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GEOLOGICAL AND TECHNOLOGICAL PROBLEMS OF GAS FIELDS IN
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INNOVATIVE SOLUTIONS
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Abstract. The article analyzes the geological and technological problems of gas fields in the
Ustyurt region, as well as ways to overcome them using innovative technologies. The main
objective of the study is to identify the geological features of hydrocarbon reservoirs in the
Ustyurt Plateau, determine the technical and technological challenges encountered during the
extraction process, and develop effective solutions using modern digital technologies. The paper
provides precise numerical data on the geological structure of the Ustyurt Plateau, hydrocarbon
formation processes, and the physical-geological parameters of reservoir layers. According to the
research findings, reservoir pressure ranges from 28 to 36 MPa, temperature from 65 to 90°C,
while porosity varies between 8% and 15%.

The main issues observed in the gas fields include reservoir heterogeneity, fracturing,
seismogeological activity, pressure decline, and technological losses during gas purification (3.5-
4.2%). It has been proven that these factors reduce extraction efficiency by up to 15-20%. As
innovative approaches to solve these problems, the study proposes the implementation of 3D and
4D seismic modeling, the “Smart Field” (digital field) concept, [oT (Internet of Things) sensors,
and Al-based monitoring systems. According to pilot tests conducted in Ustyurt fields in 2022-
2024, production efficiency increased by 18-20%, energy savings by 11-13%, while emergency
incidents decreased by up to 40%.[1]

In addition, the application of environmentally safe technologies makes it possible to
reduce CO: emissions from 150,000 tons to 100,000 tons per year and decrease water
consumption by 2.5 times. Based on the research results, the article proposes an integrated digital
management model for the Ustyurt region, which aims to enhance gas production efficiency,
minimize technological losses, and ensure environmental sustainability.

Keywords: Ustyurt region, gas fields, geological structure, hydrocarbon reserves, technological
problems, 3D and 4D seismic modeling, Smart Field, [oT technologies, artificial intelligence,
digital field, environmental safety, gas production efficiency, innovative technologies, energy
modernization, digital economy.

I'EOJIOI'MYECKHUE U TEXHOJIOI'MYECKHUE ITPOBJIEMbBI 'A30BbIX
MECTOPOXXJIEHUN YCTIOPTCKOTI'O PETUOHA U IIYTH X YCTPAHEHHUA HA
OCHOBE THHOBAIIMOHHBIX PEIIIEHUH

SimunoB ®epy3xon Paiizyno yriu
Byxapckuii rocyaapCTBEHHBIN TEXHUYECKU YHUBEPCUTET

AHHOTanus. B crarbe mpoaHATM3UPOBAHBI T'€OJOTUYCCKUE M TEXHOJIOTHYECKHE MPOOIEMBI
ra3oBbIX MECTOPOXKIEHUN YCTIOPTCKOTO PEervoHa, a TakKe IMyTH MX YCTpaHEHHUs Ha OCHOBE
WHHOBAIIMOHHBIX TEXHOJOrui. OCHOBHAS IeIb WCCIICIOBAHMS - BBISBICHHE T'€OJOTHYCCKHX
0CcoOeHHOCTE He(TEera3oBhIX KOJIEKTOPOB Y CTIOPTCKOTO IUIATO, OMpE/eieHne TEXHUYECKUX U
TEXHOJOTHYECKHUX TIPOOJIeM B Iporiecce JoObIUH, a TaKkkKe pa3padoTka 3 (HEKTHBHBIX PEIICHHM C
NPUMEHEHUEM COBPEMEHHBIX IIU(PPOBBIX TEXHOJIOTUH. B paboTe npuBeneHbl TOUHBIC YUCIICHHBIC
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JaHHBbIE TI0 TEOJIOTMYECKOMY CTPOEHHUIO YCTIOPTCKOrO IUIaTO, MpoueccaM (OpMUPOBaHUS
VIIEBOMOPOAOB M (PU3UKO-TEOJIOTUYECKUM  mapameTpam IuiactoB. [lo  pesynbratam
MCCJIEIOBAHMS YCTAHOBJICHO, YTO IJIACTOBOE JaBiieHue coctasisieT 28-36 MIla, remneparypa -
65-90 °C, a nopucrocts - 8-15%.

OcHoBHBIE TPOOIEMBI, HAOMIOJAacMBIE HA Ta30BBIX MECTOPOXKICHHUSAX, BKIIOYAIOT
HEPAaBHOMEPHOCTh IUIACTOB, TPEUIMHOBATOCTh, CEWCMOTEOJIOTMUECKYI0 aKTHBHOCTh, CHIDKEHHE
JABJICHUS W TEXHOJIOTMYECKHE NOTepu Mpu ouuctke raza (3,5-4,2%). JlokazaHo, 4To 3TH
daktopbl cHUxKAOT d3(dexkTuBHOCTH A00BMM Ha 15-20%. B kadecTBe WHHOBAIIMOHHBIX
NOJIXO/M0B JUISL peImeHWs JaHHbIX mpobineM mnpemnoxkeHsl 3D u 4D celicmuueckoe
MojenupoBanue, konuemnuus «Smart Field» (umdpoBoe mectopoxknenue), BHenpenue [oT-
CEHCOPOB M CHCTEM MOHUTOPUHTa Ha OCHOBE HCKyccTBeHHoOro uHteiwiekta (Al). CormacHo
pe3ynbTaTaM HCIBITAaHUM, TPOBEAEHHBIX HA MECTOPOXKACHUAX Y CTIOPTCKOTO pervoHa B 2022-
2024 rogax, npousBoAcTBeHHAas 3(GEKTUBHOCTH MoBbIcHIach Ha 18-20%, sHeprocOepexeHue -
Ha 11-13%, a konmuyecTBO aBapUilHBIX CUTYyalil CHU3UI0Ch 10 40%.[1]

Kpome Toro, mnpuMeHEeHHE OKOJOTMYECKA O€30MAacCHBIX TEXHOJOTHUH IO3BOJISICT
yMeHbIUTh BEIOpOCH CO2 ¢ 150 Thic. ToHH 10 100 THIC. TOHH B IO/ U COKPATUTh PACcXOJ BOABI B
2,5 paza. Ha ocHOBe MOJy4YeHHBIX pE3yJbTaTOB B CTaThe MNPEIJIOKEHA HHTETPUPOBAHHAs
nupoBas MOJENIb YIpPaBJICHUS A YCTIOPTCKOTO PETHOHA, HaIlpaBJICHHAs HA TOBBIIICHUE
3¢ pekTHBHOCTH Ta3000bIYM, CHW)KCHHE TEXHOJOTMYECKHX IOTeph U  oOecredeHue
3KOJIOTUYECKON YCTOMYUBOCTH.

KuroueBnble cioBa: YCTIOPTCKHI pErMOH, Ta30Bbleé MECTOPOXKACHUS, T€0JIOTHYECKOE CTPOCHHUE,
3arackl yriieBoAOpOI0B, TEXHOJOrn4Ieckue mpodiemsl, 3D u 4D ceiicMuueckoe MOJISITMPOBAHNE,
Smart Field, loT-TexHonoruu, WCKYCCTBEHHBIH HWHTEIJICKT, LH(PPOBOE MECTOPOXKICHUE,
JKOJIOTHYECKass 0e30MmacHOCTh, d(PPEKTUBHOCT JOOBIYHM Ta3a, WHHOBAIMOHHBIC TEXHOJIOTHH,
SHEepreTudecKasl MoAepHu3anus, uppoBas SIKOHOMHKA.

Introduction

The Ustyurt region is one of the largest natural gas bases of Uzbekistan and occupies a
strategic position in the country’s energy system. This region is located between the borders of
the Republic of Karakalpakstan and the Republic of Kazakhstan and is geologically composed of
sedimentary rocks belonging to the Neogene and Paleogene periods. The geological structure of
the Ustyurt Plateau is rich in multilayer gas—oil reservoirs, the main part of which consists of
carbonate and terrigenous rocks. It is precisely within these strata that large volumes of natural
gas, condensate, and hydrocarbon reserves have accumulated.

The gas resources of the region play an important role not only in meeting Uzbekistan’s
domestic energy needs but also in increasing its export potential. Therefore, in-depth study of the
geological characteristics of the Ustyurt gas fields, analysis of technological challenges in the
extraction process, and their mitigation based on innovative approaches represent one of the
most relevant scientific and practical directions today.

The aim of this research is to analyze the geological and technological problems of gas
fields in the Ustyurt region and to develop effective solutions using innovative technologies. The
scientific novelty of this work lies in integrating the specific geological features of the region
with modern digital modeling, artificial intelligence, and automated monitoring technologies,
and in proposing scientific and practical recommendations aimed at improving the efficiency of
gas production.

Geological Characteristics of the Ustyurt Region
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The Ustyurt Plateau is located in the northwestern part of Uzbekistan and is geologically
composed of a complex of sedimentary rocks formed during the Mesozoic and Cenozoic eras.
The main geological structure of the plateau consists of sandstone, limestone, marl, and clay
layers, whose thickness in some areas reaches 3—5 kilometers. The lower sections, represented
by Jurassic and Cretaceous carbonate rocks, form the principal gas—oil reservoirs.

In the Ustyurt Plateau, hydrocarbons were mainly generated as a result of the thermal
decomposition of organic-rich pelitic rocks, and their migration occurred through fractured and
porous structures into overlying strata. Geophysical studies have identified more than 80
potential oil and gas structures in this area, among which the largest are the “Aral,”
“Karakalpak,” “Karakuduk,” and “Kokdumalak” fields.

Comparative analysis shows that the gas fields of the Ustyurt region differ significantly in
geological structure from Kazakhstan’s “Karakum” and southern Uzbekistan’s “Surkhandarya”
oil and gas blocks. While the “Aral” and “Karakalpak™ blocks are mainly composed of porous
limestones and dolomites of the Upper Cretaceous and Paleogene periods, the reservoirs in the
“Surkhandarya” zone are predominantly sandstones and siltstones. As a result, Ustyurt gas fields
are characterized by high pressure, low temperature, and a high gas-condensate ratio.

From a lithological perspective, the strata of the Ustyurt Plateau consist of well-cemented
carbonate rocks with porosity ranging from 8 to 15% and permeability varying on average
between 0.05 and 0.3 mD. Geophysical investigations indicate formation pressures of 28-36
MPa and formation temperatures in the range of 65-90°C. Such parameters are typical of gas-
condensate fields and necessitate maintaining stable reservoir pressure and addressing rapid
depletion of reservoir energy during production. These geological and physical characteristics
require the application of specialized thermohydrodynamic models when selecting extraction
technologies in the Ustyurt region [2,3].

Figure 1. Porosity—Permeability Diagram of the Ustyurt Plateau Reservoir Layers

Geological Problems Encountered in Gas Fields
The main geological problems of gas fields in the Ustyurt region are associated with
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reservoir heterogeneity, fracturing, and structural complexity. A large part of the area is located
within tectonically active zones, where horizontal and vertical displacements ranging from 20 to
50 meters are observed. Due to the fractured nature of the strata, the natural flow paths of gas are
disrupted, resulting in uneven pressure distribution within gas reservoirs. Such conditions reduce
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well productivity by up to 15-20%. In addition, the presence of fractures complicates the
determination of gas—water contacts, thereby limiting the possibility of complete reservoir
drainage.

Significant uncertainties also exist in the estimation of gas reserves. In the Ustyurt fields,
wide variations in gas density, reservoir pressure, and porosity lead to modeling errors in
resource volume estimation, with an uncertainty coefficient of 12-18%. Although reservoir
pressures generally range from 30 to 35 MPa, locally reduced pressures of 10-12% below
average have been recorded in certain structures. This complicates accurate forecasting of actual
gas reserves. Results of modern 3D seismic and geophysical surveys indicate that at least 30% of
the Ustyurt fields consist of previously unidentified small structures that were not taken into
account in reserve calculations [2].

Seismogeological activity also has a direct impact on technological processes. The
northern part of the Ustyurt Plateau is located at the junction of the Aral and Mangyshlak
tectonic zones, where micro-earthquakes of up to 2-3 magnitude are recorded annually. This
activity leads to deformation of pore structures at the bottom of wells, cracking of cemented
layers, and changes in gas migration pathways. As a result, well stability decreases, gas flow
ceases in some wells, and their operational lifespan is reduced. To mitigate such geological
factors, it is necessary to use geopolymer composites for reservoir strengthening, as well as high-
resolution seismic tomography and laser georadar technologies for fracture detection.

Technological Problems in Gas Production

The main technological problems observed in the gas fields of the Ustyurt region arise
during drilling, well operation, gas separation, and transportation processes.

Changes in reservoir pressure and temperature also negatively affect production
efficiency. In gas-condensate fields, a pressure decrease of 10—12% disrupts the condensate
separation stage, reducing gas yield by 25-30 m® per 1,000 m* of produced gas. During the
period from 2018 to 2023, the average reservoir pressure in the “Aral” and “Karakalpak™ fields
declined from 35.2 MPa to 31.4 MPa, resulting in a reduction of annual gas production from 1.8
billion m? to 1.45 billion m*. Furthermore, temperature variations of 5-7°C affect gas density at
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the wellbore, decreasing flow velocity by 6—8%.
Figure 2. Technical Malfunctions During the Drilling Stage
Technological losses remain high during gas separation, purification, and transportation

Technical Malfunctions During

the Drilling Stage
Average well depths in the area Drilling fluid loss of
range from 3,200-4,600 meters 2.5-5 m3hour
High formation pressure during Drilling process duration
drilling (30-38 MPa) typically extends to 12-15 days
High temperature during drilling Overall operating costs
(80-100°C) increase by 8-10%
Well casing deformation and At least 18-20% of wells require
corrosion occur major repairs every 5 years

processes. At the “Karakuduk™ and “Karakalpak™ gas separation stations operating in the Ustyurt
region, average technological losses amount to 3.5-4.2%, which corresponds to an annual loss of
approximately 120-140 million m* of gas. The sulfur content in the gas (1.2-2.8%) and the
presence of water vapor (5-8 g/m?) complicate the purification process and accelerate corrosion
in processing equipment.

During the transportation stage, the internal diameter of pipelines is reduced by up to 8-
10%, which increases flow resistance and raises energy consumption by an average of 6—7% per
100 km. To address these problems, it is necessary to implement thermostable composite
pipelines, automated pressure control systems, and technologies for gas separation in the liquid
phase.

Solutions to Problems Based on Innovative Technologies

One of the most important approaches to effectively addressing geological and
technological challenges in the gas fields of the Ustyurt region is the implementation of 3D and
4D seismic modeling technologies. The use of 3D seismic imaging increases the accuracy of
identifying reservoir structures by 25-30%, enabling more precise delineation of gas reservoir
boundaries.
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In 2022, 3D seismic modeling conducted at the “Karakalpak™” gas field identified four
previously unknown local structures, making it possible to discover an additional 14.6 billion m?
of gas reserves. Meanwhile, 4D modeling (time-lapse monitoring of reservoir conditions) allows
real-time tracking of pressure and temperature changes during production. This technology has
been proven to reduce gas losses by up to 8-10% in gas fields in Norway and Kazakhstan.

Figure 3. Effective Approaches to 3D Seismic Modeling

The Smart Field (digital oil and gas field) concept represents a promising innovative
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direction for the Ustyurt region. This system is based on IoT (Internet of Things) sensors, digital
control modules, and automated data transmission platforms. For example, at the Karakuduk gas
field, IoT sensors record pressure, temperature, and flow rate automatically every 15 minutes and
transmit the data to a central server. As a result, the number of emergency incidents decreased
from 27 to 9 in 2023, while production efficiency increased by 12.4%.

During well monitoring processes, the application of artificial intelligence (AI) and
machine learning algorithms enables advance forecasting of pressure and flow variations. By
analyzing 10 years of operational data, Al models can predict well failure risks with an accuracy
of up to 92%. In 2024, an Al-based monitoring system was piloted at KarakalpakGas, resulting
in a 40% reduction in emergency incidents.

Environmentally safe extraction technologies are also considered a priority. In the
Ustyurt area, average annual CO: emissions amount to approximately 150 thousand tons; the
introduction of waste-free extraction technologies can reduce this figure by 30-35%. In the
Green Drilling system, water circulation operates in a closed loop, reducing water consumption
by a factor of 2.5. In addition, the use of regenerable sorbents in gas purification processes has
reduced emissions by 18%.

An analysis of domestic and international experience indicates that after the
implementation of 3D—4D seismic and digital monitoring technologies at Kazakhstan’s
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Imashevskoye field, gas production increased by 9%. In Russia’s Yamal LNG project, digital
IoT systems reduced energy consumption by 14%, while in Norway, Equinor achieved a
reduction in gas losses from 7% to 1.8% through the smart field concept. Adapting these
advanced practices to Ustyurt conditions will not only enhance technological efficiency but also
ensure environmental sustainability and economic profitability [4].

Prospects for the Development of Gas Fields in the Ustyurt Region

To increase gas production volumes and identify new fields in the Ustyurt region, large-
scale geophysical studies are being conducted. Between 2020 and 2024, the state enterprise
Uzgeophysics carried out high-resolution 3D seismic surveys over an area of 22,000 km?,
resulting in the identification of 14 new potential structures. Preliminary estimates confirm gas
reserves of 3842 billion m® in the Southern Ustyurt and Kyzylkum-Ustyurt blocks.
Additionally, magnetometric and gravimetric observations have detected hydrocarbon
concentrations in formations at depths of 4.5-5 km.

Further seismic surveys covering an additional 18,000 km? are planned by 2026, which is
expected to enable the discovery of 12—15 new prospective gas structures.

Under the conditions of a digital economy, modernization of the energy sector is also a
strategic priority for the Ustyurt region. Since 2024, within the framework of the Digital Energy
Uzbekistan program, digital monitoring of gas fields, online tracking of production parameters,
and automated resource consumption accounting systems have been introduced.

According to initial pilot results, digital control systems have reduced energy
consumption at wells by 11-13%, while operator errors have decreased by up to 26%. Between
2025 and 2030, full implementation of Smart Field systems at all major gas fields in Ustyurt is
planned, which is expected to increase production efficiency by 18-20% and enable annual
savings of up to 1.2 billion m? of gas.
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Figure 4. The Role of Gas Fields in the Ustyurt Region in the International Energy

Market

Conclusion.
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As priority directions for future research, it is proposed to study new reservoirs at depths of 5-6
km, to implement automatic updating of geophysical models using artificial intelligence, and to
integrate digital energy systems into national standards. In addition, expanding joint scientific
projects in cooperation with Norway, Kazakhstan, and Russia based on international experience
will ensure the sustainable energy development of the Ustyurt region.
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