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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 Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



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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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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N.R. Akhundova

Azerbaijan State Oil and Industry University, Baku, Azerbaijan.
E-mail: akhundova.nargiz92@gmail.com

CHANGE OF HYDRODYNAMIC PRESSURES IN THE WELLBORE
OF INCLINED-HORIZONTAL WELLS DURING DRILLING MUD
CIRCULATION

Abstract. In recent years, as you know, the volume of drilling deviated and
horizontal wells has increased dramatically.

When drilling these wells there are a number of problems: lack of technical
means for drilling such wells, bringing the axial load on the drill bit, bringing
strings to the bottom hole, problems with borehole cleaning from the drilled
rock, etc.

The data collection and analysis of field data on drilling of deviated and
horizontal wells (inclinograms mode parameters) in the Baku Archipelago
areas showed the changes of hydrodynamic pressure in a well, when the mode
parameters, axial load, bit rotational speed and fluid consumption were the
same.

Further analysis of these data revealed that these changes occur as a result
of changes in the spatial curvature of deviated and horizontal wells.

Analysis of the obtained data showed that the change occurred only in the
case of changes in the spatial variation of inclined-horizontal wells.

To the end, the work presented studies to determine changes in hydrodynamic
pressures in the borehole of deviated-horizontal wells.

On the basis of experimental, field, as well as computer simulation studies,
data were obtained, which were processed by statistical methods. As a result,
dependences for determination of hydrodynamic pressure in the wellbore of
slanted horizontal wells were obtained.

The studies have shown that using the traditional method of calculating the
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hydrodynamic pressure in the wellbore of deviated horizontal wells differs
from our calculations taking into account the zenith angles. This difference
occurs in the direction of reducing these values.

Key words: deviated well, zenith angle, pumping capacity, horizontal well
profile, pressure losses.

H.P. AxynaoBa

O3ipbaibkan MeMIIeKeTTIK MYHal )KOHE OHEPKACI YHUBEPCHUTETI,
baky, O3ipbailkaH.
E-mail: akhundova.nargiz92@gmail.com

BYPFBLIAY EPITIHAICIHIH AHAJIBIMBI KE3IH/IE
KOJBEY-KOIEHEH YHFBIMAJIAP OKITAHBIHJAFBI
TUIPOINHAMMKAJIBIK KbICBIM/IAPIBIH O3TEPYI

AnHoranusi. COHFBI KbUIIAphl, KelOey >KOHE KeJJAeHEH YHFbIMalapibl
OypfbhuTay KeyieMi KYpT ecTi. ¥YHFbIMajapabl OYprbulay KesiHae Oipkarap
npoOnemanap TybIHIANWIBl. ATan aliTKaHaa: YHFbIMaIap/ibl ©TKi3yre apHaaFaH
TEXHUKAJBIK KypajaapablH OoJiMaybl, KECKIIIKE OCBTIK >KYKTEMEHI )KeTKi3y,
OaraHIapabpl KEHXKapFa KETKi3y, OYpFbIIaHFaH Tay >KBIHBICTAPBIHAH Ta3apTy
npoOiemanapsl )koHe T. O.

baky apxwuienarslHbIH aJlaHIapbIHIa Keyi0ey XKoHe KOJJeHEH YHFbIMa-
napasl Oyprbuiay OOWBIHINA KOCIMTIK JAepekTepAl (MHKIMHOTpaMMasapablH
PeXUMIIK MapaMeTpiepi) KUHAY >KOHE Taljay PEeKHMJIK MapaMeTpliepiH,
OCBTIK KYKTEMEHIH TYPaKTBUIBIFBI, KalllayblH aifHAly alfHAJIbIMBIHBIH CaHbI,
COHJIaif-aK CYWBIKTBIK IIBIFBIHBI KE31HAE YHFBIMAJaFbl TUIPOJUHAMUKAIIBIK
KBICEIMIAP/IBIH 63Tepyi OaliKaaFaHbIH KOPCETTI.

Ochl nepekTep/ii 0J1aH api Tanaay Oy e3repicTepaiH Kosioey koHe KOJIJIEHeH
YHFBIMAJIAp/AblH KEHICTIKTIK KHUCBIKTBIFBIHBIH ©3repyl HOTHIKECIHJE Taiina
OOJaTBIHIBIFBIH AHBIKTA/Abl. AJIBIHFaH JEpeKTepAl Taijay, e3repic kendey-
KOJJCHEH YHFbIMalapAblH KEHICTIKTIK ©3repyl e3TrepreH X arjaaiiia FaHa
OOJaTBIHIBIFBIH KOPCETTI.

Byn xymbicTa Kenbey-KeNIeHeH YHFbIManiap OKMAHBIHAAFbl THAPOIMHA-
MUKAJTBIK KBICBIMIAP/IBIH ©3T¢pyiH aHBIKTAy OOWBIHIIIA 3ePTTEYIICP YCHIHBLIIBI.
3epTTeynepai AKCIEPUMEHTTIK, KOMMEPIHUSUIBIK, COHJIaii-aK KOMIBIOTEPIIIK
MOJICNTBACY HETI31HAEe CTATUCTUKAJIBIK OJICTEPMEH OHJACITCH MAIIMETTep
anbiHabl. COHBIH HOTHIXKECIHJIE KOJACHEH YHFbIMANapblH OKIaHBIHIAFbI
TUAPOIMHAMHKAIIBIK KBICHIM/IbI aHBIKTAY OOMBIHIIIA TOYENTITIKTeP aHBIKTAIIbI.

3eprTeynep KOpCeTKeHAEH, T'HAPOJMHAMMKAIBIK €CeNTeYyAlH ToCTYpi
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O/IICIH KOJIJIaHFaH Ke3Jle KeJi0ey-KeJIeHeH YHFbIMalapiarbl KbICHIM 3€HUTTIK
OyphIIITapABl €CKEPE OTHIPHIN, 013 YCHIHFAH €CeINTeyNIepAeH o3renie 00aaabl.
By alibipManibUIbIK OCHI MIaMaJiapIblH a3af0bIHA O0aNWIaHBICTHI.

Tyiiin ce31ep: ko10ey YHFbIMa, 3€HUTTIK OYpPbILI, COPFbIIAPIbIH OHIM/ILIII,
KOJIJIEHEH YHFbIMaJlapblH MPO(UIIi, KbBICBIMHBIH KOFaJIyBl.

H.P. AxynaoBa

Azepbaitkanckuii [ocynapcTBennsiii Yausepcuretr Hedru n
[IpombiierHoctu. baky, AzepOaitmkan.
E-mail: akhundova.nargiz92@gmail.com

W3MEHEHUE TUAPOJIUHAMUYECKHUX JABJEHUN B
CTBOJIE HAKJIOHHO-I'OPU3OHTAJIBHBIX CKBAKHUH 11PN
OUPKYJIAAIUU BYPOBOI'O PACTBOPA

AnHoTanus. B nocneanue roapl, Kak U3BECTHO, 00beM OypeHHU s HAKIIOHHBIX
Y TOPU30HTAJBHBIX CKBAXXUH PE3KO YBEIHUUIICS.

IIpu OypeHMM STHUX CKBa)XUH BO3HHUKAIOT psAJd NpoOIeM: OTCYTCTBHE
TEXHUYECKUX CPEACTB ISl MPOBOJKM TAKUX CKBAXHH, JOBEJIEHUS OCEBOU
Harpy3kd Ha JIOJIOTO, JIOBEACHHE KOJOHH J0 3a00si, MPOOJIEMbI ¢ OYUCTKON
CTBOJIOB OT BbIOypeHHBIX mnopoa u T.JA. [IlpoBeaeHHblii cOop U aHaIu3
MPOMBICTIOBBIX JTaHHBIX TIO OYpEeHHIO HAaKIOHHBIX M TOPH30HTAIBHBIX
CKBa)XMH (peKMMHBIE MTapaMeTpbl HHKJIMHOTPAMM) Ha Miomaasx bakuuckoro
Apxwurnenara nokas3ajo, 4To pH MOCTOSTHCTBE PEKUMHBIX TAPAMETPOB, OCEBOM
Harpy3ku, 4ucia oOOpOTOB BpalleHMs J0J0Ta, a TAKXKE pacxoja >KUIKOCTU
HAO0JI01aJI0Ch U3MEHEHHE THAPOIUHAMUYECKUX JABICHUN B CKBaKHUHE.

JlanbHEWIINM aHalM30M STHUX JaHHBIX OBLJIO YCTaHOBJIEHO, 4YTO O3TH
W3MEHEHUS MPOUCXOASAT B pe3yibTare W3MEHEHUS MPOCTPAHCTBEHHOTO
VCKPUBJICHHUS HAKIIOHHBIX M TOPH30HTAILHBIX CKBKUH. AHAIIN3 MOJTyYEHHBIX
JAHHBIX MOKAa3aJl, YTO U3MEHEHHUE MPOUCXOAMIO TOIBKO B CIyyae U3MEHEHHUs
MPOCTPAHCTBEHHOTO N3MEHEHHS HAKJIOHHO-TOPU30HTAIBHBIX CKBAXKHUH.

C »oroif menpto B paboTe OBUIM TNPEACTABIEHBI MCCIEAOBAHUSA I10
ONpENEICHUI0 H3MEHEHUN TMApPOJMHAMMUYECKUX JAaBICHMM B CTBOJIE
HaKJIOHHO-TOPU30HTAJIbHBIX CKBaXXMH. Ha oOcCHOBE »SKCIIEpUMEHTANIbHBIX,
MIPOMBICJIOBBIX, @ TaKX€ KOMIIBIOTEPHOTO MOJEIUPOBAHUS HUCCIEI0BaHUN
ObLIM TIONYYCHBI JaHHBIC, KOTOphIE OBLIM O0OpaOOTaHBl CTATUCTHYECKHUMHU
MeTronaMiu. B pesynbTrare uero ObUTH MOMy4YEeHBI 3aBUCUMOCTH 110 OMPEIETICHUIO
TUIPOJMHAMHMYECKHX JIaBJICHHE B CTBOJIC HAKJIOHBI TOPU30HTAIBHBIX CKBa)KHH.
HccnenoBanus mokasaiu, YTO MPU UCTOIB30BAaHUM TPAJAULMOHHOIO METONa
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pacyéra ruApOJAUHAMHUYECKUX JaBJIICHUE B CTBOJIE HAKJIOHHO-TOPU30HTAJIbLHBIX
CKBaXUH OTIMYACTCS OT IPEAIAracMbIX HAMU Pac4E€TOB C yYETOM 3E€HUTHBIX
YIJIOB. DTO OTIMYHUE IPOUCXOJUT B CTOPOHY YMEHBIIEHUS ITUX BEJIUYHUH.
KiroueBble €10Ba: HAaKJIOHHAs CKBA)KMHA, 3€HUTHBIM YTOJI, IPOU3BOIM-
TEJBHOCTh HACOCOB, MPO(HUIIb TOPU30HTAIBHBIE CKBAXKUHBI, IOTEPH JABJICHUS.

Introduction. Currently, due to the increase in the volume of drilling of
inclined wells with large (>35°) zenith angles and deviations, as well as when
drilling horizontal wells, it becomes necessary to investigate the movement of
solid particles in the trunk of inclined horizontal wells.

As studies (Abughaban, et al, 2016) show, with an increase in the zenith
angle, an increasing number of particles settle on the lower wall of the well,
and in the case of a horizontal well, almost 60-70% of the drilled rock settles
on the lower wall. When a solid particle settles on the lower wall, a so-called
slurry layer is formed. The thickness of this layer increases as the well is
flushed. This can lead, on the one hand, to the seizure of tools at the moment
of lifting, and on the other hand, at certain values and the zenith angle (35 -
60°), the sludge can slide (like an avalanche) at the bottom of the well, which
will lead to a decrease in the mechanical rate of penetration.

To reduce the slurry layer, it is necessary to reduce the mechanical speed
of flushing the penetration or to choose such a minimum consumption of
drilling mud that to ensure the removal of these settled particles to the daytime
surface. In this regard, there is a need to study the movement of solid particles
deposited on the lower wall of the borehole, which will determine the minimum
consumption of drilling mud, ensuring the removal of these particles to the day
surface.

Research materials and methods. The movement of solid particles to the
lower walls of the well occurs in the form of sliding and rolling. Sliding or
rolling of particles occurs, as a rule, due to hydrodynamic forces arising in the
upward flow (Agayeyv, et al, 2001).

The case of particle motion is considered when the lower walls of the well
do not roll and slide. The solution is considered as quite general, and can be
used to study and calculate the motion of solid particles regardless of the type
of motion.

These studies have shown how the parameters of the curvature of an inclined
well affect the formation of a slurry cushion (Albaraa, et al, 2018).

Another important factor that occurs during the drilling of inclined-
horizontal wells is the change in hydrodynamic pressure during its flushing.
hydrodynamic pressures are all pressures in the well, which differ from the
hydrostatic pressure of the liquid column both positively and negatively
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(Axundova, et al, 2021; Bulatov, et al, 1984; Cardwell 1953). As a rule,
they arise due to fluid motion in the circulation system of the well. Pressure
fluctuations in the well may also be of another nature, in particular due to
changes in circulating fluid density, separation (segregation) of phases, setting
and hardening of cement slurry, infiltration of formation fluids into the well,
osmotic phenomena. However, these phenomena will not be considered here.
Excess pressures in the borehole can be caused by:

1) friction of fluids pumped into the circulation system of the well;

2) local resistances in the circulation system of the well;

3) movement in the well of the pipe string;

4) local resistances in the circulation system of the well when moving the
pipe string;

5) inertia of the fluid column in the well;

6) pressure fluctuations arising from abrupt start or stop of pumps, lifting or
abrupt braking of the drill string or casing.

7) overcoming the gel strength of thixotropic viscoplastic fluids when starting
pumps or at the moment of starting drill string or casing string movement in
the well;

8) rotation of drill string or casing string;

9) the effect of compression or rarefaction in fluid when the drill string is
moving around (especially if there is a gland on the bit).

All these phenomena may occur simultaneously in the well, and their
influence cannot always be evaluated separately.

Excessive pressures that occur when fluid is injected into the well circulation
system have been considered in the literature (George, et al, 2011; Juan, et al,
2002).

As is known, the pressure created by drilling pumps during the circulation
of the solution is equal to the sum of losses in the entire circulation system of
the well and is determined by the following relationship:

PB - Pp t PC.S. + Pwdp + Pl + Pb + Prb t Pturb

where, P — pressure loss in drill pipes, MPa
P — pressure loss in the column space, MPa.
P, 4~ Pressure loss in weighted drill pipes, MPa
P, — pressure loss in locks, MPa.

P, — pressure loss in the bit, MPa.

P — pressure loss in the rig binding, MPa.

P, . — pressure loss in the turbobur, MPa.
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The magnitude of these losses depends on many factors (pump performance,
rheology, drilling fluid density, length and diameter of drill and casing pipes,
local resistances, etc.).

When considering these dependencies, according to which these
hydrodynamic losses are determined, it is clear that they lack the influence of
factors such as zenith and azimuth angles.

Although in the authors propose (Maurer, 1971; Movsumov, 1976, 1967;
Makovey, 1986) a dependence that allows determining additional pressure
losses resulting from changes in azimuthal angles.

However, as you know, in recent years, the volume of drilling of inclined
and horizontal wells has increased. When drilling such wells, the zenith angles
reach large values (70°-90°). At the same time, a number of problems arise,
one of which is the change in hydrodynamic pressures.

Based on the above, from a practical (experimental) point of view, the
question of the influence of zenith angles on hydraulic losses during drilling of
inclined-horizontal wells is interesting (Hemphill, 2010).

The fact of the influence of zenith angles on hydraulic losses during the
movement of drilling mud was established experimentally and by field studies
conducted by us on the areas of the Baku Archipelag.

Based on these studies, a summary table (1) was compiled and graphs
(fig.1) are presented, which reflects the effect of pump performance and zenith
angles with constant structural dimensions of the well (length, diameter) and
rheology of the solution on pressure losses at zenith angles oo = 0 and o = 90°.

Table 1
Ne Q Vertical well Horizontal well
107 m¥/s P (0=0°), Pa P, (0=90°),Pa

1 0,5 17 13

2 1 27 17

3 1,5 35 20

4 2 45 25

5 2,5 55 30

6 3 65 35

7 3,5 75 40

8 4 85 45
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Fig.1. Dependence of pressure loss on pump performance

However, as is known, for practical calculations of pressure losses in the
trunk of inclined-horizontal wells, it was necessary to have a dependence of
the change in hydrodynamic losses on zenith angles.

For this purpose, the data obtained experimentally and commercially were
processed.

Results. As a result of mathematical processing of these data (Qudilin, et
al, 2007; Yemelyanov, et al, 1988), the dependence of the change in hydraulic
losses on the zenith angles was obtained with the constancy of the technical
and rheological parameters of the solution.

AP

AP?, =——V
" 71 + Sinay,

where, APL — pressure losses in a vertical well when the depth of the well
and the length of the inclined horizontal part of the well are equal, MPa.

APZ, - pressure losses in an inclined-horizontal well, taking into account the
average value of zenith angles, MPa.

o — the average angle of the zenith angles, degrees.

Discussion. To compare the magnitude of the change in hydrodynamic
losses during drilling of inclined-horizontal wells with pressure losses in a
vertical well with the same technical and technological data, a standard three-
interval horizontal profile (Fig.2) with a depth of H = 1200m, consisting of a
vertical section with a length of the tool | = 1000m, an inclined section of 500m
was calculated. and the horizontal section 1, = 600m, with the following data,
the diameter of the bit D,=295.3mm, the diameter of the drill pipes D o 140
mm, thickness 6=9mm, length WDP =100m, inclined length =500m, diameter
WDP = 203mm, productivity Q=30dm?/s, structural viscosity 1 =1-10-2 N * s/
m?, static shear stress t = 8.16 N/m?.
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H=1000m

Vertical section | /

=
]

Inclined section , H,

H=500m
v

Horizontal section , L. i

Fig. 2 Three-interval standard horizontal profile of the well.

H=600m

]

Thus, when determining the exact value of hydraulic losses in inclined-
horizontal wells, there is a need to calculate pressures at separate intervals
according to the proposed method, i.e. vertical (a=0°-5°), inclined (a=5°-60°)
and horizontal (0=60°-90°) sections, as well as the calculation of these pressures
when drilling a vertical well with a depth of 2100 m.az, when determining the
exact value of hydraulic losses in inclined-horizontal wells, there is a need to
calculate pressures at separate intervals according to the proposed method, i.e.
vertical (0=0°-5°), inclined (0=5°-60°) and horizontal (0=60°-90°) sections,
as well as the calculation of these pressures when drilling a vertical well with

a depth of 2100 m.

Numerical values of pressure losses in these areas obtained as a result of
calculations for individual intervals are presented in table 2.

Table 2.
Interval,m Ave- Pp P, Pwp, P, P, P, e | Total Total los-
rage of | NMpa MPa |MPa |[MPa |MPa [MPa |MPa |losses |sesat this
zenith at this | interval,
angle,® interval | taking
0=0°, into ac-
MPa count
zenith
angles,
MPa
Vertical length 0 0,702]0,32 [0 0,228 [0 0,132 0 1,3829 [1,3829
L,,1000
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Inclined length 30 0312][0,142[0  [o,114]0 Jo [o  [0,56865[0,3791
L,,500

Length to horizontal. |90 0,39 0,178[0,239[0,137 [0,45 [0  [2,463(3,8571 [1,92855
L,,600

5,80865 [3,69055 |

As can be seen from the calculations obtained, the hydrodynamic losses
in the trunk of inclined-horizontal wells are 2.0-3.0 MPa less than in vertical
wells with the same tool lengths.

Conclusion. Reduction of hydrodynamic pressures in inclined-horizontal
wells contributes to the fact that:

1) Based on the analysis of the collected and systematized field and design
data on the drilling of inclined and horizontal wells on the shelf of the Caspian
Sea, it was found that the hydrodynamic pressures during drilling in these
wells, with other parameters constant, differed from the design values by 10 -
15%.

2. To identify the reasons for the change in hydrodynamic pressures in the
wellbore of inclined and horizontal wells, computer simulation of this process
was carried out, as a result of which the influence of the parameters of the
well curvature (in particular, the zenith angle) on the change in this value was
established.

3. Statistical processing of the data obtained as a result of computer
simulation made it possible to obtain the dependence of hydrodynamic pressure
losses on zenith angles.

4. The results of calculations of hydrodynamic pressures during flushing of
inclined and horizontal wells according to the obtained dependence confirmed
their decrease by 10—-15% of the design data, with other parameters remaining
constant.

5. The results obtained allow, on the one hand, to reduce the load on the
mud pumps, and this, in turn, will increase its productivity while maintaining
power, which will improve the quality of cleaning tables of wells.

6. The dependence obtained in the article can be recommended when
drawing up hydraulic programs for drilling inclined and horizontal wells.
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