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SORPTION CAPACITY AND NATURAL GAS CONTENT OF COAL BEDS
OF DONBAS

Purpose. To determine the general patterns in the formation of the sorption capacity of coal and the natural regional methane
content of coal beds using a quantitative indicator — the relative gradient of gas content.

Methodology. To determine the sorption capacity of coal, the authors used the well-known “volumetric method” and the
method of EPR-spectroscopy (electron paramagnetic resonance). We used the results obtained during geological exploration to
analyze the natural gas content of coal beds. The determination of natural gas content was carried out using special gas-core-
samplers and formation testers. Methods of mathematical statistics were used to process experimental data.

Findings. According to experimental data regarding the sorption methane-bearing capacity and natural gas content of Donbas
coal beds, we carried out the analysis, statistical processing, and generalization of the obtained results. A regular change in the
relative gradient of coal beds’ methane content has been established for the entire Donbas as a whole. The values of relative gradi-
ents for coals of various grades naturally decrease with increasing stratification depth and also naturally decrease in each depth
interval from low-metamorphosed (grade D) coal to highly-metamorphosed one. Based on the approximation results, the corre-
sponding equations were obtained for each grade of coal metamorphism from gas to-anthracite (A).

Originality. New indicators have been proposed — the relative gradient of sorption methane-bearing capacity and the relative
gradient of gas content, which allow comparison of these characteristics measured in absolute values (cm?®/g, m?/t) for individual
coal beds of different grades of metamorphism, at different depths and lying in different geological conditions. It has been proven
that the sorption capacity of coal matter determines the natural regional (background) methane content of coal beds, and natu-
rally, according to a hyperbolic dependence, decreases with increasing stratification depth and also naturally decreases in each of
the depth intervals from low-metamorphosed coal (grade D) to highly metamorphosed one (grade A), with a relative gradient that
asymptotically approaches to 1 at pressures above 6 MPa.

Practical values. The obtained dependences of the relative gradient of gas content on depth and gas pressure for various grades
of metamorphism can be used to predict the natural regional (background) gas content of coal beds by determining the maximum
sorption capacity and calculating the desired depth or pressure.

Keywords: Donbas, coal beds, sorption capacity, gas content

Introduction. The need to solve the problem of mine meth-
ane in coal and gas fields defines the possibilities for the stable
operation in the coal industry and consists of its removal from
the subsoil to create safe conditions for coal mining, reduce
the amount of harmful emissions of greenhouse gases into the
atmosphere, and subsequent methane utilization as an energy
and chemical raw material.

The closure of mines due to the access restriction to areas
of fields that were previously developed, is associated with the
closure of the drainage system, or the introduction of changes
or restrictions on the scope of its operation. After all, such
measures are linked with an increase in the water level and
possible complete flooding of the mine [1].

Operating mines scheduled for final decommissioning
should work with mines that were previously closed or are be-
ing closed. Closing a mine means decommissioning the drain-
age system and flooding its mine workings and surrounding
rocks with a natural water influx [1]. Significant water reser-
voirs are formed in closed mines, which can be used as a car-
rier of thermal or mechanical energy. Mine gases accumulate
in the above-water spaces of reservoirs created in mining
workings. This is most often methane, which is pushed by the
groundwater level to the Earth’s surface [1]. Another powerful
factor is added to the range of common ones of methane emis-
sions associated with coal mining.

Methane is the main component of gases in coal fields,
and since almost the entire coal-bearing strata of rocks are
saturated with methane, the production of coal in coal mines,
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during their operation and after the completion of stopings, is
constantly accompanied by methane emission. And, regard-
less of what extent the coal mining industry will work in the
future, or if it works at all, the methane emission from the
coal-bearing strata under underground water pressure will
continue for decades. Given this, the problem of methane
from coal and gas deposits will not lose its relevance in the
future.

The results of scientific research and practical experience
in the development of gas-saturated coal beds testify to the im-
perfection of the existing ideas regarding the formation and
existence of the coal-gas system under normal natural condi-
tions, and even more so under the impact of technogenic fac-
tors. First of all, this is due to the insufficient study of the pro-
cesses that take place in the system under the impact of several
factors — geomechanical, technogenic, and some others. The
lack of the necessary adequate information reduces the accu-
racy in evaluating the properties and geomechanical state of
the coal bed, as a result of which there is an increase in the
volume and cost of measures necessary to increase the safety
of mining operations, i.e. a significant increase in the price of
energy production.

All the available results, obtained over a long time, testify to
the uneven distribution of gases in the coal rock massif and a
large number of deviations of the gas content and gas saturation
in the coal-bearing strata from the general regional patterns,
which in turn are also influenced by many local geological fac-
tors. The content and composition of gases in coal-bearing for-
mations are primarily determined by such factors as the degree
of metamorphism of coal beds and post-diagenetic transfor-
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mations of host rocks, to which tectonics, coal content, the
lithological composition of rocks, the thickness of covering
deposits, hydrogeological conditions, immersion depth, and
modern stratification depth are added. The degree of influence
of each of the factors, except for metamorphism, is different in
various gas zones, so the distribution of gases in the coal-bear-
ing strata is characterized by diversity, as a result of the mutual
influence and interaction between the above factors.

The influence of a large number of factors on the natural
gas content of coal beds determines the difficulty of comparing
the gas content measured in absolute values for individual coal
beds, which differ in the degree of metamorphism, stratifica-
tion depth, and various geological conditions. Separately, it
should be noted that against the background of general trends
that form the natural regional background gas content, various
kinds of deviations caused by various anomalies are superim-
posed. These can be positive anomalies (increasing the gas
content), which contribute to the improvement of gas content
and form gas accumulations, and even cause gas-dynamic
phenomena in coal mines. We also have negative anomalies,
which cause a decrease in gas content through lateral migra-
tion or degassing up the rise of rocks, and subsequently from
the Earth’s surface into the atmosphere.

The possibility of a correct quantitative comparison can be
solved with the help of a universal quantitative indicator,
which is relative and makes it possible to compare the absolute
values of the gas content of coal beds in different geological
conditions. The use of such an indicator is aimed at elucidat-
ing the general patterns in the formation of the natural region-
al (background) methane content of coal beds.

The research of criteria allowing us to reliably describe the
sorption process of coal from methane, as well as to quantita-
tively assess the gas content of coal beds, will provide an op-
portunity to solve several urgent tasks related to the prediction
of mining and geological conditions and processes in a coal
rock massif.

It is appropriate to note that since the article is devoted to the
methane problem of coal fields, therefore, the term “gas con-
tent” in the text should be understood as “methane content”.

The purpose of the paper is to define the general patterns in
the formation of the sorption capacity of coal and the natural
regional methane content in coal beds using a quantitative in-
dicator — the relative gradient of gas content.

Theoretical part. Despite a large number of existing sorp-
tion theories, the question concerning the nature of the meth-
ane-coal interaction remains open, primarily because meth-
ane is genetically related to hard coal. In addition, due to the
great heterogeneity of the coal matter, its polycomponentity,
heterogeneity, and metastability, the sorption interaction in
the coal-gas system must be considered in the context of the
change in the state of the sorbent (coal).

Studying the distribution conditions of methane in the
coal-bearing strata determines the possibilities for solving the
problem of methane in coal fields [2]. The sorption properties
of coal and the state of the coal-gas system are closely con-
nected. They characterize the forms of occurrence and deter-
mine the parameters and amount of gases of coal-and-gas
fields, namely: natural gas content, gas capacity, gas satura-
tion, outburst hazard of coal beds, and others.

According to the requirements of regulatory documents in
force in Ukraine, when determining the volume of coal gases
while hard coal mining, it is obligatory to define the sorption
capacity of the coal matter [3, 4].

An important basis for the simultaneous extraction of coal
and gas is the understanding of the mechanism for extracting
methane from coal beds and knowledge of the gas sorption
characteristics of coal.

The increase in gas concentration at the interface of two
phases — gaseous (sorbate) and solid (sorbent) — occurs under
the action of intermolecular forces that are unbalanced on the
surface of the sorbent. A field of sorption interaction is formed

at the phase interface. It is believed that most of the gas in coal
beds is in the adsorbed state.

Experimental study of gas sorption provides a scientific
foundation for the practical assessment of methane emissions
in coal beds (CBM) and deposition of CO, in the coal bed [5].
In particular, the adsorption characteristics of CH,, CO, and
H,O0 play an important role in predicting CBM yield and geo-
logical sequestration potential of CO, in the research fields of
CO,-rich methane extraction and CO, sequestration [6].

The research on gas sorption properties of coal is conducted
in all coal-mining basins of the world, in particular in the USA,
Canada [7], China [8, 9], Australia |7, 10], India [5], Indonesia
[11], South Africa [12], Poland [13, 14], and other countries.

It has been established that the adsorption capacity of gas
in coal beds is determined by the degree of coal metamor-
phism, the chemical composition of the adsorbent, the struc-
ture of the pore space (pore size distribution), and the porosity
value, as well as pressure, temperature, and moisture [8]. The
volume of micropores correlates with the adsorption capacity
of coal — micropores have the largest specific surface area,
which is the main regulator of the volume of adsorbed gas [9].

The paper [5] also notes that the stratification depth, the
molecular size of gases, the affinity of gas to coal, density, poros-
ity, grade of coal, etc. are the main factors determining the ad-
sorption capacity of coal. The paper [7] highlights that the most
important factors affecting the sorption capacity are also the
type and content of mineral substances (ash content), while the
maceral composition of the coal matter is of limited importance.

Some researchers note precisely the leading role of the de-
gree of carbonization in the coal substance on its sorption ca-
pacity. The dominant impact of the degree of coalification on
the sorption capacity in work [15] was estimated at 89%, in
comparison with other factors. The leading role of metamor-
phism, in work [16], using the multiple regression model, was
recorded in 86 % of cases.

Thus, theoretical and experimental research suggests that
the ability of coal to absorb methane mainly depends on 3
main factors: the physicochemical properties of coal; the pres-
sure under which the coal is located; and sorbent temperature.
So far, the following three main provisions have been quite ac-
curately defined, which quantitatively characterize the sorp-
tion capacity of coal:

- the sorption capacity in the metamorphic series of coal
from long-flame coal to anthracite, characterized by various
physical and chemical properties, continuously increases, but
does not exceed 35—40 cm?® in 1 g of coal matter;

- with an increase in gas pressure to 5—6 MPa, the quan-
tity of sorbed gas grows. The saturation limit practically occurs
at these pressures, and a further increase in pressure causes
only a slight increase in sorption (the increase in sorption in
the pressure range of 5—10 MPa does not exceed 5—10 %);

An increase in temperature reduces the sorption capacity
of coal matter. It has been proven that as the temperature in-
creases from 0 to 42 °C, the amount of sorbed methane de-
creases by 68 %. Obviously, the sorption process stops at tem-
peratures of 150—200 °C.

It is believed that methane can be in a free, sorbed state or
in the form of a solid solution in a coal rock massif. That is,
there are three forms of gas-solid phase interaction: adsorption
(intermolecular interaction), absorption (penetration of gas
molecules into a solid without chemical interaction with the
formation of a solid solution), and chemisorption (chemical
interaction between a gas and a substance).

The natural gas content of coal beds depends mainly on
the sorption capacity of the coal matter. Gas in coal beds is
mainly in a bound, sorbed state, which is due to the high sorp-
tion capacity of coal.

The fraction of free gas in coal beds is small and, according
to most researchers, does not exceed 5—15 %. The main vol-
ume of gas is in clathrate or sorbed forms, although views on
the ratio of various forms are not constant. Some believe that
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the sorbed form contains up to 40% methane, chemically un-
bound methane of solid solutions (pseudo clathrate forms) —
from 5 to 20—30 %, and molecularly bound methane — 5—10 %
of the total amount of physically bound methane in coal is
60—70 %. According to other researchers, methane in coal is
contained mainly in the form of a solid solution. Most authors,
as emphasized above, think that the fraction of free in coal beds
is insignificant and does not exceed 5—15 %. The natural gas
content of coal varies widely — from several hundred to 35—
40 m*/t, according to some data, up to 35—45 m3/t [17].

For a long time, the main attention of researchers of gases
in coal fields was focused mainly on the study of the distribu-
tion of gases in coal, so the patterns of methane distribution in
coal beds are more researched. The most well-known and gen-
erally accepted is the dependence of the methane content of a
coal bed on the degree of coal metamorphism.

The essence of this dependence is a natural increase in the
methane content of coal beds with an increase in the degree of
metamorphism from 1D to 10—11A. The maximum methane
content corresponds to the yield of volatile substances of about
7 %. After that, its sharp decrease to zero values is observed in
anthracites of groups 11—13A.

The stratification depth of coal beds is another factor
whose effect on the gas content of the coal beds is proven. For
a long time, the opinion of specialists was the only one: with
increasing depth, the methane content only increases. Such
unanimity was probably due to the availability of actual data
that came from small depths of coal bed development. The
maps of both natural methane content and forecast maps,
built based on geological survey data, were systems of parallel
isolines, in general, repeating the hypsometry of coal beds.
That is, they were a function of the current coal depth. At that
time, there were only disagreements in assessing the nature of
the increase in gas content. As the depth of development in-
creased, the number of direct determinations of methane con-
tent during geological exploration works increased, the data on
the determination of methane content in mine workings ac-
cumulated, and ideas about changes in the methane content of
beds at great depths were corrected.

Currently, there are three viewpoints on this issue. Most
researchers believe that at a depth of 800 m, the increase in
methane content has practically stopped and the methane
content has practically stabilized. Some believe that it is not
methane content that has stabilized as a whole, but its
growth. There is also a viewpoint that below a certain depth
the methane content should begin to decrease. There is in-
formation that the gas content of coal increases with depth,
then stabilizes, and with an increase in depth of more than
1,000 m it begins to decrease [17]. This can be explained by
a decrease in the sorption capacity of coal as the tempera-
ture increases.

The analysis of actual data shows that below the zone of
gas weathering, there is an intensive increase in the methane
content of coal beds, after which the gradient of its growth de-
creases sharply. There is a conclusion that the gas content of
coal beds below the zone of gas weathering increases, after
which it stabilizes. It is also believed that an increase in the
stratification depth leads to a corresponding constant increase
in the methane content due to an increase in the quantity of
free-phase gas in the coal. According to another opinion, the
change in the methane content of coal beds corresponds to a
hyperbolic dependence. That is, at first the methane content
of coal beds increases sharply, but with depth, the rate of its
growth begins to decrease, after which the methane content
stabilizes at depths of up to 1.700 m.

Later, they concluded that the stabilization of the meth-
ane content should be attributed to the depth interval of
800—900 m, i.e., greater than other authors previously con-
sidered. Further, based on the dependences obtained from
literature data, they prove not the stabilization of methane
content at great depths, but the achievement of maximum

values, after which it decreases [17]. Without overestimating
the importance of statistical processing of the actual data
and being aware of the conditionality of any extrapolations,
it is emphasized that the further decrease in methane content
with depth is not affirmative, but rather permissible. The
boundary for starting this extrapolation is indicated by a
depth of 1,200 m, as the greatest depth at which, at that time,
the maximum methane content of coal was measured. Fi-
nally, the question of the depth impact on gas content still
remains unexplained.

If we assume that the natural gas content of coal is mainly
defined by its sorption capacity, and the sorption capacity
reaches a maximum and stabilizes at pressures of 6 MPa, then
based on the conclusion regarding the maximum value of the
sorption capacity of coal, which is reached at these pressures
(over 6 MPa), one should expect a change in the background
regional natural gas content according to a hyperbolic depen-
dence, reaching an asymptote almost precisely at these pres-
sures. And based on the fact that the gas pressure of a coal rock
massif is known to be 0.8—0.9 hydrostatic [17], this should oc-
cur at depths of about 660—750 m. This coincides well with
numerous data on the practical measurement of natural gas
content — stabilization of methane content is assigned to the
depth interval of 800—900 m.

Another important factor that determines the gas content
of a coal-bearing strata (both coal beds and host rocks), es-
pecially at the local level, is the tectonic factor, namely: the
presence of disturbances, their type, amplitude, and angle of
incidence, orientation in space [17]. It is worth noting that
we are talking about both disjunctive and plicative distur-
bances. At the same time, disturbances play a dual role in the
redistribution of gases in the coal-bearing strata: on the one
hand, they can be gas traps that form methane accumulation
zones and, on the other hand, be channels that contribute to
degassing.

It is believed that if the ruptures are formed under condi-
tions of stretching of the earth’s crust (mainly faults), then
they increase the permeability of coal-bearing sediments in
the zone adjacent to the disturbance and generally contribute
to the degassing of the rock massif. Raptures formed under
conditions of compression (thrusts and upthrow faults) mainly
hinder degassing, they are screens, and create conditions for
the formation of methane accumulations. Also, the orienta-
tion of the raptures relative to the bedding of rocks can be sig-
nificant. It is believed that raptures oriented along in the cross-
strike direction of rocks reduce the gas content of coal-bearing
sediments, and if the direction of the rapture coincides with
the strike of rocks, then, in this case, the rapture plays as a
screen and contributes to the methane accumulation. As for
the role of diagonal raptures, the question remains debatable.
Diagonal raptures in some cases play a degassing role; in oth-
ers, on the contrary, they contribute to the formation of meth-
ane accumulations [17].

The hydrogeological regime also affects the methane con-
tent of coal beds. Active circulation of groundwater contributes
to the degassing of the coal-bearing strata as a whole. That is,
the presence of well-permeable sandstones in the section of
aquifers determines the release and migration of methane in
the zone of active water exchange, reducing the gas content.
On the other hand, coal beds associated with hydrous rocks in
the stagnant regime zone have a more significant methane
content [17].

It is worth noting that the last two factors — tectonics and
hydrogeological regime — define local deviations (both posi-
tive and negative) of the quantitative content of gas in the coal-
bearing strata from the regional (background gas content of
coal beds). And the main task of this research is to define the
patterns in forming exactly the natural regional (background
gas capacity).

Thus, summing up, one can conclude that both the sorp-
tion properties of coal matter and the gas content of coal beds
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at the regional level are generally determined by common fac-
tors and are characterized by general patterns

Methodology. The authors applied the well-known “volu-
metric method” and the EPR-spectroscopy (electron para-
magnetic resonance) method to determine the sorption capac-
ity of coal. We used the results obtained in the course of geo-
logical exploration for the analysis of the natural gas content in
coal beds. Determination of natural gas content was carried
out with the help of special gas core samplers and formation
testers. The methods of mathematical statistics were used to
process the experimental data.

The object of research. Beds of all grades of hard coal were
studied — from long-flame coal to anthracite within the Do-
nets coal basin.

Results. Following the experimental data regarding the
sorption methane-bearing capacity and natural gas content in
the coal beds of Donbas, we carried out the analysis, statistical
processing, and generalization of the obtained results.

Table 1 shows the gradients of the sorption methane-bear-
ing capacity of coal beds, calculated on the base of data on the
sorption methane-bearing capacity of coal in the Pavlohrad-
Petropavlisk district in the pressure range of 1-5 MPa. The
gradients of the sorption methane-bearing capacity of coal
beds are the difference between the next (for higher pressure)
and the previous (for lower pressure) values of the sorption
methane-bearing capacity in increments of 1 MPa. By its es-
sence, it is an indicator of the change in the sorption methane-
bearing capacity measured in absolute units — m> per 1 ton of

Table 1
Gradients of sorption methane-bearing capacity of coal in the Pavlohrad-Petropavlivsk district in the pressure
range of 0.1—5 MPa at a temperature of 20 °C
Area/bed Gradients of sorption methane-bearing capacity of coal at different pressures, m*/t d.a.m.
€a/0e
0.1-1.0 MPa 1.0-2.0 MPa 2.0—3.0 MPa 3.0—4.0 MPa 4.0—5.0 MPa
Brahynivska/cg—c6 3.10—8.40 8.40—10.60 10.60—12.30 12.30—13.10 13.10—13.70
5.30 2.20 1.70 0.80 0.60
cs 3.50—8.50 8.50—11.40 11.40—13.00 13.00—14.00 14.00—14.40
3.00 2.90 1.60 1.00 0.40
[ 2.40-9.60 9.60—12.60 12.60—14.50 14.50—15.60 15.60—16.60
7.20 3.00 1.90 1.10 1.00
cé 2.30—7.30 7.30—10.70 10.70—12.70 12.70—13.80 13.80—14.60
5.00 3.40 2.00 1.10 0.80
cz—c; 2.30—7.80 7.80—11.20 11.20—13.10 13.10—14.30 14.30—15.10
2.50 3.40 1.90 1.20 0.80
Petropavlivska-Hlyboka/clbo 2.90—8.10 8.10—10.70 10.70—12.30 12.30—13.20 13.20—13.60
5.20 2.60 1.60 0.90 0.40
cé’ 3.00-9.10 9.10—11.00 11.00—14.00 14.00—15.50 15.50—16.70
6.10 1.90 3.00 1.50 1.20
cé’ 1.40-9.80 9.80—12.50 12.50—14.20 14.20—15.20 15.20—16.20
8.40 2.70 1.70 1.00 1.00
c) 2.40—-9.60 9.60—12.60 12.60—14.50 14.50—15.60 15.60—16.70
7.20 3.00 1.90 1.10 1.10
c 2.10=9.10 9.10—11.20 11.20—13.10 13.10—14.40 14.40—15.00
7.00 2.10 1.90 1.30 0.60
Svydivska/cg‘, cé 3.00—8.40 8.40—11.70 11.70—14.00 14.00—15.10 15.10—16.20
5.40 3.30 2.30 1.10 1.10
c 3.00—9.00 9.00—13.00 13.00—15.40 15.40—17.30 17.30—18.50
6.00 4.00 2.40 1.90 1.20
¢ 3.00—-8.60 8.60—11.80 11.80—13.60 13.60—15.40 15.40—16.20
5.60 3.20 1.80 1.80 0.80
Cs 2.90—8.90 8.90—12.20 12.20—14.50 14.50—16.10 16.10—17.20
6.00 3.30 2.30 1.60 1.10
¢ 3.10—-6.20 6.20—11.00 11.00—14.50 14.50—15.20 15.20—16.40
3.10 4.80 3.50 0.70 1.20
¢ 2.90—8.50 8.50—12.00 12.00—14.50 14.50—15.90 15.90—17.00
5.60 3.50 2.50 1.40 1.10
Mine “Yuvileina”/cq 2.34—-6.60 6.60—8.55 8.55-9.49 9.49-9.98 9.98—10.06
4.26 1.95 0.94 0.49 0.08
c; 3.27-7.91 7.91-10.23 10.23—11.83 11.83—13.26 13.26—13.75
4.64 2.32 1.60 1.43 0.49
c) 2.60—8.58 8.58—10.90 10.90—12.15 12.15—12.71 12.71-13.75
5.98 2.32 1.25 0.56 1.04
c; 3.56—8.66 8.66—10.88 10.88—11.84 11.84—12.44 12.44—13.02
5.10 2.22 0.96 0.60 0.58
Average 5.43 2.90 1.94 1.13 0.83
ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N° 4 21




Table 2

Gradients of sorption methane-bearing capacity of coal
in the Pokrovsk district in the pressure interval of 1—5 MPa
at a temperature of 20 °C

Gradients of sorption methane-
bearing capacity of coal at different
Mine/bed ireszure:j m?/t d.a.m.
1-2MPa | 2—-3 MPa | 3—5 MPa
Rodynska/7} 3.3 2.3 3.6
A 33 2.1 2.4
Chervonolymanska//, 3.7 1.9 2.4
I8 3.3 0.7 1.8
ks 3.0 1.9 2.9
Kapitalna//, 3.9 2.5 3.0
A 2.2 1.3 1.7
/; 2.5 1.9 1.8
k? 2.3 1.4 2.4
Tsentralna//; 3.7 2.1 1.5
I8 2.6 1.4 1.5
/) 2.8 1.7 2.4
Mine 5/6
I 3.4 2.2 2.6
I3 2.7 1.4 1.8
Ky 2.4 1.4 1.6
Named after 2.8 1.5 1.7
T. H. Shevchenko/f,
Average 3.0 1.7 2.2

dry ash-free mass. It can be seen that for each of the pressure
intervals, the gradients differ from each other and on average
decrease from 5.43 (0.1—-1 MPa) to 0.83 (4—5 MPa) m’/t
d.a.m. (dry ash-free mass).

Table 2 shows gradients of the sorption methane-bearing
capacity of coal beds, calculated based on data on the sorp-
tion methane-bearing capacity of coal beds in the Pokrovsk
district in the pressure range of 1—5 MPa. In this case, the
gradients on average decrease from 3.0 (1-2 MPa) to 2.2
(3—5 MPa).

As might be expected, judging by the shape of the sorption
methane-bearing capacity isotherms, which have the form of
hyperbolas, the gradients of the sorption methane-bearing ca-
pacity of coal beds naturally decrease with increasing pressure.
The values of the gradients of the sorption methane-bearing
capacity in the corresponding pressure intervals for the coal of
Pavlohrad-Petropavlivsk District and Pokrovsk District are
quite close.

Similarly, the gradient of the natural methane content of
coal beds is also changing, as determined from geological ex-
ploration data. Table 3 shows the results of the research on the
natural methane content of coal beds at several mines in the
Donets basin (mostly of the medium and high degree of meta-
morphism). According to these data, the methane content de-
creases on average from 2.3 to 0.6 m’/t d.a.m. in the depth
range of 100—500 m.

Table 4 shows the data in general for the entire Donets Ba-
sin regarding coal beds of hard coal from low-metamorphosed
(Grade G) to anthracite at various depths. The gradient of
methane content decreases in the depth interval of 100 to
500 m from 3.8 to 0.5 m3/t d.a.m. The gradients of gas content

Table 3
Gradients of the natural methane content of coal beds for different depths in the areas of mines* in the Donets basin
Minefields Gradients of sorption methane content of coal at different depths, m?/t d.a.m.
100—200 m 200—300 m 300—400 m 400—500 m 500—600 m
Krasnodonski (A) 20.0-23.0 23.0-24.4 24.4-25.5 25.5-26.0 26.0—26.6
3.0 1.4 1.1 0.5 0.6
Bystrianski (PS) 11.7—-14.7 14.7-16.6 16.6—17.8 17.8—18.8 18.8—19.5
3.0 1.9 1.2 1.0 0.7
No. 5 12.2—-13.7 13.7-15.3 15.3—16.5 16.5—-17.5 17.5—18.3
Chornukhynska, 1.5 1.6 1.2 1.0 0.8
Named after S.V. Kosior (P)
Nikanor, 13.1-15.0 15.0—15.8 15.8—16.0 16.0—16.3 16.3—16.6
Komysarivska (P) 1.9 0.8 0.2 0.3 0.3
Yasynivska-Hlyboka (K, P, PS) 10.9-13.0 13.0—-14.0 14.0—14.5 14.5-15.0 15.0—15.5
2.1 1.0 1.0 0.5 0.5
Average 2.3 1.3 0.8 0.7 0.6
* The names of the mines are given at the time of sampling and experimental work
Table 4
Gradients of the methane content of coal beds (grades G-A) at different depths
Coal grade Gradients of the methane content of coal beds of different grades for the individual depth intervals, m?/t d.a.m.
100—200 m 200—300 m 300—400 m 400—500 m 500—600 m
G 1.9-4.8 4.8-6.7 6.7-17.5 7.5-8.0 8.0-8.5
9 1.9 0.8 0.5 0.5
Zh 4.8-8.9 8.9—11.0 11.0—12.0 12.0—12.8 12.8—13.3
4.1 2.1 1.0 0.8 0.5
K 6.3-9.5 9.4—11.5 11.5—-12.6 12.6—13.4 13.4—14.0
3.2 2.1 1.1 0.8 0.6
(0N 7.3—11.1 11.1-13.5 13.5-14.9 14.9-15.7 15.7-16.3
3.8 2.4 1.4 0.8 0.6
T 9.6—14.3 14.3—16.4 16.4—17.5 17.5—18.2 18.2—18.6
4.7 2.1 1.1 0.7 0.4
A 8.5—12.3 12.3-14.7 14.7-16.1 16.1-17.0 17.0-17.6
3.8 2.4 1.4 0.9 0.6
Average 3.8 2.2 1.1 0.8 0.5
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are greater at shallow depths and greater for less metamor-
phosed coal.

To solve the main task, namely, to determine the general
patterns in the formation of the values of sorption capacity and
natural methane content of coal by comparing individual coal
beds. beds of different grades of metamorphism and at differ-
ent depths, and lying in various geological conditions, it is pro-
posed to use the indicator — the relative gradient of sorption
capacity and relative gradient of gas content.

The relative gradient of the sorption methane-bearing ca-
pacity of coal beds is the ratio of the next (for a higher pres-
sure) value of the sorption methane-bearing capacity to the
previous one (for a lower pressure) in increments of 1 MPa.

Similarly, the relative gradient of gas content of coal beds is
the ratio of the next value of gas content to the previous one
with the same step (1 MPa). The relative gradient of sorption
methane-bearing capacity (gas content) is essentially a re-
duction rate of sorption capacity (gas content) with depth
and, accordingly, with increase in pressure, and is a dimen-
sionless quantity.

Table 5 shows the data on the relative gradients of the sorp-
tion methane-bearing capacity of coal in several beds (grade G)
of the Pavlohradsk-Petropavlivsk district in the pressure range
of 0.1—5 MPa at a temperature of 20 °C, calculated according
to the data in Table 1. Average values of relative gradients natu-
rally decrease from 3.22 (0.1—1 MPa) to 1.06 (4—5 MPa). Ina

Table 5

Relative gradients of sorption methane-bearing capacity of coal beds in the Pavlohradsk-Petropavlivsk district in the pressure
range of 0.1—5 MPa at a temperature of 20 °C

Area/bed Relative gradients of sorption methane-bearing capacity of coal at different pressure, d/I (dimensionless)
0.1-1MPa 1-2 MPa 2—3 MPa 3—4 MPa 4—5 Mpa

Brahynivska/c}—c 2.70 1.26 116 1.07 1.05
s 2.43 1.34 1.14 1.08 1.03

¢ 4.00 1.31 115 1.08 1.06

) 3.17 1.47 1.19 1.09 1.06

¢,—¢} 3.39 1.44 1.17 1.09 1.06
Petropavlivska—Hlyboka/ e 2.79 1.32 L15 1.07 1.03
e 3.03 1.21 1.27 L11 1.08

ct 7.00 1.28 1.14 1.07 1.07

¢ 4.00 1.31 115 1.08 1.07

¢ 4.33 1.23 1.17 1.10 1.04

Svydivska/cg - ch 2.80 1.39 1.20 1.08 1.07
ct 3.00 1.44 118 112 1.07

ct 2.87 1.37 L.15 1.13 1.05

ct 3.07 1.37 1.19 111 1.07

e 2.00 1.77 1.32 1.05 1.08

3 2.93 1.41 1.21 1.10 1.07

Mine “Yuvileina”/cq 2.82 1.30 1.1 1.05 1.01
a 2.42 1.29 1.16 1.12 1.04

¢ 3.30 1.27 1.1 1.05 1.08

c 2.43 1.26 1.09 1.05 1.05

Average by beds 3.22 1.35 1.17 1.09 1.06

Table 6

Relative gradients of natural methane content of coal beds on individual areas of mines in the Donets basin

Minefields Relative gradients of the methane content of coal beds for the individual depth intervals, d/I
(coal grade) 100-200 m 200—300 m 300—400 m 400—500 m 500—600 m
Krasnodonski (A) 1.15 1.06 1.05 1.02 1.02
Bystrianski (PS) 1.26 1.13 1.07 1.06 1.04
No. 5 Chornukhynska, 1.12 1.12 1.08 1.06 1.05
Named after S. V. Kosior (P)
Nikanor, 1.15 1.05 1.01 1.02 1.02
Komysarivska (P)
Yasynivska-Hlyboka (K, P, 1.19 1.08 1.04 1.03 1.03
PS)
Average 1.17 1.09 1.05 1.04 1.03

* The names of the mines are given at the time of sampling and experimental work
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Table 7
Relative gradients of the methane content of coal beds (G-A grades) at different depths

Coal erad The relative gradients of methane content of coal beds of different grades for individual depth intervals. d/1
oal grade
£ 100—200 m 200—300 m 300—400 m 400—500 m 500—600 m
G 2.53 1.40 1.12 1.07 1.06
Zh 1.85 1.24 1.09 1.07 1.04
K 1.51 1.22 1.10 1.06 1.04
PS 1.52 1.22 1.10 1.05 1.04
P 1.49 115 1.07 1.04 1.02
A 1.45 1.20 1.10 1.06 1.04
Average 1.73 1.24 1.10 1.06 1.04
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The values of the relative gradient of methane content for
coal beds of different grades naturally decrease with increasing
the occurrence depth and also naturally decrease in each of the
depth intervals from low-metamorphosed (grade D) to highly
Fig. 2. Dependence of the average relative gradient of methane metamorphosed (grade A) coal. This is well illustrated by the

content on gas pressure graphs in Figs. 1-2. These are the dependences of the average
relative gradient of methane content on the occurrence depth
of the coal bed and the average relative gradient of methane

1 2 3 4 5
Pressure, MPa

similar way, the values of the relative gradient of the natural content on gas pressure.

methane content of coal beds in individual sections of the Fig. 3 shows the dependence of the relative gradient of
mines in the Donets basin change (Table 6), which have been methane content on the coal grade f or different depth inter-
calculated on the same areas, according to the data in Table 3 vals. Fig. 4 demonstrates the dependence of the relative gradi-

24 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N° 4



Table §

The equation for the dependence of the relative gradients of methane content for coal beds of different degrees of metamorphism

Coal grade Equation detceorrenﬂ:lnceilfinc:n?fRz
G y==7-10"%x+8.992 - 10x? - 0.03813125x + 6.47970536 0.9983
Zh y=-4-10"+5.08 - 103x? — 0.02130208x + 4.04015179 0.9988
K y=—1-10%+1.68 - 107x* - 0.00836875x + 2.41211607 0.9999
PS y=—1-10"%3+1.61 - 10°x> - 0.00827083x + 2.43776786 0.9994
P y=-2-10"+2.637 - 10~ x? — 0.01144792x + 2.67199107 0.9983
y=-1-10%+1.464 - 105x* — 0.00717292x + 2.2222679 0.9996

ent of methane content on the occurrence depth for coal of
different grades. The graphs are built according to the data in
Table 7 and are common for the coal beds of the entire Donbas.

In the latter case (Fig. 4), it is a bundle of curves that grad-
ually converge and, subsequently, asymptotically approach 1.
Thanks to the proposed indicator (relative gradient of methane
content), it is possible to extrapolate the obtained dependenc-
es in the direction of higher pressures above 6 MPa, and re-
spectively, greater depths.

Conspicuous is the fact that at greater depths the values of
relative gradients for coal beds of all grades are leveled off (Ta-
ble 7, Fig. 3). And at depths of 300—400 m they are 1.07—1.12,
at depths of 400—500 m — 1.04—1.07, at depths of 500—
600 m — 1.02—1.06. That is, the possible increase in gas con-
tent, due to an increase in depth, and, accordingly, pressure,
can potentially amount to 2—6 % if the value of the relative
gradient is equal to 1. This is completely consistent with the
above data when the increase in sorption in the pressure range
of 5—10 MPa does not exceed 5—10 %.

It is worth emphasizing that we are talking about general
regional patterns of changes in methane content, which, as
mentioned above, can be and are superimposed by local devia-
tions, including anomalous ones, for example, such as sudden
emissions of coal and gas in the mine workings. Anomalies can
be different in nature. They can occur as a result of slow or
sudden gas generation,or the emission of previously formed
free methane. The obtained dependences are advisable to use
for predicting the background natural regional gas content of
coal beds.

Instead of expensive and time-consuming geological ex-
ploration fieldwork, the gas content of coal beds at different
depths can be determined by the maximum sorption capacity
of coal samples, in particular by the EPR method. This can be
done by determining the limit sorption capacity of the coal
and making a correction to the required depth (or pressure)
using the appropriate relative gradient of the gas content for a
particular grade.

Knowing the limit sorption capacity of hard coal, it is pos-
sible to calculate the value of methane content for different
pressures based on the obtained dependencies for a separate
grade of metamorphism. By correcting the actual gas pressure
(0.8—0.9 hydrostatic) for a specific depth, it is possible to pre-
dict the natural gas content for that depth. Such calculations
require the use of inverse formulas, in which the function is
the relative gradient of gas content, and the argument is either
gas pressure or depth. Although it is advisable to note that, ac-
cording to the physical essence, the relative gradient of gas
content depends on the depth and, accordingly, gas pressure,
and not vice versa. That is why the graphs in Figs. 3—4 are built
in exactly this way.

Table 8 shows the equations of the dependence of the rela-
tive gradients of methane content for coal beds of different de-
grees of metamorphism based on the results of approximation
with the corresponding reliability coefficients.

Conclusions. The authors propose new indicators — the
relative gradient of the sorption methane-bearing capacity and

the relative gradient of the methane content, which allows the
comparison of these characteristics. measured in absolute val-
ues (cm?/g, m3/t) for individual coal beds of different grades of
metamorphism, at different occurrence depths and lying in
various geological conditions

A regular change in the relative gradient of the methane
content of coal beds for the entire Donbas as a whole has been
established. The values of the relative gradients for coal of dif-
ferent grades naturally decrease with increasing occurrence
depth and also naturally decrease in each of the depth intervals
from low-metamorphosed (D grade) coal to highly-metamor-
phosed (A grade). This proves that the sorption capacity of the
coal matter determines the natural regional (background)
methane content of hard coal beds and naturally, according to
a hyperbolic dependence decreases with increasing stratifica-
tion depth and also decreases regularly in each of the depth
intervals from low-metamorphosed (grade D) coal to highly
metamorphosed (grade A), with a relative gradient that as-
ymptotically approaches 1 at pressures above more than
6 MPa.

The obtained dependences of the relative gradient of gas
content on depth and gas pressure for different grades of
metamorphism can be used to predict the natural regional
(background) gas content of coal beds by determining the
limit sorption capacity and calculating the desired depth or
pressure.
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K. A. Bespyuxo®, O. B. Bypuaxk, JI. I. [Tumonenko,
B. B. Yeakan

IHcTuTyT reorexHiuHoi MexaHiku imeHi M. C.IlonsikoBa
HAH Yxkpainu, m. [IHinpo, Ykpaina
* ABTOp-KOpEeCTIOHIEHT e-mail: gvrvg@meta.ua

Meta. BuszHaueHHs1 3arajlbHUX 3aKOHOMipHOCTel (opMmy-
BaHHsI COpOLIHOI 31aTHOCTI BYTi/UISI Ta IPUPOIHOI perioHa b~
HOI METAaHOHOCHOCTI BYTUIBHUX ILIACTIB i3 BUKOPUCTAHHSIM
KiJIbKICHOTO TTOKa3HUKA — BiTHOCHOTI'O IPaiEHTa ra30HOCHOCTI.

Metoauka. /I BU3HaAUEHHS COpOLiHOI 3AaTHOCTI BY-
TiJI7IS1 BUKOPMCTOBYBAIMCS 3araJIbHOBIIOMUI «00’€MHUIA Me-
ton» i metoa EITP-criekTpockomii (e1eKTpOHHOTO napamar-
HITHOTO pe3oHaHcy). 151 aHami3y IPUPOIHOI Ta30HOCHOCTI
BYTIJIbHUX TUIACTIB BUKOPMCTaHi pe3yJabTaTh, OTPUMAHi y
Mpoleci BeAEHHS TeoJIoro-po3BinyBaibHUX pobiT. BusHa-
YEHHSI TPUPOJHOI TA30HOCHOCTI 3[iACHIOBAJIOCS 32 I0ITOMO-
rol0 CIeLiaJIbHUX ra30KepHOHAOIPHUKIB i MJIACTOBUMPOOY-
BauiB. JIy1st 00poOKU eKCIIepUMEHTATbHUX JaHUX 3aCTOCOBY-
BaJIUCSI METOIU MAaTEMaTUIHOI CTATUCTUKU.

PesynabTaTi. 3a exkcriepuMEHTaIbHUMU JaHWUMM 11100
CcOpOLifiHOT METAHOEMHOCTI Ta MPUPOJHOI TA30HOCHOCTI BY-
rinpHKX TuiactiB Jlonbacy npoBeneHi aHajli3, CTaTUCTUYHA 00-
pobKa Ta y3araJbHEeHHsI OTPMMaHUX pe3ybTartiB. BcraHoBie-
Ha 3aKOHOMipHa 3MiHa BiITHOCHOT'O IpaIiEeHTy METAHOHOCHOC-
Ti BYT'JIbHUX IIJIACTIB U1 Bchoro JloHOacy B 1ijiomy. 3HaueH-
H$1 BiTHOCHUX I'PAIi€HTIB JUIS BYTiJUIS Pi3HUX MapoK 3aKOHO-
MipHO 3MEHILYIOThCS 3i 30UTbLIEHHIM MNIMOMHU 3ajIsITaHHs T
TaKOX 3aKOHOMIPHO 3MEHUIYIOThCSl B KOXKHOMY 3 iHTE€pBaJIiB
IIMOVH Bil HU3bKOMeTaMopdizoBaHoro (Mapka J1) Byriist mo
BUCOKOMeTaMOp(izoBaHOro. 3a pe3yabTaTaMy arpoKcUumMallii
OTpPUMAaHI BiIMOBIIHI PIBHSHHS /151 KOXHOI MapKu METaMOp-
bi3My BYTiJUIS Bifl ra30BOTO 10 HaIMiBaHTPALIUTIB (A).

HaykoBa HoBu3HA. 3arpoIlOHOBaHi HOBi IMOKAa3HUKU —
BiIHOCHUII Ipafi€eHT cOpOLiitHOT METAHOEMHOCTI I BifHOC-
HUM Tpami€eHT Ta30HOCHOCTI, 1110 AO3BOJISIIOTh MOPiBHSIHHS
LIMX XapaKTePUCTUK, BUMIPSHUX B aOCOJIIOTHUX BEJIMYMHAX
(cM3/r, M3/T) 119 OKpeMUX BYTiIbHMX IJ1ACTiB Pi3HUX MapoK
meTtamopdizMy, Ha pi3HUX MIMOUHAX i 3aJISITAl0UUX Y Pi3HO-
MaHITHUX TeoJOoTiYHMX ymoBax. loBeneHo, 110 copOuiiiHa
3/IaTHICTb BYTiJIbHOI PEYOBMHU BU3HAUYA€E MPUPOIHY PErio-
HaJIbHY ((POHOBY) METAHOHOCHICTb IJIACTIB KaM STHOTO BYTiJI-
JIsl 1 3aKOHOMipHO, 3a TirepOoiuHOIO 3aI€3KHICTIO, 3MEHIIY-
€TbC 31 30UIbLIEHHSAM IJIMOMHU 3aJIITaHHS I TAKOX 3aKOHO-
MipHO 3MEHIIYETbCS B KOXXHOMY 3 iHTepBasliB MIMOUH Bil
HU3bKOMeTaMopdizoBaHoro (Mapka /1) BYTiJlIsl 10 BUCOKO-
meTtamopdizoBaHoro (Mapka A) 3 BITHOCHUM TpPaJiEHTOM,
SIKUW aCUMITOTUYHO HAOIMKAETHCS M0 | 32 TUCKOM TOHAI
6 MIla.

IIpakTiyna 3naymmictb. OTpUMaHi 3aJIeXKHOCTI BimHOC-
HOTO I'pafiiEHTY ra30HOCHOCTI Bi/l IFTMOMHM i Ta30BOTO TUCKY
IUIS1 pi3HUX MapoOK MeTaMopdi3My MOXYTb OYTH BUKOPHCTaHi
IIJIS1 TIPOTHO3YBaHHS MPUPOIHOI perioHanbHOi ((hOoHOBOI) ra-
30HOCHOCTI BYTUIBHUX IUIACTIB LJISIXOM BU3HAYEHHS Tpa-
HUYHOI COpPOLIiifHOI 3MaTHOCTI Ta PO3paxyHKy Ha ULIyKaHy
rIMOMHY 200 THUCK.

KmiouoBi cnoBa: /lonbac, eyeinvhi naacmu, copbuiiina
30amHicmo, 2a30HOCHICMb
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