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2 Clarivate
Analytics

NAS RK 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.

Kaszaxcman Pecnybnukacer ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief
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H=4

Scientific secretary
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©D.S. Saduakassov*, M.T. Tabylganov, A.R. Togasheva, A.T. Zholbasarova,
R.U. Bayamirova, 2024.
S. Yessenov Caspian University of Technologies and Engineering,
Aktau, Kazakhstan.
E-mail:danabek.saduakassov@yu.edu.kz

THE INFLUENCE OF WELLBORE AND BIT DIAMETER RATIO ON
MINIMUM RADIUS PARAMETERS AND CHANGES IN WELLBORE
DEVIATION ANGLE

Danabek Saldyrovich Saduakasov — candidate of technical sciences, associate professor of the
Departments “Petrochemical Engineering”, S.Yessenov Caspian University of Technologies and
Engineering, Aktay, Kazakhstan, E-mail:danabek.saduakassov@yu.edu.kz; https://orcid.org/0000-
0003-1248-8747,

Maxat Toksanovich Tabylganov — candidate of technical sciences, associate professor of the
Departments “Petrochemical Engineering”, S.Yessenov Caspian University of Technologies and
Engineering, Aktay, Kazakhstan, E-mail:maxat.tabylganov@yu.edu.kz; https://orcid.org/0000-0003-
3807-2774;

Togasheva Aliya Rizabekovna - candidate of technical sciences, associate professor of the
Departments “Petrochemical Engineering”, S.Yessenov Caspian University of Technologies and
Engineering, Aktay, Kazakhstan, E-mail: aliya.togasheva@yu.edu.kz; https://orcid.org/0000-0002-
5615-2711;

Zholbasarova Akshyryn Tangalievna - candidate of technical sciences, associate professor of
the Departments “Petrochemical Engineering”, S.Yessenov Caspian University of Technologies
and Engineering, Aktay, Kazakhstan, E-mail: akshyryn.zholbassarova@yu.edu.kz; https://orcid.
0rg/0000-0002-4258-7933;

Bayamirova Ryskol Umarovna - candidate of technical sciences, associate professor of the
Departments “Petrochemical Engineering”, S.Yessenov Caspian University of Technologies and
Engineering, Aktay, Kazakhstan, E-mail: ryskol.bayamirova@yu.edu.kz; https://orcid.org/0000-
0003-1588-3144.

Abstract. This study investigates the influence of the wellbore and bit diameter
ratio on parameters of wellbore deviation, such as the minimum curvature radius
and the angle of deviation change. The application of refined mathematical models
allowed for detailing the impact of wellbore diameter changes with an accuracy
up to 15% and 43% more than predicted by standard models. Errors in modeling
deviation parameters can lead to serious consequences, including increased
drilling costs and decreased production efficiency. New models accounting for real
conditions will help reduce the likelihood of such errors.
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The aim of the article is to develop a refined mathematical model for accurately
predicting the minimum bending radius and bending angle of wells, taking into
account the measured well dimensions and specific drilling conditions. The
methodology involves analyzing data on curvature radius and deviation angle
depending on changes in wellbore diameter. The models were validated on two
wells with different conditions. For well A (with a diameter Dc=235 mm, D=214
mm) and well B (with a diameter Dc=235 mm, D=190 mm), the following values
were obtained: minimum curvature radii were 3024 m and 3752 m respectively,
significantly exceeding values obtained by the standard model (2615 m). Results
and Conclusions: Enhanced models allowed for more accurate determination of
wellbore minimum curvature radii: 3024 m for well A and 3752 m for well B,
representing a 15% and 43% increase compared to predicted standard models
(2615 m). The deviation angle for well A was 19°, 13% less than predicted by the
standard model (219°).

Keywords: minimum curvature radius, deviation angle, wellbore diameter, drill
bit, turbodrill, enlargement coefficient.
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AHHoTanus. byn 3eprreyne yHFpIMa UaMeTpi MEH KallayJblH KaTbIHACBIHBIH
YHFBIMa OKIaHBIHBIH KUCAIO ITapaMeTpiepine, artamn alTKaHaa, MUHAMAIIIbI KHCAl0
pamuycel MeH Kucaio OYpBIMIBIHBIH ©3repyiHe acepi KapacThIpbuigbl. HakThl
MaTeMaTHKAIIBIK MOJEIbIEP/i KOJINaHy YHFbIMa ITUAMETPIHIH ©3TepyiHiH ocepiH
15%-ra xone 43%-ra moNipeK aHBIKTayFa MYMKIHAIK Oepxi, Oy cTaHIapTTHI
MOZCTIICPMEH CAJIBICTBIPFAH/Ia ANTapNbIKTail KoFrapbl KepceTkim. Kucaio
napameTpiiepiH MOAETbJACYeri KaTelikTep Oyprbuiay KYHBIHBIH apTybIHa »KOHE
OH/IIpY THIMJIUTITiHIH TOMEH/IEyiHEe OKelTyi MyMKiH. HakThl skarmalimapapl eCKepeTiH
aHa MOJENbJep MYH/Iail KaTeNiKTepAiH BIKTUMAJIIBIFBIH a3aiTyFa KOMEKTECe .

MakanaHblH MaKcaTbl YHFBIMaHBIH HAaKTbl eJieMaepi MeH Oyprbuiay
KaFAaiIapblH €CKepe OTHIPHINT, MUHUMAIABI KUCAI0 PAIHyChl MEH KUCAIO OYPBIIIBIH
11 O0MbKayFa apHaJIFaH HaKThl MAaTEMaTHKAJIBIK MOJIEIIb 93ipiiey 00BN TaObIIa bl
OJic YHFBIMA AMAMETPIHIH e3repyiHe OalllaHBICTHI KUCAIO PaliyChl MEH KHCAlO
OYpBIIBIHBIH  ©3repyl Typaibl ACpeKTepii Tanaayasl KaMTHIbL Monensaep
OpTYpITi JKaFmainapsl Oap eki YHFbIMa/ia ChiHaKTaH oTTi. YHFbIMa A (Dc=235 MmM,
D=214 mm) xone yareiMa B (Dc=235 mm, kamay 190 MM) y1IiH Keneci HoTHxXeep
aJNBIHIBI: MUHUMAJIBI KUcao panuychl Tuiciame 3024 M xone 3752 M Kypajsl,
OyJ1 cTaHmapTThl Mojenblep OOMBIHIIA aNbIHFAaH KepcerkimrepmaeH (2615 )
enayip xorapsl. JKakcapThUIFaH MOJENBAEP YHFBIMATAPIbIH MUHUMAIIBI KUCAIO
paanyCTapbiH ASJIPEeK aHBIKTayFa MYMKIHIIK Oepmi: yHFbiMa A yiriH 3024 M, an
yHFpIMa B ymin 3752 M, Oy cTaHaapTTh MOAETIbIEPMEH canblcThIpranaa 15%-ra
xoHe 43%-ra sxorapsl (2615 m). ¥HrbIMa A ymiH kucato Oypsist 19° 6onabl, 6y
CTaHAAPTTHI MOJEIbAE OokaraHHaH 13%-Fa TOMEH eKeHiH KOpCeTTi, OyJ1 opTypii
Oyprbulay sKarzaillapblHOa KapacThIPBUIBII OTBIPFaH SCEPAIH MaHBI3ABUIBIFBIH
pacTaisl.

Tyiiin ce3gep: MHMHUMaNAbl KUCAI0 PAAWYChl, KHCalO0 OYPBIMIbI, YHFBIMA
IaMeTpi, Kaiay, Typoooyp, KeHer0 KO3 QHUIIHEHTI.
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AHHoOTanus. B JaHHOM HCCIeI0OBaHUN PAacCMOTPEHO BIUSHUE COOTHOIIEHUS
IaMeTpa CKBaXHMHBI U J0JI0Ta Ha MapaMeTpbl NCKPUBJICHHUS CTBOJIA CKBaYKHUHBI,
Takre KaKk MUHUMaJIbHBIH PaiyC HCKPUBICHHS U YTOJI U3MEHEHUS! UCKPUBIICHHSL.
[IpuMmeHeHne yTOUHEHHBIX MATEMAaTHYECKUX MOJIENICH ITO3BOIIMIIO JIETATU3UPOBATh
BIIMSTHAE U3MEHEHHS JHaMeTpa CKBAXHHBI C TOUHOCTHIO 110 15% u 43% Oombie,
YeM MOKa3bIBaJIM CTaHIApTHBIE Moaenu. OmnOKN B MOAECTUPOBAHUH TTapaMETPOB
WCKPUBJICHUS MOTYT IPUBECTH K CEPbE3HBIM MOCIIEACTBHIM, BKIIIOUAs yBEITMUCHHE
crouMocTH OypeHus: W cHwkeHue 3¢ddexruBHOCcTH m00BIMM. HoBBIEe Monenw,
YUHUTHIBAIOIINE PEATFHBIE YCIOBHSI, IOMOTYT CHU3UTh BEPOITHOCTH TAKUX OIIHOOK.

Lenpro cTarbu sBisETCS pa3pabOTKa YTOYHEHHOW MaTeMaTHYeCKHe MOAETH
JUIS TOYHOTO TPOTHO3MPOBAHUS MHUHHMMAJIBHOTO pajuyca HCKPUBICHHUS U
yIlla HMCKPHUBICHHS CKBA)XWH, YUYUTHIBas H3MEPEHHBIE pa3Mepbl CKBAKUH U
cnenudryaeckre yciaoBus OypeHusi. MeTonrka BKITIOYaeT aHaIN3 TaHHBIX O pajiyce
VCKPHUBIICHUSI W yIJIe W3MEHEHHS WCKPHUBICHUS B 3aBHCHMOCTH OT HM3MEHEHHS
naMeTpa CKBaXKHMHBL. Mopenu ObITM ampoOHpOBaHBI HAa JBYX CKBaKHWHAX C
pasnuuHbIMU ycaoBusiMu. s ckBakuHbl A (¢ auamerpom Dc=235 mm, D=214
MM) U cKkBaxuHHI B (¢ amamerpom Dc=235 mm, monoro 190 Mm) ObUH TTOTyUYEHBI
CIIeIyIONTNe 3HAYCHUS: MUHUMAIILHBIE PaJNyChl HCKPUBICHUS cocTaBmin 3024 M
1 3752 M COOTBETCTBEHHO, YTO 3HAYUTEIHHO MPEBBIIIAET 3HAYCHHUS, [TOTyUEHHBIE
[0 CTaHJApTHOW Mozenu (2615 m). Pe3ynbsraTsl U BEIBOJIBL. YIy4dIlIEHHBIE MOJENN
MTO3BOJIMIIA TOYHEE OIPE/EIUTh MUHUMaJbHBIE PayChl UCKPUBICHUS CKBAXKUH:
3024 m gs ckBakuHBI A 1 3752 M w1 ckBakuHbl B, uto Ha 15% u 43% Ooinbiie
[0 CPAaBHEHHUIO C MPOTHO3UPYEMBIMH CTaHAAPTHBIMH MozensMu (2615 m). Yron
M3MCHEHHS UCKPHUBJICHUS TSI CKBXUHBI A coctaBui 19°, uto Ha 13% menblIe,
4eM TpejcKa3blBaja CTaHIAPTHAs MOJENb, YTO IOATBEPKAAEeT 3HAYMMOCTh
paccmarpuBaeMoro 3¢ ¢ekTa B pa3TUIHbIX YCIOBHAX OypeHHs.

KuroueBble cjioBa: MUHUMAIBHBIA PailyC UCKPUBIICHHUS, YTOJ UCKPUBICHHUS,
JIaMeTp CKBaKUHBI, IOJIOTO, TYpOOOyp, K03 (OUIIHEHT yIIUpEHUs.

Introduction. The process of directional drilling of wells entails the imple-
mentation of measures to effectively manage both natural and artificial curvature,
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in addition to the control of the wellbore along a predefined trajectory. Deviation
control during drilling is the process of maintaining the trajectory of the wellbore
within specified limits, which may include the permissible inclination angle, the
distance from the planned trajectory, or a combination of both factors. The methods
described in the studies (Marland, et al., 2022; Barajas, et al., 2023; Carpenter,
2023; Ma, et al., 2016) reveal significant challenges in accurately predicting the
drilling trajectory and the angle of curvature. While process automation has been
shown to reduce the frequency of bottom-hole assembly (BHA) failures and
improve drilling rig management, it does not always adequately adapt to nonlinear
and unforeseen changes in geological conditions. These changes can unexpectedly
impact the angle of curvature and trajectory, increasing the risk of failures instead
of reducing them. Consequently, there is a pressing need to develop more flexible
and adaptive control systems capable of effectively handling both standard and
exceptional operational scenarios.

The necessity for exact control of the curvature angle in the design of the
bottom-hole assembly (BHA) is demonstrated by a series of studies (Grechin,
et al., 2018). It is of the utmost importance to consider the management of the
drilling trajectory and the optimisation of the deflection radius of the wellbore.
The impact of drill string configurations on the precision of the curvature angle
and the integrity of the well trajectory has been elucidated by research (Willerth,
et al., 2022; Wang, et al., 2017; Wang, et al., 2018). This highlights the importance
of selecting appropriate equipment in order to minimise errors. The application
of machine learning algorithms (Hegde, et al., 2019) enables the optimisation of
processes and the prevention of slippage, thereby enhancing the control of the
curvature angle and drilling trajectory.

The study (Inyang, et al., 2017) proposes an approach to tool orientation control
in directional drilling using a constant build rate controller, which enhances the
stability and efficiency of operations. The work (Prasetyo, et al., 2019) examines
the impact of drill pipe stiffness on drilling dynamics and emphasises the necessity
of optimising their design to reduce vibrations and improve drilling performance,
particularly in horizontal drilling. Furthermore, the article (Inyang, et al., 2017)
identifies a significant limitation of measurement-while-drilling systems, namely
their susceptibility to failure.

The utilisation of particular methodologies and technologies facilitates a more
exact adherence to the intended trajectory. Nevertheless, despite meticulous
planning, wells may deviate from the intended trajectory due to geological factors,
thereby increasing the risk of failing to access hydrocarbon-bearing formations
and achieving the desired project outcomes. The accumulation of data on natural
curvature and the development of theoretical foundations for artificial curvature
have enabled researchers to identify common patterns, as evidenced by the literature.
Nevertheless, the actual trajectory of the well often deviates from the planned one
due to factors that cannot always be predicted or accounted for in mathematical
models of wellbore formation.
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The appropriate selection of the BHA is of critical importance to the success of
drilling operations. In onshore drilling operations in Kazakhstan, the selection of
BHA is frequently based on local heuristic methods rather than a comprehensive
analysis. In a drilling system comprising a bit, a turbodrill and a deflector, each
component serves a specific function in controlling the drilling direction. The
key factors to be considered are the dimensions of all BHA components, their
condition, and the diameter of the well. When the bit and deflector are in effective
synchronisation, they exert pressure on specific sections of the wellbore wall,
thereby enabling control over the well’s curvature angle. This, in turn, constrains
the curvature angle to the requisite level, thereby guaranteeing the precision of the
drilling process and averting unanticipated deviations from the intended trajectory
(Voevidko, 2013).

In directional drilling in anisotropic environments, a variety of equations are
employed to describe the rate of well curvature when non-oriented BHAs are
utilised, with gravity identified as the primary influencing factor (Gadzhiev, et al.,
2014; Khnychkin, et al., 2012; Buglov, et al., 2022). The fundamental premise of
all mathematical models is that the curvature is a consequence of the formation of
an angle of trajectory between the tangent to the wellbore axis and the direction
of the drilling velocity vector. However, a significant number of these models are
either not universally applicable or based on imperfect computational frameworks
containing simplifications that are not always well-justified.

In the course of practical drilling operations, the necessity of grasping the patterns
of wellbore curvature has been repeatedly demonstrated as a crucial factor in the
successful placement of well trajectories within complex geological structures.
The analysis of field data is of great importance in identifying these patterns and
determining the primary causes of curvature under specific geological conditions
(Nazarov, 2021; Neskoromnykh, 2015; Zholbassarova, et al., 2024). However,
the existing mathematical models are unable to provide sufficient accuracy
for a quantitative assessment of the curvature process, resulting in significant
discrepancies between the planned and actual well profiles (Nikulshin, et al., 2010;
Ivanov, et al., 2017). It can be reasonably deduced that the implementation of an
appropriately selected and configured bottom-hole assembly (BHA) will not only
enhance the efficiency of the drilling process but will also assist the drilling company
in achieving its desired outcomes by reducing the potential for risk and cost.
Consequently, more accurate and predictable drilling outcomes can be achieved,
which is of particular importance in challenging geological environments.

The objective of the study is to identify and rectify errors in the application
of M.P. Gulizade’s formulas in situations where the wellbore diameter exceeds
that of the bit diameter. This scenario is typical of drilling operations in soft to
medium-hard formations, where deflectors are commonly employed. The objective
is to develop a more precise mathematical modification of the existing formula,
taking into account the geometric dimensions of the bit-turbodrill system and real
drilling conditions, in order to ensure accurate control over the wellbore curvature
trajectory.
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Materials and basic methods

The curvature angle of the wellbore is constrained when drilling wells with a
deflector, dependent on the degree to which the “bit—turbodrill-deflector” system is
compatible within the well. This takes into account the geometric dimensions, the
condition of the system, and the diameter of the well itself. Provided that the bit is
capable of sufficient cutting and that the deflecting force is elastic, the turbodrill body
will exert pressure on the convex section of the wellbore wall in the direction where
the curvature forms. This consequently restricts the curvature angle of the wellbore.

The research conducted by M.P. Gulizade (Gulizade, et al., 1982) demonstrated
that the curvature of a wellbore when utilising a deflector follows a parabolic
trajectory. In light of the fact that this study is concerned with the evaluation of
the maximum deflecting capability of the bottom-hole assembly with a deflector,
it can be assumed with sufficient practical accuracy that within the length of the
“bit—turbodrill” system, the curvature occurs along the arc of a circle.

The radius of curvature of the wellbore resulting from unequal destruction of the
bottom hole without milling the wellbore walls, in the presence of a deflecting force
on the bit, is determined by the following formula:

R =1.I,I.'|"1l.f‘ (1)
b=y

where: L_ - length of the turbodrill with the bit, D-diameter of the bit, d_-diameter
of the turbodrill.

Formula (1) is applicable to the specific case where the wellbore diameter is
equal to the bit diameter (Gulizade, et al., 1982). Nevertheless, in instances where
the wellbore diameter is marginally larger than the bit diameter, which is typical
when drilling soft to medium-hard formations — where deflectors are primarily
employed —the application of formula (1) to ascertain R is not feasible. Nevertheless,
it is common practice to erroneously employ formula (1) and the derived formula
for calculating potential alterations in the wellbore curvature angle in instances
where the wellbore diameter exceeds the bit diameter. This is typically achieved by
substituting the wellbore diameter, D, into Formula (1) in place of the bit diameter,
D (or, equivalently, by utilising a borehole enlargement coefficient for D). As a
consequence of this modification, the expression is no longer capable of accounting
for the geometric dimensions of the system composed of the bit and the turbodrill.
This indicates that when utilising the same turbodrill and wellbore diameter, the
minimum radius of curvature and potential alterations to the curvature angle would
remain consistent, irrespective of the bit diameter.

A proper assessment of the deflecting capability of the bottom-hole assembly
can only be made by considering the geometric dimensions of the bit—turbodrill
system and the actual wellbore diameter. Let us examine the impact of an increased
wellbore diameter relative to the bit diameter on the curvature process of the
wellbore in the presence of an elastic deflecting force. Subsequently, we will derive
generalized formulas (2—4) for determining the minimum radius of curvature and
the maximum possible change in the wellbore curvature angle.
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Figure 1 illustrates the position of the turbodrill within the wellbore, whose
diameter is ¢ times larger than the bit diameter (£>1). It is evident that, in this case,
the radius of curvature will be the smallest, while the change in the curvature angle
will be the largest. This is because the turbodrill body, pressing against the upper
wall of the wellbore, limits the potential for more intense wellbore curvature.

According to Figure 1, the following can be calculated:

b
32 »:r.-lrh:I

-R — ?'lll [] (2)
P +h-"

= E-;h_‘l 3)

az=Lr= an )

By simultaneously solving the three equations and considering that the values

of h{ rand hi are negligible compared to other terms in the equations, we obtain
the following simplified expressions:

dfha=hF R4 L7 (ha+h)R+ L =0 )
The smallest root of this equation:
R=—2 ©6)

2 hg 4 R M
The second root of equation (5) is excluded from consideration as it gives an
infinitely large radius value.
From expression (6), it follows that the minimum radius of wellbore curvature
is determined by the length of the bit-turbodrill system and the values of h and h,
According to figure 1, we have the following:

II|:| = D.- _-— !-rr = I'I:III - I'-rr: |Ir;| =

D=dyp
x

.PHH'_-.-...I. ] 1

[

Fig. 1. Scheme of wellbore deviation due to uneven formation breakdown under the combined
action of deflecting force considering wellbore enlargement.
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Therefore, the value of h, represents the relationship between the diameters of
the wellbore and the turbodrill. In other words, h, is a measure of the displacement
of the turbodrill in relation to the wellbore axis. It is precisely because h, and h,
account for the relationships between various parameters that equation (1) cannot
be used by substituting Dc in place of D for cases where the wellbore diameter is
larger than the bit diameter. Upon substituting the values of h, and h, into equation
(6), the following result is obtained:

p = 0,754 7
(0.5m +0.25)0-0.75dr+0.7 1,/ (mD-dp )0 ~dy)

The value of R can be used to determine the possible change in the curvature

angle
Aa =110
R m

Where:aa is the possible change in the curvature angle of the wellbore over a
penetration length /, measured in meters.

Assuming 1=10m and substituting the value of R into the above expression, we
obtain the formula for determining the possible change in the curvature angle over
10 meters of penetration, taking into account the wellbore enlargement:

)

, 25)D—0, , - -
Aty = 40%(0 5m+0,25)D—0 75dTL+20 71,/(mD—d7)(D—dr) ®
T

Expressions (7) and (8) for determining the values of R and Aa, respectively, can
be significantly simplified for certain values of the borehole enlargement coefficient
t, while maintaining sufficient accuracy for practical calculations.

For this purpose, expression (7) can be rewritten as:

R = 0,25L%

(o,5m+0,25)D—0,75dT+0,71JmDZ—(m+1)DdT+d%)

When the borehole enlargement coefficient /=1.2, with an accuracy of 2.85%,

it can be assumed that ;, — (m_”)z holds true (for =1.5, the accuracy differs by
2

2
4.1%). Substituting m = (mTH) in place of t in the first term of the square root

expression, we finally obtain:

R= 0,171L% 9)
(0,586m+0,414)D—dr
If the wellbore diameter equals the bit diameter, i.e., =1, then formulas (7) and
(9) reduce to formula (1). Consequently, these formulas are more generalized.
The simplified formula for determining 4a.,, the curvature angle change over 10
meters of penetration limited by the turbodrill body, becomes:
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Aayy = 58, 6 180 (0, 586m+22414)1) dr (10)
T

Expressions (9) and (10) can also be represented in the following form:

g2
R — 0,171 LT (113)
0,586D+0,414D—dp

180 0,586D+0,414D—d (12)

A(Xlo = 58 6 Lz

Formulas (11) and (12) evaluate the impact of the ratio between the wellbore
diameter and the bit diameter on the radius of curvature and the possible change in
the wellbore curvature angle.

Results

The developed formulas demonstrate that when wellbore curvature is formed
due to asymmetric bottom-hole destruction and wall milling, the maximum possible
values of the radius of curvature and the change in the curvature angle, limited
by the turbodrill body, depend not only on the dimensions of the bit-turbodrill
assembly but also on the actual wellbore diameter. Formulas (9) and (11) indicate
that the actual increase in wellbore diameter relative to the bit diameter has a lesser
effect on the minimum possible radius of curvature than predicted by formula (1),
where the bit diameter is replaced by the wellbore diameter. For the purposes of this
discussion, we will assume that two wells, designated A and B, have been drilled
using a turbodrill TPO-6 7 with a diameter of d,=170mm and a length of L =10m.
It is further assumed that both wells have the same diameter, D =235mm.

The drilling of well A was conducted with a bit diameter of D=214mm, while
well B was drilled with a bit diameter of D=190mm. In this instance, the borehole
enlargement coefficient for well A is m=1.1, while for well B it is m=1.24.

The application of formula (1) yields the result that the minimum radii of
curvature in both cases are identical, equalling 261.5 m. Consequently, the potential
alterations in the curvature angle for both wells will also be identical, amounting
to Aal0 =2.19°.

In practice, however, the minimum radii of curvature for wells A and B will
differ from each other and also be significantly larger than the value of R=261.5m
obtained from formula (1). Accordingly, the potential alterations in the curvature
angle for both wells will also diverge, with their values being considerably smaller
than the previously mentioned 2.19°. In particular, the following values were
obtained for wells A and B: R=302.4m for well A and R=375.2m for well B. The
corresponding Aa,  values were 1.9° for well A and 1.52° for well B. Therefore, the
actual minimum radii of curvature for wells A and B are 1.15 and 1.43 times larger,
respectively, than those predicted by formula (1). The calculated data indicate that
under the aforementioned conditions, the potential change in curvature angle when
drilling with a 190mm bit (well B) will be 1.25 times smaller than when drilling
with a 214mm bit (well A).
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This is due to the fact that the milling capacity of the assembly when drilling
with a 190mm bit (i.e. the value of h,) is less than when drilling with a 214mm bit,
despite the influence of the overturning moment (i.e. the value of h ) being the same
for both wells.

This also elucidates the reason for the diminished curvature build rate when the
diameter of inclined wells is reduced.

Figure 2 illustrates the relationship between the potential alteration in the
curvature angle and the ratio of the wellbore diameter to the bit diameter for a range
of bit and turbodrill combinations.

From figure 2, it follows that an increase in the ratio of wellbore diameter to

bit diameter leads to an increase in the possible change in the curvature angle.
D¢ .

Furthermore, the relative growth of the possible curvature angle change m =
for reduced-diameter wells with compact turbodrills is greater than for normal-
diameter wells.

For example: When drilling with bits No. 11 and 10 using turbodrills TPO-
9” and TPO-8”, increasing t from 1.0 to 1.2 results in a growth of the possible
curvature angle change by 1.92 and 2.0 times, respectively. When drilling with 214
mm and 8” bits using turbodrills TPO-7% and TPO-6%, the same increase in t leads
to arise in Aa, by 2.36 and 2.25 times, respectively.

As the length of the bottom-hole motor with the bit increases, the curvature
intensity of the wellbore significantly decreases and, under certain conditions, may
approach zero (Figure 2). This graph is constructed based on the maximum elastic
moment (M,), calculated as the product of the moment of resistance (W) and the
yield strength of the deflector material (o).
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Fig. 2. Change in potential deviation angle variation due to the ratio of wellbore and bit
diameters: 1 - bit 295.3 mm, turbodrill TPO-240 mm; 2 - bit 243 turbodrill TPO-215 mm; 3 - bit
215.9 turbodrill TPO-195 mm; 4 - bit 190 mm turbodrill TPO-172.
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Figure 3 shows the dependence of the wellbore curvature angle change on the
length of the turbodrill-bit assembly (L) for various # values. From figure 3, it is
evident that reducing the length of the turbodrill-bit assembly leads to a significant
increase in the possible curvature angle change (Aa, ). Moreover, the growth of
Ao, , with decreasing L., becomes more pronounced as the 7 value increases.

gr

An

Fig. 3. Variation of potential deviation angle change based on turbodrill bit length: 1 - bit #10,
Turbodrill TPO-8”; 2 - bit #8, Turbodrill TPO-6%%".

It is important to note that when a deflector is employed, the curvature angle
of the wellbore will not remain at its maximum throughout the entirety of the
drilling process. The maximum curvature angle change can only be achieved over
a certain interval when the full milling capacity of the bottom-hole assembly with
the deflector is utilised. Expressions (9) and (10), which take into account the actual
wellbore diameter, provide further elucidation regarding the underlying causes of
the observed variation in curvature angle during a run with the deflector. A review
of borehole caliper logs for inclined wells reveals a considerable degree of variation
in diameter within soft and medium-hard formations. This variation in the wellbore
diameter gives rise to a corresponding alteration in the value of h =Dc-dr, which in
turn affects the values of R and A .

Thus, during a single run with the deflector, the change in the wellbore curvature
angle will vary due to several factors:

-The changing influence of the normal component of the weight of the bit-
turbodrill system (Buglov, et al., 2022; Nazarov, 2021; Neskoromnykh, 2015;
Nikulshin, et al., 2010).

-Variations in the elastic deflecting force due to changes in the wellbore diameter
and Aa10 (Gadzhiev, et al., 2014; Khnychkin, et al., 2012).
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-The reduction in the bit’s milling capacity caused by the wear of the roller
cones due to bit diameter loss and the increase in axial play of the roller cones.

-Finally, changes in 4, =D -d, which directly affect the curvature radius and
angle.

Discussion

The study demonstrated that the calibration of drilling models to account for
the actual wellbore diameter can markedly enhance the precision of curvature
parameter determination. To illustrate, the utilisation of enhanced models indicated
that the actual minimal radii of curvature for wells A and B are 15% and 43% larger,
respectively, than those projected by conventional models. This improvement
serves to enhance the control of the drilling process, reduce the risk of accidents,
and increase the efficiency of production.

Additionally, it was found that the change in the curvature angle for well A is
13% smaller than predicted by model (1), which serves to emphasise the importance
of adapting technological parameters to specific conditions. Moreover, an increase
in the borehole diameter enlargement coefficient from 1.0 to 1.2 resulted in a 236%
and 225% increase in the potential curvature angle change for various drilling
equipment configurations.

These quantitative results highlight the necessity of integrating the developed
models into drilling practices. It is anticipated that further research and the
development of more accurate models based on real operational data will result in
the creation of adaptive systems that automatically adjust drilling parameters in real
time, thereby maximising efficiency and safety during the drilling process.

Conclusion

1. The analysis demonstrated that the application of refined mathematical
models facilitates a more accurate determination of the minimum radius of wellbore
curvature. To illustrate, the actual minimum radius of curvature for well A was
302.4 metres, which is 15% larger than the value predicted by the standard model.
This signifies enhanced reliability and precision in drilling operations.

2. The incorporation of actual well parameters revealed a change in curvature
angle for Well A of 1.9°, a value that is 13% smaller than the predicted 2.19°.
This highlights the necessity of precise data for optimising curvature angles and
reducing the likelihood of errors.

3. The study demonstrated that an increase in the borehole diameter enlargement
coefficient from 1.0 to 1.2 resulted in a 2.36-fold increase in the potential curvature
angle change for a well drilled with bit No. 9 and turbodrill TPO-7'4". This permits
a more flexible approach to well design and enhances the structural characteristics.

4. The research findings corroborate the assertion that the selection of bit size
and turbodrill type exert a pronounced influence on well curvature parameters. To
illustrate, the utilisation of bit No. 8 with turbodrill TPO-6%" demonstrated that an
augmentation in the borehole enlargement coefficient resulted in a 25% diminution
in the potential angle alteration, thereby facilitating a more efficacious organisation
of drilling operations.

5. The validated research results provide a foundation for the development of

138



ISSN 2224-5278 6.2024

automated systems capable of adapting drilling parameters in real time based on
current data on wellbore diameter and other critical parameters. Such systems will
assist in the reduction of risks and the enhancement of the overall efficiency of the
drilling process.
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