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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The work's pertinence lies in its contribution to the enhancement
of scientific and methodological approaches in the design of measures to treat
bottomhole formation zone using elements of computer modelling. At the current
stage of development and operation of oil fields, subsoil users often face problems
caused by the lack of full consideration of emergent systems in the construction
of various models of forecasting geological and technological indicators and low
level of field data preparation. Consequently, the obtained dependencies frequently
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lack physical significance, impeding reliable interpretation and integration into
the production process. This issue is also relevant for carbonate reservoirs of
the Bashkir-Serpukhov deposits of the Solikamsk depression, located in the oil-
bearing areas of the Perm Territory of the Russian Federation. These reservoirs are
distinguished by non-linear variations in the geological and physical characteristics
of reservoir rocks. This necessitates the identification of regularities across diverse
model parameters, as well as the utilisation of artificial intelligence, pattern
recognition, and similarity methods for the purpose of replicating practical technical
and technological solutions, thereby enhancing well productivity. The employment
of sophisticated modelling techniques, particularly the incorporation of the porosity
heterogeneity index, has led to the identification of methodologies for enhancing
the design of hydrochloric-acid treatments. Furthermore, recommendations have
been provided for the selection of candidate wells, both for the wells themselves
and for the selection of wells.

Keywords: heterogeneity in porosity, design of hydrochloric acid treatment,
carbonate reservoirs of the Bashkir-Serpukhov deposits, peculiarities of geological
structure, well productivity improvement
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AnHoTaumus. JKYMBICTBIH ©3€KTUTr KaOaTThIH Tym alMarblH  OHICY
mapanapelH >ko0anay OOWBIHINA FHUIBIMH-OMICTEMENIK TOCUIIEPIl JKETUIIIPY
KKETTUTITIMEeH OallaHbICThI, OYJT YIIIiH KOMITBIOTEPIIK MOJIEBICY IEMEHTTEePiH
naiianany MaHp3Abl.  Kaszipri yakpITTa MyHail KeH OpBIHAAPbIH HUTepy
JKOHE TaljanaHy Ke3CHIHAe JKep KOWHAybIH IMalgajaHymisiap KeOiHece
TeOJIOTUSIIBIK-TEXHOJOTHSIIBIK ~ KOPCETKImTepAi Oomkay MONEIbACPIH KYPY
Ke31He JKYHEIepaiH AdMEPKCHTTUIITIH TONBIK €CEMKe aaMay >KOHE OHIIPICTIK
TMEPEKTEPIIH IKETKITIKCI3MITT CHAKTBI Mocenenepre Tam Oomampl. KeOinece
aNbIHFAH TOYENIUTIKTep (U3MKAIBIK MAaFblHANAaH albIpbuTFaH, OYJ OJapAbIH
CEHIM/II MHTEPIIPETAITUSACHIH JKOHE OHIIIPICTIK MPOIECKE CHTI3UTYiH KUBIHIATAIbI.
By macene Peceit ®enepanmsicoabiy [lepmb enkecinaeri MyHaliIsl aiiMakTapaa
opHanackaH COTMKaMCK JIEMTPECCUACHIHBIH OaIlIKypT-CEPITyXOB MIOTIHIIIepIHACT]
KapOOHATTHI KOJUIEKTOPJIAPABIH MYHal KEeH OpBIHIAApbl YIIiH 1e e3ekTi. Omap
KOJIJICKTOP JKBIHBICTAPBIHBIH, TCOJOTHSIIBIK-(PU3NKAIBIK KACHETTEPIHIH CBHI3BIKTHI
eMec e3repyiMeH epeKIIeNeHeai, Oyl MOJENbACpAiH SPTYpii mapameTpriepi
apachIHIAFbl 3aHIBUIBIKTAPABl AHBIKTAyla JKOHE YHFBIMATAPABIH OHIMIUTITIH
apTTBIPY callaChlHAA ©3€KTI TeXHUKAIBIK-TEXHOJIOTHSIIBIK MISIIIMACPAlI TapaTy
YIIiH jKacaHIbl MHTEJUIEKT SJICTEepiH, YATIIEp/l TaHy KoHE YKCACTHIK TCUIIEPiH
KOJJIaHy/la KUBIHIBIKTap Tyablpazsl. Kemenai Monmenbaeyni KONJaHy apKbUIbI,
aram aWTKaHAa, KEyeKTiJiK OOWbIHINA OIPTEKTUIIK KOPCETKIIIIH €eHTi3y apKbUIbI
TY3-KBIIITKBUIIBI  OHACYAl >KoOanmayael KETUIMIPY JKOMIAphl aHBIKTAIIBI KOHE
colfkec Imapayapapl XYprizy YIIiH ¢, COHIai-aK KepH YJTiJIepiHe KOCBHIMIIA
3epTTEYIIep KYPri3y YIIiH ¢ YHFbIMaIApAbl TaHIay OOMBIHINA YCHIHBICTAP OCPimi.
byn 3eprreynep OOBEKTUIEPAIH TEONOTHSUIBIK KYPBUIBIMBIHBIH EPEKIICTIKTePiH
aHBIKTAyFa JKOHE CY3TiIITIK-KOJUIEKTOPIBIK KaCHETTEP/IiH 63Trepy 3aHABUIBIKTAPBIH
aHBIKTayFa OarpITTaNFaH. EcenTenren TeXHUKaIBIK-9KOHOMHUKAIBIK KOPCETKIIITEep
VCHIHBUIFAH TOCUIIIH ©3CKTUTITIH JONICACH Il KoHE OHBI KAIIBIK MYHAH KOpIapbIH
urepy Ke3iH/Ie TOIBIK HeMeCe MEKTEYJTi aKIapar )KarJalbIH1a KOJIIaHy MYMKIHIITiH
Heri3aenmi.

Tyiiin ce3aep: KeyeKTUTiK OOWBIHIIA OipTEKTIUTIKCI3MIK, TY3-KBIITKBUIIBI
ocep eTymi okoOamay, OamKypT-CepIyXoB IIOTIHAUICPIHIH  KapOOHATTHI
KOJUIEKTOPJIAPBIHBIH K€H OPBIHAAPHI, T€OJIOTHSIIBIK KYPBUIBIMHBIH €peKIIeTiKTepi,
YHFBIMaJIapIbIH OHIMIUTITIH apTTIPY
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AHHOTaUUs. AKTyaJbHOCTb HCCIICIOBaHUSI OOYCIIOBJICHA HEOOXOAMMOCTBHIO
COBEpPIIEHCTBOBAHUS HAYYHO-METOJWYECKUX TIOAXOA0B K IPOEKTHPOBAHUIO
MeponpHusTHid 1o o00paboTke MNpU3a0OHHON 30HBI IUIACTa C TPUMEHEHHEM
3IIEMEHTOB KOMITBIOTEPHOTO MoJeupoBanus. Ha coBpemenHoM 3tane pa3paboTku
HE(PTSIHBIX MECTOPOXKACHUH HEIPOIMOJIb30BaTeIM YacTO CTaJIKHBAIOTCS €
TPYIHOCTSMH, CBSI3aHHBIMU C HETMOJIHBIM YYE€TOM 3MEp/KEHTHBIX CBOWMCTB
CHCTEM IIPU MOJETUPOBAHUH I'€OJOr0-TEXHOIOIMUYECKUX TOKa3aTeneld U HU3KUM
KaueCTBOM IIPOMBICIOBBIX JlaHHBIX. [lojy4deHHbIE 3aBHCHMOCTH  HEPEIKO
OKa3bIBAIOTCSl (PU3UUECKU HEMHTEPIPETHPYEMBIMHU, YTO 3aTPYAHSET JOCTOBEPHYIO
HMHTEPIPETALUIO U BHEAPEHUE PE3YIBTATOB B IPOU3BOJACTBEHHBIN Iporecc. JlanHas
npobnema xapakTepHa W JUIA 3ajeKell KapOOHATHBIX KOJUIEKTOPOB OalllKHPCKO-
cepryxoBckux oTiaokeHuin Comukamckoii aenpeccun (Ilepmckuii kpaid, Poccus),
KOTOpBbIE OTIMYAIOTCSl HEIMHEHHBIM M3MEHEHUEM Te0JIoro-(hU3NYeCKHX CBOWMCTB
MOPOA-KOJJIEKTOPOB.  JTO TpeOyeT NPUMEHEHHS METOI0B HCKYCCTBEHHOTO
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WHTEJUICKTa, PAclo3HaBaHMs OOpa30B W  aHAJOTMH Ul  THUPAKUPOBAHHUS
ONTHUMAJBbHBIX  TEXHUKO-TEXHOJOTHMYECKHUX  PELICHHH 1O  TOBBILICHHIO
MPOIYKTUBHOCTH CKBaXHH. VICIIONb30BaHME KOMIUIEKCHOTO MOJAEIMPOBAHHSA, B
YaCTHOCTH BHEAPEHME TOKA3aTelsl HEOAHOPOAHOCTH MO MOPHCTOCTH, MTO3BOIMIIO
ONPEICNUTh HANpPABICHUS COBEPLICHCTBOBAHMSI MPOCKTUPOBAHUS  COJSHO-
KHCJIOTHBIX 00paboOTOK M C(OPMUPOBATH PEKOMEHIALMU IO BBIOOPY CKBAXKHH-
KaHAWAATOB JUIS TIPOBEACHUS JaHHBIX MEPONPHITUH, a TaKKe MO BBIOJHEHUIO
JOTIOJTHUTENBHBIX HMCCIEIOBaHUM KEepHOBBIX 00pa3uoB. [lomydyeHHBIE TEXHHMKO-
SKOHOMHMYECKHE TOKa3aTeH MOATBEPXKAAIOT aKTYaJbHOCTh IPEIOKEHHOTO
noaxona M OOYCIIOBIMBAIOT BO3MOXHOCTb €ro IMPHUMEHEHHUS NpH pa3padboTke
OCTaTOYHBIX 3aMacoB HE(TH B YCIOBUSIX OrpaHMYCHHON HH(OPMALHH.
Ki1roueBble cjioBa: HEOTHOPOIHOCTS 10 TIOPUCTOCTH, TPOSKTUPOBAHHE COJISTHO-
KHCJIOTHOTO BO3JCHCTBUSI, KapOOHATHBIE KOJUIEKTOPBI, OAIIKUPCKO-CEPITyXOBCKHE
OTJIOXKEHHUS, TEOJIOTHYECKOE CTPOCHHE, TPOU3BOAUTEIBHOCTD CKBAYKUH

Introduction. The intelligent support of oil field development is closely related
to the use of multilevel mathematical models, the construction of which is carried
out within the framework of analysis, interpretation and accounting of geological
and field data. The active introduction of digital systems to support managerial
decision-making has served as a basis for the creation of various approaches to
solving the problems of reliable application of known algorithms in describing
the dynamics of nonlinear oil production processes. In the context of the intensive
depletion of conventional hydrocarbon resource bases, the priority for subsoil users
is the development of complexly constructed low-productive deposits, the reserves
of which are confined to hard-to-recover categories (Astafyev & Mitrofanov, 2024;
Brekhuntsov, 2025; Koteneyv, et al., 2024; Mahdavi et al., 2025; Saduakassov et al.,
2024). A critical factor in the effective deployment of a specific data processing
methodology is the ability to leverage the generated results to address a defined
set of problems, regardless of the volume, density, and relevance of the initial data.
However, this often presents a challenge due to the following reasons.(Hong et al.,
2025; Kuleshova, 2024; Sui et al., 2025)

— the wide variability of geological and physical conditions across reservoirs;

—  the low level of information updating and lack of unified criteria for
evaluating the feasibility of incorporating laboratory study results into core
modelling processes;

—  theneed to construct reference dependencies and utilize them to characterize
parameter dynamics;

— the rise in heterogeneity when employing certain complex indicators;

— the inability to perform validation operations on the obtained dependencies
for their relevance and timeliness.

Despite the high rate of implementation of advanced digital solutions in
the practice of oil field development, their effectiveness is characterised by
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ambiguity, which requires comprehensive development of the relevant scientific
and methodological foundations, including through the identification of hidden
regularities between various geological and field parameters (Duthie et al.,
2025). The application of advanced techniques, such as artificial intelligence,
pattern recognition, and data structuring methods for processing large volumes
of information, is a topic of considerable interest among subsoil users. These
approaches aim to comprehensively incorporate the best engineering practices.
Furthermore, the existence of certain regularities between the parameters reflecting
the geological and physical characteristics of productive formations and the fluids
saturating them enables subsoil users to adopt a well-reasoned approach when
developing methodologies for designing specific types of interventions.

Materials and basic methods. Accurately characterizing the nature of
heterogeneity is crucial for effectively planning and preparing various activities
(Wang et al., 2025; Ying et al., 2025; Zuobin et al., 2025). Despite the extensive
experience in computer modeling of various oil field development processes, the
existing approaches do not always enable their practical application in the complex
mining and geological conditions of reservoir development. The author's algorithms
were utilised to execute various states of modelling, employing a combination of
established statistical and numerical approaches. The author's algorithms were
based on the interpretation of previously constructed dependencies reflecting the
influence of heterogeneity on the main filtration-capacitance properties of reservoir
rocks, reservoir conditions and physical and chemical properties of the produced
products. The employment of a multi-component approach in this study enabled
the reduction of uncertainty and the minimisation of the probability of making low-
efficiency decisions when implementing the results in the processes of design and
support of hydrochloric-acid stimulation of the reservoir. To evaluate the potential
of'using Lorentz coefficients in addressing various field development challenges, let
us examine one approach to their comprehensive interpretation, using the design of
hydrochloric acid treatment as an example (Ramy et al., 2025; Kulesho, et al., 2024;
Lugo etal., 2023; Qamruzzaman et al., 2023; Ramy et al., 2025). The study focuses
on the carbonate reservoirs located in the Perm Krai region, specifically within
the Bashkir-Serpukhov sediments of the Solikamsk depression. The geological
structure of the study area is characterized by a high degree of heterogeneity in the
void space, as confirmed by geophysical and petrophysical data. This heterogeneity
poses some limitations on the application of statistical approaches to data
interpretation. Additionally, within certain tectonic-stratigraphic units, a non-linear
pattern of natural fracturing is observed, which affects the relevance of estimating
actual well productivity. An analysis of reservoir development indicators over
the past five years reveals the following: in the Bashkir-Serpukhov deposits, the
efficiency of hydrochloric acid treatments in reservoirs with a well-developed pore
structure is approximately 10-15% lower compared to treatments in reservoirs with
natural micro- and macrofractures. Conversely, an increase in the number of pore
channels has a positive influence on the recovery time of the wells.
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When examining the heterogeneity in porosity identified through geophysical
studies, we will analyze the results of treating the bottomhole formation zone using
the classical HCI composition. By solving the system, we will determine the values
of relevant indicators along the x and y-axes for the three most common scenarios
encountered by oil field development operators: effective treatment yielding the
predicted oil flow rate, ineffective treatment resulting in no or insignificant increase
in oil flow rate that does not offset the economic costs, and a technological effect of
well treatment lasting less than 50% of the normative period.

_ Ehymy
S (1)
_In '’
= Zhi
i

where ; — is the porosity of the i -th layer, determined based on geophysical
survey results;

R is the average thickness of the layers, adjusted to the range of porosity
variation;

h;- is the thickness of the i -th layer.

The provided figure 1 illustrates the quantitative and qualitative changes in
geological heterogeneity of porosity following the injection of hydrochloric acid
composition. This analysis is based on data from three wells that traversed the
Bashkir-Serpukhov deposits within the Solikamsk Depression.

The area representing the minimum heterogeneity index is bounded by the
diagonal of square AB and the curve labeled 2, which corresponds to the results
of ineffective hydrochloric acid injection and limited penetration depth into the
formation. In this case, the agent distribution radius within the bottom-hole zone
is constrained, with absolute values of 0.3 on the x-axis and 0.4 on the y-axis,
possibly due to the incorrect implementation technology for the current geological
and physical conditions of the pay zone. The maximum heterogeneity index in
porosity, as determined by geophysical studies, is found within the area bounded
by the diagonal of square AB and the curve labeled 3. Here, the acid composition's
penetration depth into the formation is higher compared to the previous scenario, as
confirmed by the absolute values of 0.4 on the x-axis and 0.74 on the y-axis, which
characterize the radius of the injected agent's spread.
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A 0.2 0.4 0.6 0,8 x

Figure 1 - Trend of variation of the geological heterogeneity index by porosity after bottomhole
formation zone treatment

The curve labeled 1 is most similar in characteristics to curve 3, as reflected
in the presence of almost 'mirror' changes in the y-axis values and their further
smoothing parallel to line AB. However, the number of intervals with insignificant
x-value changes is 95% greater for curve 1 compared to curve 3, on the basis of
which the results of hydrochloric acid treatment differ in quantitative and qualitative
characteristics.

Results. When comparing the results obtained from modeling carbonate
reservoirs of the Bashkirian-Serpukhovian deposits within the Solikamsk
Depression, a certain pattern influencing the effectiveness of near-wellbore zone
treatment has been identified. Specifically, during the saturation of the porous
medium with the injected agent, the penetration depth of the composition primarily
depends on the thickness of the formation, whereas porosity plays a secondary
role, merely determining the interconnectivity of filtration zones and the maximum
possible volume under current geological and technological conditions. When the
porosity exceeds a critical threshold, the effectiveness of the planned operation is
directly linked to its absolute value. This observation is further corroborated by
widely known data indicating that in 85% of cases, the increase in oil production
following secondary treatments is 15-35% lower compared to initial operations
due to the gradual and deep-seated clogging of fluid-conducting channels, which
leads to a reduction in porosity. Consequently, during treatment operations, it is
necessary to ensure high injection rates and introduce specialized additives that
stabilize the injected agent under various thermobaric conditions while reducing
the interaction time within reservoir systems at both the micro- and macrostructural
levels.

The effectiveness of near-wellbore zone treatment with various acid compositions
is influenced by the formation thickness, which demonstrates specific threshold
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values where the impact of a particular parameter on injection efficiency becomes
more pronounced. Tables 1-2 provide a summarized characterization of porosity
heterogeneity indicators over a two-year period, based on the compositions
employed and the frequency of treatments in the development of the Bashkirian-

Serpukhovian reservoirs within the Solikamsk Depression.

Table 1 — Calculated indicators of porosity heterogeneity during primary hydrochloric acid

treatment
Composition Average specific increase in flow rate, t/day Ym..|¥Ym_ |Vm...
Number of wells
HCI (12%) 3.2 0,33 | 0,45 | 0,61
73
DN-9010 24 0,18 | 0,23 | 0,306
66
ZSK 1.7 0,09 | 0,23 | 0,26
41
ITPS — 708 2.7 0,28 | 0,39 | 0,54
20
KSPEO 3.3 0,32 | 0,37 | 0,39
10
NPS-K 2.2 0,19 | 0,27 | 0,36
30
FLAKSOR-210 | 1 4 0,11 | 0,18 | 0,29
(brand P) 15

Table 2 — Calculated indicators of porosity heterogeneity during secondary hydrochloric acid

treatment
Composition Average specific increase in flow rate, t/day |y, Yo, | Yoo
Number of wells
HCI (12%) 21 0,14 | 0,25 0,29
24
DN-9010 1o 0,02 | 0,16 0,174
5
ZSK 19 0,13 | 0,17 0,18
3
ITPS — 708 11 0,12 | 0,13 0,14
3
KSPEO - - - -
NPS-K 18 0,11 0,11 0,17
5
FLAKSOR-210 |1, 0,09 | 0,111 | 0,116
(brand P) 4
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The interpretation of the obtained results has established that the highest
efficiency in primary near-wellbore treatments is achieved using the classical
12% hydrochloric acid composition, for which the maximum attainable porosity
heterogeneity index reaches 0.61. Furthermore, calculations of the minimum and
average values of y (m_r)indicate the absence of significant variations in parameters
x and y that would disrupt the established trend. The depth and effectiveness of
HCI (12%) acid penetration into the target treatment interval are closely linked to
formation thickness for average porosity values ranging from 0.1 to 0.13 inclusive.
In the presence of zones with porosity values exceeding this range, the influence
of formation thickness follows an exponential decline, reaching a peak even with
minor deviations from the control porosity range. This conclusion is corroborated
by a comprehensive assessment of the efficiency of secondary hydrochloric acid
treatments under similar geological and physical conditions. The Lorenz coefficient
decreased by an average of 47%, accompanied by a more than 1.5-fold reduction
in the specific oil production increase. Additionally, the greatest influence of
formation thickness on quantitative and qualitative treatment indicators is observed
for porosity values between 0.02 and 0.09. Based on the above findings, it is
recommended that, to achieve the projected oil production increases when planning
treatments with the classical 12% HCI acid composition and selecting optimal
candidate wells, additional modeling should be conducted. This modeling should
focus on calculating and interpreting the Lorenz coefficients to enhance treatment
efficiency and improve candidate selection accuracy.

The composition DN-9010 consists of an aqueous solution of slow-acting
hydrochloric acid, corrosion inhibitors, surfactants, and acid-containing solvents.
A distinctive feature of this formulation is its high reactivity with asphalt-resin-
paraffin deposits of various origins, which accumulate on the rock matrix surface
and exhibit high density and stability under reservoir conditions. Another advantage
of this agent is its enhanced cleaning effect, which contributes to the restoration of
reservoir properties within a radius up to twice that achieved with the classical
hydrochloric acid composition under similar geological and physical conditions.
As in the previously discussed case, secondary treatment of the near-wellbore
zone using DN-9010 results in a decline in technological efficiency. For primary
treatment, a strong dependence of injection efficiency on formation thickness is
observed within a porosity range of 0.1 to 0.19, beyond which a gradual decline
occurs, becoming significantly pronounced after reaching a threshold value of 0.24.
During secondary treatment, the porosity range within which formation thickness
remains a stable and relevant parameter narrows to 0.07-0.09 on average. This
limited variability range may be attributed to the specific characteristics of the
acid agent, particularly its cleaning properties, which do not fully manifest at
other porosity values due to the restricted volume of intergranular space. Thus,
when DN-9010 interacts with the geological medium, the degree of saturation and
penetration depth depend equally on both formation thickness and porosity, except
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within the calculated threshold ranges. This finding is supported by the significant
difference between the maximum Lorenz coefficients for the classical and DN-
9010 compositions, exceeding 50% in both primary and secondary treatments.
Discussion. Overall, for the seven compositions analyzed, the minimum and
maximum values of porosity heterogeneity indicators range from 0.11 to 0.33
and 0.26 to 0.61 for primary acid treatment, and from 0.02 to 0.14 and 0.14 to
0.29 for secondary treatment, respectively. For the KSPEO agent, the Lorenz
coefficient could not be reliably determined in the latter case due to the absence of
conducted treatments. Table 3 provides an in-depth assessment of the effectiveness
of the formulated recommendations for the application of seven acid compositions,
depending on the treatment frequency and porosity variation intervals, within which
the influence of formation thickness on treatment efficiency is most significant.

Table 3 — Interpretation results of Lorenz coefficients across the production well stock of the
studied field

Composition Multiplicity of impact Potential well stock for
Primary | Secondary treatment considering
the basic criteria for
Range of variation of the parameter | composition application
and obtained results, units.
My
HCI (12%) 0,1...0,13 0,02...0,09 ot 170 no 190
DN-9010 0,1...0,19 0,07...0,09 ot 45 10 60
ZSK 0,03...0,05 0,1...0,12 ot 20 o 55
ITPS — 708 0,24...0,29 0,15...0,18 or 7 o 12
KSPEO 0,03...0,07 0,05...0,1 or 4 o 8
NPS-K 0,13...0,18 0,12...0,125 or 15 0 20
FLAKSOR-210 (brand P) 0,10...0,14 0,05...0,08 or 3 10 10

Based on the analysis of the existing near-wellbore treatment program and the
comparison of planned operations with the obtained data on porosity variation
intervals, 34 potential candidate wells were identified. The implementation of
treatment in these wells carries risks of failing to achieve the projected technological
effect, as well as complications arising from the saturation of non-target zones
with acid compositions or their migration into low-permeability areas. For these
candidate wells, it is recommended to conduct additional laboratory studies of core
samples using X-ray microtomography with a minimum X-ray density threshold
of -800 Hounsfield units. This approach would facilitate the identification of both
empty and loosely packed material-filled pores, enabling data-driven decision-
making based on the response of various compositions to sample treatments.

Conclusion. The study's findings lead to the following conclusions:

— In the context of advancing computer modeling, design, and process
monitoring systems, along with the increasing complexity of hydrodynamic channel
cleaning technologies in the near-wellbore zone, a priority for subsurface users is
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the development of flexible scientific and methodological approaches to account
for geological heterogeneity.

— The strong correlation between formation thickness properties and
heterogeneity indicators determines the effectiveness of hydrochloric acid treatment
and necessitates the identification of numerical values to select the optimal chemical
composition.

— Utilizing the obtained porosity heterogeneity coefficients enables the
determination of porosity variation intervals, within which formation thickness has
the greatest impact on the success of the treatment operation.

—  Apreliminary assessment of the potential well stock for treatment using the
proposed methodology indicates that the total economic effect of the intervention
would range from 0.9 to 5 million rubles per year per well, demonstrating the
feasibility of integrating the developed scientific and methodological system into
the design processes of near-wellbore zone treatment operations.
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