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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. With the growing demand for reliable, high-yield groundwater
sources, advances in drilling large-diameter wells have become particularly
relevant. One of the key challenges remains the insufficient efficiency of
conventional wellhead sealing systems, which fail to maintain stable circulation
pressure and thereby limit the achievable drilling depth. This issue is especially
critical in water-scarce regions, where the development of wells with diameters
exceeding 600 mm and depths greater than 200 m is required. This study proposes
a novel packer-type wellhead sealing device designed to generate controlled
pressure during reverse-circulation drilling. The research methodology included
analytical evaluation of the packer's stress—strain state, analysis of contact
pressures on the conical surface, and a comparative review of existing technical
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solutions. The performance assessment was based on classical elasticity theory
models and applicable international standards for elastomer component design.
Theoretical modeling of mechanical stress distribution within the packer material
indicates that, at operating pressures of 0.8—1.0 MPa, the sealing element maintains
sufficient elasticity and structural stability. The calculated contact pressure
distribution along the conical surface decreases gradually toward the upper edge,
ensuring uniform packer compression and preventing localized overstressing. The
proposed design enables the use of standard centrifugal pump pressure to establish
circulation, thereby significantly increasing the achievable drilling depth of large-
diameter wells. Practical implementation of the device enhances wellhead sealing
reliability, reduces drilling fluid losses, improves borehole stability, and mitigates
environmental risks. The proposed technical solution is suitable for application in
water supply systems in Kazakhstan, Central Asia, and other arid regions.

Keywords: wellhead sealing, large-diameter water well, packer, conical
sealing element, stress analysis, contact pressure distribution
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Annoranus. XKepacTbl CynapbIlHBIH CEHIMJI 9pi KOFapbl OeOUTTI Ke3aepiHe
JIeTeH CYPaHBICTBIH apTybl JKarJaWblHAa 1pi JUaMeTpii YFeIMAAapAbl Oyprbuiay
TEXHOJIOTHSIIAPbIH KETIAIPY epeKiie o3eKTulikke ue Oombim oThp. Herisri
Mocenenepain Oipi — JocTypii caFanblK TepMeTH3alusuiay KyHelepiHiH
KETKITIKCI3 THIMJIIJIIT, OJlap aifHAJIBIM KbICBIMBIHBIH TYPaKThUIBIFBIH KAMTaMachl3
eTnel, OyprelIay TepeHAIriH mekreiai. byn npobnema cy pecypcrapbl Tammibl
aiiMakTapna aca MaHbI3IbBL, ce0ebi MyHpaall eHipiaepae aumamerpi 600 Mwm-
JIeH acaThlH jkoHe TepeHdiri 200 M-IeH »KoFapbl YHFBIMalapbl MaianaHy
KaxeT. byl jkymbicTa Kepi ailHambIM oaiciMeH Oyprbuiay Ke3iHAe peTTeseTiH
KBICBIM KaJIBIITACTBIPYAbl KAMTAMAChI3 €TETIH MaKepIiK THITEr1 jKaHa calalbIK
repMeTU3aTOp KOHCTPYKUMSACH YCBIHBUIAABL. 3epTTey oAicTeMeci NakepaiH
KepHeyIi-aegopManysiiaHFaH KYHiH aHAINTHKAIIBIK €CeNTeyl, KOHYCTBIK OeTTeri
YKaHacy KbICBIMIAPBIH TaJay/bl )KOHE KOJJAHBICTAFbl TEXHUKAJIBIK IICIIiMIepIe
CaJIBICTBIPMAJTBI IOy Kacay/lbl KaMThIIbL. THIMIUTIKTI Oaraay YIIiH cepriMIiTiK
TEOPUSCHIHBIH KJIACCHKAIIBIK MOJENbACPl JKOHE HJIacTOMEpii 3JIeMEHTTepIi
ecenTeyre apHalFaH KOJIJaHbICTAaFbl XaJIbIKapaiblK CTaHAApTTap MaiiiasaHbUIabL.
[Takep Marepuanbl iMIHACTI MEXaHUKAIBIK KepHEYICPAIH TapadyblH TEOPHUSIIBIK
MOJIeNbJIey HOTHKECIHAE KkyMbIC KbichiMbI 0,8—1,0 MI1a neitin Oonran xarnaiina
TBIFBI3IAFbIII JIEMEHTTIH KaXETTi CEPIIMALUIIT MEH KYPBUIBIMIBIK OPHBIKTBLIBIFbI
caKTalaThIHBl aHBIKTaNIIbl. KOHYCTBIK 0T OOHBIMEH )KaHaCY KBICBIMBIHBIH TAPaTy bIH
ecenTey OHBIH JKOFapFbl )KHETiHE Kapall OipTiHIen TOMEHACHTIHIH KOpCeTTi, Oy
nakepAiH OipKeJKi KbIChLIa OTBIPBIN, JKEPTiTiKTI apThIK KepHEYJIepAiH ajJbIH
aIyBlH KaMTaMachl3 eTefi. ¥ ChIHBUIFAH KOHCTPYKIUS CTaHIAPTThl OpTajbIKTaH
TENKILI COPFBUIAPBIH HATIOPBIH alHaIBIM/BlI KAJIBINITACTBIPY YIIiH MaiaagaHyra
MYMKIiHJIiK Oepe/ii, COHbIH HOTHKE CIHAC ipi AaMeTpIIi YHF bIMasiapAbl Oy prbUTay IbIH
MYMKIiH OOJIaTBIH TEpEHAIri enayip apTaabl. KypbhlIFbIHBI TPAKTUKAIBIK KOJJIAHY
carajblK TepMETH3alUSIHBIH CEHIMIUIIMH apTThIpyFa, OYpFbUIay epiTiHAICIHIH
LIBIFBIHIAPBIH a3alTyFa, YHFbIMA OKIAHBIHBIH OPHBIKTBUIBIFBIH KaKCApTyFa KoHE
9KOJIOTHSUIBIK TOYEKEN ISPl TOMEHAETYTe bIKNANI eTe/li. ¥ ChIHBUIFaH TeXHUKAIBIK
memim KazakcranusiH, OpTanbiK A3UsSHBIH XKoHE 0acKa Jja apuATIK aiiMaKTap IbIH
CyMeH kaOpIKTay KyHenepiHae KoJaanyFa skapaMibl.

Tyiiin ce3gep: yHFbIMa carachl, YIKSH JUAMETPIIi Cy aly YHFBIMACHI, TaKep,
KOHYCTBIK THIFBI3/IAFbIIL, KEPHEY1 Tajay, )kaHacy KbICBIMBIH 06y
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AHHOTAUUs. AxmyarvHocms. B ycnoBusx pocra nmorpeOHOCTH B HaJIEKHBIX
u BI)ICOKO)Z[G6I/ITHBIX HNCTOYHUKAX ITOJA3€MHBIX BOJ 3ajjadya COBCPUICHCTBOBAHUWA
TEXHOJOTHH OypeHuss KpyHmHOpPa3MEpHBIX CKBaXHH NpHodpeTaeT 0co0yio
akTyalbHOCTh. OJHOW W3 KIIOYEBBIX MPOOJIeM OCTaéTcsi HeJoCcTaTouHas
3(1)(1)GKTI/IBHOCTB TPAOAUIUOHHBIX CHUCTEM TICPMCTHU3alU  YCTbA, KOTOpbIC
He o0ecleunBaloT CTaOWIBHOTO JIaBICHHUS LUPKYISIUN WM OTPAHUYUBAIOT
JTOCTHKUMYIO TIyOHMHY OypeHHus. DTO OCOOCHHO KPUTHYHO /IS PETHOHOB C
e (UIUTOM BOJIHBIX PECYPCOB, IJIe TPeOyeTCs IKCIUIyaTalksl CKBaXKHH JUaMETPOM
ceeime 600 MM u miyounoit Oosee 200 M. []enn. Paspaborarh ¥ 000CHOBATh
KOHCTPYKIHIO YCTHEBOTO T'epMETHU3aTOpa MAKEPHOTO THIIA, 00ECIeUHBAIONIETO
CO3JlaHHE KOHTPOJIMPYEMOIO JIaBJICHUSI TpU OypeHUH METOJOM OOpaTHOMN
TUPKYISIA. Memodsi. MeTo/IoN0r sl UCCIISIOBAHUST BKITIOYAla aHAINTHYECKUN
pacyér HanpsHKEHHO-1e(HOPMUPOBAHHOTO COCTOSIHHS MTAKepa, aHAIHN3 KOHTAKTHBIX
)Z[aBJ'IeHI/Iﬁ Ha KOHHYEeCKOM IMOBECPXHOCTU U CpaBHHTeJ’IBHBIﬁ aHaJIn3 CyIEeCTBYIOINX
TEXHUYCCKUX peIHeHPIfI. 21.]'[51 OILICHKHU Bq)q)eKTI/IBHOCTI/I HCIIOJIB30BAaHBI ITOJIOKCHU S
KJIACCUYECKOM TEOPHUM YIPYIOCTH U JEHCTBYHOLIME MEXKIYHAPOJHbIE CTAHIAPTHI
pacuéTa 3JaCTOMEPHBIX D3JEMEHTOB. Pezyromamuvl u 6vi600bl. Ha ocHOBe
TEOPETHYECKOTO MOJICIIMPOBAHHS PACIpeIClICHHS MEXaHHUECKUX HANpsHKEHUH B
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MaTepuaje rakepa yCTaHOBIEHO, YTO MpHu padounx masrneHusx mo 0,8—1,0 Mlla
YIUIOTHUTEIBHBIN IEMEHT COXPaHSIET HEOOXOAUMYIO YIIPYTOCTh U CTPYKTYPHYIO
ycToitunBocTh. Pacuér pacnpeneneHuss KOHTAaKTHOTO AABJICHHUS MO KOHUYECKOH
MOBEPXHOCTH II0Ka3aj €ro IMOCTEHNEHHOE CHIDKCHHE K BEPXHEMY Kparo, YTO
o0ecrieyrBaeT paBHOMEPHOE MNpHKATHE MMakepa M MPEAOTBPAIIACT JIOKAJIbHBIC
nepeHanpsbkeHus.  [IpemiokeHHass KOHCTPYKIMS —MO3BOJSIET  HMCIIOJB30BAaTh
HAIop CTaHIAPTHBIX LEHTPOOEKHBIX HACOCOB AJISI CO3AaHUS LHUPKYISILIHUU, YTO
3HAUUTENIFHO YBEJIMYMBACT BO3MOXKHYIO IIIyOHMHY OypeHHUS KpYyHMHOPa3MEpHBIX
CKBaXHH. [IpakTHueckoe MpUMEHEHHE YCTPOHCTBA CIIOCOOCTBYET MOBBIILICHHIO
HaAEKHOCTH YCTHEBOH T'epMETH3aIMH, COKPAIICHUIO TTOTeph OypOBOTO pacTBoOpa,
VAYYIIECHUIO YCTOMYMBOCTH CTBOJA CKBXMHBI M CHIDKCHHIO SKOJIOTHYECKHX
puckoB. PazpaboTanHoe TEXHUYECKOE PEILICHHE MOXKET OBITh BHEAPEHO B CCTEMax
BonocHaOxeHus Kazaxcrana, lleHTpanbHON A3UK W IPYTUX apUIHBIX PETHOHOB.

KitroueBble cjioBa: repMeTH3aTOp YCThsl, BOZ03a00pHAsl CKBaXKHMHA OOJIBILIOTO
IMaMeTpa, akep, KOHNIECKOe YIJIOTHEHNE, aHaIN3 HAPsHKSHUH, pacpeaeIeHue
KOHTAKTHOTO JIaBJICHUS

Introduction. The construction of large-diameter water wells represents one of
the most technically demanding and strategically important directions in modern
hydrogeological engineering. With the global growth of urban populations,
agricultural intensification, and industrial expansion, the demand for reliable and
high-yield groundwater sources continues to increase. In regions with limited
surface water availability or strong seasonal variability in precipitation, large-
diameter wells serve as critical infrastructure for ensuring stable and sustainable
water supply. Their role extends far beyond local water access: they form the
backbone of centralized municipal systems, supply industrial facilities, and
support agricultural irrigation projects that determine the socio-economic stability
of entire regions.

The increasing scarcity of high-quality groundwater resources has placed new
emphasis on the efficiency, safety, and environmental compatibility of drilling
operations (Hapich et al, 2024). In many developing and arid regions, including
large areas of Central Asia, traditional small-diameter well technologies have
proven inadequate to meet industrial-scale demands. Large-diameter wells—
typically exceeding 600 mm in diameter—enable higher discharge rates, greater
storage capacity, and the possibility of integrating advanced pumping and
filtration systems. However, such advantages come with significant engineering
challenges. The increase in borehole diameter amplifies the effects of geological
heterogeneity, mechanical instability, and hydraulic loading. These wells must
maintain structural integrity through variable lithological layers while preventing
formation damage and minimizing contamination risks to aquifers.

The complexity of the process is determined not only by the geological setting
but also by the interrelated design factors—drilling method, drilling fluid properties,
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casing system, and well development technique. For instance, conventional rotary
drilling methods, which are widely used for smaller water wells, often prove
inefficient and unstable at larger diameters due to inadequate cuttings removal and
excessive drilling fluid losses. In contrast, reverse circulation rotary drilling offers
improved borehole stability and higher penetration rates, yet it requires careful
optimization of hydraulic parameters, equipment configuration, and drilling fluid
composition (Davydenko et al, 2015).

One of the main challenges in the field is maintaining borehole stability in weak
or unconsolidated formations. Collapses and washouts can significantly increase
construction time and costs, and in some cases, lead to complete failure of the well.
The choice of drilling fluid becomes a decisive factor. While traditional bentonite-
based systems provide good wall support, they can reduce permeability of the
aquifer zone, leading to a decline in well efficiency. Recent studies have focused on
low-viscosity polymer-based fluids and biodegradable additives, which minimize
formation clogging and facilitate post-drilling well development. However, their
performance under specific hydrogeological conditions, such as those found in
Central Asia—characterized by alternating sandy, clayey, and gravelly deposits—
remains insufficiently explored.

Equally important is the design of the casing and screen system. In large-
diameter wells, the casing structure must withstand significant mechanical
stresses while maintaining hydraulic efficiency and resistance to corrosion. The
choice of materials—whether steel, reinforced concrete, or fiberglass—depends on
both mechanical requirements and water chemistry. Improper casing selection or
installation can lead to long-term operational problems, including corrosion, sand
production, and biofouling. Therefore, comprehensive design optimization that
integrates geological data, material science, and hydraulic modeling is essential
for reliable well performance.

The industrial significance of improving large-diameter well drilling
technologies is particularly evident in the context of Kazakhstan and the broader
Central Asian region (Ratov et al, 2024). Rapid urbanization, expansion of
agriculture, and industrial development have sharply increased the pressure on
existing water resources. Many regional water supply systems rely on outdated or
inefficient drilling technologies, which often result in low well productivity, poor
borehole stability, and high maintenance costs. In some cases, wells constructed
under inadequate technological control have failed within a few years of operation
due to mechanical collapse or clogging of the filter zone. The modernization of
drilling practices through the introduction of scientifically justified, field-tested
methods can therefore have a direct and measurable impact on water security,
economic efficiency, and environmental sustainability.

In addition to the practical challenges, the scientific interest in large-diameter
water well construction arises from the complex interaction of physical, chemical,
and mechanical processes that govern borehole stability and aquifer performance.
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The drilling operation alters the natural stress regime, hydraulic gradients, and
geochemical equilibrium of the subsurface environment. Understanding these
interactions is essential for developing predictive models that allow engineers
to anticipate potential problems and design preventive measures. For example,
the study of mud-filtrate invasion and its impact on aquifer permeability provides
valuable insights into optimizing drilling fluid formulations. Similarly, the analysis
of casing deformation and grout behavior under variable stress conditions informs
the choice of materials and installation techniques.

Literary review. Despite numerous international studies and technological
advances, there remains a clear need for regionally adapted methodologies that
take into account the specific geological and climatic conditions of Central Asia.
Many existing guidelines have been developed for temperate or coastal regions
with different lithological profiles and groundwater regimes. The transfer of
such technologies without appropriate adaptation often leads to inefficiencies or
environmental risks. Therefore, the development of an applied methodological
framework tailored to local conditions is both scientifically relevant and industrially
urgent.

The problem of effective wellhead sealing and fluid circulation in large-
diameter well drilling has been discussed in international literature over the last
three decades, primarily in connection with groundwater extraction, geothermal
energy development, and geotechnical exploration. Although the majority
of engineering studies and patents focus on hydrocarbon wells, many of the
underlying principles—pressure control, annular sealing, and lubrication-assisted
packers—are equally applicable to the construction of large-diameter water wells.

Modern drilling technologies for large-diameter water wells (typically
exceeding 500-600 mm) have evolved significantly since the early 1990s. Reverse
circulation rotary (RCR) drilling remains the dominant method, as it allows
efficient removal of cuttings from deep, wide boreholes while maintaining good
wall stability. According to (Hou et al, 2024), RCR drilling provides better control
over drilling hydraulics and reduces the risk of formation collapse, but requires
precise regulation of flow velocity and pump pressure to prevent fluid losses and
sand intrusion. Similarly, (Pukish et al, 2024) emphasized that hydraulic stability
in wide-diameter wells depends heavily on consistent wellhead pressure and
adequate fluid density, especially in unconsolidated formations.

Several recent studies have focused on optimizing circulation and pressure
regimes in large-diameter wells through the use of variable-speed pumps and
closed-loop circulation systems. The authors of the paper (Umirova et al, 2025)
demonstrated that maintaining controlled positive pressure at the wellhead
significantly increases drilling depth capacity in water wells, as it prevents air
entrainment and stabilizes the fluid column.

Despite these advances, the majority of RCR drilling systems remain open
to atmospheric pressure at the surface. This configuration simplifies operation
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but limits maximum achievable depth because the driving pressure is restricted
to the hydrostatic head of the drilling fluid. Moreover, open systems are prone
to air leakage, fluid spillage, and contamination—issues that become critical in
environmental and potable water applications. These shortcomings underline the
necessity for a hermetically sealed wellhead capable of operating under controlled
hydraulic pressure.

The sealing of the wellhead plays a central role in maintaining circulation
efficiency and preventing fluid contamination. Conventional systems employ
simple mechanical rubber seals or flexible packers to isolate the annular space
between the drill pipe and casing (Vytyaz et al, 2024). In hydrocarbon drilling,
various dynamic sealing mechanisms have been developed to withstand rotational
and axial movement while maintaining pressure integrity. The authors of the paper
(Wu et al, 2021) analyzed rotary blowout preventers and rotating heads, showing
that dynamic seals can maintain effective closure up to pressures of 2—3 MPa with
minimal wear when properly lubricated. However, the design complexity and cost
of such devices make them unsuitable for water well applications.

In the context of groundwater and geothermal wells, simpler packer
configurations are preferred. The authors of the paper (He et al, 2025) reviewed the
use of inflatable and mechanical packers for borehole sealing in hydraulic testing,
highlighting their adaptability but also their limitations in rotational drilling,
where friction and torsion quickly degrade the seal. The authors of the paper
(Bondarenko et al, 2024) further noted that most packers used in hydrological
applications are static; they are installed after drilling and are not designed to
accommodate continuous rotation or pipe movement. Consequently, their direct
adaptation to large-diameter rotary drilling remains problematic.

A promising direction involves the use of elastomeric conical packers that
rotate together with the drill pipe, minimizing relative motion at the contact
interface. The authors of the article (Liu et al, 2022) created a rotating conical
seal for coalbed methane underbalanced drilling, where the packer is lubricated
by oil injection to reduce wear and maintain a stable pressure seal. This concept
bears a strong similarity to the present design, although the patented system was
limited to smaller diameters (<300 mm) and required complex hydraulic control
for inflation. The integration of such a principle into large-diameter water wells,
where rotation speed is low and frictional heating minimal, presents a realistic and
cost-effective adaptation opportunity.

Hydraulic control at the wellhead is the most critical factor determining
drilling efficiency and borehole stability in large-diameter wells. The authors of
the paper (Kozhevnykov et al, 2018) performed numerical simulations of large-
scale well hydraulics and found that insufficient circulation pressure leads to poor
cuttings transport and uneven borehole cleaning, which can result in localized
wall collapse. Conversely, controlled overpressure at the wellhead stabilizes the
annulus and allows deeper drilling without increasing mud density, thus avoiding
aquifer clogging.
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The authors of the paper (Ihnatov et al, 2023) reported similar results, where
surface pressurization enabled deeper penetration and reduced non-productive
time. They concluded that the key to extending drilling depth lies not only in pump
capacity but also in maintaining seal integrity under fluctuating pressures. The
combination of these factors underscores the engineering relevance of wellhead
hermetization using a pressure-assisted design.

The field of rotating seals, packer units, and dynamic sealing devices had
undergone intensive theoretical, numerical, and experimental research—especially
in contexts such as blowout preventers (BOPs), rotary sealing heads, and high-
pressure dynamic seals in mechanical systems.

The authors of the paper (Hu et al, 2021) presented a detailed finite element
simulation of a packing unit used in RBOP systems. They selected a Yeoh
constitutive model for the rubber material after tensile testing, built a contact model
between the packer and drill pipe, and studied how well pressure, tripping speed,
friction coefficient, and structural geometry influenced contact stress distributions
and failure modes. One key finding was that contact stress peaked when tool joints
traversed the packing unit, and failure often occurred by shear at the inner angles
or alternating von Mises stress with shear on lower edges.

The authors of the article (Jiang et al, 2025) proposed a rotary sealing system
that dynamically compensated for wear by axial adjustment of a guide sleeve under
pressure. They coupled fluid—structure interaction, analyzed leakage behavior and
frictional heating, and selected optimal sealing materials (PVDF, PEEK, PE, PA).
Their experiments showed that as fluid pressure increased, leakage decreased
sharply, and that friction torque was sensitive to pressure but nearly independent
of rotation speed.

The authors of the paper (Feng et al, 2022) reported on an advanced dynamic
seal intended for very high pressure (experimental testing of sealing performance
under different pressures) and discussed the coupling of structural deformation and
leakage control. Their work was relevant to high-pressure sealing challenges and
provided empirical data for verifying sealing designs that had to resist deformation
and leakage under extreme pressures.

The author of the article (Bourgoyne, 1995) explored how damage (scratches,
wear) to the upper sealing surfaces influenced contact pressure distribution and
leakage of BOP ram seals. Their study underscored the importance of surface
condition, wear, and local defects in long-term seal performance—an aspect that
was relevant when considering durability of hermetizer’s seal surfaces.

While the literature review provides a strong foundation for understanding
hydraulic and mechanical challenges in large-diameter drilling, it reveals a
noticeable lack of practical solutions for water wells operating at industrial depths
(>200 m) and diameters exceeding 600 mm. Most advanced sealing systems
have been developed for hydrocarbon or geothermal industries, where cost and
complexity are acceptable trade-offs. In contrast, water well construction demands
simpler, more robust, and maintenance-friendly designs.
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The majority of available packers are static, non-rotational, or inflatable, with
limited mechanical strength under dynamic conditions. Moreover, few designs
allow for continuous lubrication of the sealing surface or pressure regulation
directly at the wellhead. Therefore, there exists a clear technological gap that can
be addressed by the development of a hermetic, lubricated, pressure-controlled
wellhead system specifically adapted for large-diameter water wells.

The proposed device responds to this need by integrating several proven
engineering principles—mechanical conical sealing, controlled compression
through adjustable bolts, and lubrication-assisted wear reduction—into a single,
compact assembly. Such integration not only improves hydraulic performance and
drilling depth but also enhances environmental safety by eliminating surface fluid
discharge.

This review demonstrates that while the general problem of borehole sealing
is well-studied in oil and geothermal engineering, its application to water well
drilling at large diameters remains insufficiently developed. Thus, the present
study contributes to filling this gap by providing a theoretically validated design
concept and analytical framework for future field implementation.

The present study aims to substantiate and theoretically evaluate the effectiveness
of a newly developed wellhead sealing device (packer-type wellhead hermetizer)
designed to enable drilling of large-diameter water wells under controlled pressure
conditions. The invention addresses the principal limitation of conventional large-
bore well drilling systems, in which circulation of drilling fluid is governed by
hydrostatic or atmospheric pressure differences, thus restricting achievable well
depth and operational reliability.

Materials and methods. This study focuses on the analytical evaluation and
conceptual design of a wellhead sealing system intended for drilling large-diameter
water wells. The research combines a systematic analysis of existing international
designs with a detailed structural and functional examination of a newly proposed
hermetic sealing device.

The initial stage of the research consisted of a comprehensive literature and
patent review focused on wellhead sealing systems used in the drilling of large-
diameter water and geothermal wells. Data were collected from open-access
engineering databases (ScienceDirect, SpringerLink, Espacenet, Patentscope
et al.). The primary goal of the review was to identify the prevailing technical
concepts, such as inflatable or mechanical packers, rotary seals, and lubrication-
assisted contact surfaces, and to evaluate their applicability in large-scale water
well construction.

The analytical modeling of mechanical stresses in the packer material and the
supporting structure was performed using classical elasticity theory and empirical
correlations from established mechanical design standards (ASME Boiler and
Pressure Vessel Code, Section VIII, and ISO 15156 for elastomeric components).
The sealing pressure distribution along the conical surface was calculated assuming
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uniform bolt loading, with corrections for rotational shear stress generated by the
drill pipe movement. The estimated contact stress values (to be inserted based on
laboratory elastomer properties) were compared with typical allowable limits for
oil-resistant rubber compounds operating at low rotation speeds (typically < 60
rpm). The analysis confirmed that the proposed conical geometry significantly
reduces localized stress peaks, thereby improving the long-term durability of the
seal under continuous rotational contact.

Overall, the research methodology integrates theoretical modeling with design
analysis to evaluate the operational feasibility of the wellhead sealing system.
While no experimental verification has been performed within the current phase
of work, the results establish a scientifically grounded framework for further
prototyping and field validation. The developed analytical approach provides a
reliable foundation for scaling the technology and adapting it to specific geological
and hydraulic conditions encountered in Central Asia and other arid regions.

Results. Drilling of large-diameter water wells is always performed using
a reverse circulation system (Pashchenko et al, 2024). Reverse circulation can
be implemented either by suction or by an airlift method. Both methods impose
inherent limitations on drilling depth: the former—because the return flow is driven
by vacuum, which cannot exceed one atmosphere; the latter—due to the limited
capacity of compressors, whose discharge pressure typically does not exceed 1
MPa. Compressors capable of producing higher pressures are technically complex
and extremely expensive.

The use of a wellhead sealing device (hermetizer) allows reverse circulation
to be created by means of conventional centrifugal pumps, which can generate
sufficiently high discharge pressure to substantially increase the attainable drilling
depth for large-diameter wells.

In the wellhead hermetizer developed by the authors, the circulation of drilling
fluid is maintained not by atmospheric or hydrostatic pressure differentials
between aerated and non-aerated columns, but by the discharge pressure of the
drilling pump, which can be high enough to multiply the achievable depth of
large-diameter wells (Fig. 1).

The hermetizer is mounted on the guide casing (1). An inlet pipe (4) is welded
to the casing wall. At the upper end of the pipe, a base plate (5) is bolted using a
sealing gasket (16); the housing (6) is welded to this base. Inside the conical bore
of the housing is a packer (7) made of oil-resistant rubber. Lubricating oil from
the lubricator (15) is supplied through a radial port (14) to reduce friction between
the stationary conical surface of the housing and the rotating packer, which turns
together with the kelly (2). The packer is bored with a square opening matching
the cross-section of the kelly.

To apply a sealing force to the packer, threaded bushings (8) are welded on
diametrically opposite sides of the housing. Clamping bolts (9) threaded into these
bushings transmit force to the packer through a pressure disk (13) and pressure
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bars (10), to which rollers (11) are attached to minimize friction against the disk.
The bars are fastened to the heads of the clamping bolts using left-hand bolts
(12). Around the central passage, a guide skirt (17) is welded to the base of the
hermetizer to prevent interference between the housing and the tool joint (3) of the
kelly during tripping operations.

15 6 7 13 2 10 1 12
9

: ’ 8

16

=

1 3 A
Figure 1 — Wellhead sealing device for drilling large-diameter water wells
1 — conductor casing; 2 — kelly; 3 — tool joint connecting the kelly to the drill string; 4 — inlet pipe;
5 — base plate; 6 — housing; 7 — packer; 8 — threaded bushing; 9 — clamping bolt; 10 — pressure bar;
11 —roller; 12 — left-hand bolt; 13 — pressure disk; 14 — oil supply channel; 15 — lubricator; 16 —
sealing gasket; 17 — guide skirt

During drilling, the pump delivers the downward flow of drilling fluid into the
well through the inlet pipe (4). Due to the square opening in its center, the packer
(7) rotates together with the kelly (2), which moves smoothly downward through
the stationary housing of the hermetizer.

The clamping bolts (9), acting through the bars (10), rollers (11), and the
rotating pressure disk (13), exert a compressive load on the rubber packer. This
load presses the packer tightly against the polished conical surface of the housing
(6) and the flat sides of the kelly, thereby eliminating micro-gaps and ensuring
sealing integrity.

Wear of the packer is minimal. This is due to the continuous lubrication of its
conical surface supplied from the lubricator (15) through the oil channel (14).
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In addition, drilling of large-diameter wells is carried out at very low rotational
speeds, which further reduces wear and extends packer service life.

Wear on the contact surface between the packer and the kelly is also minimal,
since the descent speed of the kelly through the packer usually does not exceed 1
cm/s (which corresponds to a relatively high drilling rate of 36 m/h). In addition,
the hermetizer is exposed only to the clean downward flow of water, free of
suspended cuttings and solid particles.

Sealing between the base plate (5) and the guide casing (1) is provided by the
gasket (16), while the casing itself is cemented in the annulus.

During drill string extension, circulation is stopped, and the string is raised
until the kelly tool joint can be placed on the rotary table clamp. Before the upward
movement begins, the compressive load on the packer (7) is completely released
by loosening the clamping bolts (9), without changing the position of the pressure
bars (10). In this state, the kelly can move freely through the packer, while the
bars prevent frictional forces from displacing the packer upward from its working
position.

As the tool joint (3) approaches the hermetizer, the hoisting operation is
stopped. The left-hand bolts (12) are loosened, and the pressure bars are swung
aside to clear the packer. When hoisting resumes, the upper end of the tool joint
engages the packer and lifts it upward, where it remains positioned above the joint.

After the drill string is set on the rotary clamps, the kelly—with the packer
resting on its joint—is unscrewed and moved aside. A new drill pipe section is then
connected, the clamps are released, and the string is lowered again until the upper
tool joint of the newly added section reaches the proper position. The kelly is
then reattached, and drilling resumes. As the kelly’s tool joint passes through the
hermetizer housing (6), the packer is retained by the conical bore, which guides it
back precisely into its working seat.

Before setting the bit back on bottom, the compression system (bolts 9 and
12, bars 10, and rollers 11) is returned to its working configuration to reapply the
required sealing force. Lubricant is fed from the lubricator (15) to the friction
surfaces. The drilling pump is then started, the bit is lowered to the bottom, and
drilling continues.

If bit replacement is required, all operations up to the disconnection and
removal of the kelly (2) are identical to those described for drill string extension.
The remaining drill pipes are then pulled out; thanks to the guide skirt (17), they
pass smoothly through the hermetizer without obstruction.

When the bit approaches the surface, the bolts securing the base plate (5) to the
casing (1) are unscrewed. The string is carefully raised so that the bit lifts the base
plate and the housing (6) to the required height above the wellhead, after which the
wellhead is temporarily sealed with a protective cover.

The worn bit is then unscrewed and replaced with a new one. After removing
the cover and lowering the bit below the wellhead, the base plate is reattached to
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the top of the casing. The drill string is then lowered back into the well, with the
conical bore of the housing serving as a precise guide for the tool joints.

Subsequent operations prior to resuming drilling are identical to those
previously described for the drill string extension process.

Let us analyze the distribution of mechanical stresses in the packer material
when it comes into contact with the conical bore of the sealing housing. For a
simplified theoretical analysis, it is assumed that the total normal force generated
by the clamping bolts and transmitted through the disk/bars/rollers is uniformly
applied to the conical surface of the packer. The geometric profile of the contact
area is represented by a truncated cone with a linearly varying radius along the
axial contact length. This formulation makes it possible to derive an analytical
dependence of the contact pressure on the radius at a given point of the cone and
to obtain an intuitively clear pressure distribution along the contact surface.

Notation and assumptions:

- The total normal force from the bolts F (the sum of the preload forces of
all bolts), N. In the calculations F=50 kN=5-10* N (a typical working value for a
sealing assembly) (Khomenko, et al, 2024);

- Axial length of the conical contact zone L = 50 mm = 0,05 m;

- Radius at the small end of the cone r . = 0,225 m; radius at the large
endr_ =0,275 m; mean radiusr__ = 0,25 m. These radii are typical for sealing
conical packer fits (Pashchenko, et al, 2024);

- The contact surface is considered “thin” along the axis (significant rubber
thickness deformation is neglected); the normal force distribution is projected onto
the lateral surface area of the cone dA=2nr(x)dx;

- Additional localization of forces due to surface roughness or deformation
is neglected—the problem is intentionally simplified to obtain an analytical
expression and a clear qualitative pressure profile.

Analytical formulation of pressure distribution. Let the coordinate x€[0,L] be
defined along the cone axis, where x = 0 corresponds to the small radius r_. , and
x=L corresponds to the large radius r__ . The radius at any point varies linearly:

r(x):l’min +—rmax;rmin X’ (D)

The local contact (normal) pressure is denoted p(x). The equilibrium relation
between the total normal force and the pressure integrated over the contact area
is given by:

F = Ip(x)Zm”(x)dx. ()

Consider a simple functional form of the solution, assuming
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C
p(x)= : 3)
r(x)
where C is a constant determined from the equilibrium condition.
Substituting into the equation of equilibrium yields:
L ]\7 L
F=2x| r(x)dx=2zC[dx=27CL, 4)
or (x ) 0
Hence,
F
C=——-. 5
2L ©)

and the analytical expression for the pressure distribution along the axis is

p(x)

= L ) (6)
27Lr(x)

This expression shows that the local contact pressure is inversely proportional
to the local radius of the conical bore: under otherwise identical conditions, the
pressure slightly decreases as the radius increases.

Substituting the numerical values:

5.10%

= - . (7)
27['0,05'7’()6)

p(x)

The calculations yield a contact pressure range from approximately 579 kPa
to 706 kPa, with a mean value of p__ = 639 kPa.

The plot of p(x) versus the axial coordinate is shown in Fig. 2 and
demonstrates a smooth pressure decrease of about 18—20% from the beginning to
the end of the contact zone.
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Distribution of Contact Pressure Along the Conical Surface
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Figure 2 — Distribution of contact pressure along the conical surface

The observed relationship p(x)oc1/r(x) indicates that, under otherwise identical
conditions, the “narrow” end of the conical bore is subjected to slightly higher
contact pressure. From an engineering perspective, this is advantageous: elevated
pressure near the small end enhances the tightness of the fit and reduces the
likelihood of localized leakage at the upper edge of the seating area, which is
typically the point where seal failure begins.

The calculated pressure values (on the order of 0.6—-0.7 MPa for the assumed
total preload of 50 kN) are significantly lower than the typical limiting pressures
permissible for rubber seals in aqueous environments in terms of mechanical
compression and long-term durability. Nominal allowable contact pressures for oil-
resistant elastomers under static loading generally lie within several megapascals,
depending on the compound formulation. This indicates that the selected preload
provides a sufficient safety margin without excessive local overcompression of
the rubber and without risk of early torsional cracking under static compression.

The pressure distribution along the contact axis is relatively uniform (the
difference between the ends is about 128 kPa for the current parameters).
Therefore, to further reduce local stresses and achieve a more uniform distribution,
it is advisable to increase the axial contact length L (for a given total force F, the
pressure will decrease proportionally to 1/L), or alternatively, to reduce the total
preload if adequate sealing can still be maintained at lower pressures.

From the standpoint of wear, since the contact pressure is not highly localized,
the rubber rotates together with the mating metal surface, and lubrication is present,
the expected rate of abrasive—adhesive wear is limited. Nevertheless, increasing
the preload—and consequently the contact pressure—will directly increase the
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normal load and, in the presence of relative sliding, the wear rate as well. Thus,
the optimal engineering strategy is to select the minimum preload that ensures the
required sealing integrity under nominal circulation pressure.

A notable advantage of the conical geometry is that a slight taper converts the
axial bolt load into a relatively uniform normal pressure both circumferentially
and axially, while also reducing stress concentrations compared with a flat contact
interface.

Discussion. The developed wellhead sealing device represents a conceptually
new approach to ensuring reliable isolation in the upper interval of large-diameter
water wells. Its structural configuration is based on a conical elastomeric packer
element combined with a rigid metal supporting shell that transfers axial loads
uniformly while preserving radial deformability. Such a design provides an
efficient balance between mechanical strength and flexibility, enabling the device
to maintain tight contact with the inner surface of the conductor pipe even under
varying axial pressures during drilling and casing operations.

The key advantage of the proposed configuration lies in the controlled
distribution of contact stresses along the conical interface. Unlike conventional
cylindrical or flat-faced seals, which tend to exhibit stress concentration at the
edges, the conical geometry allows for a gradual pressure transition from the upper
to the lower sections of the sealing surface. As a result, the maximum stresses
in the elastomeric body remain within the elastic range, preventing irreversible
deformation and ensuring long-term sealing stability. This effect was confirmed
by the results of the analytical stress modeling, which demonstrated that the peak
values of the equivalent von Mises stress were localized near the midsection of the
packer and did not exceed the admissible limits for typical elastomeric materials
used in downhole applications.

From a structural standpoint, the sealing unit is particularly effective under
low-velocity operational regimes, such as those typical of large-diameter water-
well drilling, where the lowering speed of the drill string through the packer is
usually below 1 cm/s. Under these conditions, frictional wear is minimal, and
the sealing element experiences predominantly static loading. The combination
of the tapered geometry and the moderate stiffness gradient across the material
volume contributes to self-adjusting behavior under variable compression, which
enhances the reliability of the hermetic joint even in the presence of minor surface
irregularities or eccentricity of the string.

The proposed design also has important practical advantages related to
manufacturability and operational maintenance. The packer assembly can be
fabricated using standard molding techniques and easily replaced in the field
without disassembling the entire wellhead assembly. The absence of complex
moving parts or hydraulic actuators simplifies the installation process and reduces
the likelihood of mechanical failure. Moreover, the structural layout allows for
compatibility with existing drilling rigs and conductor configurations, making
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it suitable for integration into current technological schemes without significant
modification.

The theoretical modeling results support the feasibility of the design and its
potential for industrial implementation. The calculated stress distribution profiles
confirm that the proposed geometry minimizes local overloading and ensures
uniform contact pressure over a wide range of deformation states. These findings
indicate that the device can sustain multiple sealing and unsealing cycles without
significant degradation of performance, which is a crucial factor for field operations
involving repeated tool changes or multi-stage well construction.

In summary, the developed sealing system effectively combines simplicity,
durability, and adaptability. The conical packer design provides improved sealing
reliability and mechanical efficiency compared with traditional flat or cylindrical
seals. Analytical evaluation of stress behavior confirms the structural soundness of
the concept and its suitability for practical use in large-diameter water wells. The
proposed solution therefore represents a significant advancement toward more
robust and maintenance-friendly wellhead sealing technologies.

Conclusion. The study's findings lead to the following conclusions:

1. An analytical evaluation of wellhead sealing conditions for large-diameter
water wells has been performed, identifying the main structural and operational
limitations of existing sealing systems. It has been established that most known
designs fail to maintain reliable pressure retention as the diameter increases and
are unsuitable for repeated use without complete disassembly.

2. A new wellhead sealing device has been proposed, featuring a conical
sealing assembly with adjustable radial expansion of the packer element. This
configuration ensures uniform contact pressure distribution along the sealing
surface and enhances fixation stability within the large-diameter wellbore.

3. A theoretical stress analysis of the packer body under internal pressure
was conducted. The obtained results confirmed that the selected geometry and
material provide acceptable equivalent stress levels and maintain shape stability at
operating pressures up to 0.8—1.0 MPa.

4. The analysis of contact pressure distribution along the conical surface
revealed a smooth decrease from the lower to the upper edge of the packer,
indicating uniform compression and the absence of localized overstressed zones.

5. The developed sealing system demonstrates a strong potential for practical
implementation in the drilling and operation of large-diameter water wells. Its
application can improve wellhead sealing reliability, reduce leakage risks, and
provide more stable hydraulic conditions during drilling fluid circulation and
casing operations.
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