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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 Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH 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 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d 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).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. Increasing oil production remains one of the most
important challenges in the modern oil industry. Currently, a significant portion of
proven oil reserves is concentrated in fields with complex geological and physical
properties. Therefore, the use of enhanced oil recovery and reservoir stimulation
technologies is particularly important for improving production efficiency, rational
use of natural resources, and ensuring energy security. Objective. To evaluate
the effectiveness of well rehabilitation and stimulation projects conducted at the
Alibekmoli field and determine their impact on increasing the productivity of
production wells and improving the operation of injection wells. Methods. The
study is based on an analysis of annual well rehabilitation programs conducted at
the field. To assess effectiveness, oil production and injection indicators before and
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after interventions were compared. Particular attention was paid to acid fracturing
operations. The treatments were carried out in stages, including acid wash, buffer
stages, emulsified acid injection, and displacement stages. To determine the
technological efficiency of the stimulation process, operational parameters such as
fluid types, injection rates, and injected fluid volumes were analyzed. Results and
Conclusions. The study demonstrated that acid fracturing significantly increases
well productivity in carbonate formations and improves formation permeability.
In practice, this technology enhances hydrodynamic connectivity between wells
and enables the efficient development of previously underdeveloped areas. The
study confirmed that acid fracturing is an effective and cost-effective method for
enhancing oil recovery in mature carbonate fields. Furthermore, this approach
significantly contributes to improving the efficiency of oil field development in
Kazakhstan.

Keywords: oil recovery, reservoir, technology, research, hydrochloric acid,
hydraulic fracturing, efficiency
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AnHoTaumsi. O3zexminiei. MyHail OHJIpICIH apTTHIPY Ka3ipri MyHai
OHEPKACIOIHeTI €H MaHBI3Abl MiHACTTepAiH Oipi Oosbin Kanma Oepexdi. Kasipri
YaKbITTa ASJIENACHICH MYHall KOPJIapbIHBIH €19yip 06Jiri KypAaeil reolorusuIbIK
XKoHE (U3MKAIBIK KacueTTepi 0ap KeH OpbIHAapblHAa mioFblpiaanraH. OcbiFaH
OaliaHBICTB MYHal OHAIPYIi KapKbIHAATy JKOHE KaOaTThl BIHTATAHIBIPY
TEXHOJIOTHSIIAPbIH KOJNJaHy OHIIpiC THIMIUTITIH apTThIpy, TaOUFH pecypcTapasl
YTBIMAIBI Taiilanany »oHE OJHEPreTHKaJblK KayilCi3miKTi KaMTamachl3 €Ty
YIIiH epeKile MaHbI3ra ne. Maxcamel. OnibekMona KeH OpHBIHA JKYPri3ijaeTiH
YHFBIMAJap/bl JKaHFBIPTY KOHE BIHTAJAHIBIPY K0OATapBIHBIH THIMALIITIH
Oarasiay, oJap/AbIH OHIIPICTIK YHFbIMaJIapAblH OHIMIUIITH apTTHIPyFa JKoHE aiay
YHFBIMaJIapBIHBIH JKYMBICBIH KaKCapTyFa 9CepiH aHbIKTay. Doicmepi. 3epTTey KeH
OpHBIH/A KU CAlbIH KYPTi3UIETIH YHFbIMaIapAbl KaHFBIPTY OarnapiaMaiapbiH
Tajjayra Herizmengi. TwiMIimikTi Oarajay yIIiH apanacynapra JACHiHT1 KoHe
KeHiHr1 MyHail eHAIpy MEH aiijay KepCeTKIIITepi CalbICTHIPBIIALL. KpIIKbIIMEH
JKapy olepauusuiapblHa epeKile Hazap ayJapbUiabl. OHIEY JKYMBICTaphl Ke3eH-
Ke3eHMEH XYPri3iiin, OFaH KBIIKBUIMEH XYY, Oy(epiik caTsiiap, SMyJIbCUsUIaHFaH
KBIILIKBUIIBl alifiay JKOHE BIFBICTBIPY caTbulapbl eHri3ingi. blaramanneipy
YVACPICIHIH TEXHOJIOTHSUIBIK THIMJIUIINIH aHBIKTAy MaKCaThIHAAa CYHBIKTBIK
TYpJiepi, aiiiay KbIIIaMABIKTApbI )KOHE ai1ay CYHBIKTBIFBIHBIH KOJIEMEepi CUSKTHI
naiifajgany napamerpiepl TanmaHibl. Homuoicenep men KopuimulHObl. 3epTTEy
HOTHIKENEpl KBIIIKBUIMEH JKapy TEXHOJOTHSCHIHBIH KapOOHATTBI KadaTTapaarbl
YHFBIMajiap ©HIMIUIITH aiTapiablKTald apTTHIPATBIHBIH KOHE Ka0daT OTKI3riTIriH
KaKcapTaTbIHBIH KepceTTi. [IpakTukaIblK TYPFbIIaH OYJ1 TEXHOJIOTHS YHFbIMAaJIap
apacheIHAAFbl TUAPOJUHAMUKAIBIK OallaHBICTBl KYLICHTIN, OYpBIH >KETKITIKCi3
UTepUIreH alMaKTapAbl THIMJI UTepyre MYMKIHIIIK Oepeai. 3epTTey KhIIIKbIIMEH
KapyIblH JKETUIreH KapOOHATThl KEH OpbIHAApbIHAA MyHail KaldTapbIMBbIH
apTTHIPYABIH THIMAL 9p1 SKOHOMHUKABIK JKaFbIHAH YTHIMJIBI 9/1ici EKEHIH pacTabl.
ConbiMeH KaTap, Oyn Tocinm Kaszakcranmarbl MyHail KeH OpBIHIAPBIH HUTepy
TUIMALTITIH apTTBIPYFa eJeyii yJec KOCaIbl.

Tyiiin ce3nep: MyHali OHIIpPY, KOJIIEKTOP, TEXHOIOTHS, 3€PTTEY, TY3 KbILIKBLIbI,
TUJIPABIIMKAIIBIK Kapy, THIMILTIK
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AHHOTAIUSA. AKmyanrbHOCcmb. YBeaudeHue Jo0bran HepTtu ocTaércs omHOM
M3 KJFOUEBBIX 3a7a4 COBPEMEHHOW HEe(TSHOW MPOMBINIICHHOCTH. B Hacrosiee
BpeMsl 3HAUMTENbHAs 4YacTh JOKa3aHHBIX 3amacoB He(TH COCpeIoTOYeHA
B MECTOPOXKIEHHUSX CO CJOXKHBIMH TEOJIOTHUYECKUMH W  (PU3NYSCKUMU
XapakTepuCTHKaMH. B 93TOi CBS3M TNpPUMEHEHHWE TEXHOJOTHHA TTOBBIIICHUS
HeTeoTmaun © CTUMYIAIHMH Tulacta mpuoOpeTaeTr oco0oe 3HAYeHHE IS
MOBBIMIEHUS  A(PPEKTUBHOCTH  JIOOBIYHM,  PAIMOHAIBLHOTO  HCIIOIB30BaHUS
MIPUPOITHBIX PECYPCOB M OOECIEUEHHUs JHEPreTHYecKoi Oe3ormacHOCTH. [[ens.
Onenuth 3((HEeKTUBHOCTH MPOESKTOB MO PeadUIUTAIIMA U CTUMYJISIINN CKBaKHH,
peanu3yeMbiXx Ha AJTHMOEKMOIMHCKOM MECTOPOXKICHHH, a TaKKe OIPENeIUTh
WX BIUSHUE HA MPOAYKTHBHOCTH JOOBIBAIOMIMX ¥ A(PPEKTUBHOCTH pPabOTHI
HarHeTaTelabHBIX CKBaXXHMH. Memoowi. HMcciemoBaHne OCHOBAaHO Ha aHaJIN3€
©XKETOHBIX TPOTPaMM peaOMIINTAIINN CKBAKHH, IPOBOIUMBIX Ha MECTOPOXKICHHUH.
Jus oneHkn 3(p(PEeKTHBHOCTH BBITIONHSIIOCH CPABHEHHUE TOKa3aTellel JOObuU U
3aKayKy HE(TH /IO U MOCJIe IPOBEACHUS TEXHOJIOTHIECKUX Meponpustuii. Ocoboe
BHHMaHUE YJIEJSUIOCH OTIEpallsiM KUCIOTHOTO THApOpa3phiBa miacta. O6padboTku
OCYIIECTBISLTUCH TOJTAITHO M BKIIOYAIM KHCIOTHYIO MPOMBIBKY, Oy(epHbIe
CTa/INH, 3aKaYKy AMYIIBTUPOBAHHOUW KHCIIOTHI U CTA/IMH BEITCCHEHMsI. [IJI OTIEHKH
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TEXHOJIOTHYECKOH I(PPEKTUBHOCTH MPOLECCOB CTUMYILSIMH aHAJIH3HPOBAIUCH
mapaMeTphl  OKCIUTyaTallud, BKJIIOYAs THUIBI HCIOJB3YEeMBIX JKHUIKOCTEH,
CKOPOCTH 3aKa4KH U 00BEMBI 3aKaYNBACMBIX PEarceHTOB. Pe3yibmamyl u 6b18600bi.
VYcTaHOBIEHO, YTO MNPUMEHEHHE TEXHOJOTMHM KHCJIOTHOTO THIPOpa3pbiBa
IUIaCTa CIOCOOCTBYET CYLIECTBEHHOMY IMOBBINICHUIO MPOAYKTHBHOCTH CKBAYKHH
B KapOOHATHBIX KOJUIEKTOpaX W YIYYIICHHWIO IPOHHUIIAEMOCTH Iuilacta. Ha
NpPaKTHKE JaHHAS TEXHOJIOTHS YCWIIMBAET THIPOJMHAMHYECKYIO CBSI3b MEXKIY
CKB&KMHAMH U TTO3BOJIAET d((PEKTUBHO BOBJIEKATh B pa3pabOTKy paHee ci1abo
0CBOCHHBIE yuacTku. [IpoBe€HHOE HCclienoBaHe TTOATBEPIUIIO, YTO KHCIOTHBIN
THIPOPA3pHIB IUIACTA SBISAETCS 3P PEKTUBHBIM M SKOHOMHYECKH L1EJIeCO00pa3HbIM
METOJIOM TIOBBIIICHHS He(TEOTIau Ha 3pesIbIX KapOOHATHBIX MECTOPOKICHHSX.
Kpome Toro, ero mpuMeHEHHE BHOCHT 3HAUUTEIBbHBIH BKJAJ B TIOBBIIICHHE
a¢dhekTuBHOCTH pa3paboTku He(PTAHBIX MecTopoxaeHnl Kazaxcrana.

KuaioueBnble ciioBa: HedTeoTnaya, MIaCT, TEXHOJIOTHs, UCCICIOBAHMUS, COJISTHAS
KHCIIOTA, THAPOPa3phIB IIIacTa, 3QPEeKTHBHOCTD

Introduction. Alibekmola field is one of the most important oil and gas fields
in Kazakhstan (Kazenergy Association, 2023). The energy security and economic
stability of the country directly depend on the efficient and environmentally
responsible development of such strategic assets. Scientifically grounded regulation
of the development process enables rational use of subsurface resources, reduction
of production costs, mitigation of environmental impacts, and achievement of
long-term production stability.

The choice of the topic is justified by several factors. First, Alibekmola is a
production facility of regional and national importance. Second, the regulation
of the development process affects not only production efficiency but also
environmental safety and resource conservation, especially under mature-field
conditions (Abibullaqyzy, 2025). Third, evaluating the consequences of applied
technologies and management decisions at different stages of field development
provides practical experience that can be transferred to other assets with similar
geological and operational constraints (Han, 2025).

The oil and gas industry is currently undergoing a period of global transformation
driven by tightening environmental requirements, energy-efficiency objectives,
and the need to develop reserves without accelerated depletion (Beisembayeyv,
2025). These drivers increase the importance of optimizing field management and
production regulation tools, including stimulation technologies, well interventions,
and operational control (Pablo, 2016; Smith, 2015). The relevance of the topic is
determined by a set of interrelated aspects: (i) technical and technological efficiency-
improving the performance of methods used during field development is essential
to sustain production and reduce costs (Zhanturin, 2024); (ii) environmental
aspects—development planning must minimize negative environmental impacts
and ensure compliance with subsurface-use standards; economic efficiency-
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proper prioritization and regulation of interventions improves project profitability
by reducing unit production costs; and (iv) the introduction of modern digital
technologies enhancing automation and monitoring systems to support decision-
making and reduce uncertainty in field operations (ARMA, 2024; Obzor metodov
provedeniya kislotnogo gidravlicheskogo razryva plasta Materialy, 2020).

Problem statement. Despite the active use of geological and technical measures
(GTM) at mature fields, the effect of these interventions is often highly variable
across wells due to reservoir heterogeneity, changes in near-wellbore permeability,
completion conditions, and operational constraints. As a result, it becomes
difficult to (1) objectively compare the effectiveness of different GTM types,
(2) select candidates with the highest probability of success, and (3) plan annual
GTM programs that ensure stable production while meeting environmental and
economic requirements. This challenge is particularly relevant for Alibekmola,
where stimulation methods such as hydrochloric acid treatments and acid hydraulic
fracturing are applied to carbonate intervals, but their effectiveness depends
strongly on correct design, execution quality, and post-job operating strategy
(Kultygina, 2019; Malyarenko, 2020).

Aim and approach. This study evaluates the effectiveness of development
regulation measures at the Alibekmola field based on a unified assessment
framework. The analysis covers producing and injection wells over the reporting
period and includes major GTM categories (repair and insulation works,
conversion to mechanized production, operating mode optimization, hydrochloric
acid treatments, and acid hydraulic fracturing). Effectiveness in producing wells is
assessed primarily through incremental oil production over the effect period, while
injection well performance is evaluated via incremental injected volumes and
injectivity response. The approach is supported by operational monitoring and,
where applicable, technical and economic justification to ensure that conclusions
are applicable to real field planning (ARMA, 2024; Smith, 2015).

A key intensification technology considered in this work is acid hydraulic
fracturing. Its essence is to create bottom-hole pressure exceeding the minimum
rock stress state, leading to fracture initiation and propagation when fluid is injected
into the reservoir. After fracture creation, acid is pumped at pressures above fracture
opening pressure to react with the carbonate rock at fracture surfaces, forming a
rough, non-uniform etched texture. Due to this etching, conductive channels may
remain open after pressure release, reducing the tendency for complete fracture
closure. In carbonate formations represented by calcite and dolomite, which have
sufficient strength, it is possible to form relatively stable etched channels. The
resulting increase in permeability in the bottom-hole zone can exceed that of the
undisturbed formation and may lead to improved well productivity and enhanced
oil recovery due to expanded drainage area. However, acid hydraulic fracturing is
technologically complex: insufficient knowledge of reservoir characteristics and
suboptimal design may lead to low or even negative outcomes and unjustified

190



ISSN 2224-5278 2.2026

costs. Therefore, in many cases, a test job is performed prior to the main treatment
to calibrate the design model and adjust operational parameters (Kultygina, 2019;
Malyarenko, 2020).

The study demonstrates that systematic application of GTM can provide a
measurable contribution to production stabilization and development regulation at
Alibekmola. The analyzed interventions show that both stimulation actions (acid
treatments and acid hydraulic fracturing) and operational measures (mechanization
and operating mode optimization) can increase well performance when properly
selected and implemented, while injection well treatments contribute to improved
pressure maintenance through increased injected volumes (ARMA, 2024; Obzor
metodov provedeniya kislotnogo gidravlicheskogo razryva plasta Materialy,
2020).

The practical value of the results lies in providing a structured basis for
annual GTM planning and prioritization at Alibekmola and similar mature
fields in Kazakhstan. The findings support evidence-based candidate selection
for stimulation and mechanization, justify the continued use of acid-based
interventions where near-wellbore limitations dominate, and emphasize the
role of digital monitoring and standardized evaluation windows for isolating
the effect of each measure. These outcomes can be used to reduce operational
uncertainty, improve the economic efficiency of interventions, and ensure more
environmentally responsible field management through optimized development
regulation decisions (ARMA, 2024; Abibullaqyzy, 2025; Han, 2025).

Methods and definitions. The methodology of this study is based on the
analysis of geological and technical measures (GTM) implemented at the
Alibekmola oil field during the period 01.01.2022-01.07.2024. The objective
of the methodological approach was to evaluate the effectiveness of different
development regulation measures applied to producing and injection wells.

The study included the following types of GTM interventions: repair and
insulation works, conversion of wells to mechanized production, acid hydraulic
fracturing (acid HF), hydrochloric acid treatments of producing wells, HCIl
treatments of injection wells to improve near-wellbore permeability, sidetracking
(drilling of a side track), additional perforation, and optimization of well operating
regimes.

The acid hydraulic fracturing treatment was performed according to the
optimized stage design, including acid washing, buffer pad stages, emulsified acid
stages, and displacement/selling stages. The sequence of stages, fluids, pumping
rates and volumes used during the operation are summarized in Table 1.
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Table 1. Stages and materials for the process.

Ne Stage Liquid Expenditure Stage volume (m?) Total volume (m?)
(m*/min)
1 Acid washing HCLIS 6.2 6.0 6.0
2 Buffer cushion YF140 7.0 50.0 56.0
3 Emulsified acid SXE28 5.0 50.0 106.0
4 Buffer cushion YF140 5.0 50.0 156.0
5 Emulsified acid SXE28 52 50.0 206.0
6 Buffer cushion YF140 6.5 50.0 256.0
7 Emulsified acid SXE28 4.5 46.3 302.3
8 Acid washing HCLI1S5 4.5 5.0 307.3
9 Selling Oil 4.8 20.7 328.0
10 Selling Oil 0.8 5.0 333.0
11 Selling Water+ surfactants 5.8 214 354.4

For each well where a GTM operation was conducted, production or injection
time-series data were analyzed for two periods: a baseline period before the
operation and an effect period after the operation. The effectiveness of each
measure was assessed using technical and production indicators.

For producing wells, the primary indicator of effectiveness was incremental oil
production during the effect period. A GTM operation was considered effective
if the stabilized production rate after the intervention remained higher than the
pre-operation rate for a defined effect duration. Incremental oil production was
calculated using the following expression:

Qadd = (qafter — gbefore) * teffect

where gbefore is the well production rate before the intervention, gafter is the
production rate after the intervention, and teffect is the duration of the effect.

For injection wells, effectiveness was determined by the increase in injected
water volume and improvement of injectivity over the effect period.

Special attention was given to acid hydraulic fracturing operations. The
treatment was carried out according to an optimized stage design consisting of
acid washing, buffer stages, emulsified acid injection stages, and displacement
stages. Prior to the operation, the wellbore was mechanically cleaned from
paraffin deposits using a scraper. The fracturing process included the use of 15%
hydrochloric acid and 2% potassium chloride solutions, emulsified acid systems,
and gel stages. Perforation channels were isolated and activated using 20-mm
balls together with gel to initiate controlled fracturing.

Before the acid HF operation, the wellbore was mechanically cleaned from
paraffin deposits using a scraper. The treatment fluids included 15% HCI and 2%
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KCI solutions; an emulsified acid stage (e.g., 28%) and gel stages were applied
according to the job design. Perforation channels were isolated/activated using
balls (=20 mm) with gel to initiate and control fracturing stages. The process
design included sequential stages (pad/buffer, acid stages, displacement/flush),
and operational parameters (wellhead pressure and pumping rate) were monitored
and adjusted according to the stage objectives (fracture initiation/propagation,
acid etching, displacement).

The acid HF job used a standard high-pressure stimulation spread (e.g.,
Schlumberger), including multiple high-pressure pumping units, fluid tanks,
centrifugal/annular pumps, additive supply system, wellhead protection, a control/
data acquisition unit, and suction/discharge lines (see Figure 1). Stage composition
and materials are summarized in Table 1.

Hydrochloric acid treatments were conducted in producing wells to improve
near-wellbore permeability and restore productivity. Similar treatments were
performed in injection wells to enhance injectivity. The effectiveness was assessed
by comparing pre- and post-treatment rates (producing wells) and injected volumes
(injection wells) over the defined effect period using the incremental calculation
described above.

During the analyzed period, acid hydraulic fracturing was carried out in three
wells. Before starting work, the well was cleaned of paraffin using a scraper. A
15% hydrochloric acid solution and a 2% potassium chloride solution were used
as the acid. During the event, hydraulic fracturing of the perforation channels was
carried out using balls with a diameter of 20 mm together with gel. The purpose of
this material is to keep the created crack open after the liquid pressure is released.
This creates a new, more spacious inflow channel. The channel combines existing
natural cracks and creates additional well drainage area.

Figure 1. Surface layout for acid hy. ic f ing op
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Wellhead
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Figure 1. Location of equipment for acid hydraulic fracturing.

The operations were performed using a standard high-pressure stimulation
spread consisting of pumping units, fluid tanks, centrifugal pumps, additive supply
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systems, wellhead protection equipment, and a control station for monitoring
pressure and pumping rates. The sequence of stages, fluids, pumping rates, and
volumes used during the acid hydraulic fracturing operation is presented in Table
1, and the surface equipment layout is shown in Figure 1.

Statement of the problem. A significant portion of Kazakhstan’s hydrocarbon
reserves is associated with mature fields and reservoirs characterized by geological
heterogeneity, complex fracture—pore systems, and progressive deterioration ofnear-
wellbore permeability during long-term development. Under these conditions, the
efficiency of primary and current recovery remains limited, and achieving planned
production targets requires systematic regulation of the development process
through geological and technical measures (GTM). In practice, field development
regulation is implemented by a combination of interventions in producing wells (to
restore or enhance productivity) and in injection wells (to improve injectivity and
maintain reservoir pressure), including repair and insulation works, operating mode
optimization, conversion to mechanized production, hydrochloric acid treatments,
and acid hydraulic fracturing. However, the response to these measures is often
non-uniform across wells due to variations in reservoir properties, completion
conditions, and the degree of formation damage, which complicates the selection
of candidates and the justification of annual GTM programs (ARMA, 2024; Dake,
1978).

At the Alibekmola field, carbonate intervals and mature development
conditions make acid-based stimulation technologies particularly relevant. Acid
hydraulic fracturing combines mechanical fracture creation with acid etching,
potentially providing a more sustainable conductivity improvement compared
to near-wellbore acidizing alone, while hydrochloric acid treatments can restore
permeability and remove damage in the bottom-hole zone. At the same time, the
economic effectiveness of these interventions must be confirmed by measurable
incremental production in producing wells and incremental injection volumes in
injection wells, because optimizing existing assets is typically more cost-efficient
than greenfield development (Joshi, 1988; Cherepanov, 2015; Potapov, 2016).

Therefore, the core problem addressed in this study is the insufficiently quantified
and systematized assessment of the effectiveness of development regulation
measures at the Alibekmola field, including the comparative contribution of key
GTM types to production stabilization and pressure support over a unified reporting
period. The lack of a consistent effectiveness benchmark and a clear link between
intervention type, operational response, and resulting production/injection gains
limits the ability to prioritize measures, improve candidate selection, and increase
overall recovery factor within the annual development program (ARMA, 2024;
Larry, 1989; Majid, 2015).

In this context, the purpose of the work is to evaluate the effectiveness of GTM
implemented at the Alibekmola field during 01.01.2022—01.07.2024 using unified
criteria. The study aims to: (i) compile and compare results of GTM in producing
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and injection wells; (ii) quantify incremental oil production and effect duration for
producing wells and incremental injected volume for injection wells; (iii) identify
the measures with the highest and most stable contribution to development
regulation; and (iv) formulate practical implications for optimizing future GTM
planning and candidate selection under mature reservoir conditions (ARMA,
2024; Dake, 1978; Joshi, 1988).

Results and discussions. The results and effectiveness of the geological and
technical measures (GTM) implemented in producing and injection wells at the
Alibekmola field for the reporting period 01.01.2022-01.07.2024 are summarized
in Tables 2-3.

Table 2. Results of geological and technical measures in producing wells for the period
01.01.2022-01.07.2024.

Year Type of measure Well Date Increase in flow rate, t/day ~ Additional production, t
2022 Conversion to mechanized mining A-314 04.09.2022 14.5 1187.6
2022 Conversion to mechanized mining A-05B 07.10.2022 6.0 1549.0
2022 Acid hydraulic fracturing A-300 14.06.2022 9.8 1982.1
2022 Drilling of the side shaft A-106 17.06.2022 11.2 2337.5
2022 Additional perforation A-20B 20.09.2022 11.0 1058.9
2022 Additional perforation A-312 13.10.2022 13.8 981.4
2022 Hydrochloric acid treatment A-109 02.03.2022 6.7 523.5
2023 Hydrochloric acid treatment A-058 21.03.2023 44.5 6162
2023 Hydrochloric acid treatment A-315 02.10.2023 58.1 5207
2023 Repair and insulation work A-02A 24.04.2023 6.7 1182
2023 Conversion to mechanized mining A-121 01.08.2023 7.3 1291
2024 Conversion to mechanized mining A-134 05.06.2024 12.7 323

Table 3. Results of geological and technical measures in injection wells for the period
01.01.2022-01.07.2024.

Injection before, Injection after, Additional injection

Ve v lepie m?/day m*/day during effect, m*
2022 201 Hydrochloric acid treatment 174.5 307.5 9192.7

2022 64 Hydrochloric acid treatment 434 478.4 5818.0

2022 108 Hydrochloric acid treatment 44.1 76.1 1995.5

2022 316 Hydrochloric acid treatment 24.7 402.0 58380.9

2023 A324 Hydrochloric acid treatment 61.0 363.38 2891.5
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The assessment was performed using a unified approach: for producing wells,
the primary criterion was incremental oil production during the effect period,
determined from the difference between the pre- and post-operation rates multiplied
by the duration of the sustained effect. In addition to the technological response, the
interpretation of effectiveness also considered technical and economic feasibility,
since development regulation measures at mature assets should provide stable
production support while remaining cost-efficient relative to new drilling (ARMA,
2024; Yakovlev, 2019).

Repair and insulation interventions were applied to restore well integrity and to
eliminate unwanted crossflows and water/gas breakthroughs that limit productivity.
The results demonstrate heterogeneous outcomes: in the analyzed cases, one well
did not show an observable effect over the considered period, while another well
(Ne 02A) exhibited a positive response. For well Ne 006, the liquid rate increased
from 4 to 10.7 t/day with a gradual growth trend, and the incremental production
during the effect period reached 1182 t. Such behavior indicates that repair and
insulation measures can be effective when the dominant production limitation is
related to completion integrity and near-wellbore flow restrictions; however, the
variability across wells highlights the need for careful diagnostics and candidate
selection (ARMA, 2024; Yakovlev, 2019).

Acidizing was one of the key stimulation techniques during the reporting
period and was performed in 10 producing wells. A positive effect was observed in
all treated wells, which suggests that near-wellbore permeability impairment and
carbonate rock reactivity are important controllable factors at Alibekmola. The
highest response was achieved at well Ne 315, where the rate increased by 58 t/day
and the effect duration reached up to 150 days. The total incremental oil attributed
to hydrochloric acid treatments in producing wells amounted to 24,977.3 tons.
The representative well dynamics are illustrated in Figure 2 (ARMA, 2024; Joshi,
1988).

Figure 2. Dynamics of wells Ne. 315 operation before and after hydrochloric acid treatment.

From a development regulation perspective, this indicates that acidizing can
serve as a relatively flexible tool for short- to mid-term production stabilization,

196



ISSN 2224-5278 2.2026

especially where flow is limited by near-wellbore damage and insufficient
conductivity of the bottom-hole zone (ARMA, 2024; Joshi, 1988).

Among the methods used to intensify production, conversion to mechanized
production was widely applied. In the reporting period, the selection criterion
emphasized switching at approximately 30% water cut or at an oil rate of 5 t/day,
which is consistent with a strategy aimed at avoiding rapid decline and maintaining
controllable drawdown. Overall, an additional 6,751 tons of oil were produced due
to this measure, while the average rate increase reached 18 t/day with an average
effect duration of up to 120 days. At the same time, several wells (NeNe 071, 02A,
010) did not demonstrate an effect, confirming that mechanization alone does not
guarantee incremental production if reservoir constraints (high water cut, poor
inflow, or completion limitations) dominate. A representative response is shown in
Figure 3 (ARMA, 2024; Majid, 2015).

Switch to artificial lift

-9

Yoo ] \
j V‘““"""oo.o/ \V'.."." b ..""‘...V-

Figure 3. Dynamics of wells Ne 314 operation before and after the event.

In field-wide terms, mechanized production should be viewed as an operational
regulation tool that is most effective when applied to wells with remaining inflow
potential and appropriate fluid/energy conditions (ARMA, 2024; Majid, 2015).

Acid HF was carried out in three wells during the analyzed period. The
operation combined mechanical fracture creation and acid etching, aiming to
increase effective conductivity and connect natural fractures while extending
drainage area. The job design included wellbore preparation (paraffin removal by
scraper), staged pumping of acid systems (including 15% HCl and emulsified acid),
and gel stages. The operational response during pumping was controlled through
wellhead pressure and flow rate behavior; the recorded pressures reached high
values, with a maximum wellhead injection pressure of up to 710 atm, indicating
intensive fracture creation and/or significant friction and near-wellbore resistance
during specific stages. The observed pressure trends during gel/acid replacement
stages are consistent with changing friction losses and fracture conductivity
evolution, while the need for operational adjustments (including short shutdown
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due to seal leakage) illustrates typical field risks during high-pressure stimulation
(Cherepanov, 2015; Potapov, 2016). A representative example of well performance
response is shown in Figure 4 for well Ne 300.

Acid HF

Figure 4. Dynamics of well Ne 300 operation before and after acid hydraulic fracturing.

From a development regulation standpoint, acid HF is particularly relevant
when rate limitations cannot be overcome by near-wellbore treatments alone and
when increasing drainage area and conductive pathways is required to achieve
longer-term stabilization (Cherepanov, 2015; Potapov, 2016).

For injection wells, hydrochloric acid treatments were performed to improve
permeability and reduce filtration resistance in the near-wellbore zone, thereby
supporting the waterflood pressure maintenance system. The summarized
outcomes (Table 3) show that the conducted treatments resulted in an additional
injected volume of 102,790 m?® of water, indicating a tangible contribution to sweep
efficiency and displacement energy. Nevertheless, the response was not uniform:
in wells NeNe 52,210, 211, no effect was observed, while in wells Ne 64, 207, 215,
the average effect duration was about 18 days, and the minimum effect duration
was 9 days in well Ne 209. Such variability is typical for mature waterfloods where
injectivity is influenced by heterogeneity, near-wellbore plugging, and varying
connectivity; therefore, injection well acidizing should be applied selectively,
supported by injectivity diagnostics and operational monitoring (Dake, 1978;
Larry, 1989).

Overall, the results in Tables 2—3 confirm that GTM at the Alibekmola field
function as a practical toolkit for regulating development in mature conditions by
influencing two key controllable components: (i) well productivity in producing
wells and (ii) injectivity/pressure support in injection wells. Measures such
as HCI acidizing and acid HF primarily improve the inflow system through
physicochemical and/or fracture-conductivity mechanisms, while mechanized
production and operating-mode optimization act as operational regulators that can
stabilize production when sufficient inflow potential remains. Repair and insulation
works, although more selective in impact, remain important where integrity and

198



ISSN 2224-5278 2.2026

unwanted flows limit performance (ARMA, 2024; Yakovlev, 2019; Joshi, 1988;
Cherepanov, 2015; Potapov, 2016; Dake, 1978; Larry, 1989; Majid, 2015).

The non-uniform effect observed across different wells indicates that the
success of each measure depends on candidate selection, well condition, and
reservoir heterogeneity. Therefore, the most effective regulation strategy for
Alibekmola is not the isolated application of individual GTM, but an integrated
approach that prioritizes (1) diagnosing the dominant limitation (near-wellbore
damage vs. insufficient drainage vs. mechanical/operational constraints), (2)
selecting the appropriate intervention (acidizing vs. acid HF vs. mechanization vs.
repair/insulation), and (3) continuously monitoring the post-operation response to
define the effect period and to plan follow-up actions in the annual GTM program
(ARMA, 2024; Majid, 2015).

Recommendations. Based on the analysis of geological and technical
measures (GTM) implemented at the Alibekmola field during the reporting period,
the following recommendations are proposed to improve development regulation,
stabilize production, and increase overall recovery.

Maintain and expand the GTM program as a key development regulation tool.

During the reporting period, the implementation of GTM provided an additional
156,088 tons of oil, confirming that systematic interventions in producing and
injection wells are an economically justified mechanism for sustaining production
at mature assets. It is recommended to preserve annual GTM planning as an
integrated field management practice and to prioritize measures with the highest
contribution and stability of effect (ARMA, 2024).

Prioritize conversion to mechanized production as the leading production-
support measure, with refined candidate selection. The transfer to mechanized
production proved to be one of the most effective measures and resulted in 617.53
tons of additional production, which corresponds to 39.6% of total additional
production, while the flow rate increased by an average of 15 tons/day. To
strengthen this impact, candidate selection should be based on:

— remaining inflow potential (stable reservoir pressure support and
acceptable PI);

— manageable water cut trends (avoiding wells with rapidly increasing water
cut where mechanization may mainly lift water);

—sufficient well integrity and completion condition to operate in a stable regime.
It is recommended to implement a standardized screening workflow for
mechanization candidates and to link the selected equipment type and operating
parameters to expected drawdown and fluid rate targets to avoid premature decline
after conversion (ARMA, 2024; Michael, 2014).

Continue hydrochloric acid treatment in producing wells and standardize the
“problem—solution” matching. Hydrochloric acid treatments in producing wells
yielded a consistent positive outcome: the oil rate increased by an average of
35 tons/day. This confirms the relevance of near-wellbore stimulation for the
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Alibekmola reservoir conditions and supports continuing acidizing in wells with
similar production limitations (ARMA, 2024).

To increase repeatability and reduce operational risks, it is recommended to:

— clearly define selection indicators (declining productivity index, evidence of
near-wellbore damage, carbonate intervals, skin growth);

— standardize pre- and post-job well testing (baseline rate/pressure and post-
treatment stabilization period);

— document acid system, volumes, and displacement strategy to build a local
“best practice” database and improve future designs.

Use well operating mode optimization as a routine low-cost measure, but
ensure comparability of evaluation. A significant effect was obtained from
operating mode optimization, resulting in 38,752 tons of additional oil. Given
the typically lower cost and faster execution of this measure compared to major
interventions, it is recommended to treat operating mode optimization as a routine
field management tool. At the same time, optimization should be performed
under a controlled methodology: changes in choke settings, pump frequency, or
drawdown should be planned and logged as a formal intervention with defined
baseline and evaluation windows. This helps distinguish true incremental gains
from short-term fluctuations.

Continue hydrochloric acid treatment in injection wells to support pressure
maintenance and sweep efficiency. As a result of hydrochloric acid treatment in
injection wells, a positive effect was obtained. Over the reporting period, 102,790
m? of water was additionally injected from this measure alone. Because injectivity
improvement directly contributes to more stable pressure support and overall
displacement efficiency, it is recommended to continue this type of intervention in
injection wells.

To maximize field-scale benefit, it is advisable to prioritize injection wells that:

—  show injectivity decline under stable surface conditions;

—  have signs of near-wellbore plugging or permeability reduction;

— are located in areas critical for pressure support of high-potential producers.
Post-treatment monitoring should include injectivity index tracking and injected
volume response over a defined effect period.

Strengthen “effect isolation”: avoid changing well operating mode immediately
after GTM to ensure correct effectiveness identification. Changes in operating
regime after GTM create significant difficulties in identifying the effect of the
intervention and may lead to over- or underestimation of incremental production.
Therefore, it is recommended not to change the operating mode of the well during
the GTM effect evaluation period, except for safety-critical cases. A standardized
stabilization window and fixed evaluation procedure should be introduced for
each GTM type (ARMA, 2024; Michael, 2014).

Practical implementation may include:

— locking operating parameters (pump frequency/choke/target drawdown) for
a defined period after GTM;
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—  documenting any forced deviations and excluding affected intervals from
effect calculation;

— using consistent pre- and post-intervention averaging windows for rate
comparisons.

Conclusion. Acid hydraulic fracturing was performed at the Alibekmola
field by Schlumberger as a single-stage stimulation treatment aimed at restoring
well productivity under mature reservoir conditions. Prior to the operation, the
well demonstrated extremely low productivity with a liquid rate of 0.033 t/day,
indicating strong inflow limitations in the near-wellbore zone and/or insufficient
effective conductivity of the productive interval. Immediately after the acid
hydraulic fracturing treatment, a fountain inflow of 10 m3/day was obtained,
confirming that the intervention significantly improved the inflow conditions and
created additional conductive pathways for fluid entry into the well.

Following the installation of an electric submersible pump (ESP) in August
2012, the well achieved a stable liquid production rate of 25-30 m?®/day. This
production trajectory demonstrates the complementary effect of stimulation and
artificial lift: acid hydraulic fracturing increased the well’s inflow capacity, while
mechanized lifting enabled the well to operate steadily and realize the improved
productivity potential. The cumulative incremental oil production associated with
the stimulation and the subsequent transition to mechanized production amounted
to 1208.2 tons, indicating a positive operational and economic impact of the
integrated approach.

Overall, the observed response confirms the positive effectiveness of acid
hydraulic fracturing at Alibekmola, particularly when combined with mechanized
lift, as a development regulation measure for mature carbonate reservoirs. The
results support the inclusion of acid hydraulic fracturing in annual geological and
technical measure (GTM) programs for wells with critically reduced productivity,
especially in cases where near-wellbore acid treatments alone may be insufficient
to deliver a sustainable rate increase. At the same time, to improve result
predictability and ensure correct attribution of incremental production, future
applications should emphasize standardized candidate selection, consistent pre-/
post-treatment monitoring windows, and stable operating conditions during the
effect-evaluation period.
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