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ABSTRACT

The Karaganda coal basin is one of the most gas-bearing in the world. Its feature is that there are
no large accumulations of free gas in it, while the natural gas content reaches up to 25-30 m3/t;
this is confirmed by a large volume of gas sampling, gas logging data, and gas survey data in
operating mines. Methane from coal seams enters the atmosphere through natural migration
through overlying rocks, as well as at the places where seams outcrop under overburden and
through the shafts of closed mines. During degassing of coal seams in the Karaganda basin during
the opening of seams by mine workings, including during open-pit mining, seam outcrops to the
surface, degassing of the worked-out space of closed mines, part of the extracted methane is used
at the mines for obtaining thermal and electrical energy, and the larger part enters the atmosphere
during degassing of coal seams. It is known that methane entering the atmosphere retains the
Earth's heat significantly higher, by 25-30 times, than carbon dioxide. The extraction of methane
from unloaded coal seams for its industrial use in obtaining thermal and electrical energy is an
important task in the development of technologies for the integrated development of coal-
methane deposits, as well as for reducing the environmental load on the regions where they are
located. The purpose of the research is the identification in the section of gas-bearing coal seams
for assessing the potential of methane extraction from unloaded seams for its industrial use and
reducing emissions into the atmosphere. Methods. A complex of geophysical methods for studying
exploration wells to investigate the physico-mechanical and filtration-capacity properties of coal
seams and host rocks, sampling and analysis of coal seam samples in mine workings. Results.
Patterns of changes in the complex of physical properties of coal seams determining their gas
content have been established, geological justification for these changes and changes in the
physico-mechanical properties of host rocks has been given. Application. The gas-bearing coal
seams identified in the section can be used in planning methane extraction from all gas-bearing
seams of the geological section, including coal seams being developed by mines, and the patterns
of changes in physico-mechanical and filtration-capacity properties of coal seams prepared for
development or being developed can be used in geomechanical calculations. The factual materials
for conducting the research were obtained from the results of laboratory and geophysical studies
of exploration wells, materials from geological and production reports.

Keywords: coal suites, metamorphism physico-mechanical characteristics of coal and host rocks,
gas content, forms of methane occurrence in coals, ecology, geomechanics.
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Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

Indroduction

The gas content of coal seams in the Karaganda
Basin is studied to ensure safe working conditions
during mining operations in underground mines. As
the depth of mining increases, both the gas content
and gas pressure in coal seams rise, and their
physico-mechanical as well as filtration-capacity
characteristics undergo significant changes.

These factors govern the mechanism of coal and
gas outbursts, which encompass a complex
sequence of physical processes: destruction of the
coal mass, gas desorption, diffusion and seepage of
gas, and transport of pulverized coal within the gas
flow [[1], [2], [3]].

Investigations of gas-dynamic phenomena in the
basin's mines indicate the synergistic influence of
several key factors, including: in-situ stress and gas
pressure within the coal seam, physico-mechanical
properties of the coal, its micro- and
macrostructure, and the surface energy of coal
particles. The latter increases markedly with the
degree of tectonic pulverization of coal in zones of
tectonic dislocations and abrupt changes in seam
hypsometry [[4], [5], [6]].

Analysis of the factors controlling the
manifestation of gas-dynamic events — and their
implications for safe mining practices — highlights
the necessity of comprehensive studies of the
physical properties of coal seams and host rocks, not
only under natural (undisturbed) conditions but also
in areas already prepared for extraction [[7], [8]].

The development of fracture networks during
pre-mine degasification, as well as fracturing
induced by mining-induced destressing of the coal
seam (including that created by boreholes drilled
from development workings and in-seam
boreholes), substantially enhances the effectiveness
of coal seam degasification operations. All these
processes lead to alterations in the physico-
mechanical characteristics of the coal-rock mass,
which must be duly accounted for in geomechanical
calculations [[9], [10]].

In recent years, there has been growing global
interest in the exploration and development of
unconventional hydrocarbon resources [[11], [12]].
A promising direction for the development of
Kazakhstan’s fuel and energy sector is the integrated
development of coal-methane deposits, among
which the Karaganda Basin holds a prominent
position. One of the key components of this raw
material is coalbed methane — an environmentally
friendly and highly efficient energy and chemical
feedstock [[13], [14]].

Methane extracted during coal seam
degasification is utilized for industrial purposes. This
reduces its emissions into the atmosphere, thereby
mitigating its contribution to global warming,
climate change, and adverse effects on human
health [[15], [16]]. It is used for the generation of
thermal and electrical energy, and its utilization
promotes the intensive socio-economic
development of the coal-methane deposit region.

Experimental part

The object of the study is the Karaganda Coal
Basin, which includes the following districts:
Karaganda, Sherubai-Nurinsky, Tenteksky, and
Verkhne-Sokursky. The most productive and
workable coal-bearing suites are the Karaganda and
Dolinskaya formations.

Coal samples for laboratory investigations were
collected in accordance with GOST R ISO 18283-2010
“Hard coal and coke. Manual sampling”.

It is well known that the gas content of coals is
determined by the degree of metamorphism. In this
regard, the studied stages of metamorphism were
determined based on vitrinite reflectance (R°),
volatile matter yield (A%f), carbon content in the
coals, heat of combustion, and caking properties.
These analyses were performed in the specialized
laboratory of LLP "Scientific Research Center " Ugol’
I" in Karaganda.

It was established that the coals of the basin
belong predominantly to the Ill and IV stages of
metamorphism, with vitrinite reflectance (R°)
ranging from 0.52% to 2.8% [17].

Studies on the forms of methane occurrence in
coals were carried out using the DMT method
(Germany) at the “Spetsmontazhdegazatsiya”
department of the Mining Department of JSC
“Qarmet”. It was found that a dynamic equilibrium
exists in the coal matter between adsorbed
methane, absorbed methane, and methane in the
free phase. The measurements were performed on
250 coal samples taken from boreholes in seam D6
at the “Kazakhstanskaya” and “Lenina” mines in
underground workings. During the studies, the ash
content, volatile matter yield, and moisture content
of the coals were also determined.

Geophysical logging in open exploration
boreholes (GLB) was performed by the companies
Weatherford and IGeo.

To investigate the density and volumetric clay
content of coal seams within the Tentek (T) and
Dolinsk (D) formations at the Kazakhstanskaya mine
(boreholes Nos. 1/2, 2, and 3) and the Lenin mine
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(boreholes Nos. 1-4), studies were conducted under
conditions of the natural stress—strain state. The
research was carried out using an integrated suite of
well-logging  (geophysical logging) methods,
including gamma—gamma density logging (GGDL),
gamma-ray logging (GR), and broadband acoustic

logging (BAL), employing calibrated borehole
instruments.
Coal seams in the borehole sections were

identified using gamma—gamma density logging
(GGDL), characterized by lower density relative to
the surrounding host rocks, as well as by borehole-
derived clay content values from gamma-ray logging
(GR). Additional criteria included elevated electrical
resistivity obtained from the apparent resistivity
method (AR). Gas-bearing intervals were delineated
using the neutron—neutron logging method based
on thermal neutrons.

Drilling regimes for 128 mm diameter boreholes
adhered to the recommendations specified for the
Karaganda Basin in references [[18], [19]].

Results and Discussion

For the Karaganda coal basin, a general
relationship has been established between the gas

content of coal seams and the degree of coal
metamorphism, as well as changes in their physical
properties [[20], [21], [22]], including their
association with tectonically weakened coals [[23],
[24], [25]]. Table 1 presents the systematic
relationship between the thickness of coal-bearing
formations in the Karaganda basin and the stages of
metamorphism.

Table 2 presents the balance of volatile products
generated during metamorphism of organic matter.
The intensity of volatile release varies across
different stages. Carbon dioxide emissions increase
during the transition from peat to lignite, whereas
hydrogen sulfide is released in minimal amounts.
With increasing degree of metamorphism—
particularly during the transition from bituminous
coal to anthracite and from anthracite to graphite—
the maximum amount of methane is generated
[[26], [27], [28]].

The results presented in Tables 1 and 2 confirm
that variations in the gas content of coal seams
within the basin depend on both burial depth and
the degree of metamorphism. The general pattern
of metamorphic influence is expressed in the
increase in methane content with stratigraphic
depth, rising within a formation from the upper
seams to the lower ones (Table 3).

Table 1 - Thicknesses of coal-bearing sequences and stages of coal metamorphism by districts and coal-bearing suites

Districts and deposits Formation thickness, m (stage of metamorphism)
Karagandinskaya Dolinskaya Karagandinskaya,
Nadkaragandinskaya,
Dolinskaya, Tentekskaya
Tentek District 750 (IV-11) 520 (IVv-11) 2400
Samarskoe Deposit 600 (I1-111) 390 (I1) 1965
Zavyalovskoe Deposit 650 (l11) 450 (I1) 2100

Table 2 - Balance of metamorphism products in organic matter, % [20]

The metamorphic series of coals

Volatile component Brown coal bituminous Bituminous coal Anthracite
Peat brown coal coal anthracite graphite
H,0 4.7 14.4 15.0 7.6
CO, 74.8 53.6 18.4 9.3
CHa 11.6 26.3 57.6 65.1
H,S 0.2 5.4 2.8 9.0
NH; 8.7 0.3 6.2 9.0
Total volatiles released at 28.8 29.6 18.7 10.5
each stage

—— 74 ——
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Table 3 - Average values of in-seam methane pressure, volatile matter yield, gas content, and permeability in coal seams
K10 and K12 of the Karaganda Basin

Coal seam | Depth, m Volatile Coal Thickness of | Changeinin- | Methane Gas
matter rank surface layer d, | seam content, permeability,
yield, % nm pressure, m3/t mD
MPa
K12 600 29.5 G 190.0 6.2 19.2 0.35-0.2
K10 370 27.5 G 198.5 3.8 15.0 1-1.4
510 23.0 GF 180.7 4.0 17.5 0.90-0.55
610 26.0 CF 158.1 4.2 18.5 0.30-0.20
680 21.5 C 161.8 4.9 18.2 0.15-0.10

Table 4 - Components of methane occurrence forms in coal seams

Depth, m Moisture, Ash Ad, % Volatile Methane content, m3/t Desorbable gas D

W, % matter r,

% TotalQ | q1 g2 as Ol1bar

-30 0.76 21.6 27.80% 15.9 1.1 116 | 3.2 23 13.6
-25 0.99 9.9 24.70% 17.2 1.2 13.7 | 2.3 2.7 14.5
-25 0.84 22.5 25.70% 13.9 0.9 10.7 | 2.3 2.5 11.4
-25 0.79 24 27.30% 12.7 0.7 6.9 5.1 2.5 10.2
-165 0.58 14.1 28.80% 11.6 0.9 6.2 |45 23 9.3
-170 0.67 17.3 27.10% 15.8 1.4 104 | 4 24 134
0 0.66 19.6 28.30% 18.6 1.5 156 | 1,5 23 16.3
-100 0.9 14.7 28.80% 19.1 1.5 156 | 2 2.4 16.7
-13 0.99 14.7 26.00% 7.6 04 |32 |4 2.4 5.2
-80 1.02 26.8 24.50% 13.8 1 8.9 3.9 24 114
-76 0.98 21.2 27.50% 5.9 0.3 26 |3 24 35
-70 0.91 18.4 27.20% 5.9 0.3 2.5 31 23 3.6
-40 0.9 10 25.80% 6.7 0.3 4.3 21 2.5 4.2
Average 0.85 18.06 26.88% 12.67 0.88 | 8.63 | 3.15 | 2.12 | 10.25

The results presented in Table 3, including the
evaluation of volatile yield, thickness of the near-
surface coal layer, reservoir pressure, methane
content, and gas permeability across coal ranks at
different depths, indicate that methane reservoir
pressure in coal seams increases with depth. For
example, in seam K11 “Felix,” methane pressure at a
depth of 320 m is 2.80 MPa with a gas content of 15
m3/t, whereas at a depth of 690 m these values
increase to 4.90 MPa and 18.2 m3/t, respectively.

Methane in coal seams occurs predominantly in
sorbed and free states, accumulated within micro-

and macropores. The ratio between these forms
varies with depth depending on changes in porosity.

The natural gas pressure within micropores and
natural microfractures of the coal matrix determines
the volume of methane in the sorbed state, whereas
the content of free gas increases slightly with depth
and subsequently stabilizes. This behavior is
associated with metamorphic processes classified as
first-order phase transitions: one part of the coal
substance forms an activated complex, another
contributes to the growth of the aromatic carbon
network, and a third transitions into the gaseous
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phase, which migrates from the coal seam toward
the surface.

During marine regression, the coal-bearing
strata are uplifted toward the surface (in this case,
the Ashlyarik Formation coals), leading to changes in
the thermodynamic parameters of the coal
substance. Under these conditions, coal
macromolecules become more electrically neutral
due to ion diffusion within the coal matrix. The
degree of electrical neutrality of coal
macromolecules is governed by time, ion
concentration, and the structure and size of the coal
substance, including its surface layer.

The key factors controlling the preservation and
migration of gases through coal seams and
surrounding rocks include methane reservoir
pressure, coal permeability, sorption properties, and
the porosity of both coal seams and host rocks [[29],
[301].

The results of studies on the forms of gas
occurrence in coal seam D6, prepared for extraction,
are presented in Table 4, where:

g1 — denotes the amount of gas lost during
borehole drilling and prior to placing the sample into
a sealed container;

g2 — gas measured in the container;

gs — gas released after sample grinding;

ibar — gas desorbed after equilibration at
laboratory (atmospheric) pressure.

The sum of the first three values (Table 4)
corresponds to the total gas content of the sample
Q. Subtracting qibar from this sum yields the amount
of desorbed gas in the sample (D). Analysis of Table
4 and Figure 1 shows that the contents of qi, g3, and
Oibar remain practically unchanged and correspond
to the following mean statistical values (m3/t): q1 =
0.88, g3=3.15, and qipar=2.12.

At the same time, the contents of g, and D
correlate with the total gas content of the sample Q,
and the difference between them represents the
average content of free gas, which is 2.42 m3/t.

The desorbable gas content, amounting to 10.25
m3/t, is determined by two main factors: the
adsorption surface of micropores and
microfractures (including the microfracturing of the
coal surface layer) and the gases absorbed by the
coal matter.

Based on Schlumberger logging results using
neutron-neutron logging (NNL) in combination with
gamma-gamma density logging (GGL-D), gas-bearing
coal seams were identified (see Tables 5 and 6).

1617 @ ql
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Figure 1 - Methane Components with Average Trend Lines
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Table 5 - Average density, volumetric clay content, and lithology of coal seams in the Tentek and Dolinskaya suites

Borehole | Depth Number of | Coal Average Density p, | Volumetric | Lithology
No interval, m | seam seams thickness, m g/cm3 clay
intersections content Kce,
%
Lenina Mine
1 109.1- 12 T1-Tas2 0.79 1.71 9.13 coals
489.3 0.53 1.74 13.6 coals
516.6- 2 Ds-D11 0.70 1.35 2.23 gas-
647.0 bearing
515.3- 3 De-D11
702.3
2 202.7- 18 T1-To 0.87 1.88 21.15 coal
400.7
536.0-68.7 | 12 D7-Du1 0.81 2.02 23.32 coals
254.6- 6 T2-Ts 1 1.64 3.17 gas-
391.0 bearing
722.7- 2 6 5.20 1.40 2.40 gas-
727.9 bearing
3 96.9-445.7 | 18 T1-T1e 0.80 1.78 14.57 coal
636.7- 5 D7-Do 0.54 1.93 13.36 coal
727.9
186.9- 4 T1-T12 0.93 1.68 5.40 gas-
447.3 bearing
618.9- 3 Ds-D11 1.90 1.55 2.33 gas-
770.7 bearing
4 94.8-673.6 | 24 T1-T1s 0.72 1.885 29.30 coal-fired
676.9- 2 Ds 0.70 1.92 35.30 coal-fired
753.7
552.3- 1 D10-D11 2.57 1.37 3.10 gas-
555.7 bearing
Kazakhstanskaya Mine
2 261.3- 6 Ta-Te 0.60 1.89 33.85 coals
321.0
505.6- 9 De-D11 0.60 1.87 25.48 coals
703.2
347.2- 1 T3 0.7 1.41 9.70 gas-
347.9 bearing
520.4- 7 Ds-D1o 1.06 1.55 6.31 gas-
706.5 bearing
Table 6 - Average characteristics of coal seams by suite
Suite Density p, g/cm? Volumetric clay content Kcc, %
non-gas-bearing gas-bearing non-gas-bearing gas-bearing
Lenina Mine
Dolinskaya 1.51 +0.03 1.41+0,03 17.90£0.21 2.44+0.12
Tentek 1.81+002 1.66 £ 002 21.4010.22 4.28 +0.12
Difference 0.30 0.25 3.50 1.84
Kazakhstanskaya Mine
Dolinskaya 1.89£0.01 1.55 +001 26.85 +0.13 6.30+0.14
Tentek 1.81+0.02 1.41+0.02 23.48 £0.13 9.70+0.14
Difference 0.08 0.14 3.37 3.40
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Table 7 - Average physico-mechanical properties of gas-bearing coal seams in the Tentek and Dolinskaya suites at

Kazakhstanskaya and Lenina mines

Seam Depth Density Kec Poisson’s ratio Modules, GPa Gas
interval, m | (GGL-D), (GL), presence
g/cm? % Young’s | Shear Bulk
BAL
T3 347.2- 1.91 9.7 0.41 3.88 1.37 7.52 gas
347.9
Ds, D9, D10 | 520.4- 1.88 10.2 | 0.37 6.98 2.55 8.78 gas
656.9
Ds 701.1- 1.68 4.8 0.41 6.10 2.16 1.38 gas
706.5 1.48 9.9 0.40 434 1.55 7.31 gas
1.41 0.5 0.41 3.92 1.39 7.11 gas
1.29 33 0.35 5.58 2.11 5.92 gas

Analysis of Tables 5 and 6 shows that the non-
gas-bearing coal seams of the underlying Dolinskaya
Formation at the Lenina mine have an average
density 0.30 g/cm?® lower than that of the Tentek
seams. The average density of the gas-bearing
Dolinskaya coals is 0.25 g/cm® lower compared to
the Tentek coals. This difference is attributed to
variations in volumetric clay content. Specifically, for
non-gas-bearing coal seams the difference in
volumetric clay content is 3.50 %, while for gas-
bearing seams it is 1.84 %.

At the Kazakhstanskaya mine site, the average
density of non-gas-bearing coal seams from both
formations differs only slightly (by 0.08 g/cm?3),
whereas for gas-bearing seams the difference is 0.14
g/cm?3. The ratio of volumetric clay content values
for gas-bearing and non-gas-bearing seams at the
Kazakhstanskaya mine is similar to that observed at
the Lenina mine: 3.37 % and 3.40 %, respectively.

A decrease in both density and clay content in
gas-bearing coal seams is a characteristic feature.
For reliable identification of such seams, the results
of neutron-neutron logging based on thermal
neutrons were used. The readings of this method are
lower in gas-bearing seams compared to non-gas-
bearing ones due to their lower hydrogen content.

Based on the integrated interpretation of
geophysical well logging data (gamma-gamma
density logging (GGL-D) and cross-dipole acoustic
imager) in the depth interval of 284-765 m at the
Kazakhstanskaya and Lenina mines, the average
values of the physico-mechanical properties of gas-
bearing coal seams were determined (Table 7).

The results presented in Table 7 confirm the
lower density of gas-bearing coal seams compared
to non-gas-bearing ones, while following the general
trend of density increasing with depth. For non-gas-
bearing coal seams of both formations, there is a
characteristic increase in physico-mechanical

properties (Young’s modulus, shear modulus, and
bulk modulus) compared to gas-bearing seams.

Overall, the gas content of coal seams in the
Karaganda Basin increases with depth of occurrence,
starting from the lower boundary of the gas
weathering zone. The rate of gas content increase
per 100 m of depth decreases with increasing degree
of coal metamorphism. Thus, at a depth of 1000 m,
the calculated methane content is expected to reach
22-29 m3/t (Ermekov M.A., 1968), and the Langmuir
pressure ranges from 1.08 to 1.41 MPa, with an
average of 1.27 MPa. This is explained by the fact
that the calculated methane quantity according to
the Langmuir model is lower than the maximum
sorption capacity of the seam, which may be
associated with the fracturing of the coal seams and
surrounding rocks.

Particular importance is attached to geophysical
studies of the physico-mechanical and filtration-
capacity properties of coal seams and host rocks in
areas prepared for mining, as these parameters
change during the implementation of all
degasification measures.

As can be seen from Tables 2 and 4, the free gas
concentration of 2.42 m3/t is lower than the known
values reported in the literature (2-12 m3/t). This is
due to the influence of advance degasification of
seam D6, during which mainly free gas is extracted
from natural macropores and macrofractures, as
well as from fractures formed during hydraulic
fracturing of the seam. The research results
confirmed the elevated methane content in
prepared loose coals of seam D6, which is associated
with a significant increase in the specific surface area
of coal particles and microfractures in the surface
nanosized layer of the coal.

From Tables 2 and 4, free gas concentration
(2.42 m3/t) is lower than typical literature values (2—
12 m3/t), attributable to pre-mine degasification,
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Table 8 - Average values of C, (%), W (%), Cs (J/(kg-K)), and V¥f (%) for coals of the Karaganda Basin

Coal rank d(l), nm Cu % W, % Cp, A%f o
B 214.2 50-77 [o 40 1440 42-52
LF 198.7 70-80 17-19 1380 43-46
C 180.8 88-90 2-5 1050 26-29
A 151.5 92-98 1-3 815 <10

which primarily extracts free gas from natural
macropores, macrofractures, and hydrofracturing-
induced fractures. Gas composition in seam D6 from
vertical boreholes (%): H, 0.01-30, O, 0.3-6.0, N,
1.3-42.0, CH, 25.0-98.0, CO, 0.12-11.8. These
findings confirm elevated methane in loose,
tectonically disturbed coals of seam D6, linked to
increased specific surface area of microfractures in
the surface layer and macrofractures in tectonically
pulverized coal.

A critical factor in gas regime formation during
coal extraction and storage is spontaneous
combustion, governed by specific heat capacity Cp
(J/(kg*K)), ash content A (%), carbon content C, (%),
moisture W (%), and volatile matter yield V9 (%)
(see Table 8).

The data presented in Table 8 indicate that as
the degree of metamorphism increases (coal ranks
progressing from B to A), the thickness of the surface
coal layer decreases, the carbon content increases,
while moisture content, specific heat capacity, and
volatile matter yield decrease.

The established regularities can be used in
planning operations for the industrial extraction of
methane from coal seams identified in the well
sections of the basin.

Conclusions

An optimal suite of geophysical logging methods
for open-hole wells has been selected to study the
physico-mechanical and filtration-capacity
properties of coal seams and surrounding rocks.

Characteristic features for identifying gas-
bearing coal seams have been established based on
a comprehensive set of physico-mechanical and
filtration-capacity measurements obtained through
well logging methods.

Using the example of the Kazakhstanskaya and
Lenina mine sites, gas-bearing coal seams were

identified throughout the entire well sections for
potential methane extraction, with subsequent
aggregation of gas volumes obtained during coal
seam degasification.

Regularities in the variation of physico-
mechanical and filtration-capacity properties of coal
seams in the overlying Tentek Formation and the
underlying Dolinskaya Formation have been
established, as well as for coal seam sections
prepared for mining. These findings are an
important factor used in geomechanical calculations
to ensure efficient coal extraction while maintaining
safe working conditions.

It is recommended to conduct a comprehensive
suite of geophysical logging in the open hole of all
vertical exploration and drainage wells to monitor
the variability of physical properties along the dip
and strike of coal seams when planning hydraulic
fracturing operations. The results should be used for
geomechanical calculations during coal mining. This
approach will enable monitoring of changes in the
strength and filtration properties of the coal massif,
as well as the intensity of gas emission, thereby
contributing to the assessment of risks associated
with gas-dynamic phenomena.

To standardize and improve the accuracy of
studies on the physico-mechanical and filtration-
capacity properties of rocks and coal seams, it is
necessary to establish a specialized laboratory in the
Karaganda Basin. This laboratory should include a
well logging crew (party) dedicated to geophysical
investigations.
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TYWIHAEME

KapafaHzabl kKemip 6acceliHi anemaeri e rasfa 6ait 6acceitHaepaiH 6ipi 6onbin Tabblnaabl. OHbIH,
epeKLeniri — OHblH KypamblHAa 60C rasabliH Ken mewepae XuHaamaybl, an Tabusn rasabiibik 25-
30 m3/T-Ka KeTemi; 6yn rasdblK CbiHamManaydplH VAKeH Ke/JeMimeH, ra3fplk KapoTas
OepeKTepiMeH KaHe XYMbIC icTen TypfaH LWaxTanaphafbl rasgplk TyCipinim aepektepimeH
pacTtanagbl. Kemip KabaTTapblHbIH MeTaHbl aTMOchepaFa }KOFapblAaFbl KbIHbICTAP aPKbl/ibl TAOUFK
MWIFpaLMA JKOMbIMEH, COHAAN-aK KabaTTapapbiH KabblplakK acTblHAA LWbIFY OPbIHAAPbIHAA KaHe
»KabblIK WaxTanapAblH, OKNaHAapbl apKbiabl Tyceai. KapafaHabl 6acceiiHiHiK, Kemip KabaTTapbiH
rascbi3faHablpy KesiHAe, Tay-KeH JKYMbICTapbiMeH KabaTTapapl awyaa, COHbIH, iWiHAe alblk
Kapbepnik eHAipy KesiHae, KabaTtTap Kep OeTiHe WbIKKAH Ke3ae KaHe KabblK LaxTtanapaaH
LWbIFATbIH ra3abl ra3cbi34aHAbIPbIIFAH Ke3ae, eHAipinreH meTaHHbIH bip 6eniri waxTanapaa *Kolny
MEH 3N1eKTP 3HEPruACbiH any YWiH naganaHbinagpl, an kKen 6eniri Kemip KabatTapbiH
rascbi3gaHgplpy KesiHae atmocdepafa wWbifapblnagbl. ATmocdepasa LWbIFAPbIIATbIH - MeTaH
epaiH *KblNyblH KOMIPKbILWKbIN rasblHa KapafaHaa 25-30 ece TMIMAIPEK - cakTalTbiHbl 6enrini.
OHAenMereH Kemip KabaTTapbiHaH MeTaHAbl BHEPKICINTIK NaiAanaHy MakcaTbiHAA Kby KaHe
3N1EKTP SHEPrUACHIH aNy YLWiH, KeMip-MeTaH KeH OpbIHAAPbIH KeleHAi urepy, TeXHONOTUANAPbIH
AaMbITYAbIH, MaHbI3abl MiHAETI 6onbin Tabbinagbl, COHAal-aK 0nap OpHANAcKaH eHipnepaeri
3KONOTUANBIK KYKTEMEHi TemeHAeTy 6onbin Tabbinagbl. 3epTreynepdiH, Makcatbl — KabaT
KeciHaiciHae rasfa 6ali kemip KabaTrapbiH 66Ain WbiFapy, OHbl EHEPKACINTIK MaKcaTTa nainganaHy
YWiH eHaenmereH kabaTrapAaH MeTaHAbl any KaHe aTmocdepafa WbIFapbliHAbINAPAbI a3anTy
MYMKIHAiriH 6aFanay. 9aictep. bapnay yHfbiManapblH 3epTTeydiH, reopusmnkanblk a4iCTepPiHIH,
KeleHi Kemip KabaTTapbl MeH KOpLllafaH >KbIHbICTapAblH, PpU3MKa-MeXaHWKaNbIK KaHe Cya3ri-
KYbICTbIK KacMeTTepiH 3epTTey VLWiH, Tay-KeH MXYMbICTapblHAAFbl KeMip KabaTTapbiHbIH,
CblHaManapblH any xaHe Tangay. Hatuxkenep. Kemip KabaTrapbiHbIH, ra3 KypamblH aHbIKTaNTbIH
bU3MKanbIK KacMeTTep KelleHiHiH, e3repy 3aHAbIIbIKTAapbl aHbIKTaNAbl }KaHe OCbl e3repicTep MeH
HEri3ri KopLlafaH XblIHbICTapAblH, GU3MKA-MEXAHUKANbIK KAacUeTTEePiHiH, e3repyiHe reonornanblk,
Herisaeme 6epingi. KonpaHy. KeciHaine GeniHreH rasfa 6ail kemip KabaTTapbl reonoruanbik
KeCiHAiHiH, 6apnblk rasfa 6ait KabaTTapbliHaH, COHbIH, iWiHAE Kemip KabaTbl WwaxTanapbl urepin
JKaTKaH KabaTTapgaH meTaHabl anyapl »ocnapnay KesiHge nafanaHyfa 6onagpl, an wrepyre
JaviblHAaNFaH HEMECEe Mrepinin »KaTkaH Kemip KabaTTapbiHbiH, GU3NKANbIK-MEXaHWUKANbIK, CY3y-
CbIMbIMABIIBIK ~ KacMeTTepiHiH,  e3repy 3aHAbIIbIKTApblH FEOMEXaHMKanblK — ecenTeynepae
nanganaHyfa 6onaapbl.

TyiiiH ce30ep: Kemip cBUTanapbl, METaMOPPMU3M KOMIP MeH KOpLUafaH XblHblCTapAblH, GpusmKa-
MEXaHWKanbIK cunaTTamanapbl, rasgbliblk, Kemipaepaeri MeTaHHbIH, 60ny MiwiHAepi, aKonorus,
reomexaHuKa.
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BblgeneHne MeTaHOHOCHbIX YrO/IbHbIX NNACTOB B pa3pe3e CKBaXKUH
KaparaHauHckoro 6acceiiHa no gaHHbIM reopuanueckoro KapoTaa

NoptHos B. C., 'Tonuk A. B., 1Ayranosa I'. K., 'XyanraH H.., 'KeHetaesa A. A., 'Pabatynbl M., 2Peng Hou

1KapazaHduHckul mexHuyeckuli yHusepcumem umeHu Abbinkaca CaeuHosa, KapazaHda, KasaxcmaH

2YxaHbcKuli yHugsepcumem, YxaHo, Kumadi

MNoctynuna: 17 mapma 2026
PeueH3nposaHue: 19 mapma 2026
MpuHATa B Neyatb: 9 utoHa 2026

AHHOTAUMUA

KaparaHAvHCKUIA yronbHbld bacceiH ABAAETCA OAHMM M3 Hambonee rasoHOCHbIX B mupe. Ero
0COBEHHOCTbIO ABNIAETCA TO, YTO B HEM HET KPYMHbIX CKONJIeHU cBOH6OAHOrO rasa, a npupoaHas
rasoHOCHOCTb gocturaeT Ao 25-30 m3/T, 370 noaTtsepxaaerca 60abWwMM 06bEMOM ra3oBoro
onpobupoBaHMA, NO ra3oBOMY KapoTaKy M AAHHbIMW ra30BOM CbeMKMW B AEUCTBYLLMX LUAXTaX.
MeTaH yronbHbIX NAAcTOB nonagaeT B atmochepy MyTem ecTecTBEHHOW MUrpauuu 4Yepes
BblLLENEXKAlLME NOPOAbl, @ TaKXKe B MeCTax BbIXOAa MNACTOB MoA, HAHOCbl U 4Yepe3 CTBOJbI
3aKpbITbIX WaxT. Mpu gerasauumn yroibHbiX naactoB KaparaHguHckoro 6acceiiHa npu BCKPbITUM
NNacToB ropHbIMW BbIpaboTKaMM B TOM YMC/Ie NPU OTKPbLITON pa3paboTke, BbIxoda MAACTOB K
NOBEepPXHOCTU, Aerasauumn oTpaboTaHHOro NPOCTPAHCTBE 3aKPbITbIX WAXT YacTb M3BAEYEHHOrO
MeTaHa UCNOb3YETCA Ha LWAXTax, ANA NOAYYEHUA TENNOBOM U SNEKTPUYECKON SHEPTUM, @ BonbLuas
YyacTb nonagaet B atmocdepy Npu Aerasauuun yronbHbiX NAacToB. M3BecTHO, TO, YTO MeTaH,
nonaswuii B atmocdepy, yAepKuUBaeT Tenno 3emau 3HauuTenbHo Bblwe, B 25-30, pas, yem
AVOKCKUA, yrnepoga. M3pneyeHne meTaHa M3 HePasrpyKeHHbIX YrosbHbIX MNacToB ANA ero
MCNO/Ib30BHUA B MPOMbILIEHHOCTU NPWU MOAYYEHUWU TEMNOBOM WM 3/EKTPUYECKON 3Heprum,
ABNAETCA Ba)KHOW 3aJayei pasBUTUA TEXHONOTMI KOMMIEKCHON paspaboTKM yriemeTaHOBbIX
MECTOPOXKAEHWUM, HO U CHUNKEHMEM SKONOTMYECKOW HArpysKM Ha PEeruoHbl, rae OHU
pacnonaratotcs. Llenbto nccnenoBaHuii aBnaeTca BblAeNeHME B pa3pe3e rasoHOCHbIX YroNbHbIX
NAacToB ANA OLEHKW MOTEeHLMana M3B/JeYeHUA MeTaHa M3 Hepasrpy’KeHHbIX Mi1acToB A/A ero
NPOMbILWAEHHOrO WUCMNONb30BaHUA UM CHUXEHUA Bbibpoca B aTmocdepy. Metoabl. Komnaekc
reodusMyeckux MeToA0B UCCNENO0BaHWUI Pa3BEAOYHbIX CKBAXKMH ANA  W3y4yeHua OusmnKo-
MeXaHW4YeCcKuUx U GUNbTPALMOHHO EMKOCTHbIX CBOWCTB Yro/bHbIX M1aCTOB U BMELLAoLWMX NOpoA,
oTbopM aHanu3 npob yrosibHbIX MAACTOB B FOPHbIX BblpaboTKax. PesynbTaTbl. YCTaHOBAEHbI
3aKOHOMEPHOCTU U3MEHEHUA KOMMNIEKC GU3NYECKUX CBOICTB YTrONbHbIX NNACTOB, ONPeAENstoLmX
WX ra30HOCTHOCTb, AAHO reosiorMyeckoe 060CHOBaHWE 3TUX U3MEHEHUI U U3MeHeHUn GU3nKo-
MeXaHWYeCKWUX CBOMCTB BMeLLaloWwmx nopog. NpumeHeHune. BolgeneHHble B paspese ra3aoHoCHble
YroNbHble NAacTbl MOTYT 6biTb MCMONBL30BaHbl MPU NAAHUPOBAHUWM A06bIYM MeETaHa M3 BCeX
ra3oHOCHbIX M1aCTOB Fre0N0rMYECKOro paspesa, BK/IoYas paspabaTtbiBaemble LWAXTaMM YrolbHOTO
nnacrta, a 3aKOHOMEPHOCTU M3MeHeHUA (UUKO-MexaHUYecKux, GUAbTPALUOHHO-EMKOCTHBIX
CBOICTB, NOATOTOB/EHHBIX K Pa3paboTKe UK pa3pabaTbiBaembIX YrosibHbIX NIACTOB, MOTYT ObITb
MCNO/Ib30BaHbl NPWU reomMexaHUYecKux pacyetax. PakTuueckme matepuansl, ANA NpoBefeHUA
nccnenoBaHWiA MoayyYeHbl MO pesynbTaTam 1abopaTopHbIX, reoPpu3nMYeckux uccaemoBaHuin
pasBefoYHbIX CKBAXKMH, MaTePUAIOB Fe00rMYECKMX U NPOU3BOACTBEHHbIX OTHETOB.

Kntoveebie cq106a: YyronbHble CBUTbI, METAMOPOM3M PU3UKO - MEXAHUUYECKME XapaKTEPUCTUKM YIis
M BMELWAKWMX MNOPoA, rasoHOCHOCTb, GOPMbl HaXOMKAEHUA MeTaHa B YrAAX, 3KOoAorus,
reomexaHuka.
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