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 The article explores the prospects for methane extraction at the 

Taldykuduk and Saran sections of the Karaganda coal basin. It highlights 

the geological features of these areas, including tectonic structures and 

varying gas-bearing parameters. Drilling methods, such as vertical 

drilling with hydraulic fracturing and directional horizontal drilling, are 

described along with their applicability under specific conditions. The 

emphasis is placed on the necessity of systematizing and updating 

geological data, as existing information on the permeability and gas 

saturation of coal seams is fragmented. 

The study underscores the critical role of investigating the physical and 

mechanical properties of coal and conducting additional isothermal 

desorption tests to evaluate the critical desorption point. The high 

potential for methane production at significant depths, where gas content 

reaches 20 m³/t or more, is noted, making these sections attractive for pilot 

project implementation. The combination of hydraulic fracturing and 

horizontal drilling methods is recommended to enhance productivity in 

low-permeability conditions. 

The article provides conclusions and recommendations for designing 

drilling operations, emphasizing the need for advanced technologies and 

the involvement of skilled professionals. It underscores the importance 

of an integrated approach to studying and developing coalbed methane 

in the Karaganda basin to achieve sustainable gas extraction. 

Түйінді сөздер: 
 

ТҮЙІНДЕМЕ 
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өнеркәсіптік, гидро жару, 

газдылық, өткізгіштік.. 

 Мақалада Қарағанды көмір бассейнінің Талдықұдық және Саран 

учаскелерінде метанды өндіру перспективалары қарастырылған. 

Учаскелердің геологиялық құрылымының ерекшеліктері, соның 

ішінде әртекті тектоникалық құрылымдар және газдылықтың 

әртүрлі параметрлері ұсынылған. Гидро жарумен тік бұрғылау және 

бағытталған көлденең бұрғылау сияқты бұрғылау әдістері және 

олардың жағдайларға байланысты қолданылуы сипатталған.  

Геологиялық деректерді жүйелеу және өзектендіру қажеттілігіне 

баса  назар аударылады, себебі көмір қабаттарының өткізгіштігі мен  
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  газға қанықтылығы туралы бар ақпарат толық емес. Көмірдің 

физикалық-механикалық қасиеттерін зерттеудің және десорбция-

ның критикалық нүктесін бағалау үшін қосымша изотермиялық 

сынақтар жүргізудің негізгі рөлі көрсетілген. Газдылығы 20 м3/т 

немесе одан да көп жететін, бұл учаскелерді пилоттық жобаларды 

іске асыру үшін тартымды ететін елеулі тереңдіктер аймағында 

метан өндірудің жоғары әлеуеті атап өтілді. Төмен өткізгіштік 

жағдайында өнімділікті арттыру үшін гидро жару және көлденең 

бұрғылау әдістерінің үйлесімі ұсынылады. Заманауи технология-

ларды пайдалану және білікті мамандарды тарту қажеттілігін қоса 

алғанда, бұрғылау жұмыстарын жобалау бойынша қорытындылар 

мен ұсынымдар ұсынылған. Жұмыс тұрақты газ өндіруге қол 

жеткізу үшін Қарағанды бассейнінде көмір метанын зерттеу мен 

әзірлеуге кешенді тәсілдің маңыздылығын атап көрсетеді. 
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 В статье рассмотрены перспективы добычи метана на Талдыкудук-

ском и Саранском участках Карагандинского угольного бассейна. 

Представлены особенности геологического строения участков, вклю-

чая тектонические структуры и варьирующие параметры газонос-

ности. Описаны методы бурения, такие как вертикальное бурение с 

гидроразрывом пластов и направленное горизонтальное бурение, и 

их применимость в зависимости от условий.  Акцент сделан на необхо-

димости систематизации и актуализации геологических данных, так 

как существующая информация о проницаемости и газонасыщен-

ности угольных пластов фрагментарна. Показана ключевая роль 

исследования физико-механических свойств углей и проведения 

дополнительных изотермических испытаний для оценки критичес-

кой точки десорбции. Отмечен высокий потенциал метанодобычи в 

зоне значительных глубин, где газоносность достигает 20 м³/т и более, 

что делает эти участки привлекательными для реализации пилотных 

проектов. Рекомендовано сочетание методов гидроразрыва и горизон-

тального бурения для повышения производительности в условиях 

низкой проницаемости. Представлены выводы и рекомендации по 

проектированию буровых работ, включая необходимость исполь-

зования современных технологий и привлечения квалифициро-

ванных специалистов. Работа подчеркивает значимость комплексного 

подхода к изучению и разработке угольного метана в Карагандинском 

бассейне для достижения устойчивой добычи газа. 

 

INTRODUCTION 

The development and extraction of methane in the Karaganda coal basin are planned for 

the Taldykuduk and Saran sections, which are integral parts of the basin. These sections hold a 

significant volume of geological data collected during the Soviet era, including the drilling of 18–

30 wells per square kilometer on the Saran section and 10–15 wells per square kilometer on the 

Taldykuduk section. However, this historical data has not yet been systematized or utilized for 

constructing a geological model. 

Coal deposits in the Karaganda basin have been developed for many years. Of particular 

interest for methane extraction is the Karaganda suite, comprising coal-bearing seams and clastic 

deposits with a total thickness of 780-800 meters. This multilayer sequence includes seams up to 

60 meters thick, such as the notable K12 seam, which reaches a thickness of 8.4 meters (Figure 1). 

The cumulative thickness of coal seams represents a significant positive factor contributing to a 

high potential methane yield. 
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According to the literature (Dou X., 2025; Drizhd N.A., Alexandrov A.Yu. & Zhunis G.M., 

2020; Xu F., Zhang W. & Zhao G. 2023; Fang H., Li A. & Huang Y.  2023), coal deposits in the 

Karaganda basin contain substantial volumes of methane, highlighting the need to ensure safety 

in coal mines. However, no underground mining activities have been conducted to date on the 

Saran and Taldykuduk sections, allowing these areas to be considered "unrelieved" zones with 

high potential for methane production. 

The coal seams of the Karaganda basin have undergone significant tectonic modifications. 

Within the project sections, faults, anticline and syncline structures, and zones of structural 

deformation are observed. Methane emissions have been detected in loose coal near these zones. 

The metamorphism of coal seams ranges from 1.04 to 1.75, creating favorable conditions for 

methane accumulation and extraction. 

Thus, the combination of geological and tectonic features of the Taldykuduk and Saran 

sections determines their high potential for methane development, making them promising 

targets for detailed research and subsequent project implementation. 

 

 
 

Figure 1. The sequence of strata in the Karaganda formation 

Note: compiled by the authors 

 

The study employed a combination of geological, geophysical, and analytical methods to 

evaluate the methane potential of the Karaganda coal basin, specifically at the Taldykuduk and 

Saran sites. 
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Geological data analysis. Archival geological reports and well-logging data from the Soviet 

period were reviewed and systematized. These data included information on the thickness of coal 

seams, tectonic structures, and lithological composition. - Geophysical surveys. Borehole 

geophysical methods (logging, gas content measurements, and cavementry data) were used to 

identify seam boundaries, permeability indicators, and gas saturation. Laboratory tests. 

Isothermal desorption analyses were carried out on coal samples to determine the critical 

desorption pressure (CDP) and methane sorption isotherms. The physical and mechanical 

properties of coal were also assessed through compression and permeability tests. Analytical 

modeling. Based on the collected data, gas content versus depth correlations were constructed. 

Preliminary reservoir modeling was performed to assess the spatial variability of permeability 

and methane content. This methodology provided the basis for identifying key parameters 

necessary for evaluating methane production prospects and for selecting appropriate drilling 

technologies. 

 

MATERIALS AND METHODS 

The results of the applied methods demonstrate a consistent increase in gas content with 

depth, accompanied by significant variability in permeability values. On the Taldykuduk site, 

maximum gas content reaches 20.2 m³/t, increasing up to 115–125 m³/t in the “methane zone” at 

depths exceeding 500 m. However, permeability remains highly heterogeneous, ranging from 

below 0.01 mD to 20–40 mD. 

These findings indicate that while the methane resource potential is substantial, extraction 

efficiency will be strongly constrained by low permeability in certain intervals. Hydraulic 

fracturing and horizontal drilling are therefore recommended as combined methods to improve 

productivity. 

 

 
 

Figure 2. The gas content according to the depth 

Note: compiled by the authors 

 

The composition of the gas, characterized by methane content, is displayed on the Y axis. 

It should be noted an uneven increase in gas concentration with increasing depth and significant 

methane losses with high hydrocarbon content at depths over 700 m. Tests on the construction of 

a gas sorption isotherm have not been carried out. Nevertheless, a similar isotherm that best 

meets the conditions is shown in Fig. 3. According to calculations, coal seams are located near the 

gas saturation state. However, this conclusion is based on fragmentary and unreliable data 

obtained during mining activities. 
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Figure 3. Prognostic isotherm for coals of the Karaganda basin 

Note: compiled by the authors 

 

To refine gas saturation parameters, it is recommended to conduct additional studies 

aimed at determining the critical desorption pressure (CDP) and the corresponding reservoir 

pressure for key seams, such as seam K12 (Wang Z., Fu X. & Zhou H. 2023; Reddy B.R., Ashok I. 

& Vinu R., 2020). 

Sorption isotherm calculations should be performed exclusively for methane (CH4), 

aligning with the most applicable methodologies for the Karaganda coal basin. Accurate isotherm 

data are essential for estimating the required water removal volume to reach the level at which 

gas extraction becomes feasible, as well as for determining the capacity of pumping equipment. 

These parameters are crucial for the efficiency of drilling operations in coal seams, particularly 

when using directional drilling methods, as planned for the Karaganda basin. Currently, reliable 

data on coal seam permeability are lacking. However, based on scattered reports, permeability 

values are estimated to range from less than 0.01 mD (extremely low permeability) to 20–40 mD 

(good permeability). For coal seams, permeability in the range of 20–40 mD is considered 

sufficient for extraction, while values below 0.01 mD significantly hinder or render extraction 

unfeasible. Globally, no successful commercial coalbed methane (CBM) projects have been 

documented at permeability levels below 1 mD. Low permeability remains a major challenge for 

CBM project implementation in several countries, including China, India, the United Kingdom, 

Australia, and the United States (Zhang X., Cai Y. & Kang J. 2023). Available data suggest that 

the coal seams of the Karaganda basin may also exhibit extremely low permeability, posing a 

significant challenge for successful project execution. While permeability generally increases at 

shallower depths, it remains low in dense coal seams. 

Reservoir pressure is assumed to be hydrostatic; however, no reliable confirmation is 

available. In certain cases, overpressure has been observed. No permeability measurements 

under pressure conditions have been conducted on Karaganda coal cores, nor have the directions 

of prevailing stress fields been studied. Permeability anisotropy is widespread, limiting the 

planning of optimal azimuths for directional drilling (Rabatuly M., Musin R.A. & Kenetaeva A.A. 

2023). Detailed studies are required to determine the directions of tectonic stress fields and coal 

seam cleat orientations, which are critical components of ongoing reservoir evaluations. The 

current dataset is insufficient for comprehensive pilot project planning. The primary objective of 

data collection is to determine an optimal extraction strategy that balances maximizing 

permeability with adequate gas content in the seams.  

Drilling depth parameters, according to international practices, range from 300 to 600 m. 

Successful projects are rare at depths exceeding 800 m. On the Saran site, hydraulic fracturing 
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was performed at a depth of 830 m in seam K12, but the results were unsatisfactory (gas flow 

rates of 30,000-40,000 m³/day for a short duration). The next pilot project is planned for the 

Taldykuduk site, using directional drilling on one of the thick coal seams. The Atlas Copco RD20 

rig, with a capacity of 40 tons, will be employed. The drilling plan includes setting the conductor 

casing at 10 m, intermediate casing at 80 m, deviating the wellbore at 120 m, followed by 

horizontal drilling along the seam for approximately 300 m (Jianguang W., 2019). The project's 

goal is to achieve a stable gas flow rate of 5,000–6,000 m³/day (up to 200,000 m³/month) over a 

prolonged operational period. 

Figure 4 illustrates an example of changes in coal seam gas content with depth. The optimal 

depth for methane extraction is not determined by maximum gas content but rather by the zone 

where a balance is achieved between required gas content and permeability indicators. 

 

 
Figure 4. Changes in the gas content of coal seams depending on the depth 

Note: compiled by the authors 

 

Commencing operations without obtaining precise data on reservoir properties is highly 

risky and economically unjustifiable. The main challenges associated with the use of hydraulic 

fracturing and the design of horizontal drilling are outlined below. 

The selection of a depth of 830 m for hydraulic fracturing virtually guarantees low reservoir 

permeability and, consequently, insufficient well productivity. This case exemplifies an approach 

where the complex process of coalbed methane extraction is initiated before conducting detailed 

reservoir studies. 

International experience indicates that projects employing hydraulic fracturing at such 

depths are exceedingly rare. Even in cases where they are implemented, reservoir permeability 

is typically higher than that in the Karaganda basin. Furthermore, in most coal deposits, hydraulic 

fracturing is not used as a standard completion method. For instance, in Australia, the share of 

such projects is only 5–8% (Zhou W., Wang H. & Liu, X.2019). 

The proposed horizontal drilling design represents an "absorbing column" that does not 

intersect the vertical pump bore (Figure 5). International coalbed methane development practices 

typically involve the use of separate vertical production wells equipped with pumps and gas 

collection systems (Figure 6). An example of multi-seam implementation is shown in Figure 7. 

To enhance efficiency, it is recommended to drill a pressure monitoring well calibrated to 

the reservoir pressure. 

The planned length of the horizontal wellbore is 300 m, which falls significantly short of 

international standards. This limitation reduces the well's impact on the reservoir and constrains 

the potential gas production volume. 
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The diameter of the proposed well is 168 mm, making it one of the largest diameters used 

for coalbed methane extraction. However, the increased diameter reduces the flexibility of the 

drilling equipment, which may complicate trajectory control. 

Precise targeting of the seam is a critical aspect of successful drilling. Insufficient 

information on seam positioning increases the risk of an overly steep entry, potentially requiring 

additional drilling at the seam base to adjust the trajectory. This factor significantly elevates 

technical risks, particularly under conditions of limited understanding of the site's geological 

structure. 

Effective seam drilling management requires specialized equipment and the involvement 

of highly skilled professionals with experience in coalfield operations. To achieve more precise 

control, intentional deviation of the drill stem trajectory is recommended, allowing for the 

determination of the optimal position of the drilling tool within the seam. 

 

 
 

Figure 5. Horizontal directional drilling well 

Note: compiled by the authors 

 

At the Taldykuduk site (highlighted in gray), the proposed intersections with the roof of 

the coal seam and the final placement of the pump are marked in red. 

Given the anticipated low permeability of the coal seams in the Karaganda Basin, achieving 

production goals and accessing resources will require either hydraulic fracturing or a 

combination of hydraulic fracturing and horizontal drilling. General recommendations include: 

For gas permeability below 5 mD, a multilateral well is required. 

For gas permeability ranging from 5 to 20 mD, it is advisable to combine hydraulic 

fracturing with horizontal drilling. 

Figure 6 illustrates an example of a horizontal well commonly used in global coalbed 

methane extraction practices. The key features of this design include the production section of 

the wellbore positioned at a specified depth and a pressure-monitoring well located near the 

target seam. 



 

- 87 - 

 

1-том, 3-нөмір, қыркүйек, 2025. 
Том 1, № 3, сентябрь 2025.  
Vol.1, No.3, September 2025.  

 
 

Figure 6. Simple horizontal wells 

Note: compiled by the authors 

 

Figure 7 presents an example of a multilateral well. Its key features include the placement 

of the pump at the point of angle buildup and the orientation of the borehole upward along the 

dip of the coal seam. This method is based on utilizing gas pressure to drive water upward 

(highlighted in yellow) toward the main wellbore (marked in red). 

 

 
 

Figure 7. Multi-barrel wells 

Note: compiled by the authors 

 

The development of coalbed methane extraction in the Karaganda Basin holds significant 

potential. Despite the limited availability of field data, preliminary assessments suggest that total 

methane resources at the Saran and Taldykuduk sites may range from 2 to 10 trillion cubic feet, 

with the K12 seam alone potentially containing up to 1 trillion cubic feet. According to 

international standards, these represent exceptionally large gas reserves (Zhou D., Chen G. & Liu, 

Z. 2022; Xu F., Yan X. & Mei Y. 2022). 

However, the quality of the data supporting these estimates remains unsatisfactory, 

necessitating prioritized research. Specifically, clarifications are required in the following areas: 

Absolute permeability and its distribution with depth; 

Degree of gas saturation in the seams; 
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Relationship between gas content and depth within the seams; 

Geological structure of the sites. 

Permeability is the key factor determining the success of methane extraction operations. 

Before commencing pilot drilling, it is recommended to gather comprehensive and reliable data 

on these parameters. Additionally, studying the continuity of coal seams at selected depths is 

crucial, as this remains insufficiently explored. 

During drilling, it is advisable to intersect the horizontal well with a vertical well equipped 

with a pump. It is unlikely that an absorbing well design will be successful. Early challenges 

include trajectory adjustments, achieving the correct angle of entry into the seam, and 

maintaining the wellbore trajectory within the seam. 

To minimize risks from the outset, it is essential to engage highly qualified specialists and 

employ reliable directional drilling equipment. A significant concern remains the possibility of 

extremely low gas output, even with successful drilling execution. 

While coalbed methane extraction in the Karaganda Basin presents promising prospects, 

its realization requires a systematic approach. This involves first collecting accurate data and 

subsequently determining the most effective extraction methods. Furthermore, the experience 

gained from these operations will be valuable for further degassing of coal seams in the region. 

 

CONCLUSION 

The development and extraction of methane in the Karaganda coal basin, particularly at 

the Taldykuduk and Saran sites, demonstrate substantial potential. However, the current 

limitations in geological and gas-related data present several technical and organizational 

challenges. Key issues include the low permeability of coal seams, the lack of systematic data on 

geological structure and tectonic features, and insufficient information on reservoir pressure and 

gas saturation parameters. 

To achieve efficient and stable methane production, comprehensive studies are 

recommended to refine the key characteristics of the coal seams, including their permeability, gas 

content, and depth correlation. Optimal development methods are recognized to include 

directional drilling and hydraulic fracturing, applied according to the properties of the target areas. 

The success of projects in the Karaganda Basin will depend on the implementation of 

modern exploration techniques, the adaptation of international experience, and the development 

of specialized technical solutions tailored to local geological conditions. 
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