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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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Abstract. The article addresses the removal of carbonate scale deposits
contaminated with heavy hydrocarbon compounds from the near-wellbore zone
and downhole equipment. Problem statement and relevance. The deposition
of inorganic salts in the bottomhole zone and on downhole equipment reduces
formation permeability, impairs the operation of electric submersible pumps and
shortens the workover cycle. When the scale is coated with asphaltenes, resins and
paraffins, the hydrophobic film prevents contact of aqueous treatment fluids with
the mineral phase and considerably reduces the efficiency of chemical treatments.
Methods. Plates with carbonate deposits coated with an oil film were treated
with aqueous sulfanol solutions (0.01-0.10%) to hydrophilize the surface and
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with ammonium chloride solutions (1-6%) to remove the deposits; the removal
efficiency was determined gravimetrically. The effect of treatment time was studied,
and the effect of the injected fluid volume on permeability was evaluated on linear
formation models. The technology was tested in well No. 1614 of the Surakhani
field equipped with an electric submersible pump. Key findings/results. A 0.05%
sulfanol solution removed 98.0% of the oil film, and a 4% ammonium chloride
solution removed 96.7% of the deposit mass. Since the weakly acidic ammonium
chloride solution does not dissolve the bulk of calcium carbonate under static
conditions, deposit removal is presumably due to partial localized dissolution
at intercrystalline contacts followed by detachment of the weakened deposit.
Injection of one pore volume of the treatment fluid increased the permeability of
the models fivefold. After the field treatment, oil production increased from 3.1
to 4.2 t/day, and the workover cycle was extended from 42 to 78 days. Practical
application of the results. The method can be applied without pulling the pump in
wells with carbonate scale complicated by hydrocarbon deposits; it is not intended
for sulfate or halite deposits.

Keywords: carbonate scale, asphaltene—resin—paraffin deposits, sulfanol, am-
monium chloride, hydrophilization, bottomhole zone, electric submersible pump
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AnHoTaumsl. Oszexminici. Makanaga ayblp KOMIPCYTEKTi KOCBUIBICTApMEH
JacTaHFaH KapOOHATTHI TY3 IOTiHAIEPiH YHFbIMA TYO1 aiiMarblHaH KOHE YHFbIMa
IIriHeri xa0IbIKTaH KO MACeNIeci KapacThIpbUIaibl. ¥ HFbIMa TYOl aiiMarbiH/Ia
JKOHE YHFBIMA ImIiHJETi kaOJplKTa OCHOpPTraHWKANbIK TY3[apiblH IIeryi
Ka0aTThIH OTKI3TIIITITIH TOMEHAETE, MEKTPIi OpTaAaH TEIMKIll COopanTapIbiH
KYMBICBIH Oy3a/bl ’KOHE YHFBIMAJap/bIH JKOHJIEyapajblK Ke3eHIH KbICKAPTabl.
erinainep acdansreHaepMeH, MalbIpIapMeH KoHe napaduHIepMEeH KaOblTFaH
xkarjmaiaa Tuapo(oOTHl  KaOBIKIIA CYJIBl  TEXHOJIOTHSUIBIK — ePIiTIHAUIEPIIiH
MUHepanabl GazamMeH OailaHbICybIHA KEACPTi KeNTIPil, XUMHUSIIBIK OHACYICPAiH
THIMIUTITIH  alTapibIKTail TeMeHIeTeni. Oodicmep. MyHall KaOBIKIIACHIMECH
*aOblTFaH KapOOHATTHl INOTriHAlNepi Oap miacTuHanap OeTTi ruapoduiIbIey
yiiH cyiab(anonasy cynsl epitinainepiMer (0,01-0,10%), an merinainepmi
KOI0 YIIIH aMMOHMU XJOpHUAiHIH epitiHainepiMeH (1-6%) eHaenni; XKoo
THIMJIUTITT TPAaBUMETPUSIIBIK OJICIICH aHBIKTANAbl. OHJICY Y3aKTBhIFBIHBIH 9ocepi
3epTTEIIi, aJl KAOATTHIH CBI3BIKTHIK MOJICIIbICPIHJIC alialiFaH epiTiHAl KOJIeMiHiH
OTKI3TIITIKKE ocepl OaramaHibl. TeXHONOTHS OHIEKTPIl OpTajaH TEeIKill
copamnreH >xabapikranraH CypaxaHel KeH OpHBIHBIH Ne 1614 yHFBIMachIHIA
ceiHANABL. Heeizei kopvimwvinowvliap/Homuocenep. Cynbdanonubie 0,05%-1b1K
epiTiHici MyHal KaOBIKIIACKIHBIH 98,0%-bIH, all aMMOHUHN XJTOPHUAiHIH 4%-IbIK
epiTiHiCI IeTiH/I MaccachiHbIH 96,7%-bIH k0ibl. CTaTHKANBIK JKaFaaiiapaa
QJICi3 KBIIIKBUIIBI aMMOHUN XJIOPU1 ePIiTIH/ICT KalbI[Ui KapOOHATBIHBIH HET13r1
MaccacblH epITHeHTIHAIKTeH, IeriHAIepAiH >KOWbUTYBl, Oomkam OOHbIHIIA,
KpUCTAJUIUTApaJIbIK TYHicHeneperi imiHapa »KeprijikTi epyre jkKoHe dJcipereH
LIeT1HIHIH KeiiHHEeH OeTTeH akplpam TycyiHe OailiaHblcThl. Keyek kejemine
TEH KeJeMJIe epiTiHAl aiay MOJIENbACPIiH OTKI3TIMTITiH Oec ece apTTHIPIbL.
Kacinminik enaeyaeH keiin MmyHail neOuti Toymirine 3,1 Tonnagan 4,2 TOHHara
JeHiH OCTi, all KeHJeyapalblK Ke3eH 42 TOymiKTeH 78 ToyiiKke ACHiH y3ap/sbl.
Homuowcenepoiy npaxmukanvix Koa0anwliybl. OMICTI KapOOHATTHI WIOTIHJIIEPI
aybIp KOMIPCYTEKTEpMEH JIaCTaHFaH YHFbIMAIap/ia COPANThl KOTepMeH KOJIaanyFra
Oosazpl; 011 Cynb(aTThI )KOHE TaUTTI WIeT1HIepre apHalIMaraH.

Tyiiin ce3gep: kapOoHaTTBl Ty3 MweriHaiiepi, acdanbr-maibip-napadhua
meriHainepi, cynb(aHod, aMMOHUH XJIOpWAl, THAPOQHUIBACY, YHFbIMa TYOI
aiiMarbl, 2JIEKTPIIi OpTaJaH TENKill copar
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AnHOTanmusA. B craTthe paccMaTpuBarOTCS METOIBI YJAJICHHUS KapOOHATHBIX
COJIEBBIX OTJIOKECHHH, 3arpsA3HEHHBIX THKEIBIMH YIJIEBOJOPOJHBIMU COEIHHE-
HUAMHU, U3 HpHSa6OI71HOI>i 30HbI IJIaCTa U C NOBEPXHOCTH BHYTPUCKBAXKXUHHOTO
obopynoBanus. [locmanoska npobnemvl u axkmyarvHocms. OOpazoBaHUE
HEOpPraHMYECKHX COJIEBBIX OTJIOKEHUH B MpU3a0OWHON 30HE IulacTa M Ha
BHYTPHUCKBRXHHHOM OOOPYIOBaHMHM NPHUBOAUT K CHIDKEHHUIO TPOHHUIIAEMOCTH
macTa, HapyUICHUIO PabOThI JIEKTPOICHTPOOCIKHBIX HACOCOB M COKPAIICHUIO
MEXPEMOHTHOTO TIEPUO/Ia IKCIUTyaTalluu CKBaxHH. [Ipy HaTn4nu Ha TOBEPXHOCTH
OTJIOKEHUH ac(habTEHOB, CMOJ U TTapaduHOB (OPMHUPYETCS THAPOPOOHAS IIICHKA,
NpENATCTBYIOIIAad HEINOCPEACTBECHHOMY KOHTAKTY BOJHBIX TEXHOJOTHMYCCKUX
PacTBOpPOB C MUHEPANBLHOUW (pa30if, UTO CYIIECTBEHHO CHUXaeT d(h(peKTHBHOCTD
XUMUYECKON 00paboTku. Memoodsi. B xome mabOpaTOpPHBIX WCCIICIOBAHUN
IUIACTHHBI C KapOOHATHBIMU OTJIOKCHUSMH, MOKPHITBIMA HE(TSIHON IUICHKOM,
obpabarpiBaii BOAHBIMH pacTBopaMu cyibpanona kormeHTpamueir 0,01-0,10
% nans TEApOodUIN3AIUN TOBEPXHOCTH M PAcTBOPAMHU XJIOpPHAA aMMOHUS
KOHIIeHTparueil 1-6 % i ymameHus coNeBbIX OTIOKEHHH. DP(EeKTHBHOCTH
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yIaaJleHUsl ONPEACIsUIM TPaBUMETPUYECKUM MeTonoM. MccnenoBano BiusiHHE
MIPOIOJDKUTETFHOCTH 00paboTkn Ha 3PPEKTUBHOCTS yIajdeHUs oTioxeHui. Ha
JUHEWHBIX MOJEIISX TUIacTa OLICHEHO BIMSHUE 00beMa 3aKauMBaeMOro pacTBOpa
Ha M3MEHEHHME NPOHMLAEMOCTH. IIpoMbICIOBBIE HCHBITAHUS TEXHOJIOIMU
npoBefieHb! Ha ckBaknHe Ne 1614 mectopoxkaenust CypaxaHbl, 000py10BaHHON
3NIEKTPOLICHTPOOCKHBIM HacocoM. OcHogHbie pe3ynbmambul. YCTAHOBJIEHO, UYTO
npumenenue 0,05%-Horo pactBopa cyibdanona odecrneunBaet yaaneuue 98,0 %
He(TSIHOH TIICHKH, TOrna Kak 00paboTka 4%-HbIM pacTBOPOM XJIOPUAA aMMOHUS
mo3BonsgeT ypamutbh 96,7 % wmacchl KapOOHATHBIX OTIOKeHWH. [lockompky B
CTaTUYECKHX yCIIOBUSX CIIA00KUCIIBIN pacTBOP XJIOPHIa AMMOHUS HE 00€CTICYHBACT
pacTBOPEHUsI OCHOBHOM MacChl KapOOHAaTa KalbLKs, IPEANIONaraeTcsl, YTo yAaJeHUE
OTJIOKCHUH OOYCIJIOBIIEHO YaCTUYHBIM JIOKaJbHBIM PACTBOPEHUEM MHHEPaIbHON
(a3pl B MECTaX MEKKPUCTAIITUTHBIX KOHTAKTOB C MOCJIEAYIOIINM OTCIauBaHUEM
0CJIabIEHHOTO 0Ca/IKa. 3aKayka pacTBOpa B 00beMe, COOTBETCTBYIOIIEM OTHOMY
MOPOBOMY 00BEMY MOAEIH IIIACTa, CIIOCOOCTBOBAJIA ISITUKPATHOMY YBEIIMUEHHUIO
ee mpoHuumaemoctu. I[lo pe3ynpraraM NPOMBICIOBOH OOpPaOOTKH CKBaXKHHbI
neout HedTm yBenmmumics ¢ 3,1 mo 4,2 T/CYT, a MEXKPEMOHTHBIH TEpPHOJ
sKcITyatauuu - ¢ 42 no 78 cyTtok. llpakmuueckoe npumeHenue pe3yibmamos.
[Ipe1oKeHHBII METOT MOXKET IPUMEHSITHCS IS YIATCHUST KapOOHATHBIX COJIEBBIX
OTJIOKECHUH, 3arpsi3HEHHBIX TSKEIBIMH YIICBOIOPOJHBIMU COCAMHEHHUSIMH, 0e3
HEOOXOAMMOCTH TOIbEMa dJICKTPOICHTPOOS)KHOTO Hacoca. IIpu »ToM obmacThb
MPUMEHEHHsI TEXHOJIOTHH OrpaHMYMBaeTCs KapOOHATHBIMH OTIOKCHHSIMU M HE
pacnpocTpaHsercs Ha Cyib(aTHbIE U TaJIUTOBBIC OTIOKEHUSI.

KiroueBbie ciioBa: kapOOHAaTHBIC COJNIEBBIE OTIOKEHHS, ac(haabTOCMOIIO-
napauHOBBIE OTIOKEHUs, Cynb(aHod, XJIOPUA aMMOHUS, TuApoduIM3auus,
npu3aboiiHas 30Ha IJIacTa, MIEKTPOIEHTPOOSIKHEIN HACOC.

Introduction. At all stages of oilfield development, including drilling, field
development and the various periods of well operation, the main objective of
oilfield management is to maintain and enhance well productivity. However, the
periodic occurrence of well complications creates considerable difficulties for any
operating strategy and directly affects production rates. Complications arising
during operation lead to the formation of various deposits in the bottomhole zone,
in the tubing and in surface equipment, which restrict the inflow of fluids from the
formation and their lifting to the surface.

The deposition of inorganic salt compounds in the near-wellbore area, in well
equipment, and in-field junctions creates serious difficulties in oil production,
transportation and treatment (Mirzajanzade et al., 2010; Shangaraeva and
Petukhov, 2013; Valekzhanin et al., 2017b).

Carbonate scale is one of the most widespread types of inorganic deposits in oil
production. Its formation is governed by the carbonate equilibrium in the produced
water (Olajire, 2015; Kamal et al., 2018):
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Ca?" + 2HCO,” = CaCO,| + CO,1 + H,0 (1)

Under reservoir conditions, the dissolved carbon dioxide keeps this equilibrium
shifted to the left. As the pressure decreases in the bottomhole zone, at the pump
intake and in the tubing, CO, is released into the gas phase, the pH of the water
increases and the equilibrium shifts towards the precipitation of calcium carbonate.
An increase in temperature, which reduces the solubility of CaCO,, and the mixing
of incompatible waters act in the same direction (Olajire, 2015; Kumar et al.,
2018). Since the pressure drop is greatest in the near-wellbore zone and in the
pump, carbonate deposits accumulate primarily in the perforation zone, in the pore
space of the bottomhole zone and on the stages of electric submersible pumps,
reducing the formation permeability and shortening the workover cycle of the
wells.

Solid salt deposits found in oil production systems can consist of organic and
inorganic components depending on their composition. For example, salt deposits
in oil fields may contain calcium, calcium—magnesium and iron carbonates, iron
oxides and hydroxides (corrosion products), sodium chloride (halite), gypsum,
quartz and other components (Frenier and Ziauddin, 2008; Kelland, 2014; Kamal
et al., 2018). The present study, however, addresses only carbonate (calcium and
calcium—magnesium carbonate) deposits whose removal is complicated by co-
deposited heavy hydrocarbon compounds. Sulfate (gypsum, barite), siliceous
and halite deposits are beyond its scope, since they require different treatment
approaches, such as chelating scale dissolvers for sulfate scale and fresh-water
washing for halite (Frenier and Ziauddin, 2008; Kamal et al., 2018).

In Azerbaijan, carbonate scaling of oilfield equipment was first observed in
reservoirs at the late stages of development, which are characterized by a high
water cut of the produced fluid. Studies indicate that salt precipitation is most
intensive in the wells of the Absheron Peninsula fields: Balakhani—Sabunchu—
Ramana, Surakhani—Garachukhur, Gala, Bibiheybat, the Siyazan monocline, etc.
(Ibrahimov and Latifov, 2018).

Literary review. Scale deposits that have already formed are removed by
mechanical or chemical methods. Mechanical methods (milling, scraping, jetting)
require pulling the downhole equipment or the use of coiled tubing and are
not applicable to deposits in the pore space of the formation. Among chemical
methods, carbonate deposits are most often treated with hydrochloric acid, which
dissolves calcium carbonate rapidly and completely. However, hydrochloric acid
is highly corrosive to tubing and pump equipment and requires the use of corrosion
inhibitors; because of its rapid reaction, it is spent mainly in the immediate vicinity
of the wellbore, and in contact with asphaltenic crude oils it may cause sludge
formation (Olajire, 2015; Kamal et al., 2018). Organic acids and chelating agents
(EDTA, DTPA, GLDA) are less corrosive and allow a more uniform treatment, but
they are considerably more expensive and react more slowly (Gamal et al., 2021;
Barri et al., 2022).
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Solid deposits within oilfield equipment, especially in wells, frequently contain
heavy hydrocarbon compounds such as paraffin, asphaltenes and resins. These
compounds reduce the efficiency of the interaction between the chemical reagents
and inorganic salts, thereby hindering the removal of the solid deposits (Yang et
al., 2025).

Therefore, treatment technologies are required that combine the removal of
the hydrocarbon film from the scale surface with the subsequent action on the
mineral phase and that are sufficiently mild for downhole equipment to allow the
treatment to be performed without pulling the pump. The aim of this study is to
substantiate, on the basis of laboratory and field investigations, a technology for
removing carbonate deposits contaminated with heavy hydrocarbon compounds
from the bottomhole zone and downhole equipment by sequential treatment with
an aqueous solution of an anionic surfactant (sulfanol) and an aqueous solution of
ammonium chloride, and to clarify the mechanism of deposit removal.

Materials and Methods. Despite the availability of numerous methods of
combating salt deposits, the use of chemical reagents (inhibitors), due to their
operational simplicity and efficiency, remains the main method today (Kirboga
and Oner, 2012; Glushchenko et al., 2013; Valekzhanin et al., 2017a; Kazybayeva
et al., 2014; Ragulin et al., 2019; Spanov et al., 2019; Jabbarova, 2021; Shahbazov
et al., 2022). Nevertheless, there is a critical need to improve existing methods and
develop new technological processes (Garayev et al., 2016; Abdullayev, 2018).
Current research highlights that, to achieve effective removal of precipitated salt
crystals, it is first necessary to prepare the crystal surface for chemical action.
High-molecular-weight hydrocarbons precipitating onto these crystals convert
their naturally hydrophilic surface into a hydrophobic one. As a result, chemical
reagents injected to remove precipitated salts in the pores and equipment around
the wellbore cannot penetrate this hydrophobic barrier, rendering the treatment
ineffective. Therefore, before injection of the scale-removal reagent, the
hydrophobic surface must be hydrophilized (converted to a water-wet state).

The possibility of using ammonium chloride and surfactant solutions to remove
carbonate deposits contaminated with heavy hydrocarbon compounds from the
near-wellbore zone and downhole equipment was investigated in laboratory
conditions.

Sulfanol, a technical mixture of sodium alkylbenzenesulfonates, was used
as the surfactant. Anionic surfactants of this type adsorb at oil-water and solid—
water interfaces and are widely used as detergents and wetting agents (Rosen
and Kunjappu, 2012). Ammonium chloride (NH,CI) was used as the main active
reagent. Aqueous solutions of sulfanol with concentrations of 0.01-0.10% and of
ammonium chloride with concentrations of 1-6% were tested.

The laboratory study comprised four series of experiments. In the first series,
the effect of sulfanol concentration on the removal of the oil film from the surface
of salt deposits was determined. In the second series, the optimal concentration of
ammonium chloride was established. In the third series, the effect of the treatment
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time in the 4% ammonium chloride solution on the residual mass of the carbonate
deposit was studied. In the fourth series, the effect of the injected volume of the
treatment fluid on the permeability of linear formation models was evaluated. The
procedures of the individual series are described below together with the results.

The masses of the plates were determined by weighing before and after each
treatment stage. The removal efficiency of the oil film (Table 1) and of the salt
deposit (Table 2) was calculated as

E=(m,—m)m, - 100%, )

where m and m, are the masses of the oil film (or of the salt deposit) on the
plate before and after treatment, respectively, 107 kg. In the time-dependence
experiments (Table 3), the residual deposit was expressed as a percentage of the
initial deposit mass:

R=(m,— mp)/(ms - mp) - 100%, 3)

where m_ is the mass of the plate with the deposit before treatment, m, is the
mass of the plate with the residual deposit after treatment for time ¢, and m, is
the mass of the clean plate, 10 kg. The permeability of the linear models was
determined from Darcy’s law:

K = QuL/(4Ap), @)

where Q is the volumetric flow rate, m%s; u is the dynamic viscosity of the
fluid, Pa-s; L is the length of the model, m; 4 is its cross-sectional area, m?;, Ap
is the pressure drop across the model, Pa. The treatment effect was characterized
by the ratio K/K, where K and K are the permeabilities of the model before and
after treatment, respectively. The volume of the injected treatment fluid 7, was
expressed as a percentage of the pore volume of the model.

Results and Discussions. In the first stage of the study, the plates were immersed
in a beaker containing carbonate-bearing formation water and kept for several
hours to allow salt deposits to accumulate. Then, to simulate field conditions under
which the salt deposits are coated with a hydrocarbon layer, the plates with the
deposits were immersed in oil to form a film. After a hydrophobic surface had
been obtained, the masses of the deposits were determined. To evaluate the effect
of the surfactant on the oil film, the plates were then immersed in aqueous sulfanol
solutions of various concentrations. The test results are presented in Table 1 and
Figure 1.
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Table 1. Effect of sulfanol concentration on the removal of the oil film from salt deposits.

Sulfanol aqueous solution Mass of the oil film on salt deposits, 10~ kg | . o
N Efficiency, %
concentration, % before treatment after treatment
0.01 2 1.2 40.0
0.02 2 1.03 48.5
0.05 2 0.04 98.0
0.07 2 0.04 98.0
0.09 2 0.039 98.1
0.10 2 0.04 98.0
120
100
© 80
5’
g 60
.g
o 40
20
0
0 0,02 0,08 0,1 0,12

r

04 006
Sulfanol concentration , %
Figure 1. Dependence of the oil film removal efficiency on the sulfanol concentration.

Table 1 shows that the oil film is almost completely (98.0%) removed from the
salt deposits when a 0.05% aqueous sulfanol solution is used. A further increase in
the surfactant concentration does not noticeably improve the cleaning efficiency.
The dependence has a threshold character: at sulfanol concentrations of 0.01—
0.02%, only 40.0-48.5% of the oil film is removed, whereas at 0.05% the removal
efficiency reaches 98.0%. Such behaviour is typical of anionic surfactants: their
detergent action increases sharply as the concentration approaches the level at
which the interfaces become saturated with adsorbed surfactant molecules, which
for alkylbenzenesulfonates corresponds to the region of the critical micelle
concentration, and changes little at higher concentrations (Rosen and Kunjappu,
2012). Therefore, the 0.05% sulfanol solution was considered optimal, since
higher concentrations increase reagent consumption without improving the result.

In the second stage of the experiments, the optimal concentration of ammonium
chloride was determined. The results are given in Table 2 and Figure 2.
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Table 2. Effect of ammonium chloride concentration on the removal of carbonate deposits.

Ammonium chloride Mass of salt deposits, 107 kg | . 0
. - Efficiency, %
solution concentration, % before treatment after treatment
1 3 2.2 26.7
2 3 1.0 66.7
3 3 0.5 83.3
4 3 0.1 96.7
5 3 0.1 96.7
6 3 0.096 96.8
120
100
s 80
5
g
é
Hoa0
20
0
0 1 2 3 4 5 6 7

Concentration, NH4Cl

Figure 2. Dependence of the salt deposit removal efficiency on the ammonium chloride
concentration.

Table 2 shows that a 4% ammonium chloride solution can be considered
optimal: at this concentration, 96.7% of the deposit mass is removed from the plate
surface. A further increase in concentration does not significantly affect the result.
The efficiency increases most strongly in the concentration range of 1-3% (from
26.7 to 83.3%), whereas above 4% the dependence reaches a plateau. Thus, the 4%
concentration provides the maximum effect at the minimum reagent consumption.

Based on the findings of the previous two studies, aqueous solutions of 0.05%
sulfanol and 4% ammonium chloride were used in subsequent experiments.
During the third stage of the experiments, the time dependence of the carbonate
deposit removal was examined. For this purpose, glass plates with carbonate
deposits were immersed in beakers containing 4% ammonium chloride solution
and weighed after being kept for various time intervals. The results are presented
in Table 3 and Figure 3.
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Table 3. Effect of treatment time in 4% ammonium chloride solution on the residual mass of
the carbonate deposit.

Mass of the plate with the deposit, 10 kg .
Number of - Treatment time,
. After treatment (residue) .
experiments Before treatment S min.
mass %
1 5 4.2 60 60
2 5 3.92 46 120
3 5 3.68 34 180
4 5 3.48 24 240
5 5 3.32 16 300
6 5 3.2 10 360
7 5 3.06 3 420
8 5 3.04 2 480
70
60
2 50
s
£ 40
S
£ 30
&
A 20
10
0
0 100 500 600

200 30 . 400
Treatment %me, min

Figure 3. Dependence of the residual carbonate deposit on the treatment time in 4% ammonium
chloride solution.

In these experiments, the initial mass of each plate with the deposit was m_
= 5-107 kg and the mass of the clean plate was m, = 3-107 kg; thus, the initial
deposit mass was 2-107 kg, and the residue in Table 3 was calculated by Eq. (3).

As Table 3 shows, within 8 hours the carbonate deposit is almost completely
removed from the glass plates (only 2% of the initial deposit mass remains). The
removal rate decreases with time. During the first hour, 40% of the deposit is
removed; over the following five hours, the hourly removal gradually decreases
from 14 to 6% of the initial deposit mass; during the seventh hour, a further 7% is
removed, and during the eighth hour, only 1%. Interpolation of the data in Table 3
shows that half of the deposit is removed in about 1.7 hours, about three quarters
(76%) in 4 hours and 90% in 6 hours. The high initial rate can be attributed to
the detachment of the least strongly bonded outer part of the deposit, whereas
the subsequent stage is presumably controlled by the gradual weakening of the
intercrystalline contacts and of the adhesion of the deposit to the substrate (see the
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discussion of the mechanism below). These kinetic data are important for selecting
the soaking time in field treatments.

Further studies were conducted on two linear models simulating the formation,
into which the treatment fluid was injected in volumes of 50-200% of the pore
volume. As a result, it was determined that the filtration properties of the models
can be improved by injecting the treatment fluid of the proposed composition in
an amount equal to the pore volume (Figure 4).

7

5 -

A

K/KO

W
M

0 50 100 150 200 250
Vi %

Figure 4. Dependence of the permeability ratio K/K on the injected volume of the treatment fluid
V. (% of the pore volume).

As Figure 4 shows, injection of the treatment fluid in a volume equal to 50% of
the pore volume does not change the permeability of the model (K/K = 1). When
the injected volume is increased to one pore volume, the permeability increases
fivefold (K/K, = 5), whereas a further increase to 150 and 200% of the pore
volume raises K/K only to about 5.8 and 6.0, respectively. Thus, the main effect is
achieved when the treatment fluid fills the entire pore volume of the treated zone,
and a further increase in the injected volume yields only a small additional gain.

As noted above, the treatment is based on the complementary action of the two
solutions. Sulfanol adsorbs on the hydrocarbon-coated deposits and alters their
surface molecular properties: the oil accumulated on the deposits is dispersed and
washed off, and the surface becomes hydrophilic (Kelland, 2014). This stage is
a prerequisite for the subsequent treatment, since the hydrocarbon film prevents
contact of the aqueous ammonium chloride solution with the mineral phase (Yang
et al., 2025).

Ammonium chloride is a salt of a weak base (ammonia) and a strong acid
(hydrochloric acid). Owing to the hydrolysis of the ammonium ion,

NH,"+H,0 = NH, + H,0" (5)
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the ammonium chloride solution is weakly acidic. Since NH," is a weak acid
(pK, = 9.25 at 25 °C), the pH of the solution can be estimated as

pH ="%(pK, —1g C), (6)

where C is the molar concentration of NH,CI, mol/L. For the 4% solution (C
~ 0.75 mol/L), Eq. (6) gives pH = 4.7, and over the entire concentration range
studied (1-6%), the calculated pH varies only from about 5.0 to 4.6.

Although the solution is weakly acidic, the concentration of free hydronium ions
in it is very low (about 2-107 mol/L at pH 4.7), i.c., several orders of magnitude
lower than in the hydrochloric acid solutions used for the treatment of carbonate
deposits. The capacity of the ammonium chloride solution to react with calcium
carbonate is therefore determined not by the current pH value but by the total
content of NH," ions, which serve as a reservoir of acidity. As hydronium ions are
consumed in the reaction with the carbonate,

CaCO, + H,0" — Ca* + HCO, +H,0 (7)

equilibrium (5) shifts to the right, and the consumed H,O" ions are regenerated
at the expense of NH," ions. The overall process can be represented as

CaCO,+NH," = Ca? + HCO, +NH, (8)

In a closed system, this process is self-limiting: the ammonia formed raises the
pH of'the solution and converts hydrogen carbonate ions into carbonate ions, which
favours the reprecipitation of CaCO,. Consequently, under static conditions and in
the absence of removal of the reaction products, equilibrium (8) is established at
a low degree of conversion, and the solution is not capable of dissolving the bulk
of a calcium carbonate deposit; complete dissolution of carbonate scale requires
strong mineral or organic acids or chelating agents (Kamal et al., 2018; Gamal et
al., 2021; Barri et al., 2022).

The removal of the deposit observed in the present study is therefore attributed
mainly to a different mechanism. The limited dissolution presumably proceeds
preferentially at the sites where the deposit structure is least stable, primarily
at intercrystalline contacts and at the deposit-substrate interface, which are
characterized by an increased density of structural defects and, consequently, by
higher reactivity. Even limited dissolution at these sites weakens both the cohesion
between the crystals and the adhesion of the deposit to the surface; as a result, the
deposit loses its integrity, breaks into fragments and detaches from the surface.
Under downhole conditions, the detached fragments are carried away by the fluid
flow, whereas in the static laboratory test they separate from the plate.

This interpretation is consistent with the effect of the reagent concentration.
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When the NH,CI concentration increases from 1 to 4%, the content of NH," ions
available for interaction with the deposit increases fourfold, whereas the calculated
pH decreases only from 5.0 to 4.7. The strong increase in the removal efficiency
over the same range, from 26.7 to 96.7% (Table 2), therefore indicates that the
result is determined primarily not by the bulk acidity of the solution but by the
reservoir of NH, " ions, in agreement with the mechanism described above.

In the well, the action of the solution can be expected to be more pronounced
than in the static laboratory tests, for two reasons. First, the dissociation of the
ammonium ion is endothermic, so that the acidity of the solution increases with
temperature. Second, in the porous medium of the bottomhole zone, the contact
of the solution with the deposit is not purely static: during the injection and
displacement of the solution into the formation, fresh portions of the reagent
continuously come into contact with the deposit, while the reaction products are
carried away by the flow; this prevents equilibrium (8) from being established
locally and favours further dissolution of the carbonate. In addition, after the well
is brought back into operation, the weakened deposit is removed by the produced
fluid flow. The quantitative assessment of these factors requires dynamic tests
under reservoir conditions, as noted below among the limitations of the method.

It should be emphasized that the removal efficiency reported in Tables 2 and 3
was determined gravimetrically, from the decrease in deposit mass on the plates.
It therefore reflects the combined effect of partial dissolution and detachment
of the deposit and should not be interpreted as complete dissolution of calcium
carbonate; quantitative separation of these two contributions was beyond the scope
of the present study. In the porous medium, the increase in permeability observed
in the linear models (Figure 4) suggests that, at the applied injection volumes,
the detached particles were displaced by the flow without causing additional pore
plugging.

The results obtained show that well productivity can be increased by treating
the carbonate deposits contaminated with heavy hydrocarbon compounds in
the bottomhole zone with a 0.05% aqueous sulfanol solution followed by a 4%
ammonium chloride solution. Tests of the developed technology were carried
out in a well of the Surakhani field, which is more aggressive in terms of salt
deposition. For this purpose, well No. 1614, operated with a centrifugal electric
submersible pump (ESP), was selected. When choosing well No. 1614, it was
taken into account that, since the submersible pump discharges into the filter
section, the reagents injected into the bottomhole zone would also act on the salt
crystals deposited on the pump equipment.

The hydrogeochemical characteristics of the waters of the Surakhani field
vary significantly across a wide interval of the layers. The waters of the Absheron
stratum belong to the COD KX type, their mineralization varies between 119.3—
159.6 g/1. The concentration of Na®+ K" and CI ions, which constitute the primary
salt composition, is 36.0—49.0 and 74.7-99.1 g/1, respectively. In the waters, Ca**
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and Mg?* ions rank second after Na* + K" and Cl- ions with concentrations 3.8-8.3
and 2.1-4.4 g/l, respectively. SO,* and HCO, + CO,* ions are in the minority,
not exceeding 0.5 g/l. The waters have high hardness, their secondary salinity
(S,) 1s 18.60-25.78 %-eq, while their secondary alkalinity (A,) does not exceed
0.24 %-eq. The rNa/rCl ratio varies between 0.74—0.11. The waters distributed
in the Surakhani, Sabunchu, and Balakhani layers of the upper branch of the
productive layer have high hardness. However, the hardness gradually decreases
with increasing depth. The waters of the Surakhani layer are of the KX type with
mineralization of 97.1-162.3 g/I. The most highly mineralized waters occur in the
A, AB, and B horizons of the Surakhani layer. The mineralization of these waters
varies between 152.9-160.4; 140.2—-162.3 and 133.4-157.7 g/l, respectively.
The content of Na* + K™ and CI" ions, which are the main components of the
salt composition, ranges from 33.0-51.3 and 59.4-101.4 g/l, respectively. The
concentration of Ca’" and Mg** ions varies between 1.4-7.1 and 0.7-5.3 g/l. The
SO,> ion is encountered only rarely, in concentrations not exceeding 0.4 g/l. The
concentration of HCO, + CO,* ions is minimal and mainly varies between 0.0-0.9
g/1, in rare cases this limit reaches 0.6—1.0 g/1, primarily in the waters of the D, CD,
IV and V horizons. The secondary salinity (S,) of these waters varied between 8.40
and 28.60 %-eq, and their secondary alkalinity (A,) varied between 0.08 and 0.84
%-eq. These formation waters, characterized by a very high salinity, precipitate
intensively as pressure and temperature change. Since the formation has been
in operation for a long time, a “lithological window” has developed. They mix
with the waters filtering through this “lithological window” further accelerating
the precipitation process. Although HCO,” + CO,* ions are minor components of
these waters, their high Ca?* content makes the carbonate equilibrium sensitive to
CO, release as the pressure decreases, which favours CaCO, precipitation in the
bottomhole zone and on the pump equipment. This is consistent with the intensive
salt precipitation reported for the wells of the Surakhani field (Ibrahimov and
Latifov, 2018); well No. 1614 was therefore considered a suitable candidate for
the treatment of carbonate deposits. Since the ESP discharges directly into the
filter section, it is not removed from the well during the technological process.
Initially, 1.5 m?® of 0.05% sulfanol solution was injected into the annular space,
followed by 1.5 m? of 4% ammonium chloride solution. The solutions were then
displaced into the formation with a displacement fluid and kept there for a period
of 4 hours. The 4-hour soaking period is shorter than the time required for almost
complete removal of the deposit under static laboratory conditions (Table 3).
However, approximately three quarters of the deposit mass is removed within this
period even in the static test, and after the well is brought back into operation, the
weakened residual deposit is additionally removed by the produced fluid flow.
After the well was put into operation, oil production increased from 3.1 t/day
to 4.2 t/day. The workover cycle was extended from 42 to 78 days. Thus, the oil
production rate increased by about 35%, and the workover cycle was extended by
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a factor of 1.86. Under otherwise equal conditions, this corresponds to a reduction
in the number of workovers from about 8.7 to 4.7 per year, which, in addition to the
increase in oil production, reduces the costs of well servicing and the production
losses associated with well downtime. The results demonstrate that the proposed
method can effectively enhance production in the oil fields of Azerbaijan where
carbonate scaling complicated by heavy hydrocarbon deposits is encountered.

The results obtained make it possible to formulate recommendations for the
application of the technology. Candidate wells should be selected on the basis of
an analysis of the composition of the produced water and, where possible, of the
deposits removed from the well or from the pump equipment. The technology is
advisable for wells in which carbonate deposits predominate and are contaminated
with heavy hydrocarbon compounds and in which the produced water has a high
Ca*" content and a tendency towards carbonate precipitation as the pressure
decreases. The presence of significant amounts of sulfate (gypsum, barite) or
halite deposits is a contraindication, since such deposits are not removed by the
proposed composition.

The treatment includes the sequential injection of the sulfanol solution, which
hydrophilizes the surface of the deposits, and the ammonium chloride solution,
followed by their displacement into the formation and a soaking period. In
accordance with the results of the filtration experiments (Figure 4), the volume
of the treatment fluid should be not less than the pore volume of the zone to be
treated, which can be estimated as

V=n(R*—r o, ©)

where R is the radius of the treated zone, m; . is the well radius, m; /4 is the
thickness of the treated interval, m; ¢ is the formation porosity, fraction. When
the distribution of the deposits in the treated zone is uncertain, the volume can
be increased to about 1.5 pore volumes; a larger increase is not justified, since it
yields only a small additional gain in permeability. The soaking time should be
selected on the basis of the deposit removal kinetics (Table 3); for the conditions
considered, a period of about 4 hours was sufficient. Since the detached fragments
of the deposit are carried out with the produced fluid, it is advisable to monitor
the content of mechanical impurities in the produced fluid and the operating
parameters of the pump after the well is brought back into operation.

Being a weakly acidic medium (pH = 4.7), the proposed composition can be
expected to be considerably less corrosive to tubing and pump equipment than
hydrochloric acid, which makes it possible to perform the treatment without
pulling the electric submersible pump, as was done in well No. 1614. At the
same time, the method has certain limitations. First, it is intended only for
carbonate deposits. Second, thick asphaltene—resin—paraffin deposits may require
preliminary treatment with a hydrocarbon solvent, since the sulfanol solution is
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effective mainly against relatively thin hydrocarbon films. Third, the laboratory
experiments were carried out under static conditions; the effects of temperature,
pressure and flow on the removal kinetics, as well as the quantitative contributions
of dissolution and detachment, should be determined in further studies, including
dynamic core-flood tests and the determination of the Ca*" concentration in the
spent solutions.

Conclusion.

1. The factors affecting well productivity and the efficiency of various
stimulation methods in the near-wellbore zone were analyzed.

2. The negative impact of salt deposits accumulated in the near-wellbore zone
and on downhole equipment was examined, and the mechanism of carbonate scale
formation was considered.

3. The need to hydrophilize the hydrophobic surface of the deposits before
the main treatment was substantiated: a 0.05% aqueous sulfanol solution removes
98.0% of the oil film from the surface of carbonate deposits.

4. It was determined that sequential treatment with a 0.05% aqueous sulfanol
solution and a 4% ammonium chloride solution can enhance well productivity by
removing carbonate deposits contaminated with heavy hydrocarbon compounds
from the bottomhole zone and downhole equipment. According to the proposed
mechanism, the removal is achieved mainly through partial dissolution and
detachment of the deposit rather than through its complete dissolution.

5. Under static laboratory conditions, the 4% ammonium chloride solution
removes 96.7% of the deposit mass, and about three quarters of the deposit is
removed within 4 hours. Injection of the treatment fluid in a volume equal to
the pore volume increases the permeability of linear formation models fivefold,
whereas a further increase in the injected volume yields only a small additional
gain.

6. The field application of the method in well No. 1614 of the Surakhani
field, performed without pulling the electric submersible pump, increased the oil
production rate from 3.1 to 4.2 t/day and extended the workover cycle from 42 to
78 days.

7. The proposed method is intended for carbonate deposits; it is not applicable
to sulfate (gypsum, barite), siliceous and halite deposits, which require other
treatment approaches.

References

Abdullayev M.G. (2018). Reagent on oil basis to increase oil recovery and isolation of water
breakthrough into oil producing wells. Petroleum & Petrochemical Engineering Journal. — Vol. 2(3).
— P. 1-9. https://doi.org/10.23880/ppej-16000164 (in Eng.).

Barri A., Hassan A., Mahmoud M. (2022). Carbonate stimulation using chelating agents:
improving the treatment performance by optimizing the fluid properties. ACS Omega. — Vol. 7(10).
— P. 8938-8949. https://doi.org/10.1021/acsomega.1¢07329 (in Eng.).

Gamal H., Elkatatny S., Al-Afnan S., Bahgat M. (2021). Development of a unique organic acid

42



ISSN 2224-5278 5.2026

solution for removing composite field scales. ACS Omega. — Vol. 6(2). — P. 1205-1215. https://doi.
org/10.1021/acsomega.0c04335 (in Eng.).

Garayev R.G., Abdullayev M.G., Makhmudov G.T. (2016). Hasilat quyularina su axininin tacrid
olunmasi {iglin yeni torkib vo texnologiyalarin islonmasi. [Development of new composition and
technologies for isolation of water flows to exploitation wells]. Azerbaijan Oil Industry. — No. 4. (in
Azerb.).

Glushchenko V.N., Denisova A.V., Silin M.A., Ptashko O.A. (2013). Ingibitornaya zashchita
neftepromyslovogo oborudovaniya ot korrozii i soleotlozheniy. [Inhibitor protection of oilfield
equipment against corrosion and scale deposition] — Ufa: Kitap. — 592 p. (in Rus.).

Ibrahimov Kh.M., Latifov Y.A. (2018). Issledovaniye vozdeystviya osadkoobrazuyushchey
kompozitsiyey na prizaboynuyu zonu plasta. [Research of impact of sedimentation composition on
bottomhole zone] Azerbaijan Oil Industry. — No. 7. — P. 31-33. (in Rus.).

Jabbarova K.Sh. (2021). Assessment of the possibilities of using nanostructured composition to
prevent salt deposition in oil production processes. SOCAR Proceedings. — No. 4. — P. 67-71. https://
doi.org/10.5510/0GP20210400615 (in Eng.).

Kamal M.S., Hussein ., Mahmoud M., Sultan A.S., Saad M.A.S. (2018). Oilfield scale formation
and chemical removal: a review. Journal of Petroleum Science and Engineering. — Vol. 171. — P. 127-
139. https://doi.org/10.1016/j.petrol.2018.07.037 (in Eng.).

Kazybayeva, A., Satkaliyeva, T. S., & Nurgaliyeva, K. O. (2014). Forming strategy and long-
term marketing program of brand management. Life Science Journal, 11(1 Special Issue), 32-37.

Kelland M.A. (2014). Production chemicals for the oil and gas industry. 2nd ed. — Boca Raton:
CRC Press. ISBN 978-1-4398-7379-3 (in Eng.).

Kirboga S., Oner M. (2012). The inhibitory effects of carboxymethyl inulin on the seeded growth
of calcium carbonate. Colloids and Surfaces B: Biointerfaces. — Vol. 91. — P. 18-25 (in Eng.).

Kumar S., Naiya T.K., Kumar T. (2018). Developments in oilfield scale handling towards green
technology — a review. Journal of Petroleum Science and Engineering. — Vol. 169. — P. 428-444.
https://doi.org/10.1016/j.petrol.2018.05.068 (in Eng.).

Mirzajanzade A.Kh., Iskenderov M.A., Abdullayev M.A., Aghayev R.Q., Aliyev S.M., Amirov
AlJ., Gasimov A.F. (2010). Neft vo qaz yataqlarinin islonmasi. [Exploitation and development of oil
and gas fields]. — Baku. — P. 90-97 (in Azerb.).

Olajire A.A. (2015). Areview of oilfield scale management technology for oil and gas production.
Journal of Petroleum Science and Engineering. — Vol. 135. — P. 723-737. https://doi.org/10.1016/].
petrol.2015.09.011 (in Eng.).

Ragulin V.V., Abdrashitov N.Z., Telin A.G., Zhaparov N.S., Danabaev A.S., Dilmaganbet N.S.
(2019). Adaptatsiya metodov bor'by s oslozhneniyami v protsessakh neftedobychi na Uzen'skom
mestorozhdenii. [Adaptation of methods for combating complications in oil production at the Uzen
field]. Status and prospects of operating mature fields: abstracts of the international scientific and
practical conference. — Aktau. — P. 381-393 (in Rus.).

Rosen M.J., Kunjappu J.T. (2012). Surfactants and interfacial phenomena. 4th ed. Hoboken, NJ:
John Wiley & Sons. — 600 p. ISBN 978-0-470-54194-4 (in Eng.).

Spanov, M., Nurgaliyeva, K. O., & Ussenova, A. (2019). Theoretical and methodological bases
of formation of petrochemical clusters. Espacios, 40(14), Article 10

Shahbazov E.G., Hasanov Kh.I., Khalilov N.N. (2022). Inhibitor for nitrogen-containing
hardness deposition based on ethanolammonium phosphates. SOCAR Proceedings. — No. 2. — P.
67-72. https://doi.org/10.5510/0GP20220200676 (in Eng.).

Shangaraeva L.A., Petukhov A.V. (2013). Usloviya i osobennosti obrazovaniya otlozheniy soley
na pozdnikh stadiyakh razrabotki neftyanykh mestorozhdeniy. [Conditions and peculiarities of scale
formation in the later stages of oil reservoir development]. Journal of Mining Institute. — Vol. 206.
—P. 112-115. (in Rus.).

Valekzhanin 1.V., Voloshin A.l., Kushnarenko D.V., Kunaev R.U. (2017a). Zadavka ingibitora
v plast Verkhnechonskogo mestorozhdeniya dlya preduprezhdeniya otlozheniya gipsa iz poputno-
dobyvayemykh rassolov. [Inhibitor squeeze into the formation of the Verkhnechonskoye field to

43



ISSN 2224-5278 5.2026

prevent gypsum deposition from co-produced brines]. Exposition Oil Gas. — No. 5. — P. 55-58. (in
Rus.).

Valekzhanin 1.V., Voloshin A.l., Ragulin V.V.,, Rezvova K.K. (2017b). Otsenka riskov
solevypadeniya v skvazhinakh Vankorskogo mestorozhdeniya i vybor optimal'noy tekhnologii
preduprezhdeniya. [Assessment of scaling risks in wells of the Vankor field and selection of the
optimal prevention technology]. Exposition Oil Gas. — No. 1. — P. 30-33. (in Rus.).

Yang B., Xu H., Wang Y., Du J. (2025). Oil well stimulation of dispersion—penetration agent and
plugging removal technology. ACS Omega. — Vol. 10(34). — P. 38844-38851. https://doi.org/10.1021/
acsomega.5¢c03431 (in Eng.).

44



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/
ethics.

Submission of an article to the journals of the Central Asian Academic Research Center
LLP implies that the described work has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier. com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The Central
Asian Academic Research Center LLP follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of
Suspected Misconduct (http://publicationethics. org/files/ u2/New Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service
http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor
and safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on the
websites:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

Managing Editor: 7. Apendiyev
Editors: D.S. Alenov, A.Shormakova
Computer layout: G.D. Zhadyranova

Signed for print: Oktober 14, 2026
Format: 7090 1/16. 26.5 printed sheets. Order No. 5.

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28





