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methane, coal seams, mining The article explores the prospects for methane extraction at the
prospects, degassing, Taldykuduk and Saran sections of the Karaganda coal basin. It highlights
industrial, hydraulic the geological features of these areas, including tectonic structures and
fracturing, gas content, varying gas-bearing parameters. Drilling methods, such as vertical
permeability.. 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.

Tyiinai cesaep: TYUIHAEME

MeTaH, KeMip KabaTTapsl, Maxkaaaga Kaparanabl xemip OacceiiHiniH TaaapikyApik >xoHe CapaH
eHaipic nepcrieKTuBalaphl, yJackelepiHge MeTaHABI OHAIpY IepclleKTuBalaphl KapacThIPbLAFaH.
ra3chl34aHAbIPY, YuackeaepaiH TIeoAOTUSABIK KYPbLABIMBIHBIH epeKIIeAiKTepi, COHBIH
OHEePKACINITIK, TMAPO XKapy, ilriHAe 9pPTEKTI TEeKTOHMKAABIK KYpPBLABIMAAp >KoHe Ta3AbIABIKTDLIH
ra3/blAbIK, ©TKI3TiIITIK.. 9pTYpAi mapameTpaepi ycoHbLAFaH. [ MApo >KapyMeH Tik Oyprrlaay skoHe

OarpITTaAFaH KeaJeHeH Oyprblaay CHUSAKTBI Oyprblaay a4icTepi >KoHe
0/apAblH  >Kafjaliaapra 0ailaaHBICTHI KOAJAHBIAYBl —CHITaTTaAfaH.
lFeoaorusiabik aepekrepai Kylledey >KoHe ©3eKTeHAIpy KakKeTTidirine
Oaca Hasap aydapblaaabl, cebeOi KeMip KaOaTTapBIHBIH OTKI3IiIITiri MeH
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rasra KaHBIKTBLABIFBI TypaAbl Oap akIapaT ToablK emec. Kemipain
puU3UKaaBIK-MeXaHIKaABIK, KacHeTTepiH 3epTTeyAiH >KoHe AecopOrus-
HBIH KPUTHUKaABIK HYKTeCiH OaFfalay VIIMiH KOCBIMINA M30TEPMILAABIK,
ChIHAKTap >KYpri3yaiH Heridri peai kepcertiareH. I'asapiasirsr 20 m3/T
HeMece OJaH Ja Kol KeTeTiH, Oya yJackeAepAi MMAOTTHIK >KobaaapAsl
icke acplpy YIIiH TapThIMABI €TeTiH eleyaAi TepeHAiKTep aliMarblHAa
MeTaH OHAIpyAiH >KOfaphl d4eyeTi aTam eTiagi. TeMmeHn eoTkisrimTik
KarJaiblHAA OHIMAIAIKTI apTTHIPY VIIiH I'MAPO >Kapy >KoHe KeAJeHeH
OypFblAay o4icTepiHiH yiideciMi YCBIHBLAAABL. 3aMaHayM TEeXHOAOTW-
AapApl HarijajaHy >XKoHe 0iZikTi MaMaHAapABI TapTy Ka>KeTTiAiriH Koca
aAfaHga, OypFbLAay SKYMBICTapBIH JKoDaJay OOVBIHINIA KOPBITBIHABLAAP
MeH YCBIHBIMAAp VCHIHbLAFaH. JKyYMBIC TYpakThl ra3 eHAipyre Koa
xeTkizy ymin Kaparanaer OacceliHiHAe KeMip MeTaHBIH 3epTTey MeH
93ipaeyre KellleHAl T9CiAAiH MaHbI3ABLABIFBIH aTall KOpceTeli.

KaroueBrnle caoBa: AHHOTALIVST

MeTaH, yTOAbHEIe I1AaCThl, B craThe paccMOTpeHBI ITepCIIeKTMBEI A0OBMM MeTaHa Ha TaAAbIKyAyK-
IIepCIIeKTUBBI 400N, ckoM n CapaHCKOM yuyacTKax KaparaHaMHCKOro yroasHOro OaccerltHa.
Aerasanys, ITpeacraBaeHbl OCOOEHHOCTY T€0AOTMYECKOIO CTPOEHNUs YIacTKOB, BKAIO-
IIPOMBIIILAEHHOE, 9asg TeKTOHMYECKUe CTPYKTYPHl M BapbUPYIOIINe IapaMeTphl Ia30HOC-
IMAPOpa3phIB I1acTa, Hocty. OnmcaHsl MeToabl OypeHus, Takie KaK BepTHKaAbHOe OypeHue ¢
ra30HOCHOCTE, TUAPOpa3pBIBOM I11acTOB M HallpaB/JeHHOe TOPM3OHTaAbHOe OypeHue, 1
IIPOHUIIaeMOCTb VX IIPMMEHVMMOCT B 3aBMICUMOCTH OT YCAOBUIL. AKIIEHT cAeAaH Ha HeoOXo-

AVIMOCTY CMCTEMaTU3allMM ¥ aKTyaAV3alluy Te0A0TIMIeCKIX AQHHBIX, TaK
KaK CyIIIeCTByIOIIas MHPOpManys O IMPOHUIIaeMOCTY U Ta30HACHIIIIeH-
HOCTM YTOABHBIX IIAacToB (parmeHTapHa. Ilokasama kaiodeBas poab
nccAejoBaHMs (PUIUKO-MEXaHWIECKNX CBOVICTB YTAel U IIPOBeAEHMS
AOTIOAHNUTEABHBIX M30TePMUYECKUX VCIBITAHUI A4 OIfeHKM KpUTUdec-
KOV TOUKU AecopOriuu. OTMedeH BBICOKMIT TIOTEHIal METaHOAOOBIYY B
30HE 3HaYMTEABHBIX I1yONH, IAe Ta30HOCHOCTD AocturaeT 20 M3/t 1 60.4ee,
9TO JeAaeT HTU yJaCTKU IPUBAEKaTeAbHBIMU A5 PeaAN3ariyy MMAOTHBIX
ITpoeKTOB. PeKOMEH0BaHO coueTaHIe METOAOB IMAPOpPa3phiBa ¥ TOPU30H-
TaABHOTO OypeHus AAsl TIOBBIIIEHNS IIPOM3BOAUTEABHOCTU B YCAOBUAX
HU3KOI IpoHuIjaeMoctn. IIpescTaBaeHsl BEIBOABI U PeKOMeHAAIINN TI0
ITPOEKTUPOBAaHMIO OYpPOBHIX PadOT, BKAIOYas HEOOXOAUMOCTDH JVICIIOAB-
30BaHM:A COBPEMEHHBIX TEeXHOAOTMI M HpUBAEYEHM KBaAUQPUIIMPO-
BaHHBIX CIIeIaaucTos. Pabora mog4epKuBaeT 3HaUMMOCTh KOMILAEKCHOTO
10AX0/a K M3y9eHMIO 1 pa3dpabOTKe yToAbHOTO MeTaHa B Kaparanammuckom
OacceliHe 445 AOCTUYKEHMs] YCTOMUMBOI A40ObIIY ra3a.

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.

Section of the Karaganda formation
of the Taldukudsky site
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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.
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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 L
& 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 2040 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 m?/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 m?/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.

Example of Cross Over of Permeability and Gas
Content With Depth
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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.

Proposed Single Seam Lateral Pilot

Well Head——» g@x

13 3/8" (340mm) Surface Conductor
@ 10m, cemented to surface

t 9 5/8" (245mm) Seamless Steel Casing
3 @ 80m

6 3/4" (168mm) Self Slotted Steel Liner

Radius of Curve = 300m

Roof Touches every 75m

Seam Dip of 65°

iPump Location|

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.
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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).

KOP¢———1000m —— )

COAL 1
COAL 2

~ COAL3

Primary borehole Secondary borehole
“\ PUMP (ESP)

BLIND MULTIPLE LATERAL

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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