150
mD) are confined to the central and southeastern parts of the structure, which
are associated with paleochannel facies. Conclusion. Comparison of the obtained
model with the production history confirmed its high convergence (over 87%)
with actual well production rates. The modeling results prove that accounting for
the micro-heterogeneity of reservoir properties allows for revising the boundaries
of fluid contacts and minimizing risks when planning new production wells. This
methodological approach can be scaled to adjacent fields of the Bukhara-Khiva oil
and gas province.

Keywords: well, oil and gas potential, modeling, productivity, reservoir,
filtration properties, interpretation
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Annorauus. Kipicne. T'a3nu KeTepinmiMiHIH TeppureHai Oop merinfinepi
Byxapa-XuBa aifiMarbIHAaFpl MyHall MEH ra3 OHIIpY/IiH HEeTi3r1 HbIcaHJapbl OOJIBII
TaObUTaBl, OipaK >KOFapbl T€ONOTHSUIBIK OPTEKTUIIK MEH Tay >KBIHBICTAPBIHBIH
koJutekTopnblk  KacuertepiHiH (TXKK) KyObumManbuibiFbl  KOMipCyTeKTEpAiH
KaJJIBIK KOPJIApPBIHBIH OKIIAyTaHybIH OOJKay[abl KUBIHAATaAbl. Byl »KYMBICTBIH
makcarbl — TIXKK-HbIH e3ekTi AepexTepiH OipiKTipeTiH yuI eiameMal TUQPIbIK
TeOJIOTHSUIBIK MOJISNBJII KYPY HETi3iHJe OHIMII Oenaemaepai Ooikay JoJIiriH
apTTeIpy. Mamepuandap men 20icmep. 3epTTEydiH HEri3iHE YHFbIMajapabl
reodpusukansik 3eprrey (¥1'3) nepexrepi, KepH MaTepuabiH 3epTXaHABIK Talaay
HoTIKeNepi xoHe 3D celicMukanblk Oapiay Marepuaniapbl aasiHabl. Moaenbaey
KYHeNi MHAUKATOPIBIK (MuTodanusuiap yiin) )kaHe Kyieni ['ayce cuMysnusiibiK
MOJIEIbICY/NIH (KSYSKTUIIK MeH OTKI3TIIITIK YIIIiH) CTOXaCTUKAIIBIK aJTOPUTMACPIH
KOJIJaHy apKbUIbl OpBIHAANABL. «KeyekTimK-eTKI3rIITIK» MeTpOopU3UKAIBIK
TOYCAITIKTEePiH YiIecTipy OOTiHIN KOPCETIAreH TAPaBINKAIBIK AFbIH O1pIiKTEPiH
(HU) eckepe oTbIpsIN ky3ere acblpbulabl. Homuowcenep. I'a3nm xerepinimMinig 60p
KEIICHIHIH JKOFapbl AETajJbl YHI OJIIEeM]i T'eOJOTHSIIBIK-TUAPOIMHAMHUKAIBIK
MoJeNi KypbULIbl. KyMzpl KOJUIEKTOpIap MEH Ca3AbUIBIK TOCKAYbUIIAPBIHBIH
KEHICTIKTIK Tapaiy 3aHAbUIBIKTaph! anbIKTanasl. TXKK sxakcapTeuiran Oengemaep
(xkeyekrimik > 18%, etkisrimTik > 150 m/l) KypbUIBIMHBIH IajeoapHabIK
¢danusmapMer  OaliJIaHBICTBI  OPTANBIK KOHE OHTYCTIK-IIBIFBIC OeJiKTepiHe
LIOFBIPJIaHFaHbl aHBIKTANABL. KOpblmblHObl. ABIHFaH MOJICITB1 UTEPY TAPUXBIMEH
CaNBICTBIPY OHBIH YHFBIMAJApJAbIH HAKThl ACOUTTEPiHIH KepCeTKiluTepiMeH
XKOFapbl coiikecTirid (87%-man actam) gonengeni. Monenbaey Hotmxenepi TOXKK
MUKPOOPTEKTUIIMH ecenKe ainy Cy-MyHail »KarcapiapblHbIH IIeKapatapblH KalTa
KapayFa >KOHEe jKaHa NailijaliaHy YHFBIMAJapblH cally Ke3iHAeri ToyeKelaepii
azaiiTyra MyYMKiHJiK OepeTiHiH kepcereai. byn ogicremenik tocinai byxapa-Xusa
MYHai-Ta3Jbl OOJBICBIHBIH ipreyiec KeH OpbIHAapbiHa KOJIAaHyFa 00maabl.

Tyiiin ce3aep: yHFbIMa, MyHail XoHE ra3 oneyeTi, MOAeJbIAeY, OHIMILIIK,
KOJUIEKTOP, CY3Y KacHeTTepi, TYCIHAIpY
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AuHoTanus. AxmyaibHocms.  TeppuUTeHHBIE  MEJOBBIE  OTIOXKEHUSA
['a3IMHCKOTO TIOMHSATHUS SBJSIFOTCS BaXKHBIMH OOBbEKTaMu He(Tera3oJo0buu B
Byxapo-XuBnHckoM HeTera3oHocHOM perroHe. OJIHAKO BRICOKAs T€0JIOTHYeCKast
HEOJHOPOJHOCTh MPOAYKTUBHBIX IUIACTOB M MPOCTPAHCTBEHHAS M3MEHUUBOCTD
(UIBTPAIIMOHHO-EMKOCTHBIX CBONCTB IOPOJ 3aTPYAHSIOT IMPOTHO3UPOBAHUE
JIOKQJIM3aLUU OCTAaTOYHBIX 3a1acoB YIJIEBOJOPOAOB. IToctpoenue
JNETAaTU3UPOBAHHBIX TPEXMEPHBIX TEOJIOTHYCCKUX MOJENICH, WHTETPUPYIOIINX
JaHHbIE TeO(PH3UYECKUX HCCIICAOBAHUN CKBa)KHMH, JIA0OPATOPHOTO W3yYCHUS
KEpHa W CEMCMOpa3BEIKH, MO3BOJSET MOBBICUTH JIOCTOBEPHOCTH BBIACIECHUS
MEPCIEKTUBHBIX KOJUIEKTOPOB U CHU3UTH FCOIOTUUECKUE PUCKU NP AaIbHEHUIIIEM
OCBOCHUU MECTOpOXKJIeHUU. [[env. IIOBBICUTH TOYHOCTH IPOTHO3UPOBAHUS
MPOIYKTUBHBIX 30H TEPPUTEHHOTO MEJIOBOTO KOMILIEKCa ['a3IMHCKOTO MOTHATHS
Ha OCHOBE IIOCTPOCHHUS TPEXMEPHOU IUPPOBOM TECOJOTHUSCKON MOJIEIH,
YUUTHIBAIOIICH MPOCTPAHCTBEHHOE pacipeieicHe (GribTpaluoHHO-EMKOCTHBIX
CBOMCTB mopoa. Mamepuanst u memoodsi. ViccienoBanue OCHOBAHO Ha JAHHBIX
reo(U3MUECKUX MCCIIC0OBAaHUN CKBAXHH, Pe3yJibTaTax JIaDOpaTOPHOTrO aHalu3a
KEpHOBOTO Marepuana M Marepuajiax TpEXMEpPHOU celicmopa3Benku. [
MOJICIHUPOBaHMs JTUTO(MAMATIbHOW HEOAHOPOAHOCTH TMPUMEHSIICS aJTOPUTM
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MOCJIeIOBATEIPHON ~ WHAWKATOPHON  CHUMYIANWW, a I pacupeiesieHus
MMOPUCTOCTH ¥ TPOHUIIAEMOCTH - alTOPUTM IOCJIEI0BAaTeIbHOW TayCCOBON
cumymsiia. [lerpodu3udeckas 3aBHCUMOCTh «IIOPUCTOCTh - MPOHHUIIAEMOCTHY
YTOYHSIIACh C YYETOM BBIACIEHHBIX TUApaBIudeckux exaunuil noroka (hydraulic
units, HU). Iloctpoennass monenp Oblia comocTaBieHa C (DaKTHYECKUMU
MoKazaTessiMi  pa3paboTKu W JeOuTaMu CKBaXWH. Peszyismamul. IlocTpoeHa
NeTaNu3UpoBaHHAs TPEXMEpPHAas TeOJOTHYecKas MOJIENh MEJIOBOTO KOMILIEKCa
l'aznmuuckOorO TOAHATHS. BBISIBICHBI 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO
pacnpe/ieNieHrs ecYaHbIX KOJUIEKTOPOB M TIIMHUCTBIX 0apbepoB. YCTAaHOBIEHO,
YTO 30HBI C YAYYIICHHBIMH (UIBTPAIIMOHHO-EMKOCTHBIMA CBOWCTBaMU,
XapaxkTepHu3yloLecs NoprucTocTeio 6omnee 18 % u nmponumaemoctsio 6omee 150
M/l, mpeuMyIIeCTBEHHO MPUYPOUCHBI K IEHTPATBLHON U FOTO-BOCTOYHON YacTsIM
CTPYKTYPBI U CBSI3aHBI C MMAJIe0pyCcIOBBIMHU (panisiMu. ConocTaBlIeHUE Pe3ylIbTaToOB
MOJISITMPOBAHHSI C UCTOPUYECKUMHU JaHHBIMU Pa3paOOTKH NOKa3a10 COOTBETCTBUE
bonee 87 % dakTuueckux TmoOKazareneil NeOMTOB CKBaXWH. Bbigodvl. YUET
MUKPOHEOTHOPOIHOCTH (HIIBTPAIIHOHHO-EMKOCTHBIX CBOWCTB ITOPOJI MTO3BOJISET
YTOYHHUTH TPOCTPAHCTBEHHOE ITOJIOKEHUE MPOAYKTHBHBIX 30H, CKOPPEKTHPOBATH
TPaHUIBl (PIIOUJANBHBIX KOHTAaKTOB M CHHU3UTHh PUCKH TPHU 3aJ0KEHHH HOBBIX
AKCIUTYaTallMOHHBIX CKBaXXWH. [IpeasioskeHHBI METOAMYECKH TOAXO0A MOXKET
MPUMEHSITBCST JUIS MOJICIIUPOBAHUSA CXOIHBIX TEPPUTCHHBIX pe3epByapoB Ha
CMEXXHBIX MECTOPOXKIeHUIX byxapo-XuBnHCKON He()TEra30HOCHOM 00IacTH.
KaoueBble ciaoBa: CKBaxkMHa, HEPTEra30HOCHOCT, MOJICIIMPOBAHHUE,
MPOAYKTUBHOCTb, TUIACT, GUIIBTPAIIMOHHBIE CBOMCTBA, MHTEPIIPETAITHS

Introduction. Filtration properties of rocks (or their permeability) are the
most important parameter characterizing the conductivity of the reservoir, i.e. the
ability of the formation rocks to pass oil and gas to the well bottoms. It depends on
many factors: on the composition and size of the detrital material, on the degree
of its sorting, on the amount, type and composition of cement, on the structure of
the pore space and the porosity of the rock, on the nature of the manifestation of
post-sedimentation processes, etc., as well as on the type of formation fluid and
the nature of its movement.

The current level of scientific and technological development of the industry
predetermines the need to improve the system of modeling underground reservoirs
using high-tech programming in the creation of new and modernization of existing
models. When modeling with the help of computers, it is possible to study the
reservoir in more detail by dividing it into blocks (sometimes into several thousand)
and applying the basic filtration equations to each of them.

The study of the filtration and capacity properties of rocks of terrigenous deposits
of the Cretaceous and Jurassic in Uzbekistan was carried out by such scientists as
Akramkhodjaev A.M., Abdullaev G.S., Akhmedov P.U., Evseeva G.B., Karshiev
O.A., Muminov A.S., Safonova L.N., Ubaykhodjaeva Z.S. and others. Abroad,
a special contribution to the study of the petrophysical properties of rocks was
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made by such specialists as Abrosimov A.A., Avdeeva A.V., Avchyan G.M., Aziz
Kh., Akselrod S.M., Ampilov Yu.P., Babushkin V.D., Bagrintseva K.I., Basin L.N.,
Bakirov A.A., Barkov A.Yu., Bitner A.K., Bembel S.R., Kitaeva [.A., Konyrbekov
M., Kulyapin P.S., Maltseva A K., Mezin A.A., Ovchinnikov M.N., Plotnikov L.I.,
Sokolova T.F., Settari E., Stefankevich Z.B., Yakovlev I.V. and others.

Materials and Methods. An analysis of the available measurements of the
petrophysical properties of the core by comparison showed that obtaining individual
core dependencies for each layer is not optimal due to the small number of core
measurements for some layers, as well as due to the similarity of the properties of
individual layers with each other. As part of the study on the Gazli, Mullakhol and
Tashkuduk fields, the authors compared the filtration-capacity properties (FPP)
of the core both for the layers as a whole and separately. Figure 1 shows a set of
problems solved in geomodeling of the petrophysical properties of terrigenous
Cretaceous deposits (Ratov et al., 2023; Hayitov et al., 2020).

The next stage of the study includes the distribution of petrophysical properties
of terrigenous Cretaceous sediments by depth and area. Based on the available
data on the petrophysical properties of the core, it was decided to combine the
measurements to build a more extensive database, which will facilitate the creation
of a digital geological model.

Inclinometry

Seismic binding

2 Synthetic seismic routes I- i i
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Uncertainties and risks ( !
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Figure 1. A set of tasks solved in geomodeling.

The tasks solved in geomodeling of petrophysical properties of terrigenous
Cretaceous deposits include: stratigraphic binding of geophysical data; creation of
a database for constructing a digital geological model; construction of a structural
model and 3D grid; averaging of well data; modeling of a cube of lithology,
porosity, residual water saturation; forecast of oil and gas saturation and phase
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composition of formation fluids based on production geophysical data. When
solving the problems, the following was carried out:

— comparison of available petrophysical properties of core samples from
different layers and areas;

—based on the analysis of the data, make a decision on combining measurements,
both for the layers as a whole and for individual layers, in order to increase the
statistical base and improve its representativeness;

— creation of a structured database combining core measurements, interpolated
values and geographic coordinates;

— implementation of distribution of the studied properties by depth and area
based on statistical analysis and geostatistical interpolation methods;

— construction of a structural model and 3D grid displaying geological
structures;

— construction of a lithology and porosity cube model over the entire area and
depth, which serve as the basis for assessing oil and gas saturation and composition
of formation fluids.

— implementation of forecasting the distribution of oil and gas saturation, phase
composition and estimated gas reserves based on production geophysical data.

Stratigraphic referencing of geophysical data. In the course of further work
on obtaining petrophysical dependencies, it was decided to combine core
measurements by layers into groups with similar petrophysical properties. The
most optimal division turned out to be into three groups based on age:

1) formations IX-XI;

2) formations XI-A, XII and XIII-A; 3) formations XIII-B and XIII-E.

These groups differ from each other in typical well logging characteristics, as
eloquently demonstrated by the shape of the PS curve. However, the differences in
the core porosity and permeability are less obvious. The similarity of the logging
properties of these groups of formations was also established in previous works,
including studies on calculating the reserves of the field.

The above-mentioned groups of layers differ from each other in typical well
logging characteristics, the most obvious example being the shape of the PS
(spontaneous polarization potential) curve, while the differences in the filtration-
capacitive properties (FEP) of the core are less obvious. The similarity of the
logging properties of these groups of layers has been established in previous
works, in particular, in the work on calculating the reserves of the field.

Creation of a database for building a digital geological model. The following
information was used as initial data for the purpose of creating a 3D geological
model for productive horizons IX, X, XI, XI-A, XII, XIII-A, XIII-B, XIII-V, XIII-G,
XIII-D, XIII-E of the Gazli field: coordinates and altitudes of wells, inclinometry
data, stratigraphic breakdown by wells, well logs, results of well geophysical
research interpretation (RIGIS), results of effective thickness identification,
structural maps, maps of effective thicknesses and porosity coefficients by
productive horizons. All the initial data necessary for constructing a 3D geological
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model are entered into the project created in the tNavigator software (Rock Flow
Dynamics) (Bochkarev, 2010; Ratov et al., 2023).

Construction of a structural model and 3D grid. To create a structural model of
the Gazli, Mullakhol, Tashkuduk, Dzhakasan, Takyrkuduk, Tungiz, Shorkul and
Tuztepa fields, stratigraphic breakdowns were used based on the calculation of
reserves and correlation of well logging data from previous years (Fig. 2).

Structural surfaces on the roofs of horizons were constructed using the method
of convergence from the roof of horizon IX due to the conformal bedding of the
layers and were adjusted according to the available stratigraphic markers. In total,
27 zones were identified vertically in the geological model, taking into account
the clayey barriers between the productive horizons. According to geophysical
materials, clayey barriers were identified between the horizons, and also, according
to a number of wells in these barriers, collectors of insignificant thickness were
identified. Due to the presence of an insignificant volume of collectors, when
constructing the model, all intervals between the horizons were taken as non-
reservoirs.

SH) S Hiu

Figure 2. Structural map of the roof of the IX horizon, Gazli deposit. 2024.

Structural surfaces were considered along the roofs of all productive horizons
IX-XIII, indicating the external contours of gas and oil content. A different
approach was chosen to construct structural surfaces along the bases of horizons
IX-XII. To correctly display the base in the geological model and to control the
absence of zero thicknesses, maps of the thicknesses of clayey barriers were
constructed. Using the thickness maps constructed using the thickness attributes,
the bases of the horizons were constructed (Kholismatov et al., 2022; Ratov et al.,
2023).

For the group of horizons XIII-A — XIII-E, the thicknesses of the bridges were
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set by constants due to significant discrepancies in the thicknesses in the wells in
order to maintain the conformity of the roof and base of the horizons, since their
thickness is not great (Table 1).

Table 1. Average thicknesses of bridges between layers of horizon XIII.

Interval Average thickness of the lintel, m
XIII-A and XIII-B 2.0
XIII-B and XIII-V 3.1
XII-V and XIII-G 4.3
XII-G and XIII-D 2.9
XIII-D and XIII-E 2.8

After completion of the construction of the structural framework, the geological
grid was constructed (Table 2). The polygon for constructing the 3D geological
model was determined by the outer contour of the gas-bearing horizon IX, since
it is the largest in area of all the other horizons. The horizontal grid step was
chosen equal to 100 x 100 m based on the average distance between wells in
the existing well stock (Ratov et al., 2023). Due to the conformal bedding of the
layers, a proportional type of breakdown was chosen. The number of layers for
each horizon was chosen with the aim of optimal remapping of the lithology curve
onto the geological grid.

Table 2. Geological model grid parameters.

Parameters Value
Horizontal cell size 100 x 100
Vertical cell size Proportional
Number of vertical layers 508
Total number of cells 36 301 680
Grid dimensions 397 x 180 x 508
Average cell thickness, m 1.652

Averaging of well data. At this stage, well data are averaged, which contain
stratigraphic markings and geophysical survey interpretation results, including
lithology parameters (e.g. reservoir or non-reservoir type) and porosity values.

To prepare the data for modeling, the GIS data is scaled onto a three-dimensional
grid (3D grid), which ensures their integration into a single geological model.
After this, the obtained hypsometric data are compared with the original values,
using statistical evaluation methods - histograms and spatial distributions, which
allows checking their compliance and consistency (Khalismatov et al., 2023 a;
Mukhutdinov et al., 2021; Garba et al., 2024).

The main task of this stage is the correct transfer of the initial data from the
RIGIS GIS (this is a regular GeoGlobe table) to a three-dimensional geological
grid using the UpScaling method. It is important to ensure the preservation of key
statistical characteristics: average value, minimum, maximum and other statistical
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parameters, which ensures the accuracy and reliability of subsequent modeling
and analysis (Ratov et al., 2023).

Results and Discussion. Modeling the lithology cube. The initial data for
constructing the lithology model were the reservoir-non-reservoir curves for 50
wells. The construction of the discrete lithology parameter model was implemented
using the stochastic SIS (Sequential Indicator Sumulation) method. The variogram
ranks for constructing the lithology of productive horizons IX—XIII were adopted
based on the variogram analysis.

For each horizon, a geological-statistical section (GSS) was created (Fig. 3),
which was used as a vertical trend to reproduce the distribution of reservoirs along
the section (Abbasova, 2019). Based on the obtained distribution of reservoirs,
taking into account the specified fluid contacts, maps of gas- and oil-saturated
thicknesses were constructed (Fig. 4).

The constructed lithology cube corresponded to the trends of preserving the
proportion of the reservoir code by the vertical (RCV). As a result of modeling, clay
layers extended along the entire model, the reason for which is unrepresentative
statistics. When constructing models, the assignment of the vertical curve of the
RRYV, also takes into account the regional geological structure and sedimentation
features of the sections of neighboring fields when developing trends in the
lateral distribution of reservoirs. In order to create a correct geological model,
it is necessary to carefully approach the selection of sedimentation models,
which in turn serve as a justification for geostatistical distributions in facies and
petrophysical modeling of reservoir properties.

Figure 3. Three-dimensional section of the lithology cube of the productive horizons of the Gazli
field, 2024.
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Figure 4. Map of effective gas-saturated thicknesses of the XIII-A horizon of the Gazli field, 2024.

Porosity cube modeling. To construct the porosity cube of horizons IX — XIII,
RIGIS data were used for exploration wells of the old fund and new wells No.
1001, 1002 and 1003. The porosity parameter was modeled using the stochastic
interpolation method Sequential Gaussian Simulation (SGS) with an exponential
type of variogram for reservoir cells. In non-reservoirs, the porosity coefficient
was not modeled and was assumed to be zero by default (Fig. 5). Variogram ranks
for constructing porosity were adopted based on variogram analysis.

Typically, the resulting porosity volume is used to estimate reserves and as
a basis for calculating permeability (Ratov et al., 2023). Quality control was
performed by comparing the histograms of the distribution over squares, the
RIGIS (Results of Interpretation of Geological Surveys of Wells) data and the
curves after merging the RIGIS data on a grid, i.e. the degree of preservation of
the distribution density function was assessed.

Figure 5. Quality control of the porosity coefficient for productive formations of the Gazli field.
2024.
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The accuracy of averaging the main porosity curve per 3D grid cell is given
in Table 3.

Table 3. Results of averaging porosity on cells of 3D grid of geological model of Gazli deposit.

Zone Name Min, unit Max, unit Sample Average . Coefﬁ.cie.:nt
length length size length of unit | of variation
X Upscaled cells 0,16 0,38 2664 0,25 0,0012
RIGIS 0,16 0,38 5328 0,25 0,0011
X Upscaled cells 0,14 0,37 3241 0,25 0,0012
RIGIS 0,14 0,37 6482 0,25 0,0012
XI | Upscaled cells 0,157 0,354 451 0,255 0,0013
RIGIS 0,157 0,354 902 0,255 0,0013
XI-A | Upscaled cells 0,152 0,28 179 0,22 0,0007
RIGIS 0,152 0,28 358 0,22 0,0007
XII | Upscaled cells 0,144 0,33 1218 0,234 0,0090
RIGIS 0,144 0,33 2402 0,234 0,0009
XII | Upscaled cells 0,131 0,307 3353 0,22 0,0009
RIGIS 0,131 0,307 6706 0,22 0,0009

The following values are adopted for the discrete collector curve:

0 — non-reservoirs (cells correspond to zero porosity values);

1 — collectors (reservoir cells have porosity).

An important point when performing the lithology curve averaging stage is to
control the complete transfer of permeable interlayers to the 3D grid within the
wells (Ratov et al., 2023).

The residual water saturation cube is calculated using the petophysical
dependence KWOZf(Kp). The graphs of petrophysical dependences of the residual
water saturation coefficient on the open porosity coefficient are compiled using
core samples from new wells IX—XIII of productive horizons (see Fig. 6, 7). To
construct a map of average oil saturation from a volumetric cube, it is necessary
to use weighting by the parameters of cell volume, its porosity and Net to Gross
(NTG) (Ratov et al., 2023; Zhienbayev et al., 2025).

Figure 6. Three-dimensional section of the ~ Figure 7. Three-dimensional section of the residual
porosity cube of the Gazli deposit, 2023. water saturation cube of the Gazli field, 2023.
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Forecast of oil and gas saturation and phase composition of reservoir fluids
based on production geophysical data. Most of the Gazlinskoye uplift fields are
characterized by deposits with small heights and extended transition zones. Thus,
in particular, the transition zone of the analyzed field is 10-15 m. It is not easy
to develop reserves of formations with a significant content of mobile water. In
such a situation, it is important to find methodical approaches to calculate the
flow rate of wells put into operation using well logging curves (geophysical well
logging), the degree of their water cut, to forecast oil and gas flow rates by area
when designing new wells and to optimize geological exploration work. Such
measures make it possible to significantly reduce the water content in the product
and increase production growth (Gabrielyants, 1975).

In order for the hydrodynamic model to accurately reflect the processes of
reservoir development and be as informative as possible, it is necessary to obtain
the values of relative phase permeabilities in each cell of the 3D model. Therefore,
their calculation was carried out as a function of Kp . and Kng according to
previously substantiated algorithms.

Also considered are various options for developing oil rims of the Gazli field,
providing for the development of hydrocarbon reserves of productive deposits
(horizons XIII-E, XIII-D, XIII-G, XIII-V) both by the existing well stock and
by drilling new production wells, sidetracking and carrying out well workovers
(WWO). The forecast of technological development indicators is made on the
basis of a three-dimensional geological and hydrodynamic model using the
tNavigator software package from Rock Flow Dynamics (Khalismatov et al., 2024
b; Orinbaev et al., 2025).

The optimal depression mode for producing wells (2.0 MPa — average
depression based on the technological operating modes of oil producing wells
at the Gazli field) was selected as the control parameter in the forecast period of
development for oil facilities. For all producing wells, restrictions were applied
on the maximum (limit) water cut of well production (99%) and/or reduction of
well flow rate for oil below 0.1 t/day. The calculated forecast period is limited to a
period of 102 years (until 2123). To increase annual oil production to 30 thousand
tons and maintain it until 2027 by carrying out geological and technical measures,
as well as drilling the 1st horizontal and 1st directional production wells. All
project wells are dependent. In order to reduce geological risks and assess the
feasibility of drilling, it is recommended to conduct a preliminary GIS complex
(GK, 2NNKt, EDK, AKTs) in the wells of the existing fund, opening the target
production facility in the area of the project wells.

The layout of the design wells for this option is shown in Fig. 8. When
implementing this option, the accumulated oil production at the end of development
will be 3,495 thousand tons, and the final oil recovery factor (ORF) will be 0.150
long units.

ff
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Figure 8. Map of mobile oil reserves.

Conclusion. Based on the results of the work performed, the following
conclusions were formulated:

1. The created algorithm of petrophysical and geological modeling allows
solving such important problems as: increasing the reliability of identifying
complex-structured reservoirs, assessing the dynamic properties of formations
taking into account the data of industrial geophysics and core studies (composition
of the rock matrix and cement filling the pore space), monitoring the filtration
heterogeneity of the reservoirs that make them up during the development of
deposits.

2. By determining the dynamic characteristics and other petrophysical
parameters, the zones of concentration of residual geological reserves of
Cretaceous terrigenous reservoirs at the Gazli, Mullakhol and Tashkuduk fields
were outlined and the possibility of resuming production at the mothballed fields
was substantiated.

3. It is recommended to apply methods for assessing the value of primary water
cut (f .. ) and productivity (correlation links between the specific productivity
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of each exploitation object and the value of the effective porosity coefficient (2
Speciﬁc)) * the i-th object = f (Kp ) 1n the space between wells, distributions of
phase permeabilities in it, using the results of hydrodynamic studies of wells.

Recommendations for further direction of geological exploration work with the
aim of increasing hydrocarbon reserves. The 3D model of the Gazli field obtained
on the basis of calculations of the dynamic properties of productive layers is a tool
for optimizing solutions for its further operation. Based on the obtained calculation
cubes and maps for such parameters as the coefficient of effective porosity, oil and
gas saturation, phase permeability and specific productivity, recommendations are
provided on the optimal directions of further work at the fields (Deshenenkov et
al., 2013).

1. Recommendation for commissioning new wells: commission new wells
first, since the distribution of specific productivity values obtained in the 3D
model revealed a zone of increased oil productivity, in which the share of oil in the
inflow decreases slightly over time, while the water cut remains the same during
development (Mukhutdinov et al., 2021).

2. Recommendations of the methodological direction: assessment of dynamic
characteristics of productive formations based on borehole logging data, including
coefficients of effective porosity, oil and gas saturation, effective and phase
permeabilities, capillary pressures (Pcap), specific oil productivity and water cut;

— creation of relevant geological and hydrodynamic models of target objects
with a forecast of dynamic parameters of productive formations;

— ranking of wells by the date of their commissioning, based on data on the
dynamic properties of productive objects.

Based on the results of clarifying the geological structure, productive and
energy potential of the field, based on the operating experience and dynamics
of the properties of productive formations, the main conclusions for further
development of the field were formed (Mukhutdinov et al., 2021). The need to use
small depressions in natural conditions entails the relevance of the technology of
drilling horizontally-flat wells, increasing the coverage of formations with small
oil-saturated capacities (Sudakov et al., 2018).

For the best development of oil reserves at the late stage of operation, it is
advisable to drill side wellbores in places of maximum concentration of mobile
residual reserves: the space between wells and marginal areas where small
effective oil thicknesses (O, ) are determined, since drilling operational design
wells there is ineffective. The commissioning of all wells is ranked from the dome
of the deposit to the periphery; from large effective oil-saturated capacities (O
to smaller ones (Mukhutdinov et al., 2021).

To improve the quality of modeling oil and gas saturated reservoirs with
intergranular void space, it is recommended to: study the dynamic properties of
productive reservoir rocks by combining GIS (geographical information systems)
data (modern modifications of instruments and processing technologies) and
special laboratory studies of core samples.

eff. oil)
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