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Analytics

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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Abstract. Relevance. At the late stages of development of most oil fields in
Kazakhstan and abroad, a significant portion of the original geological oil resources
remains in the reservoir after the extraction of nearly all recoverable reserves.
Current production rates are only partially compensated by additions from new
discoveries, which makes the implementation of enhanced oil recovery methods
that do not require substantial capital investments a priority. One of the most
promising approaches is non-stationary (cyclic) waterflooding, which allows
the redistribution of filtration flows, involvement of poorly drained zones, and
increased efficiency of oil displacement in heterogeneous reservoirs. Objective.
This study evaluates the effectiveness of cyclic stimulation using a field case
characterized by high reservoir heterogeneity, elevated water cut in the producing

348



ISSN 2224-5278 3.2026

wells, and the presence of stagnant zones. Methods. Based on the analysis of the
reservoir’s geological and physical characteristics, the structure of the current
waterflooding system, and development dynamics, a pilot implementation of cyclic
waterflooding was carried out with variations in injection/shut-in cycles, injection
volumes, and the configuration of active injector wells. The filtration flow behavior
and the presence of an extensive fracture network were confirmed by tracer studies,
which recorded rapid tracers breakthroughs to producing wells. Results. The results
demonstrated a redistribution of displacement fronts, a reduction in the water
cut of producing wells, and additional incremental oil production compared to a
conventional stationary waterflooding regime. The most pronounced effect was
achieved by alternating periods of active injection with pressure-decline phases,
which promoted the involvement of low-permeability layers and previously
bypassed zones. Conclusions. The evaluation confirms the high potential of non-
stationary waterflooding for mature and highly watered-out fields. The method can
be integrated into the existing pressure maintenance system without significant
costs, providing additional oil recovery through more uniform reservoir sweep and
optimization of filtration flow patterns.

Keywords: cyclic waterflooding, matrix, reservoir, enhanced oil recovery,
unsteady waterflooding, tracer studies
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AnHOTanus. Ozixminiei. KazakcTaHnarbl )oHE MISTENACTI KEH OPBIHIAPBIHBIH
OacelM OeJiriH WrepyziH COHFbI Ke3eHJEepiHAe eHIipyre OonaThlH Kopiap ic
KY3IHAE TOJIBIK ANbIHFAHHAH KEHiH Kep KoiHaybIHJa OacTamKbl TeOJOTHSUIIBIK
MyHall pecypcTapbIHbIH Oipimiama Oeiri Kajiblll KOsabl. OHIIpY KapKbIHBI KaHa
KOpJIap/blH 6CyiMEH TeK KapTbllail FaHa eTese i, Oyl alTapiabpIKTai KanuTalabIK
LIBIFBIHIAPAbI TAJIAT €THEHTIHMYHAaHOCPTiIITIKTi apTTHIPY 91iCTEPiH eHI13y 11 0achIM
OarbITKa aliHanAbIpaabl. [lepcnexTuBansl aaicTepain Oipi — Cy3rilik aFbIHIApABI
KaliTa Oemy/i, 9Jci3 ApeHakJalaThIH aliMaKTapAbl UTepyre KOCY/bl )KOHE dPTEKTi
KabaTTapZaH MYHAHIbl BIFBICTBIPY THUIMAUIITIH apTTHIPYJbl KaMTaMachl3 €TEeTiH
CTaHIMOHAPJBIK eMec(IUKIIIK) ¢y aiinay Oonbin TaObiIaael. Makcatsl. Makanana
KOJIJIGKTOPJIAPABbIH KOFaphl reTepOreHAUTIriMeH, OHIIPYIi KOPABIH CYlIaHybIMEH
KOHE TOKbIpay aliMaKTapbIHBIH OOTYBIMEH CHIIATTaNaTHIH O0BEKTiHIH MbICAIBIHIA
IUKIJIIK 9CepIIiH TUIMIUTrT Oaranmannbel. Ompictepi. KabarrapplH TeoorusibIK-
(U3UKAIBIK cUMIATTaMalapblH, KOJAAHBICTAaFbl Cy aiiay KYHECiHiH KYpBUIBIMBIH
YKOHE UTepy AMHAMHMKACHIH Tajl1ay HEeTi3iH/e aiijay/TOKTaTy UIMKJIIEPiH, ail1adaThiH
KeJIeMIep/li JkoHe OeliceHi aiiay YHFbIMaapbIHBIH KOH(QUIYpaLUsICHIH ©3repTe
OTBIPBIN, UUKIIIK CYy aiiayapl TOXIpUOETIK eHri3y Ky3ere achlpbiiabl. Cy3riiik
aFbIHJAp/AbIH epeKUIeNiri MeH JaMbIlFaH TpeUIMHANap KeJiciHiH 00ybl eHIipyIIi
YHFBIMAJIapFa WHJIUKATOPIBIH KbUIJAM CEpHiHAI ©OTyiH TIpKereH Tpaccepiik
3epTTeyJepAiH HOTIXKeNepiMeH pactanisl. HoTmkenepi. ANbIHFaH HOTHXKeIep
BIFBICTBIPY (DPOHTTAPBIHBIH KailTa OeJIIHTeHIH, OHIIPYLIi YHFBIMAIAP/BIH CyJaHy
KAapKBIHBIHBIH TOMEHJIETCHIH JKOHE TYPaKThI Cy aiilayMeH CaJbICThIpFaHaa MyHan
OH/IIPYIH KOChIMIIIA ©6CKCHIH KopceTTi. benrini Oosranial, €H dKoFaphbl THIMIIUTIK
aiinayapiy OeniceHi Ke3eHJepiH KBICBIM TeMeHAeYy (azamapbIMEH alMacThIpFaH
Ke3ne Oaiikanmaapl. MyHIail peskuM TOMEH OTKI3TiIITi KabaTrTap/bl jkoHe OyFaH
JeiiiH cy3rijiey MpoleciHe KaTbIcliaraH allMaKTapabl )KYMBICKA TapTyFa MYMKIHIIK
Oepeni. KopwiTeinapl. XKyprisinren Oaranay Typakchl3 Cy aijayqbl >KETireH
KOHE CyJaHybl KOFapbl KEH OPBIHAAPBIHAA KOJJAHYABIH MEPCIEKTHBAIBUIBIFBIH
pacraiinpl. OMICTI KabaT KbICBIMBIH YCTal TYPYZABIH KOJJAHBICTAFbl KYHeciHe
Oipiiama MIBIFBIHAAPCHI3 SHI13yre OONIaabl XKOHE O KaOaTThl HEFYPIbIM OipKenKi
KaMTy MEH aFbIHJIap KYPBUIBIMBIH JKaKcapTy eceOiHeH MyHaiOepriluTiKTiH apTybIH
KaMTaMachl3 eTe/l.

Tyiiin ce3mep: uMKIAiK cy aiinay, MaTpuua, KOJUIGKTOp, MyHail OeprimTirin
apTTHIPY, CTALMOHAPIIBI €MEC Cy aiiiay, Tpaccepilik 3epTTeyep
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AHHOTAUMs. AKTyaTbHOCTh. Ha MO3MHHUX cTamusax pa3paOOTKH OOJBITHHCTBA
MectopoxacHnid Kazaxcrana n 3apy0OeXHBIX CTpaH Iociie 0T00pa 3HAYNTEIHHOU
YacTH W3BIIEKaeMBIX 3allacOB B HEApax OCTaeTcs CYyIIECTBEHHAS OIS
HayYalbHBIX TEOJOrMYECKUX pecypcoB HedTH. Temmbl 10OBYHM JUIIB YaCTHYHO
KOMIIEHCUPYIOTCS TPUPOCTOM HOBBIX 3alacoB, 4YTO JEJaeT MPHOPUTETHBIM
BHEJIPEHHWE METOJIOB YBEIMYCHHUs He(DTEOTAaun, He TPeOYIOIUX 3HAYUTEIHHBIX
KalrTaNbHBIX BIOKeHNH. OHUM 13 Hauboee MepCeKTUBHBIX METOOB SIBISIETCS
HECTAIMOHAPHOE, ITU IUKIINIECKOE, 3aBOTHEHHE, [TO3BOJISIOIIEE TIepepacpe/IesiiaTh
(UIBTpalIMOHHBIE MTOTOKH, BOBJIEKATh B Pa3padOTKy CiIabOIpeHUpPYEMbIe 30HBI
1 TOBBIIATh 3()()EKTUBHOCTD BBITECHECHHS HE(TH M3 HEOJHOPOIHBIX ILIACTOB.
Lenv. Ouenuth 3(Q(HEKTUBHOCTh UMKIMYECKOTO BO3ACHCTBHS Ha TNpPUMEPE
00bEKTa, XapaKTEPU3YIOUIETOCS BBICOKOH HEOIHOPOAHOCTHIO KOJUIEKTOPOB,
00BOTHEHHOCTHIO OOBIBaOMIero (poHIa M HAIWYHEM 3aCTOMHBIX 30H. Memoosi.
Ha ocHoBe ananm3a reonoro-(pM3NYecKuX XapaKTePUCTHUK IUIACTOB, CTPYKTYPHI
TEKyIIed CHCTEMBbl 3aBOJHEHHUS M IUHAMUKH DPa3paOOTKH IMPOBEICHO OIBITHOE
BHEJPEHUE LMKINYECKOTO 3aBOJHEHUS C BapbHUPOBAHMEM IMKJIOB 3aKauku WU
OCTaHOBKH, 00BEMOB HArHETaHUs U KOH(QHUIYpalUU aKTUBHBIX HAarHETATEIbHBIX
ckBakuH. Crienuduka (QUIBTPAMOHHBIX I[MOTOKOB M HaJH4YHe Pa3BUTOH CeTH
TpemuyH ObUTM TOATBEPKICHBI Pe3yJabTaTaMi WHIMNKATOPHBIX, WIH TPAcCEPHBIX,
WCCIEZIOBaHUH, 3a(UKCHPOBABIINX  OBICTPHIE TPOPBIBBI  WHAHMKATOpa K
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JNOOBIBAIONIUM CKBOXKUHAM. Pe3ynvmamsl u 6b1600bl. [loydeHHBIE pe3yabTaThl
MoKa3aly IepepacnpesieiieHue (QPOHTOB BBITCCHEHHsSI, CHIDKCHHE TEMIIOB
00BOTHEHWSI TOOBIBAIOIIUX CKBAYKUH U JOTIOJHUTEIBHBINA PUPOCT JOOBIYH HEPTH
M0 CPaBHEHHUIO CO CTAIMOHAPHBIM 3aBOJHEHHEM. YCTAHOBIICHO, YTO HamOoiee
3HaUUMBbIH dPdeKT JocTUraeTcs B HU3KONPOHUIAEMBIX MPOIUIACTKAX M 30HAX,
paHee HE y4acTBOBAaBIIMX B ¢uubTpanuu. [IpoBeecHHAsS OICHKA MOATBEPIKIACT
NEPCIEKTUBHOCTb IIPUMCHCHHA HECTAIMOHAPHOI'0 3aBOAHCHHA Ha 3pCJIbIX U
BBICOKOOOBOJIHEHHBIX MECTOPOXKJICHHSIX. MeToJ MOXKET OBITh BHEIPEH B JCH-
CTBYIOII[YIO CUCTEMY MOJJCPKAHUS IJIACTOBOTO JaBJICHUS 0€3 CYIIECCTBEHHBIX
JOTIOJTHUTENBHBIX 3aTpaT U o0ecrednBaeT MpUPOCT HedTEeOTaaun 3a cyeT Oosee
PaBHOMEPHOTO OXBara IUIACTa W YAYUIICHHUS CTPYKTYpbl (DUIBTPAIHOHHBIX
MTOTOKOB.

KaroueBrblie c10Ba: MUKIMYECKOE 3aBOJHEHUE, MAaTPHIIA, KOJUIEKTOP, METO/IbI
yBenuueHus HedTeormaun (MYH), HecTammonapHoe 3aBOIHEHHE, TPacCEpHBIC
WCCIIC/IOBAHUS

Introduction. A characteristic feature of the current stage is the increasing
volume of reserves at a late stage of development, accompanied by a sharp change
in their structure. The depletion level of active reserves has reached 65.5%, and that
of hard-to-recover reserves is 23% (Gavura et.al., 1995).

Under these conditions, to improve the efficiency of waterflooding systems, a
particularly important role in recent years has been played by one type of reservoir
pressure maintenance—unsteady (cyclic) waterflooding, which makes it possible
to increase reservoir sweep efficiency.Improving the cyclic stimulation method, as
well as the method of altering filtration flow directions and integrating them with
physicochemical techniques, will make it possible to enhance the efficiency of field
development in both the early and late stages (Gavura et.al., 1995).

The term ‘unsteady waterflooding’ is often used in a generalized sense and
refers to cyclic waterflooding based on the periodic variation of injection regimes,
up to a complete shutdown of injection. Positive results of cyclic waterflooding
were obtained in the US at the Spraberry and Martenville fields. In Germany,
cyclic water injection was carried out at the Reinkenhagen field. In the former
Czechoslovakia, cyclic waterflooding was also successfully applied at the Hrusky-
Sever field. In Russia, there are many fields with a significant amount of remaining
recoverable reserves, characterized by advanced recovery from initial recoverable
reserves with a water cut of 1.5-2 times. The main objective for such fields at the
moment is to reduce the water cut of the produced products in order to increase oil
production and reduce the costs of associated water disposal. Cyclic waterflooding
is one of the most economically viable enhanced oil recovery methods for such
fields. An understanding of the rational choice of an object with high potential for
the application of unsteady-state waterflooding is necessary (Chikirov et.al., 2019).

The unsteady waterflooding method is widely applied at oil fields in Tatarstan,
Western Siberia, Bashkortostan, and others. The main advantages of this method
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are its simplicity of implementation, its broad applicability under various reservoir
conditions, as well as its cost-effectiveness and efficiency. To date, there is extensive
experience in theoretical, experimental, and field studies. Considering that a large
number of fields are at a late stage of development, it is necessary to improve
and enhance the performance of the unsteady waterflooding technology (Farrakhov
et.al., 2020).

The following factors influence the effectiveness of unsteady-state waterflooding:
1) elasticity, wettability, water saturation of the reservoirs; 2) heterogeneity in
permeability; 3) degree of hydrodynamic connectivity of the layers; 4) duration of
half-cycles; 5) amplitude of fluctuations in the injected water flow rate; 6) duration
of preceding steady-state waterflooding. It is impossible to significantly influence
the first three factors. The amplitude of fluctuations and the duration of preceding
waterflooding depend on the development history; these can also be influenced
only slightly at present. However, the duration of the half-cycles can be varied;
therefore, the question arises of substantiating the optimal duration of the half-
cycles of unsteady-state waterflooding (Kashapova, 2017).

Analysis of the development of carbonate reservoirs at oil fields has made
it possible to identify several features of reserve depletion and to assess the
effectiveness of unsteady waterflooding. It has been established that, unlike
terrigenous reservoirs, these reservoirs have a significantly lower oil recovery
factor.

Studies of wells using tracer injection, production logging methods, thermometry,
and oil photocolorimetry have made it possible to outline solutions to a number
of issues related to defining development targets, determining current reserve
depletion, monitoring the rise of the oil-water contact, and others (Malysheva
et.al., 2018).

With the growing prevalence of the waterflooding method and its implementation
at an increasing number of oil fields, it was observed that the periodic shutdown
and resumption of water injection positively affects the productivity of producing
wells, reduces their water cut, and ultimately increases reservoir oil recovery.

Compared to other enhanced oil recovery methods, the technology of cyclic
waterflooding is currently the most thoroughly studied and widely applied in
the field. The successful implementation of the method has been facilitated by
the research of scientists such as Surguchyov, Ogadzhanyants V.G., Bokserman
A.A., Tsinkova O.E., Sharbatova I.N., Shalimov B.V., and others. The method is
characterized by its simplicity, the possibility of application across a wide range of
reservoir conditions, and its high economic efficiency.

Analysis of oil field development has shown that with periodic changes in
injection and production regimes, not only does the rate of oil production increase,
but the water cut of the produced fluids is also significantly reduced. M.L.Surguchyov
explained this by noting that periodic waterflooding in heterogeneous reservoirs
promotes the transfer of water from high-permeability to low-permeability zones,
thereby increasing the sweep efficiency of the reservoir. As early as 1959, he was
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the first to develop the method of cyclic reservoir stimulation. This contributed to
the development of methods for preventing well watering by regulating reservoir
development through partial or complete modification of the displacement system
(Malysheva et.al., 2018).

According to numerous laboratory studies on water-driven oil displacement, the
main types of residual oil saturation are:

— capillary-trapped oil;

— sorbed oil;

— film (film-bound) oil;

— oil remaining in isolated zones that are not swept or only partially swept by
waterflooding (Nuranbayeva et.al., 2021).

Residual geological oil reserves that are not swept by waterflooding due
to significant reservoir heterogeneity in filtration—capacity properties, high
compartmentalization, and sharp discontinuity of layers across the area and section,
remain in the formation in the form of capillary-trapped oil and residual isolated
pockets. This category of residual oil saturation accounts for about 70% of all
remaining oil reserves and represents the main potential for increasing reservoir oil
recovery (Medvedev et.al., 2017).

The effectiveness of unsteady waterflooding in the development of reservoirs
heterogeneous in permeability has led to the widespread application of this
technology. Its effect is manifested in the redistribution of reservoir pressure between
interlayers and the increased recovery of oil reserves from low-permeability layers.
Moreover, the stronger the reservoir heterogeneity, the more significant the effect
of unsteady waterflooding technology (Abzalov et.al., 2020).

In the case of steady-state waterflooding, the presence of fracturing in the
reservoir leads to rapid water breakthrough into production wells and to a reduction
in the oil recovery factor. The use of unsteady waterflooding makes it possible to
increase oil production. At the same time, unsteady waterflooding in a homogeneous
reservoir does not lead to a significant increase in oil recovery.

The effectiveness of unsteady waterflooding strongly depends on the
permeability and the orientation of fractures relative to the wells. A strong effect
from unsteady waterflooding may serve as an indication of the presence of fractures
in the reservoir (Pyatkov et.al., 2018).

The main principle of the unsteady waterflooding technology is as follows.
The method provides for increasing the elastic energy of the reservoir system by
periodically raising and lowering the water injection pressure. This creates the
prerequisites for the development of unsteady pressure differentials within the
reservoir and corresponding unsteady fluid crossflows between layers (zones) of
different permeability. In the half-cycle of increased injection pressure, water from
the higher-permeability layers penetrates into the low-permeability layers, while
in the half-cycle of decreased pressure, oil from the low-permeability interlayers
moves into the high-permeability part of the reservoir.

Unsteady waterflooding is often combined with technologies for altering the
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direction of filtration flows. In such cases, the combination of technologies results
in an effect driven both by the unsteady processes within the reservoir and by the
change in the direction of dominant flow paths of reservoir fluids. The integrated
technology allows an increase in reservoir sweep both vertically and laterally.

In practice, an unsteady pressure field is created through the periodic shutdown
(or variation in injectivity) of injection wells and/or the periodic shutdown of highly
water-cut production wells. Methods for creating periodic pressure oscillations may
be combined, for example, through cyclic water injection and periodic operation of
production wells in counterphase with the injection wells.

The main advantage of unsteady waterflooding is its low cost; the implementation
of the technology requires no capital expenditures and does not increase operating
costs. At the same time, its application yields a significant effect. According to
expert assessments conducted at several oil fields where unsteady waterflooding was
applied, the resulting incremental effect ranges from 8% to 14% of the cumulative
oil production over the period of technology implementation.

The effectiveness of unsteady waterflooding is determined by many parameters,
including reservoir permeability heterogeneity, initial water cut of produced fluids,
the viscosity ratio of oil to water, the amplitude of the impact (from injection wells),
the duration of shutdown and operating periods of injection and production wells,
the type of waterflooding system, and others (Vladimirov et.al., 2018).

The implementation of this method does not require significant capital or
operating expenditures, which increases the likelihood of its application. There are
also data confirming the successful use of unsteady reservoir stimulation technology
in heterogeneous formations. The essence of the technology lies in the artificial
generation of alternating pressure differentials between parts of the reservoir at
specified time intervals. This is achieved by periodically shutting in and restarting
injection wells with a predetermined cycle duration.

These pressure differentials cause a redistribution of the reservoir fluids,
promoting the equalization of their saturations and the balancing of capillary
pressures at the boundary between waterflooded and oil-saturated zones. As a result
of this process, accelerated countercurrent imbibition of water into oil-saturated
zones is observed between regions of different saturation; in other words, water
from the flooded zones penetrates into the oil-saturated areas through channels of
smaller cross-sectional size, facilitating the displacement of oil from them (Ilyushin
et.al., 2022).

Materials and methods. Modern trends in the development of Kazakhstan’s
oil production industry are characterized by an increasing share of hard-to-
recover reserves and the late stage of development of many currently producing
fields. Addressing the challenge of maintaining oil production levels requires the
identification of efficient and economically viable enhanced oil recovery (EOR)
technologies. One of the relatively low-cost hydrodynamic EOR methods is cyclic
flooding, which makes it possible to achieve the following key objectives:

— increase the areal and vertical sweep efficiency of the reservoir;
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— reduce the residual oil saturation;

— improve the oil recovery factor with minimal operating expenditures.

Analysis of field applications of cyclic flooding demonstrates that this method
can increase oil production by 3-6% over the forecast period compared with
conventional continuous waterflooding.

As part of the present study, the effectiveness of implementing cyclic
waterflooding technology was examined at an oil field with a reservoir located
in the lower carbonate sequence KT-II (Upper Visean—Kashir age, 3013-3894
m) in Western Kazakhstan, characterized by a complex geological structure with
extensive fracturing.

The commercial oil and gas potential of the field is associated with subsalt
Carboniferous deposits, which include two productive sequences, KT-I1 and KT-II,
separated by a 159.1-1009.4 m intercarbonate interval (ICI), where lens-shaped
oil-saturated reservoir layers are also identified in certain areas.

The upper carbonate sequence KT-I, which contains a gas—oil reservoir, is
stratigraphically associated with Upper Podolian—Gzhelian deposits and occurs
at depths of 1836-4077 m. The sequence is composed of limestones, dolomites,
and limestone—dolomite varieties of carbonate rocks, with interbeds of terrigenous
rocks, predominantly argillites.

The lower carbonate sequence KT-1I, containing the oil reservoir, is associated
with Upper Visean—Kashirian deposits at depths 0o 3013-3894 m and is lithologically
represented mainly by limestones with interbeds of greenish-gray argillites.

The intercarbonate interval, corresponding to Upper Moscovian substage deposits,
is composed of terrigenous rocks by 50-90%. The total thickness of KT-I varies from
39.1 m to 667.0 m, the intercarbonate interval ranges from 159.1 m to 1009.4 m, and
the thickness of K'T-II varies from 251.5 m to 895.6 m across the wells.

Many oil fields in Western Kazakhstan face a range of challenges similar to those
identified at the field under study. The key factors limiting development efficiency
are related both to technological aspects of field operation and to the geological and
reservoir characteristics of the productive formations.

The main technological issues include:

— insufficient quality of injection water preparation for reservoir pressure
maintenance (RPM);

— significant wear of downhole equipment in the injection well stock.

The geological and development-related challenges include:

— low recovery of reserves, which as of 01.01.2022 amounts to only 37%;

— a significant decline in reservoir pressure to values below the bubble-point
pressure (initial pressure — 339 atm, current — 150 atm, bubble-point pressure —
249 atm);

— increasing gas—oil ratio accompanied by declining oil production rates;

— low efficiency of the current RPM system: injection wells do not provide
effective oil displacement, and injected water predominantly flows through
fracture—cavern channels, rapidly breaking through into producing wells;
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— high water cut of produced fluids and frequent water breakthroughs from
injector to producer wells;

— low oil recovery factor (ORF): the current ORF is 0.096 over 21 years of
development. Under the existing RPM system, the approved project ORF is not
achievable, and the expected ORF is approximately twice as low as the approved one;

— Complex geological structure characterized by extensive fracturing, which
results in the formation of high-permeability flow channels.

Tracer studies performed at the field confirm the pronounced fracturing of the
reservoir. A total of 21 out of 22 injection wells were included in the tracer program.
Rapid tracer breakthroughs to distant producing wells were recorded, with the first
tracer arrivals detected within a few days. Considering the low reservoir storage and
flow properties, such rapid movement indicates the presence of a well-developed
fracture network and dominant preferential flow paths.

The obtained tracer data enable the optimization of the RPM system through
the implementation of technologies aimed at redistributing injected water flow.
One of the promising approaches is cyclic waterflooding, which allows influencing
not only the high-permeability channels but also the low-permeability rock matrix
through alternating injection and shut-in periods.

A complex geological structure characterized by extensive fracturing.
Injected water in the field preferentially flows into high-permeability channels (fractures),
bypassing the rock matrix, which is confirmed by tracer studies as shown in Figure 1.

Figure 1. Distribution of Detected Tracers by Volume.
52 — producing well, 10 — well participating in tracer studies, 213 — injection well into which the
tracer was injected, @ -fluorescein tracer, ®— rhodamine tracer, O— urea tracer, (m - block diagram
showing the amount of recovered tracer, \ - fault.
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As can be seen from Figure 2, the tracer studies at the field covered 21 out of
22 injection wells. As a result of the tracer investigations, rapid breakthroughs of
tracers to distant producing wells were recorded.

RIS

Figure 2. Results of Tracer Studies for Injection Well No. 211 Using Rhodamine Tracer.

1
53 — producing well,“&l 31 — well participating in the tracer study, 2.36 — maximum
concentration, 0.9 days — initial tracer arrival time, 5.1 days — weighted average tracer arrival time.

Based on Figure 2, it can be concluded that the first portions of tracers are
detected within a few days. Considering the low filtration—capacity properties of
the reservoir, this indicates significant fracturing of the formation.

Using these tracer study data, reservoir pressure maintenance can be optimized
through cyclic waterflooding.

The field has a complex geological structure characterized by extensive
fracturing. Development of fractured reservoirs is ineffective when using classical
waterflooding methods. Maintaining consistently high pressure in the fractures
minimizes the potentially high sweep efficiency attributed to the fracture (well).
Significant movable oil reserves remain bypassed by the injected water as a result
of the current development system. Isolation of water-bearing intervals in wells
does not increase displacement across the reservoir; on the contrary, it removes
from the development process the intervals with the highest reservoir coverage.

The physical meaning of cyclic stimulation is interpreted as follows:
“The method provides for increasing the elastic energy of the reservoir system
by periodically raising and lowering the water injection pressure. This creates
conditions for the emergence of unsteady pressure gradients within the reservoir
and corresponding unsteady fluid crossflows between layers (zones) of different
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permeability. During the half-cycle of increasing injection pressure, water from
high-permeability layers is forced into low-permeability layers, while during the
half-cycle of pressure reduction, oil from low-permeability interbeds moves into
the high-permeability part of the reservoir” (Baushin et.al., 2023).

In a number of fields, including the one under consideration, the reservoir has a
dual nature. The reservoir consists of fractures, which have high permeability, and
matrix blocks, where the main portion of oil reserves is contained. Therefore, it is
important to understand how fluids move between these two media.

1.Features of a fractured—matrix reservoir.

Fractures serve as fast channels for the flow of water and oil, while
the matrix is the main storage of reserves. The key problem is that under
conventional waterflooding, water primarily moves through the fractures,
leaving the matrix blocks poorly involved in the development process.
Thus, the traditional injection regime is not always effective.

2. Two regimes of interaction between water and the matrix.

Figure 3 illustrates how the pressure ratio between the fracture and the matrix
affects the process.

Mode 1: pressure in the fracture is higher than pressure in the matrix (P> P ).

Under this regime:

— water rapidly breaks through along the fractures;

— matrix reserves are practically not involved;

— water penetrates the matrix only to a shallow depth, forming a so-called water-
saturated “rim.”

As a result, most of the oil remains in the matrix and is not produced.

Mode 2: pressure in the fracture is lower than pressure in the matrix (P, <P ).

In this case:

— oil begins to flow from the matrix into the fracture;

— matrix blocks become involved in the development process;

—recovery of reserves increases.

This regime is the desirable one, as it ensures oil inflow from the main part of
the rock.

3. Principle of unsteady (cyclic) waterflooding.

To make maximum use of the reservoir’s characteristics, unsteady (cyclic)
waterflooding is applied. This method is based on alternating cycles:

Water injection period (pressure in the fractures increases);

Injection shutdown (pressure decreases).

Such alternation makes it possible to:

— create pressure differentials between the fractures and the matrix,

— periodically stimulate oil crossflow from the matrix,

— «oscillate» the reservoir similarly to a pump,

— increase the degree of involvement of remaining reserves.

Under steady (continuous) injection, a significant portion of reserves remains
non-involved. The pressure difference between fractures and the matrix determines

359



ISSN 2224-5278 3.2026

the direction of fluid movement. Alternating injection and shutdown cycles
increases oil inflow from the matrix. The unsteady (cyclic) waterflooding method
promotes more complete recovery of remaining reserves and increases oil recovery.

This technique is aimed at enhancing oil recovery in fractured reservoirs and
improving the efficiency of reservoir pressure maintenance.

Figure 3. Schematic representation of matrix blocks and a fracture in plan view.

Pilot field tests of non-stationary waterflooding were carried out in the lower
carbonate interval KT-II (Upper Visean—Kashirian age, 3013-3894 m), and a
positive effect was obtained as shown in Table 1. During the pilot implementation
of non-stationary waterflooding in the Northern and Central dome areas of the field,
8 thousand tons of additional oil production were obtained.

The results of the pilot tests indicate that unsteady waterflooding is significantly
more effective when the shutdown cycles are multiple times longer than the
injection cycles (at least by a factor of two).

In order to maximize oil production rates in the short term and achieve the
highest possible oil recovery factor in the long term, unsteady waterflooding can be
applied as a well stimulation method for several (3—4) months each year.

Table 1. Evaluation of the Efficiency of Non-Stationary Waterflooding.

Years of cyclic water |1st Year |2nd Year 3rd Year 4th Year
injection

Area / Site North North Center [ South Center North | South
Shutdown cycles 10-15 10-15 10-15 | 10-15 10-15 4 9
Injection cycles 3 3 3 3 3 9 4
Duration 92 154 123 123 130 125 |135

Injection wells 215, 210, |54, 108, 307, |210,211,
54,115 (211,213, [115,201, |316, |213,52,

52,209 [204,205 |324 209

307, 316, 307, 316,
324 324

Number of responding

production wells 2 2 6 20 19 > 19

360



ISSN 2224-5278 3.2026

Cumulative additional 1 ¢/5 ¢ | 1903 1 |8406 [16980 |[671.0 456,7 [1562.7
oil production, tons
Effect + + + + + + +

The pilot implementation of unsteady (cyclic) waterflooding demonstrated the
feasibility of applying this method, as well as its effectiveness for individual wells
that intersect fractures:

— The displacement pattern changed;

— Water cut decreased;

— Poorly drained reserves were brought into production.

At most oil fields, after near-complete depletion, the remaining oil is retained
in the reservoir in the form of thin films or droplets, particularly in water-saturated
or low-permeability formations. To enhance the recovery of this residual oil, the
method of cyclic (non-stationary) injection is widely used, and it has demonstrated
its effectiveness at several fields in Kazakhstan and abroad. Unlike many enhanced
oil recovery (EOR) techniques, cyclic injection does not require additional surface
infrastructure or the purchase of new equipment, and therefore does not increase
the cost of oil production.

Analysis of the geological and physical characteristics of the reservoirs
and the existing development systems indicates that this method is suitable for
fractured formations. To achieve maximum efficiency from the implementation of
cyclic injection, it is recommended to apply the selection criteria and operational
procedures proposed in this study.

Results and analysis. During pilot field tests of the non-stationary (cyclic)
waterflooding technology applied in the Lower Carbonate Reservoir KT-II, the
following results were obtained:

1. Additional oil production.

From 2019 to 2022, the cumulative incremental oil production at the Northern,
Central, and Southern areas reached 8 thousand tonnes.

Each tested area demonstrated a positive effect, ranging from 456.7 to 1903.1
tonnes per year, depending on the cycle duration and the number of responding
wells.

2. Changes in filtration flow behavior.

Pressure redistribution in the fractured—matrix system was observed:

— during injection cycles, pressure in fractures increased,

— during shut-in cycles, it decreased, which stimulated oil flow from the matrix
to the fractures and enhanced oil inflow into producing wells.

3. Reduction in water cut.

Several producing wells showed a decrease in water cut by 3—12%, associated
with the weakening of water breakthrough channels and improved drainage of
previously undrained zones.

4. Improved reservoir sweep.

The number of producing wells responding to the technology reached 19-20
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wells, indicating an expansion of the drainage area and improved lateral sweep
efficiency.

5. Strong response from fractured intervals.

The greatest positive response was observed in wells intersecting fractured
zones, confirming high sensitivity of fractured reservoirs to non-stationary pressure
fields.

6. Optimal cycle ratio identified.

Maximum incremental production was achieved when:

— shut-in cycles lasted 1015 days,

— injection cycles lasted 3 days, demonstrating the importance of extended
depressurization periods for matrix oil drainage.

Discussion of Results. Analysis of the obtained data and comparison with
geological and physical reservoir characteristics allow for identifying several key
patterns:

1. Efficiency of non-stationary flooding in fractured reservoirs

Fractures have high permeability, causing rapid water breakthrough during
conventional waterflooding. This leaves a large portion of oil trapped in the matrix,
the primary storage zone.

Cyclic pressure changes:

— temporarily saturate fractures with water during injection,

— create a pressure drop during shut-in periods, leading to oil migration from the
matrix into the fractures (P, <P _ ).

Thus, cyclic flooding effectively restores matrix drainage, which is not
achievable under constant-rate injection.

2. Greater incremental oil with longer shut-in periods

The data show that longer injection stoppages result in higher oil recovery.
This aligns with the slow pressure equilibration in the matrix blocks—the system
requires time to initiate crossflow from matrix to fractures.

3. Reduction in water cut due to cyclic pressure variation

Decreased water production is linked to:

— disruption of stable water breakthrough channels,

— redistribution of flow towards less-drained zones,

— reactivation of matrix-to-fracture oil transfer.

These mechanisms increase the oil fraction in the produced fluids.

4. Improved reservoir sweep

An increase in the number of responding producing wells confirms that cyclic
flooding enhances overall system performance and improves sweep both vertically
and laterally.

5. Results fully correspond to the theoretical mechanism of cyclic flooding

The observations align with the classic mechanism described by Surguchov and
others: the rise in oil recovery is caused by non-stationary pressure gradients and
counter-current flows, which are especially significant for fractured reservoirs.
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Conclusions. Based on the results of pilot implementation, the following
conclusions can be drawn:

1. Unsteady-state waterflooding technology is an effective enhanced oil recovery
(EOR) method for fractured-matrix reservoirs of the Lower Carbonate Sequence
KT-11.

2. During the period of the method’s implementation, 8 thousand tons of
additional oil were produced, which confirms the high potential of unsteady-state
waterflooding with minimal operating costs.

3. The optimal regime is the ratio:

— 10-15 days of shut-in

— 3 days of injection.

This regime ensures maximum engagement of matrix reserves

4. Unsteady-state waterflooding makes it possible to reduce the water cut of
produced fluids and increase the current oil recovery factor due to oil crossflow
from the matrix to the fractures and improved sweep efficiency.

5. The most pronounced results are observed in wells that have penetrated
zones of increased fracturing, which confirms the feasibility of using the method
specifically in fractured reservoirs.

6. Cyclic waterflooding is recommended for use as a regular technological
measure for 3—4 months per year, which provides a production increase in the short
term and an increase in the final oil recovery factor (ORF) in the long term.

7. Considering the low efficiency of the current pressure maintenance system
and the complex fractured structure of the reservoir, unsteady-state waterflooding
is one of the most economical and productive methods for improving the efficiency
of field development.
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