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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 akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an 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 yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:
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https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827
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FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261
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Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
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nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883
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webofscience.com/wos/author/record/1939201
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www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
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PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. This article presents a novel method for restoring the circulation
of drilling fluid during well drilling using a back-suction technique. Unlike
traditional methods, this innovative approach eliminates the need for a vacuum
pump, significantly reducing both capital and operational costs associated with
drilling operations. The study analyzes the proposed technology’s effectiveness,
highlighting its ability to accelerate the operations of extending drill pipes, thereby
decreasing the time required for these processes by nearly 2.5 times compared
to conventional techniques. This improvement is particularly critical in complex
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hydrogeological conditions, such as those found on the Mangistau Peninsula, where
freshwater resources are limited.

The flexibility of the proposed method allows for effective adaptation to various
working scenarios, including a temporary switch to direct circulation, enhancing
the equipment’s operational performance. The research demonstrates that the
improved technology is a promising solution for increasing the productivity of
drilling operations, which has significant implications for freshwater availability in
resource-constrained regions.

Future studies are encouraged to focus on optimizing this method and tailoring
it to different geological conditions to further enhance drilling efficiency and
reliability. Overall, this work contributes valuable insights into advancing drilling
technology for water supply wells, aiming to improve sustainability and efficiency
in the sector.

Keywords: reverse circulation; water well drilling; check valve; drill string
extension; large diameter wells.
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AnHoTanus. Byn makanana xepi cOpy TEXHOJOTHSICBIH KOJIZJaHA OTBIPBII,
YHFBIMaNapasl Oyprbulay Ke3iHIEe KyYy CYHBIKTBIFBIHBIH alHaJIBIMBIH KaJllbIHA
KeNTipyAiH jkKaHa ofici YChIHBUIFAH. J9CTypii TociiiepieH alblpMallbUIbIFbI,
Oy1 MHHOBAIMSJIBIK 9JiC BaKyyMIBIK COPFbIFa KKETTUIIKTI JKOSIBI, Oyprbuiay
KYMBICTapBIHBIH KYPACTI JKOHE ONEpalusUIbIK IIBIFBIHAAPBIH  alTapIIbIKTal
azaiitagpl. Byn 3epTTey YCHIHBUIBIN OTHIPFaH TEXHOJIOTUSHBIH THIMALIITiHE
Tajay JKacalpl )KOHE OHBIH OYpFbUIay KYOBIpIapblH OipiKTipy olepanusuiapbiH
KbUIJaMJaTyFa, OyJl MpolecTepAi OpbIHAAY YaKbITBIH JOCTYpJi oIiCTepMEH
casbICTBIpFaHa 2,5 ecere KybIK KbICKapTyFa MyMKiHIiK Oepeni. byn xakcapty
ocipece TyIbl Cy pecypcTapbl HIeKkTeydi MaHrbicTay TYOeri CHSIKTBI KypAemi
THPOTeONOTUSUIBIK JKaFraainapia eTe MaHbI3/Ibl.

¥ ChIHBUTFAH O/IiCTIH MKEMJIUTITT OHBIH SpTYpPJIi ONepalusibIK cleHapuiinepre,
COHBIH IHIIHAE TiKeNeH aiHaJbpIMFa YyakbITIIa ©Tyre THIMII OeHdimuenyre
MYMKIHIK Oepe/Ii, 01 63 HeTi3iH/e ®a0AbIKThIH OHIM/IUTITIH )KaKCapTa bl 3epTTey
KETUIAIPIIreH TEXHOJIOTHs OYPFblIay OHIMIIUTITIH apTThIPY YIUiH MepPCIeKTHBAIbI
LICHIIM €KeHIH pacTaiipl, Oy pecypcTapbl LIEKTeYIli aiiMaKTapAarsl TYIIbI CYIbIH
KOJDKETIMJILTITIHE alfTapIIbIKTal acep eTei.

By omicti oHTalimaHABIPY KOHE OHBI SPTYPIHi TEOJIOTHSUIBIK JKaFgaiiapra
Oeltimzey YLIiH KOCBIMIIIA 3ePTTEYNIEp YCHIHBUIAABI, Oy OYpFbLIay JKYMBICTAPBIHBIH
TUIMALTINT MEH CEHIMAUIITIH OfaH opi apTThIpyFa MYMKiHAiK Oepeni. Tyracraid
aJIFaH/a, >KYMbIC OCBI cajlaJIaFbl TYPAKTBUIBIK MTEH THIMIUTIKTI )KaKcapTyFa YMThLIa
OTBIPBIN, Cy YHFBIMANapbl YLIIH OYpFbIIay TEXHOJOTHSCHIH AAMBITYyFa KYHIBI
ujesiap oKemei.

Tyiiin ce3aep: kepi aifHaIbIM, CyFa YHFBIMaNap/bl OypFbUIAY, TEKCEpY KIlanaHbl,
Oyprbutay OaraHachIH KYpy, YAKESH AUAMETPIli YHFbIMaap.
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AnHoTaums. B maHHO# cTaThe MPEACTaBICH HOBBIM METOJ] BOCCTAHOBICHUS
MUPKYJISIIAU TIPOMBIBOYHOM JKUAKOCTH MIPU OypEHHU CKBAXKHH C MCIIOIb30BAHHEM
00paTHO-BCACHIBAIONIEH TEXHOJOTHH. B oTin4me OT TPaauIlMOHHBIX TMOAXOAOB,
STOT HMHHOBAIIMOHHBIH METOJ YCTpPaHSeT HEOOXOMUMOCTh B BaKyyM-Hacoce,
YTO CYIIECTBEHHO CHW)XAaeT KaK KalHWTalbHble, TaK W DKCILTyaTal[HOHHBIC
3arparel Ha OypoBble paboThl. B uccrnenoBanuu anamusupyercst 3QPeKTHBHOCTh
MPEUIOKEHHON TEXHOJIOTHH, MOJYEPKUBAsl €€ CIIOCOOHOCTh YCKOPSITH OIEpaluu
HapalBaHus OypUIbHBIX TPYO, YTO MO3BOJISET COKPATHTh BPEMsl BBIIOJIHEHUS
3THX MPOIECCOB TMOYTH B 2,5 pa3a MO CPaBHEHHUIO C OOBIYHBIMH METOJaMH. DTO
yIy4dlIeHHe OCOOCHHO KPUTHUYHO B CIIOXKHBIX THAPOTEOIOTHMYECKUX YCIOBHUSX,
TaKHUX KaK MOJIyocTpoB MaHTrHCTaYy, IJIe peCcypChl TPECHOH BOABI OTPAHUYCHBI.

I'uOkocTh TpesIaraeMoro Meroja Mo3BOJsieT A((EKTUBHO aJalTHPOBATHCS
K Pa3IryHbIM pabovYMM CLIEHApHUSM, BKJIIOYAs BPEMEHHBIM TEpexojl Ha MPsIMYIO
MUPKYIALIUIO, YTO YIIYy4YIIACT SKCILUTYaTalMOHHBIC XapaKTCPUCTUKHN 06OPYJ10B3HI/ISI.
HccnenoBanne MOATBEPKIACT, UYTO YCOBEPIIICHCTBOBAHHAS TEXHOJOTHS SIBIIICTCS
MHOTOOOCIIAFOIINM PEIICHUEM JUIS TIOBBIIICHUS MPOU3BOAUTEIHHOCTH OYpPOBBIX
paboT, YTO UMEET 3HAYUTEIBHBIE TIOCIESICTBUS ISl JOCTYITHOCTH ITPECHON BOJIBI B
PECYPCHO OTPaHUYCHHBIX PEerHOHAaX.

JanpHeilline ucCClenoBaHUS PEKOMEHAYIOTCA Il ONTMMM3aLUM JIAHHOTO
METOAA U €ro ajalTalr K pasiiMdYHbIM I'€OJIOTUYCCKUM YCIOBUAM, YTO IMO3BOJIUT
erme OOJBINE TOBBICHTh 3PPEKTUBHOCTh W HAACKHOCTH OYypPOBBIX OIEPAITHA.
B menom, paGota BHOCHT IeHHBIE HJIEH B Pa3BUTHE OypOBOM TEXHOJIOTHUH IS
BOJ103200PHBIX CKBaYKUH, CTPEMSICh YIYUIIHTh YCTOHYUBOCTH U 3(P(PEKTUBHOCTH B
ATOM 00JIACTH.

KiroueBble ciioBa: oOparHasi IUPKYJSIHs, OypeHHe CKBaXKUH Ha BOJY, 00pat-
HBIH KJTaraH, HapalyuBaHue OypriIbHON KOJIOHHBI, CKBRKMHBI OOJIBIIIOTO AUAMETPA.

Introduction
A significant shortage of drinking and technical water exists across the vast
territory of the Mangystau Peninsula, greatly hindering agricultural activities in the
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region. At the same time, exploratory studies (Umirova, 2023: 13; Biletskiy, 2022:
12) haverevealed the presence of several aquifers located at shallow depths, covering
nearly the entire area of the peninsula. In many cases, the quality of this water meets
the requirements for domestic water supply (Togasheva, 2023: 9; Yessendossova,
2023: 17). The aquifers in the Mangystau Peninsula are characterized by a low
filtration coefficient, which is why water wells, typically drilled with diameters not
exceeding 200 mm, have low flow rates. This makes it impractical to transfer them
for use by local industries (Khomenko, 2023).

During pumping, the maximum filtration rate in m/h is determined as (Abdeli,
2018: 9):

— 3
Up =2.713K; )

where K, is the filtration coefficient in m/day.
Thus, the maximum possible flow rate in m*h can be determined as (Mendebaev,
2024: 14):

Qmax = LntDUg (2)

where L is the length of the filter, m, and D is the diameter of the filter, m.

Formula (2) shows that the solution to the problem of low flow rates can be
achieved by adopting the global practice of drilling water wells with increased
diameters—up to 1.5 m or more (Piriverdiyev, 2019: 9).

Such wells are drilled using reverse circulation. The upward flow of drilling
fluid, which carries cuttings to the surface, moves through the drill string. After
being separated from the cuttings in the settling tank, the fluid returns as a downward
flow in the annular space. This ensures efficient bottomhole cleaning since, with
conventional direct circulation, achieving such effective cleaning would require an
impractically high flow rate of drilling fluid.

Typically, reverse circulation is performed using one of two methods (Hou,
2024; Istekova, 2022: 9): by injecting compressed air into the upward flow (airlift
method) or by connecting the suction line of the circulating pump to the upward
flow of drilling fluid in the well—this is the reverse-suction method (Fig. 1).

The airlift method, with sufficiently powerful compressors, allows drilling to
depths of 300 meters or more (Stavychnyi, 2024).

The depth limit for the reverse-suction method is constrained by the fact that
circulation relies on atmospheric pressure. Therefore, as depth increases, the
efficiency of bottomhole cleaning and the drilling rate decrease sharply (Ratov,
2024: 8). However, at depths of around 100 meters, the drilling rate with this
method still differs little from that achieved by the airlift method (Hou, 2024).

Under the drilling conditions mentioned above on the Mangystau Peninsula,
where aquifers are located at depths ranging from a few meters to several tens of
meters from the surface, the reverse-suction method has several advantages over
the airlift method.
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The most important advantage is the absence of the need to use non-standard,
bulky drill strings, where the drill string serves both as the channel for drilling fluid
circulation and for air injection (Deryaev, 2024: 11). Such strings feature complex
connections, and working with them is characterized by a significant increase in
tripping time and adding operations.
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Fig. 1. Reverse-suction circulation diagram (Hapich, 2024: 12)
1 — bit; 2 — drill string; 3 — rotary table; 4 — kelly; 5 — swivel; 6 — suction hose; 7 — vacuum gauges;
8 — centrifugal pump; 9 — vacuum tank; 10 — fluid tank; 11 — discharge line; 12 — vacuum pump;
13 — gate valve; 14 — receiving tank; 15 — cuttings; 16 — trough

In the reverse-suction method (Fig. 1), there is no need for constant operation of
a compressor during the drilling process, which reduces additional costs for fuel,
lubricants, and equipment wear.

Due to the shallow depths of the aquifers, the main drawback of the reverse-
suction method — slower drilling rates as depth increases — loses its relevance under
the conditions being considered.

However, a second major drawback remains: the need for complex and expensive
equipment, designed solely to restore the drilling process after every necessary
operational stop (Davydenko, 2015: 9).

This problem arises because, when circulation stops, for example, to add sections
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to the drill string 2 (Fig. 1), the column of drilling fluid, held at the height of the
swivel 5, drops to the fluid level in the well under its own weight. When drilling
resumes and circulation must be restored, the centrifugal pump 8, which provides
circulation, cannot generate enough vacuum to raise the fluid back to the swivel and
through the suction hose 6, feed it to its suction (Ratov, 2023: 10). As a result, the
centrifugal pump alone is incapable of initiating circulation.

The objective of this work is to improve the reverse-suction drilling fluid
circulation technology by accelerating the restoration of fluid circulation after the
necessary operational stops during the drilling process.

To achieve this objective, the following tasks were undertaken: — Analysis of the
hydrogeological conditions of the Mangystau Peninsula and the results of previous
water well drilling projects; — Identification of the shortcomings of traditional
water well drilling technology under the conditions of the Mangystau Peninsula; —
Development of a new method for reverse-suction circulation and a device for its
implementation; — Justification of the efficiency of the developed technology.

Materials and basic methods

Research Object — the water well drilling technology with reverse-suction
circulation.

The research was based on the idea of eliminating the need for a vacuum
pump and instead using a check valve to restore drilling fluid circulation after the
necessary operational stops in the drilling process.

The following research methods were used to address the set tasks.

A systematic analysis of existing reverse circulation technologies for water
well drilling, presented in literature and patent sources. Examination of the local
hydrogeological conditions with regard to using large-diameter water well drilling
technology. Critical analysis of the results of previous water well drilling projects
on the Mangystau Peninsula to identify the causes of the region’s unsatisfactory
groundwater supply. A review of the existing technologies for large-diameter water
well drilling and the development of proposals for their improvement.

Results

In modern drilling rigs where the reverse-suction method of drilling fluid
circulation is used, the problem of lifting the column of fluid and filling the
centrifugal pump is addressed by employing a special vacuum pump 12, capable of
creating a vacuum with an absolute value close to atmospheric pressure (Chudyk,
2023: 8; Hou, 2024).

The vacuum pump, along with its necessary components (vacuum tank 9,
fluid collection tank 10, vacuum gauge 7, valves, and additional piping), must be
perfectly sealed, requiring high precision in manufacturing, which significantly
increases the overall cost of the system.

In addition to the mentioned drawbacks of the reverse-suction method, there is
also the issue of increased time costs for adding sections to the drill string, as using
a vacuum pump necessitates significant shortening of the drill pipes.

The pressure of the fluid PPP can lift its column to a height of
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P 3)

According to this formula, when an ideal vacuum is created in the pipeline,
atmospheric pressure P = 98000 Pa pushes water with a density p = 1000kg/m?
(with gravitational acceleration g = 9.8 m/s?) to a height of H = 10m. This is the
maximum achievable height for the suction of the vacuum pump under the specified
conditions.
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Fig. 2. Determining the maximum allowable length of drill pipe when using a vacuum pump
1 — bottomhole; 2 — bit; 3 — drill string; 4 — added drill pipe; 5 — kelly; 6 — rotary table; 7 — swivel;
8 —sling; 9 — centrifugal pump; 10 — vacuum pump unit; 11 — suction hose; 12 — discharge hose;
13 — settling tank; 14 — fluid level at the wellhead; L, — maximum height of fluid lift by the vacuum
pump; L —length of the kelly; L, — length of the drill pipe; L, — distance from the rotary table to
the fluid level; A, — distance from the bit to the bottomhole; A, — distance from the suction hose to
the kelly
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The vacuum pump is turned on when, after completing the operation of adding
sections, the drill string 3 is suspended by the sling 8 in the rigging system such that
the bit 2 is positioned at a certain distance A, from the bottomhole 1 (Fig. 2). This
is necessary to avoid the influence of the cuttings that have settled on the bottom
during the addition process, i.e., to move out of the zone of increased fluid density
(from formula (3), it follows that the suction height H is inversely proportional to
the density of the drilling fluid).

From the situation presented in Fig. 2, we derive the formula for determining the
allowable length of the drill pipe 4:

Since the length of the drill pipe must always be less than the length of the kelly,
its length can be expressed as:

()
where A, is the reduction in length of the ordinary drill pipe compared to the
kelly.
Then, taking into account (4) and (5), the allowable length of the drill pipe can
be expressed as:

Lp =Ly —(Lg +A;+A, +A3) (6)

In this formula, the allowable length L, of the drill pipe is determined by
subtracting four values from the maximum possible suction height L, of the vacuum
pump 10 under the given conditions:

— the height L, of the rotary table 6 above the fluid level (since after removing
the clamps that support the rotary table, the kelly 5 is raised above the rotary table
with the sling 8 and rigging system);

— the height of the bit 2 above the bottomhole A, as well as the distances from
the suction hose to the kelly A, (see Fig. 2) and the reduction in length of the
ordinary drill pipe compared to the kelly A..

When operating installations with a vacuum pump, the density of the drilling
fluid must not exceed 10% of the density of water for which it is recommended to
control the drilling speed (Deryaev, 2023: 14). This means that, at the limit, drilling
with a density of saturated cuttings water is allowed, equal to 1100 kg/m3. At this
density, according to formula (3), the actual suction height will be L, = 9m.

In the water drilling rigs of type 1BA 15V, the location of the clamp on the rotary
table, where the drill string is suspended, is approximately L, = 1.5 m above the
wellhead (Thnatov, 2023Db).

When restoring circulation, the recommended height of the bit above the
bottomhole is A| = 1.5m (Thnatov, 2023a: 15).
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The distance A, is determined by design considerations and is usually so small
that it can be neglected in calculations.

The length of an individual drill pipe must not exceed the depth of the well.
Otherwise, after adding sections and lowering the drill string to the bottomhole, the
kelly will be above the rotary table, making it impossible to rotate the drill string.
The reduction in length of the ordinary drill pipe compared to the kelly is taken to
be A, =1m.

As aresult, taking into account the values provided above, formula (6) gives the
maximum allowable length of the drill pipe L, = Sm.

Lp =9-(1.5+1.5+0+1)=5 m.

The study of drilling fluid circulation conditions using the reverse-suction
method has led to the development of a new method for restoring circulation after
necessary interruptions, as well as a device for its implementation (see Fig. 3).

The method consists of eliminating the need to lift the drilling fluid from its level
at the wellhead to the swivel when circulation is resumed. Instead, the position of
the fluid that existed before circulation stopped is fixed.

Throughout the time required for operations that necessitate halting fluid
circulation, the columns of fluid in the kelly and the suction hose are maintained in
the highest position they had when the kelly was separated from the rest of the drill
string, using a check valve and a valve.

This idea forms the basis for preparing materials for the invention application.
The application was submitted to the Committee for Inventions of the Republic of
Kazakhstan on October 17, 2023.

The device operates as follows:

During drilling, the centrifugal pump 6 creates a vacuum level accessible to
this pump and draws fluid from hose 5. As a result, a high-speed upward flow is
generated in the drill string 2, which, while carrying the cuttings produced during
rock destruction, cleans the bottomhole surface and contributes to a high mechanical
drilling speed. A low-speed downward flow is formed in the space between the well
wall 1 and the drill string.

When fluid is drawn from the drill string, its level at the wellhead tends to drop
below the level in tank 14, causing fluid from the settling tanks to flow by gravity
into the well. The volume of fluid flowing from tank 14 into the well is compensated
by centrifugal pump 6 through the discharge line with open valve 9.

Thus, the vacuum created by the centrifugal pump is used to overcome the
hydraulic resistance encountered by the fluid during circulation.
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4

0 77

Fig. 3. Proposed device for large diameter well drilling with reverse circulation
1 —well; 2 — drill string; 3 — kelly; 4 — swivel; 5 — suction hose; 6 — centrifugal pump; 7 — check
valve; 8, 9, 10, 11 — valves; 12 — settling tank; 13 — cuttings; 14 — tank with clean fluid

During drilling, the check valve 7 installed at the bottom of the kelly 3 is kept in
the «open» position by the upward flow of fluid.

Before adding sections, drilling is stopped and the well is flushed until the
returning drilling fluid becomes clear. The drill string is lifted and suspended on
the rotary table using a clamp. Next, valve 9 is closed, and the centrifugal pump is
stopped. At this moment, the column of fluid in the kelly closes the check valve due
to its weight, thereby maintaining the column in its upper position.

The column of fluid located in the suction hose 5 between the swivel 4 and the
centrifugal pump 6 is kept in its upper position by valve 9. In this state, pump 6
remains filled and ready for operation.

When adding sections, the drilling tool is raised above the bottomhole with a
drawworks, and the upper part of the drill string is placed below the connection
with the kelly onto the clamp. The fluid-filled kelly is unscrewed from the drill
string, moved aside, and placed on a stand.
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The elevator brings the new pipe to the suspended drill string, which is then
screwed onto the upper thread of the drill string. After this, the clamp is released,
and by lowering the drill string with the drawworks, it is caught again on the clamp
below the upper thread of the added pipe. The fluid inside the new pipe rises to its
level at the wellhead.

The kelly is screwed onto the new pipe, ensuring that before unscrewing, the
empty section (located above the fluid level at the wellhead) is filled with fluid to
avoid the formation of an air bubble in the suction line. After connecting to the kelly,
the drill string is removed from the clamp and suspended above the bottomhole on
the brake of the drawworks.

Next, the centrifugal pump is started, and simultaneously valve 9 is opened. The
fluid begins to flow down the hose 5 and, in doing so, creates a vacuum that draws
in the portion of the fluid located in the leading pipe. As this fluid moves upward,
it opens the check valve. After circulation is restored, the drilling tool is placed on
the bottom, and drilling resumes.

There are variations, for example, during drilling, repair of the swivel, and in
other similar cases when the circulation channels are initially empty. For such cases,
a temporary transition to direct fluid circulation is provided. This is achieved by
additional piping consisting of two short pipelines equipped with valves 10 and 11.

During normal drilling operations with reverse circulation, valves 8 and 9 are
open, while valves 10 and 11 are closed.

If it becomes necessary to fill the empty channels of the leading drill pipe 3 and
hose 5, valves 8 and 9 are closed, and valves 10 and 11 are opened. Valve 11 opens
the pipeline through which fluid is drawn from the settling tank 12, while valve 10
connects the pump’s discharge line to hose 5, which becomes the discharge line.

As it rises through the hose and passes through swivel 4, the fluid flows down
the internal channel of the leading drill pipe until it meets the check valve 7 and
closes it. This moment is indicated by an increase in pressure on the gauge located
on the pump’s discharge line. This signals that the channels of the hose and leading
pipe are filled, and the valves can be switched to the reverse circulation position.

If the period of circulation stoppage is used for preventive maintenance or
replacement of the centrifugal pump, before stopping, valve 8 is closed while
leaving valve 9 open. In this case, the fluid will remain in hose 5 but will drain
from pump 6, allowing access for necessary operations. After these are completed,
the pump is started, and valve 8 is opened. The fluid from hose 5 will fill the pump,
and it will begin to draw in.

Thus, the developed device eliminates the drawbacks of the traditional method
of drilling large-diameter wells using reverse circulation, thereby significantly
increasing the speed of necessary technological operations. The most important
advantage of the improved technology is the removal of restrictions on the length
of drill pipes, which significantly reduces the time for screwing and unscrewing
operations. Let’s illustrate this for typical drilling conditions for water supply in
rural areas of the Mangistau Peninsula.
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The calculation based on the following initial conditions (Table 1).

Table 1 Initial data for calculating the duration of extension operations

Parameter Unit of measurement | Value
Well Depth, m H 110
Length of drill pipe with standard technology, m L 5
Length of drill pipe with improved technology, m L 11
Time for one extension, min t, 10
Time to raise drilling fluid from level established in well to ¢ |
swivel, min !

During the extension process, it is necessary to perform three operations of
screwing and unscrewing (unscrewing the drill pipe, screwing on the extension
pipe, and screwing on the drill pipe).

The number of extensions will be:

— with standard technology

N = E = @ =22
s D pes.
— with new improved technology
H 110
a=—=—=10
L, 11 pcs.

The time spent on extension work with standard technology consists of time
ttt_ttt for the screwing and unscrewing operations and time tlt Itl for raising the
drilling fluid from the level established in the well to the swivel, which is necessary
to resume the reverse circulation process.

Thus, the total duration of operations required to resume drilling after extension
can be determined as follows:

— with standard technology

T, =Ny -(t, +1,)=22-(10+1) =242 min,

— with new improved technology

T, =N, -t, =10-10 =100 min,

Thus, under these conditions, the speed increase coefficient will be:

VoL 22 o
T, 100

Figure 4 shows the duration of extension operations with standard and improved
technology for well depths up to 300 m.
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Fig. 4. Dependence of the duration of operations for adding with standard and improved technology
on the well depth

As can be seen from the graph presented in Figure 4, the duration of extension
operations with standard and improved technology is directly proportional to the
depth of the well. The developed technology ensures a speed-up of the operations
for extending drill pipes during drilling with reverse circulation by almost 2.5 times.

Discussion

The development of a new method for restoring the circulation of drilling fluid
in drilling using the back-suction method represents a significant advance in well-
drilling technology. Unlike traditional approaches, this method eliminates the need
for a vacuum pump, which not only reduces capital and operational costs but also
simplifies the process of extending the drill string.

Analysis of the results showed that the proposed technology significantly
reduces the time required for extension operations, which in turn increases the
overall productivity of drilling activities. The acceleration of the screwing and
unscrewing processes of the drill pipes, along with the simplification of procedures
for filling empty channels, leads to decreased time expenditures, especially when
drilling to significant depths. This can be critical for regions like the Mangistau
Peninsula, where freshwater resources are limited, and drilling efficiency directly
impacts agriculture and other sectors of the economy.

However, the developed technology has its limitations. Firstly, its effectiveness
may decrease when working with high-density drilling fluids. As the density of
the fluid increases, the suction height decreases, which may require additional
adjustments to the process.

Secondly, the use of a check valve in the system requires reliable maintenance,
as its blockage or damage can lead to operational disruptions. This necessitates
regular inspections and potential replacement of the valve.
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In conclusion, despite some drawbacks, the proposed technology has clear
advantages that can significantly enhance the productivity and reliability of water
well drilling. This makes it a promising candidate for further research and practical
implementation.

Conclusion

1. The developed method for restoring the circulation of drilling fluid using the
back-suction method eliminates the need for a vacuum pump, thereby reducing
capital and operational costs associated with drilling activities.

2. The application of the new device and technology significantly accelerates the
operations for extending drill pipes, reducing the time required for these processes
by nearly 2.5 times compared to traditional methods. This is particularly important
for drilling water supply wells in challenging hydrogeological conditions.

3. The flexibility of the proposed method allows for effective adaptation to
various working conditions, including the possibility of temporarily switching to
direct circulation, which enhances the operational characteristics of the equipment
and increases drilling efficiency.

4. The results of the study confirm that the improved technology is a promising
solution for increasing the productivity of drilling operations, which can
substantially impact the availability of freshwater in resource-limited regions such
as the Mangistau Peninsula.

5. Future research in this area could focus on optimizing the proposed method
and adapting it to different geological conditions, ensuring even greater efficiency
and reliability in drilling operations.
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