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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. 

«Қазақстан Республикасы Ұлттық ғылым академиясының Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналы 2016 жылдан бастап халықаралық 
реферативтік және ғылымиметриялық Scopus дерекқорында индекстеледі және тұрақты 
библиометриялық көрсеткіштерді көрсетіп келеді.

Сонымен қатар журнал Web of Science платформасының (Clarivate Analytics, 2018) 
халықаралық реферативтік және наукометриялық дерекқоры Emerging Sources Citation Index 
(ESCI) тізіміне енгізілген.

ESCI дерекқорында индекстелуі журналдың халықаралық ғылыми рецензиялау талаптары 
мен редакциялық этика стандарттарына сәйкестігін растайды, сондай-ақ Clarivate Analytics 
компаниясы тарапынан басылымды Science Citation Index Expanded (SCIE), Social Sciences 
Citation Index (SSCI) және Arts & Humanities Citation Index (AHCI) дерекқорларына енгізу 
қарастырылуда.

Scopus және Web of Science дерекқорларында индекстелуі жарияланымдардың 
халықаралық деңгейде жоғары сұранысқа ие болуын қамтамасыз етеді, олардың дәйексөз алу 
көрсеткіштерінің артуына ықпал етеді және редакциялық алқаның геология мен техникалық 
ғылымдар саласындағы өзекті, бірегей және ғылыми тұрғыдан маңызды зерттеулерді 
жариялауға ұмтылысын айқындайды.

Научный журнал «News of the National Academy of Sciences of the Republic of Kazakhstan, Series 
of Geology and Technical Sciences» с 2016 года индексируется в международной реферативной 
и наукометрической базе данных Scopus и демонстрирует стабильные библиометрические 
показатели. 

Журнал также включён в международную реферативную и наукометрическую базу данных 
Emerging Sources Citation Index (ESCI) платформы Web of Science (Clarivate Analytics, 2018).

Индексирование в ESCI подтверждает соответствие журнала международным 
стандартам научного рецензирования и редакционной этики, а также рассматривается 
компанией Clarivate Analytics в рамках дальнейшего включения издания в Science Citation Index 
Expanded (SCIE), Social Sciences Citation Index (SSCI) и Arts & Humanities Citation Index (AHCI).

Индексирование в Scopus и Web of Science обеспечивает высокую международную 
востребованность публикаций, способствует росту цитируемости и подтверждает 
стремление редакционной коллегии публиковать актуальные, оригинальные и научно значимые 
исследования в области геологии и технических наук.
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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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Аннотация. Жерасты суларының сенімді әрі жоғары дебитті көздеріне 
деген сұраныстың артуы жағдайында ірі диаметрлі ұғымдарды бұрғылау 
технологияларын жетілдіру ерекше өзектілікке ие болып отыр. Негізгі 
мәселелердің бірі — дәстүрлі сағалық герметизациялау жүйелерінің 
жеткіліксіз тиімділігі, олар айналым қысымының тұрақтылығын қамтамасыз 
етпей, бұрғылау тереңдігін шектейді. Бұл проблема су ресурстары тапшы 
аймақтарда аса маңызды, себебі мұндай өңірлерде диаметрі 600 мм-
ден асатын және тереңдігі 200 м-ден жоғары ұңғымаларды пайдалану 
қажет. Бұл жұмыста кері айналым әдісімен бұрғылау кезінде реттелетін 
қысым қалыптастыруды қамтамасыз ететін пакерлік типтегі жаңа салалық 
герметизатор конструкциясы ұсынылады. Зерттеу әдістемесі пакердің 
кернеулі-деформацияланған күйін аналитикалық есептеуді, конустық беттегі 
жанасу қысымдарын талдауды және қолданыстағы техникалық шешімдерге 
салыстырмалы шолу жасауды қамтыды. Тиімділікті бағалау үшін серпімділік 
теориясының классикалық модельдері және эластомерлі элементтерді 
есептеуге арналған қолданыстағы халықаралық стандарттар пайдаланылды. 
Пакер материалы ішіндегі механикалық кернеулердің таралуын теориялық 
модельдеу нәтижесінде жұмыс қысымы 0,8–1,0 МПа дейін болған жағдайда 
тығыздағыш элементтің қажетті серпімділігі мен құрылымдық орнықтылығы 
сақталатыны анықталды. Конустық бет бойымен жанасу қысымының таралуын 
есептеу оның жоғарғы жиегіне қарай біртіндеп төмендейтінін көрсетті, бұл 
пакердің біркелкі қысыла отырып, жергілікті артық кернеулердің алдын 
алуын қамтамасыз етеді. Ұсынылған конструкция стандартты орталықтан 
тепкіш сорғылардың напорын айналымды қалыптастыру үшін пайдалануға 
мүмкіндік береді, соның нәтижесінде ірі диаметрлі ұңғымаларды бұрғылаудың 
мүмкін болатын тереңдігі едәуір артады. Құрылғыны практикалық қолдану 
сағалық герметизацияның сенімділігін арттыруға, бұрғылау ерітіндісінің 
шығындарын азайтуға, ұңғыма оқпанының орнықтылығын жақсартуға және 
экологиялық тәуекелдерді төмендетуге ықпал етеді. Ұсынылған техникалық 
шешім Қазақстанның, Орталық Азияның және басқа да аридтік аймақтардың 
сумен жабдықтау жүйелерінде қолдануға жарамды.

Түйін сөздер: ұңғыма сағасы, үлкен диаметрлі су алу ұңғымасы, пакер, 
конустық тығыздағыш, кернеуді талдау, жанасу қысымын бөлу
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Аннотация. Актуальность. В условиях роста потребности в надёжных 
и высокодебитных источниках подземных вод задача совершенствования 
технологий бурения крупноразмерных скважин приобретает особую 
актуальность. Одной из ключевых проблем остаётся недостаточная 
эффективность традиционных систем герметизации устья, которые 
не обеспечивают стабильного давления циркуляции и ограничивают 
достижимую глубину бурения. Это особенно критично для регионов с 
дефицитом водных ресурсов, где требуется эксплуатация скважин диаметром 
свыше 600 мм и глубиной более 200 м. Цель. Разработать и обосновать 
конструкцию устьевого герметизатора пакерного типа, обеспечивающего 
создание контролируемого давления при бурении методом обратной 
циркуляции. Методы. Методология исследования включала аналитический 
расчёт напряжённо-деформированного состояния пакера, анализ контактных 
давлений на конической поверхности и сравнительный анализ существующих 
технических решений. Для оценки эффективности использованы положения 
классической теории упругости и действующие международные стандарты 
расчёта эластомерных элементов. Результаты и выводы. На основе 
теоретического моделирования распределения механических напряжений в 



339

ISSN 2224-5278                                                                                                           2.2026

материале пакера установлено, что при рабочих давлениях до 0,8–1,0 МПа 
уплотнительный элемент сохраняет необходимую упругость и структурную 
устойчивость. Расчёт распределения контактного давления по конической 
поверхности показал его постепенное снижение к верхнему краю, что 
обеспечивает равномерное прижатие пакера и предотвращает локальные 
перенапряжения. Предложенная конструкция позволяет использовать 
напор стандартных центробежных насосов для создания циркуляции, что 
значительно увеличивает возможную глубину бурения крупноразмерных 
скважин. Практическое применение устройства способствует повышению 
надёжности устьевой герметизации, сокращению потерь бурового раствора, 
улучшению устойчивости ствола скважины и снижению экологических 
рисков. Разработанное техническое решение может быть внедрено в системах 
водоснабжения Казахстана, Центральной Азии и других аридных регионов.

Ключевые слова: герметизатор устья, водозаборная скважина большого 
диаметра, пакер, коническое уплотнение, анализ напряжений, распределение 
контактного давления

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 



342

ISSN 2224-5278                                                                                                           2.2026

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.

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⋅104 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 rmin = 0,225 m; radius at the large 

end rmax = 0,275 m; mean radius rmean = 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=2πr(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 rmin, and 
x=L corresponds to the large radius rmax. The radius at any point varies linearly:

( ) ( )
0

2
L

F p x r x dxπ= ∫ .  					     (1)

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:

( ) ( )
0

2
L

F p x r x dxπ= ∫ .						      (2)

Consider a simple functional form of the solution, assuming

( ) max min
min

r rr x r x
L
−

= +
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( ) ( )
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r x
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where C is a constant determined from the equilibrium condition. 
Substituting into the equation of equilibrium yields:

( ) ( )
0 0

2 2 2
L LÑF r x dx C dx CL

r x
π π π= = =∫ ∫ .  			   (4)

Hence,

2
FC

Lπ
= .								        (5)

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

( ) ( )2
Fp x

Lr xπ
= .							       (6)

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:

( ) ( )
45 10

2 0,05
p x

r xπ
⋅

=
⋅ ⋅

.						      (7)

The calculations yield a contact pressure range from approximately 579 kPa 
to 706 kPa, with a mean value of pmean ≈ 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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Figure 2 – Distribution of contact pressure along the conical surface

The observed relationship p(x)∝1/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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