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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. Relevance. Drilling wells under conditions of geological and
technological uncertainty requires reliable methods for predicting abnormal
pressure zones and evaluating the physical and mechanical properties of rocks.
Under abnormally high formation pressure (AHFP) conditions, porosity and
hardness of rocks change significantly under the influence of elevated pore pressure
and temperature, which directly affects drilling safety, wellbore stability, and the
efficiency of drilling operations. Purpose. To analyze the regularities of changes
in the physical and mechanical properties of rocks under AHFP conditions and to
assess the applicability of integrated geological, geophysical, and technological data
for forecasting abnormal pressure zones during drilling operations. Methods. The
study was based on statistical analysis of geological, geophysical, and geological-
technological data obtained during drilling operations at oil and gas fields in
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Azerbaijan and Kazakhstan. Methods of statistical approximation, comparative
analysis, d-exponent evaluation, sigma logging, lithological interpretation, and
integrated drilling parameter analysis were applied to determine relationships
between rock porosity, hardness, depth, and pore pressure gradients. Field data
obtained from drilling monitoring systems and geological surveys were processed
using probabilistic-statistical approaches to identify abnormal pressure intervals
and evaluate reservoir properties in real time. Results. It was established that
under normal compaction conditions rock porosity decreases with depth, whereas
hardness increases due to compaction processes. In AHFP zones, deviations
from these regularities were identified, including increased porosity and reduced
hardness caused by undercompaction and abnormal pore pressure development.
Predictive equations describing the dependence of porosity and hardness on
depth and pore pressure gradients were obtained. The integrated use of drilling
indicators significantly improved the reliability of AHFP prediction compared
with methods based only on mechanical penetration rate. Validation using field
data confirmed the applicability and effectiveness of the developed models under
different geological conditions. Conclusions. The obtained results can be used for
forecasting abnormal pressure zones, optimizing drilling parameters, improving
well design reliability, reducing drilling risks associated with kicks and borehole
instability, and increasing the overall safety and efficiency of drilling operations in
complex geological environments.

Keywords: well drilling, abnormally high formation pressure (AHFP),
porosity, hardness, geological and technological data, prediction models
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AHHOTAanUA. O3zexminici. MyHali-ra3 yHFBIMaJapblH Oyprbiiay Ke3iHIe
IeOJIOTHSUIBIK-TEXHOJIOTHSUIBIK ~ OCJTICI3MIK JKaFdaiblHAa aHOMAJIbIIbl JKOFaPhI
ka0aTThlK KbIchIM (AXKKK) aiimakTapblH OOJpKay KoHE Tay >KbIHBICTApPBIHBIH
(bM3HKaIIBIK-MEXaHUKAJIBIK KAaCHETTEepiH Oarajay epeKine o3eKTiJIiKKe e 0omabl.
KabaTThlKk KBICBIM MEH TEeMIIepaTypPaHbIH >KOFapbUIaybl Tay >KbIHBICTAPBIHBIH
KCYCKTITITIHIH, KATTBUIBIFBIHBIH JKOHE OPHBIKTBUIBIFBIHBIH ©3TCPYiHE  aJIbII
Keneni, Oynm OypfbuIay JKYMBICTAPBIHBIH KayilCi3AiriHe, CEHIMALUIITiHE KoHE
THIMJITITIHE, COHJai-aKk Oyprbliay MPONECIHAEri aCKbIHYJIapIblH aJJIbIH
anyra eneyi acep ereli. Maxcamvi. AHOMaJBABI KOFapbl KaOATTBHIK KBICHIM
JKaFJalbIHIA Tay JKBIHBICTAPBIHBIH (DU3UKAIBIK-MEXaHUKAIBIK KACUETTEPiHIH
e3repy 3aHIBUIBIKTAPBIH Talaay >KOHEe MyHal-Ta3 YHFBIMajapblH OYpFBIIAY
MPOLIECIHJIE AaHOMAJIbJbl JKOFApbl KaOATTBIK KBICHIM ailiMaKTapblH OOJDKay
VIIH KEeIIeH[[I TeOJOTHSUIBIK, TeO(H3UKANBIK JKOHE TeOJIOTHSI-TeXHOIOTHSIIBIK
JIEpeKTep/l KOJJIaHy MYMKIHIIrIH Oaramay. Odicmepi. 3eprrey O3epOaiibxaH
xoHe KaszakcTaH KeH OpBIHIAphIHAA YHFBIMATAPAbl OYPFBUIAY Ke3iHJe aJIbIHFaH
KEIICHII TeO(PU3UKATIBIK JKOHE TI'COJOTHSI-TEXHOJOTHSIIBIK JIEPEKTEPIl Tajaay
Herizinze xyprizingi. epexrepai eHaey YIIiH CTaTUCTHKAJBIK allPOKCUMAIINS,
CAJBICTBIPMAIIBI  Tayaay, d-DKCTIOHEHT, CUTMa-KapoTaXk JKOHE JIMTOJOTHSIIBIK
WHTEpHpeTays oAicTepi KONAAaHbULABI. Tay >KbIHBICTApPBIHBIH KEYeKTiTIri MeH
KATTBUTBIFBIHBIH TEPEHIIKKE XKoHEe Ka0ATTHIK KbICHIM T'PaJHCeHTIHE TOyeIIUTirine
TaJzay ’Kacalbll, 931pJIEHTeH MOJIENIbep OYPFbUIAYIbIH KEIIeH [l KOPCETKIMTEPiH
naiifajgany apKbUIbl HaKThl KOCIMIIIIK AEpeKTep Herizinie ampobdauusaan
oTKi3inmi. Homuorcenepi. KambINThI THIFBI3MAIFAH KBIHBICTApAA TEPEHIIK apTKaH
CaliblH KEYSKTLTIKTIH TOMEHJCHUTIHI, al TBIFbI3ANy MPOLECTEPIHIH ocepiHeH
KATTBUTBIKTBIH apTaThIHBl aHBIKTAJABI. AHOMAJBIBI JKOFAphl KaOaTTHIK KbICHIM
JaMbIFaH UHTEPBAJIIap/ia aTajFaH 3aHIbUIBIKTAP/IaH aybITKYJIap aHBIKTAJIBII, OJ1ap
KEYCKTUTIKTIH apTybIMEH JKOHE Tay KBIHBICTAPBI KATTHUIBIFBIHBIH TOMEH/ICYIMCH
cumnarTaiapl. KeyekTunik eH KaTThUTBIKTHIH TePEHIIIKKE KOHE Ka0aTTHIK KBICHIM
IPaJUeHTIHE TOYCJJIUIINIH CHUIATTANTBIH OOJKAMJIBIK TEHJIESYJICD aJIbIH/IbI.
TexXHONMOTHSIBIK KOPCETKIITep/li KeIIeH i Iaianany aHOMAaJbIbl >KOFaphl
Ka0aTThIK KBICBIM alMaKTapblH OOJDKay CEHIMJUIMH apTThIpyFa MYMKIHIIK
oepmi. KopvimbinOvl. AJBIHFAaH HOTHXKEJIEP aHOMANbJbl KBICBIM aiiMaKTapbiH
Oomkay, Oypfbulay TMapaMeTpiepiH OHTAaIaHIbIPY, YHFBIMalapbl jxo0ajay
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CEHIMJIUTITIH apTThIPy, MyHai-ra3 KepiHicTepi TOyeKeNJepiH TOMEHICTY JXOHE
KYpZeJi TeoJOTHsUIBIK JKardaiaapaa Oyprblaay KYMBICTAPBIHBIH KayillCi3Iirin
apTTHIPY YIIIiH KOJJIAHBLTYBl MYMKIH

Tyliin ce3mep: yHFBIManIapAbl OYpFBUIAY, AHOMAJIBIBI JKOFApBl KabaTTBIK
KeIcBIM (AJXKKK), KeyeKTuTiK, KaTTBUIBIK, T€OJIOTHSIIBIK JKOHE TEXHOJOTHSUIBIK
JepeKTep, 00mKaMABIK MOAEIIBACD

©Kacanona A.I."", Kupucenko O.I'2, Aniue H.M.3, Harues E.M.4, 2026.
'Kacnuiickuii rocy1apcTBEHHbI YHUBEPCUTET TEXHOJIOTHI ¥ HHKUHUPUHTA
nmvenn 11, EcenoBa, Axray, Kazaxcran;

MuctutyT HebTH U Taza, baky, Asepbaiimkan;
SHayuHo-ucclie1oBaTeIbCKUi U POEKTHBIH HHCTUTYT HedTh 1 raza SOCAR,
baxy, Azepbaiimxan;

“Caspian Drilling Company, baky, A3ep0aiimxan.

E-mail: akkasanova@mail.ru

AHAJIN3 3AKOHOMEPHOCTEN N3MEHEHUS ®U3UKO-
MEXAHMUYECKHNX CBOICTB FOPHBIX TOPO/] B YCJIOBUSIX
ABIIJ{

KacanoBa AxtoTbl — PhD-nokropanTt, Kacrimiickuii rocynapcTBeHHBIH YHHBEPCHTET TEXHOIOTHIA
u umxuHupunra umenu 1. EcenoBa, Akray, Kazaxcran,

E-mail: akkasanova@mail.ru, https//orcid.org/0000-0002-6604-2575;

Kupucenko Ouer — PhD nokrop TexHndeckux Hayk, MHCTHTYT HeTH 1 ra3a, baky, AsepOaiimkaH,
E-mail: oleg.kirisenko@gmail.com, https://orcid.org/0000-0003-4688-1117;

AumeB Hamuk — JOKTOp IOpHINYECKUX HayK, mpodeccop, HayuHo-mccaenoBaTebeKuii 1
npoekTHBIH nHCTUTYT HedTn 1 raza SOCAR, Baky, AzepbaiimkaH,

E-mail: a.namiql11@mail.ru, https://orcid.org/0009-0004-6043-1520;

HarueB Emun — PhD, Caspian Drilling Company, baky, A3ep6aiimkaH,

E-mail: enm0333@yahoo.com, https://orcid.org/0009-0006-9959-0371.

AnHOTanusi. Axmyansnocms. B yCIOBUSIX T'€0J0rO-TEXHOJOTHYECKOM
HEOIPEeICHHOCTH TP OypeHUH HE(PTEra30BbIX CKBAKUH 0COOYIO aKTyallbHOCTh
MpHOOPETAIOT MPOrHO3UPOBAHHUE 30H AaHOMAJIBHO BHICOKOTO TIACTOBOTO IaBJICHUS
(ABII1) u omneHka (U3NKO-MEXaHHYECKUX CBOWCTB TOPHBIX TOpoj. BrusHue
MOBBIICHHBIX IIACTOBBIX JABJICHUH M TEMIIEpaTyp HPUBOAUT K H3MEHEHHUIO
MOPUCTOCTH, TBEPAOCTH U YCTOWIMBOCTH MOPOJ, YTO OKA3bIBAET CYIIECTBEHHOE
BO3/ICHCTBHE Ha 0€30MaCHOCTh, HAASKHOCTb M 3(PPEKTUBHOCTH OYypPOBBIX
pabot, a Taxke Ha NMPEeJOTBPAILCHUE OCIOKHEHHH B mpouecce Oypenus. [lens.
[Ipoananu3upoBaTh 3aKOHOMEPHOCTH U3MECHEHUS (PU3UKO-MEXAaHUIECKHX CBOWCTB
TOPHBIX TIOPOJ B YCJIOBHSIX aHOMAJIBHO BBICOKOTO TJIACTOBOTO JABJICHUS M OLICHUTh
BO3MOXXHOCTb NPHUMEHEHHS KOMIUICKCHBIX TI'COJIOTMYECKUX, TIeo(U3NIECKUX
U TEOJIOrO-TEeXHOJIOTUYECKUX JaHHBIX [UIsd NporaosupoBanus 30oH ABIIJ B
nporecce OypeHus He(pTera3oBeIX CKBaXHH. Memooul. MccnenoBanne 0CHOBaHO
Ha aHaJM3€ KOMIUICKCHBIX Te0()H3MIECKUX U Te€0JI0r0-TEXHOIOTHYECKUX TaHHBIX,
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MOJTyYEeHHBIX TMPU OYpPeHWH CKBAXMH Ha MECTOPOXKACHHAX A3zepOaiipkaHa u
Kazaxcrana. Jlns oOpabOTKM MaHHBIX HCIIONH30BAHBI METOIBI CTATHCTHYECKOU
anMpOKCUMAIIMH, CPAaBHUTEIHLHOTO aHaiu3a, d-dKCIMOHEHTHI, CUI'Ma-KapoTaxa
JINTOJIOTUYECKOM MHTEpIIpeTalui. BbINnoaHeH aHaau3 3aBUCUMOCTEN TOPUCTOCTU
n TBEPAOCTHU IOPOJ OT FJIy6I/IHI>I " IrpaJuCHTa IIaCTOBOI'O JAaBJICHUA, a TAKIKE
MpoBe/IeHa anpoOaIus pa3padoTaHHBIX MOJIeNel Ha (PaKTHIECKUX MPOMBICIIOBBIX
JMAHHBIX C HMCIOJIH30BAaHUEM KOMIUICKCHBIX IOKa3aTesie OypeHus. Pesyibmamol
U 6b1600bl. YCTAaHOBJIICHO, YTO B HOPMAJIBHO YIIJIOTHEHHBIX IMOPOAAX MOPUCTOCTH
YMEHBIIAeTCS C YBETWYEHHWEM TDIIyOWHBI, TOTAAa KaK TBEPAOCTh BO3pacTaeT
BCIIEJICTBUE MPOIIECCOB YIUIOTHEeHUSI. B MHTEepBanax pa3BUTHs aHOMAJILHO BBICOKOTO
MJIACTOBOTO JABJICHUS BBISBICHBI OTKIOHEHHUS OT YKa3aHHBIX 3aKOHOMEPHOCTEH,
MPOABJIAIOIINUECA YBCIIMYUCHUEM MNOPUCTOCTU W CHUKXCHUEM TBEPAOCTU ITOPOAI.
[Tonyyensl NpOrHO3HBIE YPABHEHUS, OMMCHIBAIOIINE 3aBUCUMOCTHU MOPHUCTOCTU
¥ TBEPJOCTH OT TIIyOWHBI M TpagueHTa IJIaCTOBOTO naBieHnsa. KomruiekcHoe
WCIONBb30BAHUE  TEXHOJIOTMYECKUX  MOKa3aTreleld  MO3BOJWIO  IOBBICUTH
JOCTOBEPHOCTh NporHosuposanus 30H ABIIJI. IlonydyeHHble pe3yabTaTbl MOTYT
6bITb HCIIOJIb30BaHbl IJId MPOTrHO3MPOBAaHWA 30H AaHOMAJIbHOTO [aBJICHUA,
ONTHMHU3AINH TIApaMeTPOB OypeHUsl, MTOBBIMICHUSI HAJIS)KHOCTH MPOCKTHUPOBAHUS
CKBa)KWH, CHH)KEHUS PUCKOB He(PTETra30MpOosIBICHNH 1 IOBBIIIIEHHS O€30TTaCHOCTH
OypOBBIX Pa0OT B CIOXKHBIX F€OJIOTHYECKUX YCIOBUSX.

KuaioueBbie ciioBa: OypeHWe CKBa)XMH, aHOMAaJbHO BBICOKOE ILIACTOBOE
nasnenue (ABIIJ), mopucTocTh, TBEpAOCTH, T€OIOTO-TEXHOIOTUUECKUE TAHHEIE,
MTPOTHO3HBIE MOJIEIN

Introduction. In recent years, there has been intensive development of methods
and systems for obtaining geophysical and geological-technological information
during drilling. These systems make it possible to monitor the drilling process
and make both geological (identification of productive formations, abnormally
high formation pressure (AHFP) zones, lithological stratification, assessment
of reservoir properties) and technological decisions based on complex data on
operating parameters, drilling properties, and the analysis of core and cuttings.
This enables the prompt resolution of both geological tasks (such as identifying
productive layers, zones of abnormally high formation pressure (AHFP),
lithological stratification and evaluating the reservoir properties of formations)
and technological tasks, i.e., decision-making.

It should be noted that decision-making during well drilling most often occurs
under conditions of uncertainty, where the quality of information plays a crucial
role. Poor-quality data is one of the primary causes of erroneous decisions, which
ultimately results in a decline in the technical and economic performance of
drilling operations. Therefore, corresponding methods are employed that allow
for the resolution of such tasks using the available data while considering the
inherent uncertainties.

Despite numerous studies conducted in this field, the issues related to evaluating
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geological section characteristics and making informed decisions remain highly
relevant and demand further attention.

Current State of the Problem in Acquiring and Using Information for Decision-
Making in Well Drilling. The properties of formations in geological sections have
been studied by various researchers at different times. In the course of these
studies, the authors have sought to determine both the nature of formation changes
and the influence of specific factors on the properties under investigation.

In (Ikon et al., 2009) graphs were constructed for the central and northern
regions of the West Siberian Lowland that confirmed the well-known trend of
decreasing porosity and permeability with depth. In addition to developing a
general model of these changes, attention was drawn to specific behavioral features
of these parameters. For example, the graphs presented in the article delineated
two zones: the upper zone, down to a depth of 2300 m, is characterized by the
presence of reservoirs primarily classified as permeability Classes I-11I, while the
lower zone (below 2300 m) contains reservoirs of Classes IV-V (according to
A.A. Khanin’s classification). An explanation was provided for the deterioration
of reservoir properties with depth.

* The influence of depth on the degree of change in filtration-capacity and
mechanical properties, as well as the specific nature of this process, has also
been investigated by other researchers. These studies helped to better understand
the behavior patterns of core parameters in various types of geological sections
(Abasov et al., 2007; Irbe and Shestakova, 1986; Sonich et al., 1997).

Differences in the geological features of most fields are largely attributable to
the variations in how rock properties depend on depth.

Thus, with increasing depth, the presence of abnormally high formation
pressure (AHFP) zones significantly influences the nature of changes in filtration-
capacity and mechanical properties, which is typical for most oil and gas fields.
Another group of studies focuses on methods and tools for evaluating the physical
and mechanical properties of rocks based on integrated data obtained during the
drilling process.

* When analyzing bit performance, it is advisable to divide the geological
section into homogeneous intervals and to consider the trends of drilling parameter
variations within them. Various classification methods exist. One simple method
enabling such segmentation is the approach proposed by D.A. Rodionov (Rodionov,
1968; Rodionov D.A. 1981), which has been used in several studies, including
(Efendiyev et al., 1991; Efendiyev et al., 2020; Dmitrievsky et al., 2020).

Studies (Efendiyev et al., 2020; Efendiyev et al., 2020; Isayev and Pereverdiyev,
2021), have demonstrated changes in rock hardness and abrasiveness with depth
compared to mechanical penetration rates using different types of drill bits.

In recent years, fuzzy logic has been successfully applied in the assessment and
utilization of reservoir properties (Efendiyev et al., 2020; Zadeh et al., 1965; Fang
and Chen, 1997; Freund and Walpole, 1987; Cuddy and Glover, 2002; Brown et
al., 2000).
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In works (Efendiyev et al., 2020; Efendiyev et al., 2020; Isayev and
Pereverdiyev, 2021; Freund and Walpole, 1987; Cuddy and Glover, 2002), these
methods have been applied to predict the lithology of geological formations in
wells drilled in Azerbaijan based on a set of indicators (hardness, abrasiveness,
lithological index, porosity, permeability, etc.) obtained from geological,
geophysical, and technological studies conducted during drilling. The analysis of
property distributions in (Efendiyev et al., 2020; Efendiyev et al., 2020; Isayev
and Pereverdiyev, 2021), showed that, except for permeability, all characteristics
follow a normal distribution (permeability is known to follow a log-normal
distribution, and thus its logarithmic values are used).

In this paper, using formulas based on probability theory and fuzzy logic
methods described in (Efendiyev et al., 2020; Efendiyev et al., 2020; Isayev and
Pereverdiyev, 2021; Cuddy and Glover, 2002), calculations of geological section
characteristics were carried out. Lithology estimations were made, homogeneous
intervals by drillability were identified, and overall, by generalizing the noted
results and applying the corresponding computational schemes, an approach to
information preparation for well drilling process modeling was demonstrated
using selected wells as examples.

The computational schemes proposed in the referenced works can be
summarized as follows (Efendiyev et al., 2020; Efendiyev et al., 2020; [sayev and
Pereverdiyev, 2021; Cuddy and Glover, 2002):

* Calculate the arithmetic mean p and standard deviation o;

*» Determine the probability density function P(x);

» Compute the relative fuzzy probability R(x);

* Define the fuzzy probability F(x) by multiplying R(x) by the relative
frequency;

* Calculate the reciprocals and then determine the harmonic mean C.

This process is repeated for each lithotype. The lithotype with the highest total
fuzzy probability is considered the most probable for the given set of indicators.
The corresponding fuzzy probability enhances the reliability of the lithological
prediction.

In general, the literature review has demonstrated the possible approaches to
decision-making in the evaluation of geological section characteristics based on
integrated data usage. It has also helped refine the boundaries between lithological
variations under conditions of uncertainty.

At the same time, the analysis of the current state of research into the modeling
and decision-making processes in well drilling has revealed the following:

The issue of developing a methodology for rock classification, as well as
modeling and decision-making methods that take into account the uncertainty of
the relevant conditions, remains insufficiently addressed.

It should be emphasized that well drilling is complicated by various types of
uncertainties. These are manifested as multicriteria decision-making, ambiguity
of criteria, inaccuracies, and incompleteness of input data, as well as the need for
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data processing. This situation necessitates the use of appropriate mathematical
methods.

Summarizing the accumulated experience in geological section analysis and
decision-making during drilling operations, the following can be stated: Existing
studies present the results of geological section characterization, statistical
analysis, and model building aimed at forecasting drilling speed and cost per
meter of penetration for a given bit type in specific rock formations. However,
the main limiting factor in applying current methodologies in this area is the
insufficient utilization of integrated information obtained from geophysical and
geological-technological studies during drilling. This shortfall is compounded by
the inadequate use of modern methods in data processing and analysis, which
could otherwise improve both data quality and the soundness of decisions made.

Overall, the analysis of the current research state regarding modeling and
decision-making processes in drilling operations has identified several factors that
hinder the acquisition of high-quality information and the making of informed
decisions. These include the presence of various types of uncertainties, such as
multicriteria nature of decisions, ambiguity of criteria, inaccuracies, incomplete
input data, and the resulting need for comprehensive data processing. This
necessitates the analysis of integrated information using appropriate mathematical
methods.

Methods and Materials. Research indicates that under normal drilling
conditions - where bit load, rotor speed, and hydraulic characteristics of the
drilling fluid flow remain relatively stable - a decrease in mechanical penetration
rate with depth is typically observed. This trend is attributed to the increasing
density of rocks with depth. However, in zones of transitional and abnormally high
formation pressure (AHFP), penetration rate increases (Karabalin et al., 1989).
From the perspective of AHFP formation theories, regardless of their origin,
undercompaction of rocks is observed in AHFP zones. This leads to an increase
in rock porosity, causing the rocks to become softer and, thus, easier to drill at
relatively higher rates. Furthermore, differential pressure - i.e., the difference
between the hydrostatic pressure of the drilling mud column and the formation
pressure - also influences the mechanical penetration rate. A reduction in this
differential pressure results in an increase in drilling speed.

As mentioned earlier, these patterns form the basis for identifying AHFP zones
based on mechanical penetration rates.

This method is used as a qualitative approach for AHFP prediction and, in
many cases, provides a clear indication of the presence of such zones. However,
it also has a number of significant limitations. For mechanical penetration rate
to serve as a reliable AHFP indicator, drilling conditions must remain relatively
constant, including bit load, rotational speed, and hydraulic parameters. In
practice, maintaining such conditions is not always feasible. Secondly, bit wear
has a considerable effect on penetration rate and must also be accounted for.
Additionally, accurate knowledge of the lithology of the drilled formations is
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necessary. The difficulty of identifying AHFP zones using mechanical rate alone
is illustrated by the data in various studies, including (Karabalin et al., 1989;
Sementsov G., et al., 1986).

Earlier in the review of geological section evaluation methods using
technological data, different approaches were mentioned, including the d-exponent
and sigma logging (Aghayev, 1989; Turksen [.B. 2013). Under normal conditions,
the d-exponent typically increases proportionally with depth. Approaching an
AHFP zone is characterized by a decrease in the d value and a deviation of the
graph below the normal trend line. In (Karabalin et al., 1989; Shvedov A.S. 2013),
patterns of d variation under drilling conditions at the eastern margin of the Pre-
Caspian Basin were studied, and the suitability of the d-exponent method for
AHFP prediction and determination in this region was confirmed.

During the drilling of wells, the following parameters were recorded either using
drilling monitoring stations or manually: bit load, standpipe pressure, number of
rotor revolutions per minute, number of pump strokes per minute, drilling fluid
parameters, and mechanical drilling time for each meter of penetration.

A program was developed based on the well-known d-exponent formula.
However, in many cases, using only this method proved insufficient due to the
ambiguity in identifying AHFP zones. Therefore, a program was applied that
included both d-exponent and sigma logging calculations. This is especially
important in complex sections such as those found in the Pre-Caspian Basin,
where a single method is not enough and supplementary data must be employed.

As shown in Figure 1, neither the d-exponent nor sigma logging curves alone
are sufficient to clearly identify AHFP zones. The addition of a curve generated
using the automatic selection method described earlier allows for more accurate
determination of the relevant intervals. The spike in the L-statistic graph indicates
system heterogeneity, in this case manifested by a transition to zones of elevated
pressures.
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Figure 1. D-exponent and sigma logging data obtained during well drilling.
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This article examines the patterns of variation in the physical and mechanical
properties of rock formations at certain fields, using integrated geological,
geophysical, and technological data. The analysis focused on data obtained
from wells drilled in various locations, based on the results of geological and
technological studies carried out during drilling and the implementation of a
corresponding program. This program enabled the evaluation of various geological
section characteristics, including key physical and mechanical properties of rocks
such as porosity, permeability, Poisson’s ratio, hardness, and others.

As an example, Figure 2 illustrates the relationships between rock porosity
and hardness with depth. Under the pressure of overlying strata, clays become
compacted and release bound water. As a result, porosity should generally
decrease with depth under normal conditions, while hardness typically increases.
However, as shown in the figure - based on data from several nearby wells - these
dependencies exhibit ambiguous behavior.

Asnoted in a number of studies, the analyzed geological section is characterized
by the presence of AHFP zones, where a noticeable increase in porosity and
decrease in hardness is observed. Therefore, in constructing these curves, values
representative of normal zones were used first, while points corresponding to
AHFP zones were highlighted in a different color.
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Figure 2. Changes in rock porosity and hardness with depth.

Results and Discussion. Statistical analysis made it possible to approximate the
relationship between porosity and depth for the normal zone using the following
expression:

k =0,119H (1)
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where kp is rock porosity, and H is vertical depth.
The relationship between hardness and depth in the normal zone is expressed
as:

P, =1060H", )

where P is rock hardness and H is depth.

For AHFP zones, a clear dependence on depth could not be established.
However, with an increasing pore pressure gradient, a consistent increase in
porosity is observed, described by:

k, =0,132¢ %45 =), 3)

where (- ) is the difference between the actual and normal pore pressure
gradients.

An increase in pore pressure gradient also leads to a consistent decrease in
hardness, expressed by:

P, =929,5¢02 ), (4)

By combining equations (1) and (3), the following relationship for porosity as
a function of depth and pore pressure gradient is obtained:

k, =0,19H5€055 ) (5)

Likewise, combining equations (2) and (4), the relationship for hardness
becomes:

Psh :820H0,1zse-0,084(p-n) (6)

Statistical analysis and comparative calculations showed that the average error
was approximately 8.5%.

Differences in the geological characteristics of most fields are also explained
by variations in the nature of these depth-dependent relationships.

Similar calculations were also performed for one of the fields in Kazakhstan.
Using the initial data, the previously obtained expression was adapted to the
conditions under consideration, resulting in the following expression for estimating
the porosity of the rocks in the section of the Aktum field:

Kp = §OH02 * ez”’”“p’ nn) (7)

Figure 3 shows a plot of this relationship. The distribution of data points on
the plot also allows for the identification of abnormally high formation pressure
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zones. A well log section is also provided, which includes information on lithology,
stratigraphy, porosity variation, and well design. As can be seen, the transition
intervals to zones with abnormally high formation pressure are consistent across
the results obtained from the different data types.
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Figure 3. Stratigraphy, lithology, change in porosity of section rocks (green, orange — actual
data; purple, red — calculated), characteristics of formation and fracture pressures, pressure gradient
equivalent, well design of the Aktum field.
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Conclusion. The presence of a correlation between pore pressure and porosity
of clay rocks enables the prediction and quantitative assessment of abnormally
high-pressure zones based on direct and indirect measurements of clay porosity
changes with depth. The main procedure involves identifying the trend of porosity
decrease with depth under normal conditions and detecting and quantifying
deviations from this trend in AHFP zones. Currently, geological and technological
research allows for obtaining such data during the drilling process, which in turn
enables adjustment of drilling mud density to prevent oil, gas, and water shows
and/or borehole wall instability directly during drilling.

Thus, with increasing depth, the presence of AHFP zones in the section
significantly affects the character of filtration-capacity and mechanical property
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changes - a pattern typical for most Azerbaijani fields. The obtained results can be
used in the future to refine the data required for well design.

Equations have been derived to estimate rock porosity and hardness. These
equations enable the prediction of these properties across different areas of the
geological section.
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