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I 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 ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe 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. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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G.T. Shakulikova', S.M. Akhmetov'*, A.N. Medzhidova?, N.M. Akhmetov',
Zh.K. Zaidemova'

'Atyrau University of Oil and Gas named after S. Utebaev, Atyrau, Kazakhstan;
?Azerbaijan State Oil and Industry University, Baku, Azerbaijan.
E-mail: axmetov_aing@mail.ru

IMPROVING THE DESIGN OF INCLINED WELLS AS THE
BASIS FOR THE DEVELOPMENT OF HARD-TO-RECOVER
HYDROCARBON RESERVES

Abstract. The basis for the extraction of hard-to-recover reserves (HTRR) of
hydrocarbon raw materials (HM) are technologies for drilling cluster inclined
wells. The importance of this approach lies in the fact that the development
of HTRR qualitatively affects the growth of the capacity of the extractive and
processing industries of the oil and gas complex. This article discusses the
methodology for improving the design of cluster inclined wells, which allows
to estimate the values of their parameters. This article provides a calculation
scheme that allows estimating the values of the parameters of cluster of inclined
wells according to the data on the coordinates of their wellheads. For high-
quality planning and design of cluster inclined wells, it is necessary to develop
(improve) methods for determining the main parameters of the profile, assess
the influence of various factors on the choice of profile, which is important in
the design of profiles, as well as the justification and selection of technical and
technological solutions. Studies have shown that the process of controlling the
drilling of a cluster of inclined wells includes a number of successive stages
of determining the position of the drilled part of the wellbore in space, making
decisions that ensure the orientation of the wellbore in a given direction, and
their implementation.

Briefly, what has been noted is in the design of cluster drilling of wells,
including the assessment and refinement of the coordinates of the wells,
taking into account the relative position and distance from the wellhead, the
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target and the point of preventing the shafts from contacting. An appropriate
algorithm is proposed for estimating rectangular coordinates. Using this
algorithm, the geographic coordinates of the drilled wellhead and the target
point are recalculated in accordance with the projection coordinates. At the
same time, it is necessary to check the coincidence of the results of calculations
of the geographical coordinates of each well with the values of geographical
coordinates provided by the company, to assess the accuracy of the data when
moving from one coordinate system to another, according to the scheme given in
the article. All of the above stages can form a mathematical basis for setting the
problem and developing software for controlling the curvature of the trajectories
of wells drilled from well in the field considered in the future.

Key words: Extractive and processing industries, Inclined wells, drilling
technology, cluster drilling, azimuth, coordinates, projection, trajectory,
curvature, algorithm

I.T. llakyauxoBa!, C.M. AxmeroB!", A.H. Memkunaosa?, H.M. AxmeToB',
K.K. 3aiizemoBa'

'C. OTebaeB aTbIHAaFbl AThIpay MYHA# XOHE ra3 YHUBEPCUTETI,
Artsipay, KazakcraH;
ZO3ipbaiikaH MEMJICKETTIK MyHal JKOHE OHEPKICIN YHUBEPCUTETI,
baky, O3zipbaiixaH.
E-mail: axmetov_aing@mail.ru

KOJIBEY YHI'BIMAJIAPIBI /KOBAJIAYABI KETIJIAIPY -
KOMIPCYTEI'T HIMKI3ATBIHBIH AJIBIHYbBI KUBIH KOPJTAPBIH
UI'EPYIIH HEI'T3I

Annoramusi. Kemipcyreri mukizateiablH (K1) anbiaysl KMBIH KOpIIapbiH
(AJIKK) eHmipyaiH Herizi —IIOFbIpIbl Kejbey YHFbIManapAbl Oyprbuiay
TEXHOJOTMACHl. MyHal TY>KbIPBIMHBIH MaHbI3AbUIbIFEl coll, AJIKK wurepy
MyHaii-ra3 KeNICHIHIH OHIIPYIIi KOHE OHJICYIl canalapbl KyaThbIHBIH ©CyiHE
caraisl TYplie acepi Turizeni. bys Makanaga morsIpisl Keuoey YHFbIMaIapabl
XKoOaayIbl KETULIIPYIIH 9/IiCi OMapAbIH MapaMeTpiepiHiH MOHAEPiH Oaranayra
MYMKIHJIIK OepeTiHaen eTin KapacToipbuiaabl. LLoFpIpibl kenbey YHFbIManapsl
caraibl TypAe JKocmapiay KoHe xkobaay yiIiH OeHiHHIH Heri3ri napaMmeTpiepin
alikpIHAay oficTepiH o3ipiey (KeTuimipy), OeMinmepni xobanay KesiHze
MaHBI3IbI MOHI Oap OeiiHal TaHaayFa opTypili (pakTopiapabsIH dcepiH Oaraiay,
COHJAN-aK TEXHUKAJIbIK-TEXHOJOTHUIBIK IIEHIIMIEp/l HETi3[ey >KOHEe TaHJay
KakeT. 3epTTeyliep KopceTKeH 1ed, Keabey YHFbIMaiap HIOFbIPhIH OYpFbLIay/IbI
Oackapy Tmpolieci YHFbIMAHBIH OYpFbUIAHFaH OOJITiHIH KEHICTIKTET1 OpPHBIH
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aHBIKTAy, YHFBIMAHBIH OKIAHBIH Oenrini O6ip OarbITTa OaFrbITTaydbl KAMTaMachI3
eTeTIH IIenMIep KaObuiiay jKOHE oJap/bl XKy3ere acelpy OoifbiHIIA OipKaTtap
JTOWEKT1 Ke3eHAeP/11 KAMTH/IBI.

Kpickama aiTKaHma, YHFbIMANapIbl IHOFBIPIIBI  OYpFBUIAYIBI  KOOasay
JeTeHIMi3, YHFBIMAJApAbIH KOOpAMHATANAPBIH Oaranay >KOHE HAaKTBUIAYIbI
OJIApJBIH ©3apa OpHAJTacybl MEH VHFBIMAHBIH CaFachlHAH KAIIbIKTHIFBIH,
OKNaHJAPJABIH KAHACYBIH OOJIIBIPMAMTHIH MakcarTap MEH HYKTelepi
€CKepe OTBIPBIIT KY3ere achIpylbl aTaMbl3. TiKOYPHIIITH KOOPIAMHATATIAPIBI
Oaranay YVIIIH COMKEC alropuTM YCBIHBUIAAbL. OCBl anrOpUTMIl KOJJIaHa
OTBIPBIN, OYpFBUIAHFAH CAFaHBIH JKOHE MAaKCaTTbl HYKTEHIH TreorpagusuibiK
KOOpIWHATAIaphl MPOCKIUSHBIH KOOPAMHATTApbIHA COMKEC KaiTa ecenTemnesi.
AliTa KeTeTiH »ail, opOip YHFBIMaHBIH TeorpadUsIbIK KOOpAMHATATIAPHIH
€CeNnTey HOTIIKEJCPIHIH KOMIIAHHS YCBhIHFaH TeorpadusIblK KOOpPIHMHATTAP
MOHJICPIMEH COMKECTITH TEKCEpYy/iH, COHJal-aKk Makajajga KeJITipiireH
cXeMara CoMKeC KOOpPAMHATTAPABIH Oip )KYHeCIHEH eKIHIIICIHE aybICy Ke31Her1
JNEPEeKTEPIIH MQNIITiH OaranayiblH KaKeTTirl. ATanFaH OapiblK Ke3eHAep,
aJJIarbl KapacThIPBUIATHIH KEH OPBIHIAPBIH/A IIOFBIPIIBI ajlaHIIadap apKbLIbI
OYpFBUIAHATBIH YHFBIMAQJIAPJBIH TPAaCKTOPUSIIAPBIHBIH KHUCAIOBIH 0Oackapy
YIIH MIHAETTEp KOI0 XOHE OarmapiiaMajblK KaMTaMachl3 €Tyl d3ipieydiH
MaTeMaTHKaJbIK HET131H Kypaybl MYMKIiH.

Tyiiin ce3mep: eHamipyl XoHe eHAeyLIl cajianap, kejlOey YHFbIMaiap,
OyprblUIay TEXHOJOTHUACHI, UIOFBIPNIBI OypFbIIAy, a3UMYT, KOOpJUHATamap,
MIPOEKIIUS, TPACKTOPHSI, KUCBIKTBIK, aJITOPUTM.
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COBEPHIEHCTBOBAHUME ITPOEKTUPOBAHUA HAKJIOHHBIX
CKBAKHH - OCHOBA OCBOEHUSA TPYIHOU3BJIEKAEMbIX
3AITACOB YITIEBOAOPOJAHOI'O CbIPbA

AnHoramusi. OcHOBO# 10OBIYM TpyaHOM3BIeKaeMbIX 3amacoB (TPU3)
yri1eBo1opoHOro chipbsi (YC) SBISAIOTCS TEXHOJNOTMH OypeHHUs KyCTOBBIX
HaKJIOHHBIX CKBaXWH. Ba)XXHOCTh Takoro mojaxoja 3akKJIIOYaeTcs B TOM, YTO
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ocBoerne TPU3 kadecTBEHHO BIMSIET HA POCT MOUIHOCTHU JOOBIBAIOIIUX H
nepepadaTbIBaOIIMX OTpacieil HedTerazoBoro komruiekca. B HacTosIiei
CTaTb€ pPacCMaTPUBAETCs METOIMKA COBEPILIECHCTBOBAHMS MPOEKTUPOBAHUS
KYCTOBBIX HAKJIOHHBIX CKB&)XKHUH, IIO3BOJISIONIAsl OLIEHUTh 3HAUCHUS UX
napameTpoB. {15 KaueCTBEHHOTO IJIAHUPOBAHUS U IPOEKTUPOBAHUS KyCTOBBIX
HaKJIOHHBIX CKBaXUH HEO0OXOIMMBI pa3paboTKa (COBEPIICHCTBOBAHKE) METO/IOB
OTIpeJIeTICHUS] OCHOBHBIX ITApaMETPOB MPOQHIISI, OIICHKA BIUSHUS Pa3TUIHBIX
(hakTOpOB Ha BBIOOP MTPODHIIS, 4TO UMEET BaKHOE 3HAYCHHUE TPH TPOCKTUPOBAHUU
npoduneii, a Takke OOOCHOBAaHWU U BHIOOPE TEXHHKO-TEXHOJOTHYECKUX
pemienuid. MccnemoBaHus MOKa3ald, 4YTO IMPOLIECC YIpaBlieHUs OypeHueM
KyCTa HAaKIOHHBIX CKB)XWH BKJIIOYAET P IMOCIEI0BATEIBHBIX STAloB IO
OTIPE/ICTICHUIO TOJIOKEHUSI MPOOYPEHHOH dYacTh CTBOJIa B TMPOCTPAHCTBE,
MPUHITHIO pPellleHuH, 00eCeunBaroIIUX OPUEHTUPOBAHUE CTBOJIA CKBAXKHHBI B
3aJJaHHOM HaMpaBJICHUH, U UX PeaU3alHIo.

Bkpariie oTMeueHHOe 3aKII04aeTcsl B MPOEKTUPOBAHUN KyCTOBOTO OypeHUs
CKB)KWH, BKITIOYAIOIIEM OIEHKY W YTOYHEHHE KOOPIWHAT CKBAXKUH C YYETOM
B3aMMHOTO PACIOJIOKECHUS M PACCTOSTHHUS OT YCThSI CKBKWHBI, IIEJTH U TOYKH
MPEIOTBPAIICHHS] CONIPUKOCHOBEHHS CTBOJIOB. [[JIsl OIEHKM TPSMOYTOJIBHBIX
KOOPJIMHAT IIPEJUIOKEH COOTBETCTBYIOIINI anroputM. C MPUMEHEHHEM JTAaHHOTO
anropuTMa reorpaduueckre KOOpAUHATHI TPOOYPEHHOTO YCThS U IIENIEBOM TOUKH
MEPECUUTHIBAIOTCS B COOTBETCTBHH C KOOpAMHAaTaMu Tpoekuuu. [Ipu sTom
He0oOXOUMO TPOBEPHUTH COBMAJCHHUE PE3YJIBTATOB PACUETOB TeorpapuuecKux
KOOPJIMHAT Ka)IO0H CKBa)KMHBI CO 3HAYEHHUSIMHU TreorpaduyecKux KOOPIWHAT,
MIPEIOCTaBICHHBIMI KOMIIAHUEH, OLIEHUTh TOYHOCTh JAHHBIX IPH IEpexoie
OT OJHOW CHCTEMBI KOOpPAMHAT K APYroOil, COIVIACHO NMPHUBEICHHOW B CTaThe
cxeme. Bce oTMedeHHBIE 3TaITbl MOTYT COCTABUTh MATEMATHIECKYIO OCHOBY IS
MMOCTAaHOBKH 3a7a49Ml W Pa3pabOTKH MPOTPAMMHOTO OOCSCIICUCHUS YIPaBICHUS
WCKPUBJICHHEM TPACKTOPHI CKBAXKWH, OYpSIIMXCS ¢ KyCTOBBIX IUIOIIAIOK HA
paccMaTpuBacMoM B JAJIbHEHIIIEM MECTOPOKICHUH.

KiaoueBble cjoBa: 1oObiBatoniye U mepepaldaThIBalOIME OTPACIH,
HAKJIOHHBIE CKBAXXKMHBI, TEXHOJOTHS OypeHus, KycToBoe OypeHue, a3zuMyT,
KOOPJIMHATHI, MPOEKIIUs, TPAEKTOPHSI, HICKPUBIICHUE, AITOPUTM.

Introduction. The development of HTRR plays an important role in the
sustainable development of extractive and processing industries. They are
additional sources in the total volume of HM. In this regard, the technology of
drilling bush inclined wells is given great importance, since they form the basis
of technical means for the development of HTRR. One of the main problems in
drilling of inclined wells is the presence of following factors: increased friction
with a complex profile, insufficient stability of the drill string and the need to
build curvature, the complexity of the profile due to insufficient displacement
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from the wellhead to the opening point of the intended productive formation,
finding the final from a technological point of view in the “non-preferred area”
of drilling due to the high risks of getting complications in the coordinates of
bottomholes. To improve the efficiency of drilling of cluster inclined wells, at
different times, calculation schemes providing the step-by-step optimization of
well profiles and projections based on the coordinates of their wellheads have
been proposed and implemented. As a result of which reasonable, effective and
economically justified technical and technological solutions have been developed
(M.M. Fattakhovet.al, 2016; Muratov O.V. et.al). In the modern literature, a
sufficient number of research results have accumulated on the issues of cluster
drilling of inclined, branched-horizontal and horizontal wells. An analysis
of the studies conducted in recent years has shown their consistency, where
researchers from Kazakhstan, Russia and Azerbaijan continue to take an active
part (Scherbakova A.V. et.al, 2019). The results of the generalization of these
developments showed that, from the point of view of the well profile, they are
divided into two conditional categories: “normal profile” and “complex profile”.
The latter of them is considered technically unrealizable, or implemented with
unproductive time using a typical drilling tool.

It should be noted that in the process of cluster wells drilling, the technology
and the strategy of drilling out the deposit may change. In some cases, it is
possible to change the sequence of drilling, the purpose of wells, the method of
their completion - both in terms of facilitating their construction, and obtaining
more accurate geological information.

Experience shows that cluster drilling can significantly reduce the amount
of work associated with construction and installation operations, reduce the
amount of construction of roads, power lines and communications, simplify the
maintenance of wells in operation, decrease the volume of transportation, etc.

Before drilling a particular well, geological information is usually obtained
and analyzed, geomechanical models are built, if possible, taking into account
the entire set of initial data, including data from previously drilled wells. At
the same time, methods for selecting the coordinates of well bottoms based on
calculations are used, taking into account the coordinates of their wellheads
(Serapinas B.B et.al; Wenhao X.U. et.al, 2019; Liu X.Y. et.al, 2012), all this
allows to make a reasonable choice of a drilling tool and other technical and
technological solutions in the future. To optimize well profiles, both shifting the
coordinates and changing the azimuth of the wellbore at the bottom of the well
and at the point of entry into the formation, and considering the option of well
drilling from neighboring cluster areas are possible.

Materials and methods. Thus, for high-quality planning and design of cluster
inclined wells, it is necessary to develop (improve) methods for determining the
main parameters of the profile, assess the influence of various factors on the
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choice of profile, which is important in the design of profiles, as well as in the
justification and selection of technical and technological solutions.

In this regard, this article provides a calculation scheme that allows to
evaluate the values of the parameters of cluster inclined wells according to the
coordinates of their wellheads.

When developing and designing measures to prevent encounters and
collisions of shafts that make up a cluster, as a rule, problems arise due to the
incompatibility of the conditions for calculating the drilled route and software
when designing the parameters of cluster wells.

The designs of the wells included in the cluster differ in the chosen coordinate
system, the method of calculating the trajectory, the initial depth of the well, used
when constructing the cluster of drilled wells. In this case, data on wells must be
processed using data on previously drilled wells (Wenhao X.U. et. al). A number
of researchers considered optimization technology for preventing collisions of a
large group of wells.

So, in order to assess and clarify the coordinates of wells, the author consider
the relative position and distance of the wellhead, the goals and points of
prevention of shaft contact, and, as noted in the works of recent years, all this is
the basis for the design of cluster drilling of wells. As it is known, the relative
position and distance between two points on the earth can be determined by
geographic coordinates and the depth of the vertical position. In this regard,
the so-called Gauss-Kruger projections are built on the basis of geographical
coordinates in (Wenhao X.U. et. al). Taking into account the recommendations
of this work, the sequence of calculations can be represented using the block
diagram shown in Figure 1.

Using this algorithm, the geographic coordinates of the drilled wellhead and
the target point are recalculated in accordance with the projection coordinates.
At the same time, it is necessary to check whether the results of calculating the
geographic coordinates of each well coincide with the geographic coordinates
provided by the company, to assess the accuracy of the data when moving from
one coordinate system to another, according to the scheme shown in Figure 1.
The flow chart also refers to the assessment and calculation of risks, which is
carried out according to the experience accumulated to date (Khismetov T.V.
et.al, 20006).

Results. To calculate and build a plan of cluster wells, it is necessary to
take into account the position of their intakes on the platform. For this, a base
well is selected, the intake of which is taken as the origin of the coordinate
system. When calculating vertical and horizontal projections of any well from
another platform, the initial coordinates are determined relative to the intake of
the base well (Khismetov T.V. et.al, 2006; Gasanov I.Z. 2001). For this purpose,
the intakes of all cluster wells are tied to the base wells. The well that should be
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drilled for the first time, by the first or second drilling rig, is taken as the base
well (Fig. 2.).

When determining the current coordinates of any (second) well, one should
take into account the coordinates of its intake A (X,, U,, Z,) relative to the
intake of the base (first) well B (X, Y, Z,).

XA =h - cose.
Y5 = hsing. (1)
ZA = ZO + AZO

where, AZy —wellhead height difference, h = /a? + (3 b;)? — the distance
between the intakes of drilling wells on a cluster, a — the distance between rows
of wells on a cluster, bj — the distance between the wellheads located in the
same row.

— —
=
i)

Fig.1 - Block diagram of decision making when refining the coordinate system.
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Fig. 2 - Scheme of convergence and meeting of cluster well shafts:
1, 2 - horizontal projections of two cluster wells,
3, 4 - vertical projections (profiles) of two cluster wells.

The azimuth of the installation w, of the deflecting BHA (bottom hole
assembly) for changing the azimuth A¢ and the zenith angle Aa is determined
by graphical or analytical methods. To determine the angle v, graphically, it is
necessary to construct a triangle AOAB (Fig. 3)

K

3

il

#
&
=

Fig. 3 - Scheme determining the drilling angle and setting the deflector.
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For this purpose, from a certain point O in the direction of the actual well
azimuth @, a segment OA is deposited, equal (on a certain scale) to the numerical
value of the zenith angle a, at the beginning of drilling. Then, a line OM is drawn
from the point O, forming an angle A, with the segment OA, equal to the zenith
angle a , which must be obtained while drilling after working with the deflector.
The straight line AB drawn through points A and B shows the direction of action
of the deflector relative to the actual azimuth of the well, and the angle BHA is
equal to the angle ¢, called the drilling angle. With this method, the azimuth of
the deflector installation is determined by the formula:

Ui = @s+ @q + @p )

where, ®p — the angle of twist of the drill strings from the action of the
reactive moment of the downhole motor, ®f - the actual borehole azimuth at
the beginning of drilling.

In an analytical way, the values of the drilling angle for the case of reduction,
stabilization of the zenith angle and azimuth change are determined by the
appropriate formula

_ 0 sin Ag@
pq = 180" + arctg Py Ve T—— 3)

For other purposes (tasks) of curvature, the angle values must be determined
from the expression:

sinAg@

— 0
®Pa = 360" + arctg cos Ap—tgoy /tgoy (4)

The spatial value of the zenith angle o and the length of the drilling interval
AL required to obtain the required values of the zenith angle o and azimuth ¢
are determined by the formulas, respectively:

sin A@ (5)

ap =
1 Tsincpz’

AL =1 (6)
1o
where, i, — the rate of change in the zenith angle per 1 m of penetration,
obtained when using this BHA to correct the trajectory of the wellbore axis.
Discussion. Theoretical studies and practical experience accumulated to date
have shown that the process of controlling the drilling of a cluster inclined wells
includes a number of successive stages of determining the position of the drilled
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part of the wellbore in space, making decisions that ensure the orientation of
the wellbore in a given direction, and their implementation. Briefly, what has
been noted is in the design of cluster drilling of wells, including the assessment
and processing of the coordinates of the wells, taking into account the relative
position and distance from the wellhead, the target and the point of preventing
the shafts from contacting.

Conclusion. To estimate rectangular coordinates, an algorithm is proposed,
according to which, at the initial stage, data on well coordinates are collected
and analyzed, transformation of geographic coordinates into rectangular ones,
verification, calculation of the azimuth of the whipstock installation, drilling
angle, spatial value of the zenith angle, length of the interval necessary to obtain
the required values of the zenith angle and azimuth, clarification of the deflector
angle value depending on the received actual bottom hole coordinates and
making technological decisions - correcting the wellbore trajectory, the decision
to change the layout based on the results of comparing the actual and design well
profile have been carried out. All of the above stages can form a mathematical
basis for setting the problem and developing software for controlling the curvature
of the trajectories of wells drilled in the cluster areas in the field considered in
the future.
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