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Purpose. Preliminary evaluation of coalbed methane resources. Substantiation of the relevance of the develop-
ment of the fuel and energy complex of the country based on the study and implementation of non-conventional
sources of energy raw materials, among which, one of the most important is coalbed methane.

Methodology. The methodical basis was to collect, analyse and generalize the results of the world experience of
commercial production of coal bed methane defining the methane reservoir characteristics of coal seams in com-
parison with traditional gas and geotechnical parameters of CBM fields prospects for commercial production of
methane.

Findings. The analysis of the world and national literature on the experience of the development of coal bed meth-
ane is presented. The problems of methane extraction technologies, assessment of the resource base of coal deposits
of the Republic of Kazakstan are reviewed. The expediency of industrial extraction of methane in the Karaganda
basin is substantiated. A comparative analysis and comparison of geological parameters of coal deposits in the Repub-
lic of Kazakstan and foreign countries, where projects of coal-bed methane production are successfully implemented.

Originality. Scientific novelty consists in the following:

- the differences in terms of location and movement of natural gas in conventional porous and fractured reservoirs,
and methane in coal seams, which predetermine differences in methods of exploring and technologies of the develop-
ment of traditional gas and CBM fields are determined;

- characteristics and criteria of industrial importance of coalbed methane resources for commercial production
are identified;

- the objective conditions of the prospects of technology development and production of methane from coal seams
in the Karaganda basin are substantiated.

Practical value. To create the new gas industry in the Republic of Kazakhstan, based on the integrated develop-
ment of gas-bearing coal deposits to solve a wide range of social, energy and environmental problems in Central Ka-
zakhstan.

Keywords: methane, coal seam degasification, production prospects, industrial use, methane safety, gas recovery

Introduction. The main energy sources of today are
the geological energy resources: oil, coal, gas, oil shale,
peat, uranium, etc. They account for 93 % of the energy
produced in the world. The remaining 7 % are reim-
bursed using renewable energy sources, i.e., water, sun,
wind, biomass, geothermal and other [1]. However, no
type of natural resources, no matter how great its re-
serves are, can be limitless.

The program of the President and the Government
of Kazakhstan for restructuring the energy and thermal
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industries requires the use of huge amounts of invest-
ment, which should be directed at solving problems
across the country. The solution of this problem is based
primarily on the mobilization and the balanced use of
natural resources of Kazakhstan. The total amount of
investment required to implement from now until 2050,
will amount to an annual average of 3.4 billion of US
dollars. The main part of this volume — a little over 90
billion US dollars, or 3/4 of the total investment for the
whole period up to 2050 — will be spent on the imple-
mentation of measures for energy efficiency and devel-
opment of renewable energy and the creation of the gas
infrastructure.
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Analysis of the recent research and publications. Over
the past two decades in many mining countries of the
world a lot of attention is paid to the development of vast
resources of methane in coal deposits, since modern
coal deposits are essentially coal and gas as methane re-
serves are comparable to natural gas. Integrated devel-
opment of gas-bearing coal deposits allows in the addi-
tion obtaining and using one of the large-scale energy
sources coal bed methane. According to various sources,
the world resources of coal bed methane are estimated at
260—470 trillion m® [1] (Fig. 1). Such a large difference
in the resource estimates of methane is due to the lack of
a single, reliable and complete inventory valuation
method. Modern approaches allow estimating the stocks
of certain resources only roughly. The reliability assess-
ment of the prospects of a territory depends on the vary-
ing degree of geological knowledge, and different ap-
proaches to stock assessment.

About 70 countries have the largest coal reserves,
and more than 40 of them started work on the develop-
ment of coalbed methane in one form or another. Ap-
proximately 20 countries implement active drilling pro-
grams today, or used to in the past. Gas factor in under-
ground coal seams, has become one of determining fac-
tors to ensure the safety of mining operations, particu-
larly while increasing the depth of mining operations.

In the fields of active mines, production of methane is
considered, on the one hand, as a source of affordable and
cheaper gas fuel, on the other, as a way to reduce the gas
content and outburst coal seams in order to create safe
working conditions. It should be noted that for the first
time in the world experimental and development works
on degassing coal seams in advance via drilled hydrofrac-
turing their surface with vertical wells have been success-
fully performed in the Karaganda basin. Simultaneously,
similar work was carried out in the Donetsk coal basin.
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Since the 60s in collaboration with the Moscow
Mining Institute specialists in “Karagandaugol” and
Karaganda Research Coal Institute have conducted re-
search and pilot projects aimed at hydrofracturing coal
seams in the mines of the Karaganda basin. Intended
purpose of work was to reduce the natural gas content
and powerful outburst of coal seams &, and d. In 1961
prof. Nozhkin N.V. conducted hydrofracturing of k,
formation (Upper Marianne) by high-pressure injection
of water mixed with small fraction quartz sand to un-
cover and fix intrastratal cracks. In 1967 prof. Vasyuch-
kov Y. F. was the first to test industrially a technological
plan of hydrofracturing k, formation of Kostenko mine
field by batch injection of hydrochloric acid solution.
For more than 50 years during the execution of these
works in the mines of the Karaganda basin, 155 vertical
wells have been drilled by hydrofracturing beds, more
than 80 million tons of coal geological reserves have
been processed, 245 coalseam operations have been
produced and 104.2 million m? of methane has been ex-
tracted with an average production rate of the well being
1840 m?®/day; reduction in gas content of mine workings
by 30—70 % has been achieved as well.

Since 1979 practical implementation of these ideas
and large-scale commercial production of methane has
been conducted in the United States, where the branch
of industry works on gas production from coal beds.
From the very first coal bed methane extraction projects
leading position in this sector has been held by the US.
This industry is still the best-developed there. Accord-
ing to the National Geological Survey coal bed methane
reserves in the United States (excluding Alaska) make
20 trillion m?, 25 % of which is economically recover-
able if using current technology.

About 200 US companies operate in this sector. The
main production is carried out on undeveloped coal
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Fig. 1. Evaluation of geological resources of coal bed methane across countries
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seams of the San Juan Basin on the border of New Mex-
ico and Colorado, the Black Warrior Basin in Alabama
and the Powder River Basin on the border of the states
of Wyoming and Montana, where methane resources
are estimated to be 2.4 trillion m?® and 566 billion m? and
849 billion m?, respectively. Extraction of methane in
the San Juan Basin began in 1970, when 2 million m?
was mined from three wells. In 1993, there were
2700 wells. The San Juan Basin, until recently, was the
leading producing region in the US, giving more than
60 % of the coal-bed methane production. Only in the
last few years a leading position in the production of
methane was taken by the Powder River basin, where
mining was started in 1986. Methane is extracted from a
depth of 122—152 m from the Vayodek coal seam with
capacity of 42 m.

For the past 10 years production of coal bed methane
in the US reached 60 billion m?/year, accounting for
about 8.9 % of traditional gas production in the United
States. In 2013, production fell slightly to 46 billion m?,
it can be attributed to a decrease in productivity of wells
and some reorientation of the sector companies [1]. The
successful experience of coalbed methane production in
the United States has attracted the attention of special-
ists of a number of countries that have large reserves of
hard coal and have already started or plan to start in the
near future exploration and development of coalbed
methane reserves.

In Australia, exploration of coal bed methane re-
serves in the Bowen coal basin began in 1976, but only in
December 1996 in the framework of the project “Valley
Dawson” in a coal mine “Moura” started its commer-
cial production. The project is owned by Conoco Phil-
lips. The largest share of coal gas production accounted
for the Bowen and Syurat basins. In 2014 in Australia
because of extensive coal reserves about 7 billion m? of
methane were produced in this country, with its esti-
mated forecast resource 29 trillion m>.

In Canada, the experimental work on the extraction
of methane was carried out in the Western Canadian
sedimentary Basin, namely in the area of Palliser Al-
berta. Extraction of coal gas in Canada remains at an
early stage of development, but the growth rates are ob-
vious.The first well was drilled in 1997; however, in 2009
their number was 1848. Currently, there are over
14 thousand of existing wells. Annual volumes in the
country of coal-bearing deposits of methane production
grew from 0.5 billion m? in 2003 to 10 billion m? in 2014.
The plans for 2019 are to increase production to 15 bil-
lion m®. Canadian Gas Committee predicts that coal
bed methane, whose resources amount to 20 trillion m?
(whereas conventional gas resources in the country
make 2 trillion m?), in the future will become the main
type of gas produced in a number of regions in Canada.

Great Britain, Germany, Poland, and China con-
duct methane projects. The last one strikes with the
scale of its activities. They became interested in the ex-
traction of methane from coal seams here in the early
1990s. Realizing the value of this resource, the Chinese
government called the development of coalbed methane
one of the 16 largest five-year plan projects. In various
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fields of the country built more than 13 thousand of ver-
tical and horizontal wells with different designs and as of
2014, coal gas production was 17 billion m>. Currently,
production of methane is mainly concentrated in the
province of Shanxi, the Tszinchin coal basin. According
to the “Action Plan for the development of coal gas ex-
ploration”, China intends to bring the production fig-
ures of up to 40 billion m?* by 2020 while increasing
proven reserves of methane to 1 trillion m? [2].

Since Ukraine is among the top ten states with the
highest and still undeveloped resources of the methane,
it would be wasteful not to use this resource as an addi-
tional guarantee of energy security of the country. Po-
tential methane resources of coal deposits in Ukraine
are estimated to be 12—26 trillion m? [2]. The Donetsk
coal basin is the main fuel and energy base in Ukraine.
In recent years, the Donbas has been considered not
only as a coal region, but also as a major gas-bearing
one. Prospects for the development of methane produc-
tion are based on the considerable resources of hydro-
carbon gases concentrated in geological and industrial
areas of the Donbas. Predicted methane resources in
rocks and coal seams of Donbas at depths ranging from
500 to 1800 m range from 4—6 to 22 trillion m?, indus-
trial ones — 11 trillion m?, in the adsorbed state in coal
seams over 0.3 m — 1.4—2.5 trillion m?, including those
in the fields of active mines — 855 billion m?. The den-
sity of the estimated methane resources in coal seams on
the areas of coal-bearing deposits is 90—107 million
m?®/km? [3].

As of January 1, 2010, the State balance of mineral
reserves of Ukraine considered 314 billion m® of meth-
ane Cl + C2 as accompanying mineral host rocks at
188 coal deposits, in particular, in the Donetsk coal ba-
sin — 303 billion m®. However, only 8 % of the extracted
methane is actually used in the country, that is 120 mil-
lion m® per year, or half a percent of the state’s gas needs.

The methane content in various types of coal in-
creases with its depth, varying from 10.5 m?/t in coal of
D, G grades to 30—40 m?/t in lean coal and anthracite.
All coal seams of the Donbas (except anthracite) are gas
bearing at a depth of 150—500 m (below the weathered
zone of the gas). Production potential by 2030 is expect-
ed to be up to 3 billion m? per year (according to the
Ministry of Natural Resources assessment, it is up to
5 billion m?, according to the Ministry of energy and
coal industry and State energy efficiency agency — up to
7 billion m?) [3, 4].

Ukrainian scientists and manufacturers have gained
considerable experience in the exploration and evalua-
tion of methane resources. The results of scientific re-
search and practical use of the various developed degas-
sing methods allow counting on the prospects of a suc-
cessful use of the potential production of the industry
and utilization of coalbed methane, but to achieve these
volumes, it is necessary to invest heavily into explora-
tion, infrastructure and resource extraction.

Among CIS countries, Russia is the most active in
working on commercial methane production organiza-
tion, which has been carried out since 1995. Industrial
extraction of methane held in the Kuzbass is caused by
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the feasibility of commercial production of coal gas in
Russia due to the favorable geological conditions and
bearing coal basins. In 2003, “Gazprom” PJSC began
an assessment of prospects for methane production in
the Kuzbass, the first experimental wells were drilled.
Works are carried out in two areas, Taldinskaya and
Naryksko-Ostashkinskaya. In 2010, the first enterprise
for methane extraction from coal beds was put in Taldin-
skaya area, with confirmed reserves of 74.2 billion m?.
Six production wells are at the stage of experimental-
industrial operation, with about 20 million m? of gas re-
covered so far. Construction of 10 wells is planned to be
be completed by the end of 2016. Prospecting and evalu-
ation works have started in the next potentially produc-
tive area — Naryksko-Ostashkinskaya area with approxi-
mate resource of 800 billion m?, where 23.9 million m?
was produced from exploration wells in 2010. Total
methane reserves in the Kuzbass constitute 13 tril-
lion m®. By 2020, the total number of wells in the project
should reach 1200 units, and gas production is to grow
up to 3.5—4 billion m? [3].

The total world production of coal bed methane in
2014 amounted to about 125 billion m®. However, these
amounts are actually extremely significant because they
were extracted from the source which had been hardly
used until 1980. According to the International Energy
Agency expected global production of coalbed methane
by 2035 could reach more than 200 billion m?/year [2].

Recognition of this unconventional resource as an
alternative source of natural gas is confirmed by the lev-
el of investment in such projects around the world, and
most importantly, by resources scale, most of which are
concentrated in the CIS countries and where perspec-
tives CBM fields are promising to create a new industry,
where apart from coal, gas production is held (Fig. 2).
But this will require modern approaches to the study of
coal mines.

Unsolved aspects of the problems. The problem of
degasification of mine fields has always been and is
among the priorities that require rapid solutions. De-
spite the considerable work carried out in the Karaganda
coal basin regarding degassing, the gas content cannot
be reduced significantly, which is important for the safe-
ty of mining operations and a sharp increase in technical
and economic indicators of work of the coal industry.
Sudden outbursts of methane, which are accompanied

America
16,4%

CIS
countries
50,8%

Fig. 2. Distribution of coalbed methane resources, %
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by large human losses, material and financial losses, by
90—93 % are the cause of the total number of accidents
that have occurred in the coal mines of the CIS coun-
tries over the past 5 years. High gas-bearing capacity of
coal seams is one of the main causes of methane explo-
sions in mines, leading to human tragedies. Only in the
Karaganda basin mines alone, such accidents have
claimed 138 lives in recent years [1].

Kazakhstan, having ratified the Kyoto Protocol, de-
fined commitments to reduce greenhouse gas emissions,
which is one of the main methane emissions whose flow
ventilation in coal mining from the mines and quarries
of Kazakhstan makes up to 1 billion m? per year. In ad-
dition, the deployment and utilization of production of
methane from coal deposits in Kazakhstan program will
reduce the amount of coal burned in thermal power
plants, and, consequently, reduce emissions of harmful
components generated in coal combustion as well as the
amount of accumulated solids.

In addition, imbalance of fuel infrastructure contin-
ues, when almost all sources of hydrocarbons are located
mainly in western Kazakhstan (98 %), and the majority
of the industrial enterprises are in Central and Eastern
Europe. In this regard, the energy self-sufficiency of re-
gions through the use of local energy resources, including
unconventional ones, takes on particular significance.

Objectives of the article. Today, Kazakhstan’s econ-
omy is dependent on exports of energy resources, and,
therefore, to a large extent is exposed to harsh external
commodity prices fluctuations.

Due to possible reduction of oil reserves and a nega-
tive attitude to nuclear exergy, over the last years in
many countries increased interest in the exploration and
development of unconventional sources of hydrocar-
bons is observed. This global trend is also the current
direction of development of the fuel and energy complex
of Kazakhstan among which, one of the most important
is coalbed methane. It is the most affordable, cheap,
clean and efficient, energy and chemical raw material
from well-known ones in the world of non-traditional
sources of flammable gases. The value of methane as an
alternative fuel is significantly higher than conventional
natural gas due to the fact that gas produced from coal
contains 98 % of pure methane and is not contaminated
with sulfur and heavy hydrocarbons. It requires hardly
any pre-treatment and can be used directly in the pro-
duction site.

The objective prerequisites for the organization and
development of commercial production of coal bed
methane in Kazakhstan are huge gas resources in coal
deposits, the high concentration of methane in the
amounts and on the squares spread of coal-bearing stra-
ta, as well as a well-developed infrastructure and large-
scale consumers of gas in the vicinity of the mining sites.

Searching for the eco-friendly energy resources, im-
proving the environmental situation in Kazakhstan, in-
creasing energy security, and the need to take measures
to ensure the safety of coal production develop a state-
ment of research objectives, the development and use of
modern and efficient technologies for industrial coalbed
methane production.
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The presentation of the main research. Methane coal
deposits are specific: methane reservoirs in the physical
and physicochemical properties are different from con-
ventional reservoirs of natural petroleum gas (Table 1)
[6]. The main difference of compared collectors is in
fundamentally different ways of finding them, and the
kinds of gases in the “natural gas-porous body” system.

Modern conceptions of methane and coal commu-
nication are based on theoretical positions and experi-
mental physical chemistry, synthetic and natural sor-
bents. The major amount of coal seams gas is in physi-
cally and chemically bound state: mainly in the form of
a solid solution (absorption), in a condensed form on
the pore surface (adsorption) and condensed in the
pores supramolecular. The phenomenon of the sorption
of methane in coal is caused by the presence therein of
micropores. The micropores, with a very small amount
of them (comparable with the volume of the methane
molecule) is an area of influence of the sorption forces.
These micropores and gas in the intermolecular space of
coal substance (solid solution of coal and gas) determine
the basic amounts of of methane in coal seams. Con-
necting micropores and cracks are effective pore space
of coal, in which complex physical and chemical pro-
cesses occur.

In contrast to the oil and gas reservoirs, the majority
of coal seams have lower values of natural porosity and
filtration and diffusion permeability. The decisive role in
the formation of the porous structure of coals is played
by the original coal-forming material conditions for the
accumulation of crop residues, gels dehydration condi-
tions, as well as secondary processes related to meta-
morphism of coal and folds forming processes. Typical
coal bulk porosity is more than 1 % and is mediated by
cleavage of the space, wherein coal permeability is as-
sociated with cleavage space which is from 0.001 to
100 mD.

In accordance with modern concepts, a coal seam
has a low permeability fractured block, that is, having a
basic primary porosity, matrix (mineral skeletal) and a
much smaller secondary porosity of the matrix (skeletal)
of coal — crack, an environment with a huge anisotropy
properties (Fig. 3). Coal aracturing has cleavage charac-
ter when there occurs separation, dismemberment of
coal, that is rock partibility by densely developed system
of small cracks in the plates, fibers, lenses, bars, etc.

The character of fracture depends on the endoge-
nous and exogenous factors. Such cracks are formed
during coalification; moreover, due to the removal of
water the volume of the matrix decreases and orthogo-

Table 1

Comparative characteristics of coalbed methane collectors and conventional gas collectors

cracks

Characteristics Traditional gas Coal bed methane
Arogenesis Gas is formed in the rock, and then migrates The gas is formed and trapped in coal
within the reservoir
Structure Mostly open macropores. Randomly dispersed | The system of macro-, meso- and micropores.

Equally spaced cleats

Gas conservation

Compression

Adsorption

Transport mechanism

Laminar flow under a pressure gradient
(Darcy's law)

The diffusion flux in the coal matrix caused by the
concentration gradient (Fick's law of diffusion)
and pressure gradient (Darcy's law)

Recovery enhancement

Starts at high speed of formation, and then
falls. Weak returns requires waterinitialization

The gas velocity increases with time and then
decreases. Mining is initialized mainly by water

The phase state of gas

Free and water-soluble

Sorbed

Gas storing

Gas storage in micropores. The real gas law

Gas storage by adsorption on the surfaces of
micropores

Mechanical properties

Young's modulus of ~ 10°. Compressibility at
the expense of pores ~ 107

Young's modulus ~ 103. Compressibility at the
expense of pores ~ 107

The gas content

The gas content of the well log data is obtained

The gas content of the well core material is obtained

Gas-water ratio

The ratio of gas to water decreases with time

The ratio of gas to water increases over time with
the subsequent steps

Type of a collector rock

Inorganic rock of collector

Organic rock of collector

The pore size

Macropores from 1 mc to 1 mm

The micropores of 4 mc to 80 mc

Collector- parent rock
relation

The collector and the parent rock are indepen-
dent

The collector and the parent rock are the same

The dependence of The permeability is independent of the stress Permeability is very strongly dependent on the
permeability stress
Permeability and Porosity and permeability do not significantly Porosity and permeability vary significantly
porosity properties change during the gas production during gas production
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Fig. 3. Coal structure and mechanism of CBM extraction

nal cleavage fractures are formed. Major cracks have an
extended character that allows them to provide fluid
movement to an open surface, while the perpendicular
cracks are perpendicular to the main cleats and are also
called the secondary cleavage (Fig. 3). Thus, cleavage
fractures provide a level of coal permeability.

In asingle determination, made in the vitrinite of the
Karaganda coal, open porosity was 15 %, with an aver-
age being 9—10 %. Studies performed earlier by Akim-
bekov A. K. and Makhov A. A. in KSTU calculated per-
meability values of change from 0.05 to 5.85 - 102 mD
depending on the depth of the coal seams. However,
studies in Sherubaynurinsky area in 2015 provided very
encouraging data on the permeability of the coal seams
of Karaganda suites, varying from 10.7 to 15 mD. One
cannot help emphasizing the important fact that many
publications clearly confirm the high gas permeability of
the coal seams in the US compared to the coal basins of
the CIS countries, which explains the high production
rates of wells and economically successful experience in
coalbed methane production.

The above mentioned leads to the conclusion that
the gas permeability of coals in natural conditions de-
pends on the macrostructure of the coal seam, the de-
gree and nature of the filling of the filter pore volume of
the natural moisture, on the methane pressure gradient
and on the characteristics of rock pressure; coal array
has a network of fractures and the matrix, the matrix ac-
cumulates volume of gas, the matrix has low permeabil -
ity, the permeability and porosity of coal are caused by
the cleavage; in an intact coal filter array, a carbon skel-
eton has a high resistivity and relatively low permeabili-
ty, therefore, the coal seam permeability largely depends
on the integrity of the array. “Methane-coal” system is
characterized by a certain binding energy representing
the energy difference between methane and coal and en-
ergy in combination of the same substances, when they
are infinitely distant from each other. In a real collector,
transition processes of gas from coal structure to the un-
bound state last over six months. That is to say, even
provided sufficiently effective unloading of the reservoir,
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there remains a “gas barrier” in the transition zone con-
necting the methane associated with the coal structure,
and microcracks, wherein the gas moves in the unbound
state.

The strength of these ties is considerably weakened
by external, energy impact on coal. This indicates that
the “gasbarrier” has certain energy and can be destroyed
by directed external influence. In particular, by conven-
tional hydrofracturing (fracturing) unloaded coal seam
through the borehole from the surface up to 60 % of
methane contained in the coal seam at a radius of
120 meters from the well can be removed.

Modern concepts of the relationship of methane and
coal are based on theoretical positions and the results of
experimental studies in the field of physical chemistry.
Because of the existence of a CBM reservoir solid solu-
tion, which can contain up to 80 % of the gas, it follows
that the equilibrium system consists of only one phase.
Therefore, with the help of external radiation it is pos-
sible to provide conditions of destabilization of equilib-
rium.

Thus, most of the gases contained in coal seams in
the natural environment, cannot be considered gases in
the strict sense, as they do not obey the gas laws being
bound; and only those that are in the coal in the un-
bound state, are. Being in a bound state the “future”
gases cannot mplement their internal energy until they
are in a free phase, and this requires the gas pressure to
decrease or the coal, saturated with gas, to be able to
expand. Consequently, the gas showing processes in
mining operations in the vast majority are the result of
anthropogenic impact.

In this case the porosity of coal does not only deter-
mine their properties as a reservoir of methane, but also
as a source of gas recovery fracturing and stress-deform-
able solid natural sorbent. In this connection, evalua-
tion of coal substance as a source of commercial pro-
duction of methane from the surface of the wells should
not be based on the general geologic formations of
methane resources, but at commercially recoverable.
The main factors determining the composition of the
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natural gas in coal seams, the amount of general and
perspective for independent commercial of its produc-
tion are: the degree of metamorphism of coal, the value
of natural gas permeability and gas content of coal, nat-
ural degassing processes deposits, the value of the natu-
ral gas pressure in the formation and sizes of the zone of
spread of gas deep into subsurface from the surface
weathered zone. One should also take into account the
features of geodynamics of geological carboniferous
structures and arrays, which are the regional determi-
nant factor of developmentof the natural fracturing and
permeability of coal seams; moreover, they cause the
possibility of using technological methods for increasing
the permeability reservoirs, intensification (activation)
of gas recovery. Experience of coal and gas mining of the
US, Canada, Australia, China and other countries has
shown that the use of highly efficient technologies of in-
tensification of gas recovery of coal seams (hydraulic
fracturing, pulse pneumatic and hydrodynamic effects
on the coal seam in an open hole — cavitation, etc.) con-
tributed to obtaining high production rates of commer-
cial wells extracting methane and up to 80 %.

The world experience and relative comparison of
geological and structural conditions, quality and meta-
morphism of coals of the Karaganda basin productive

areas and the US coal basins (San Juan) and Russia
(Kuznetsk), where projects of methane extraction from
coal seams are successfully implemented, showed the
occurrence of such areas in the Karaganda basin that are
similar to the above-mentioned fields regarding geologi-
cal and productivity criteria such as coal thickness and
coal-bed methane, methane concentration of resources;
this gives grounds to refer the coal basin to promising
ones for the development and implementation of the
project of extracting methane of coal beds (Table 2) [2].
The Karaganda basin is considered to be one of the most
gas-bearing in the world. Origin of hydrocarbon gases in
the Karaganda basin is connected with regional meta-
morphism of coal. Coals are characterized by high natu-
ral methane content of 25—35 m?/t, which is proved by
a large volume of gas sampling (1700 samples). The
highest gas content occurs in different layers of Ash-
lyarikskaya and Karagandinskaya suites. At depths of
about 400 m in the Karaganda basin in the main reser-
voirs, Karaganda suite quantity of gas reaches
22-25 m’/t, increasing in Sherubaynurinsky and Ten-
teksky areas up to 25—27 m?/t. Gas weathering zone in
this area is at a depth of 120—175 and 130—160 m, re-
spectively. Coalbed methane increases with the depth of
their occurrence.

Table 2

Comparative analysis of geological and technological parameters of CBM fields prospects for commercial
production of methane from coal seams

Assesment criteria The Karaganda basin The San Juan basin (USA) The Kuznetsky basin (Russia)
(Kazakhstan)

Geological age Carbon Mel-Paleogene Carbo-Permian

Area 3.6 - 10° km? 19.5 - 10° km? 26.7 - 10° km?

Tectonics Gently dipping coal seams | The coal seams are Diverse structural conditions of occurrence
up to 10—25° with a slight | sustained over a large area of coal seams: the broken folds of numerous
development of faults. and usually feature quiet, breaks in the northern part of the basin, the
Overall, two-thirds of the | almost horizontal bedding | shortest linear folds with steep rocks bedding
reserves are located in the | ofupto 1° complicated by thrusts and reverse faults in
basin areas of relatively the extreme western part, intact bracha folds
simple tectonic structure in the center and sloping monoclinal

occurrence in the southern part of the basin

Carboniferous 80 coal seams X capacity 6 coal seams 135coal seams X up to 350 m
ofupto 110 m 2 capacity of up to 34 m

Petrographic G, Zh, K, OS D, G,Zh, K D,G,Zh, K,0S, T, A

composition

The reflectance of Vitrinite Vitrinite Vitrinite, fyuzenit

vitrinite

Permeability 0.77-1.3 % 0.7-1.5% 0.6—3.0 %

Methane content Upto 15mD Up to 50 mD Up to 80 mD

Coal reserves Up to 35 m’/t. Up to 20 m?/t. Up to 30 m?/t.

Methane Resources | 33.4 billion tons 200 billion tons 524 .4 billion tons

resource assesment

Petrographic 1 trillion m? 2.4 trillion m? 13.1 trillion m?
composition
The depth of 1800 m 1980 m 1800 m

The resource density

400—800 mln m?/km?

300—1000 mln m?/km?

500—3500 mln m?/km?
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Evaluation of coalbed methane resources, made by
the results of the study of gas-bearing coal seams in the
exploration of coal deposits of Kazakhstan scientists, as
well as on the basis of many years of research scientists
of Karaganda M.A.Yermekov, N.S.Umarhodzhieva
has been confirmed by the world’s largest specialists.
Kazakhstan has huge potential resources of methane
from coal deposits and its reserves of more than § tril-
lion m? which put us on the 9th place among the coun-
tries that have coal reserves. Therefore, the Karaganda
basin is not only a coal basin, but also a major coal mine
methane with the specific conditions of distribution
methane in the coal-bearing strata.

Taking into account the large areas and large reserves
of methane, exploration and extraction of coal bed
methane must be initiated timely which could realisti-
cally solve the energy problems by 2020, not only in the
Karaganda region, and become alternative gasification
of all the Central Kazakhstan

The development of CBM fields in Kazakhstan will
allow:

- radically improving the safety of mining operations
that will reduce deaths and injuries at work underground
and in the long run making it possible to increase pro-
duction of coking coal;

- producing 3—4 billion m? of methane per year, and
providing all the needs of Central Kazakhstan and As-
tana city for gas for over 50 years and can be a basis for
the development of new energy industry;

- using coal bed methane in the industries to produce
electricity by burning it in mobile gas power plants, boil-
ers. CHP (experience of using methane in the boiler is
available in Karaganda); for domestic purposes for cen-
tralized maintenance of the population and retail as fuel —
gas in the apartment and as a fuel for motor vehicles; in
the metallurgical industry and chemical industry for use
as a fuel, and in the production of synthetic materials;

- reducing the environmental component by de-
creasing the amount of gas emitted into the atmosphere.

Conclusions. All this confirms that the organization
of large-scale production of coalbed methane is a mod-
ern, socially necessary and environmentally feasible
project. However, in order to make mining of coal bed
methane a new dynamic sector of the country, as well as
to attract investment into the industry from abroad, it is
necessary to develop a National Program of coal meth-
ane industry in Kazakhstan, which will provide conces-
sional taxation, investment preferences and other events
be within the framework of state support.
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Mera. [lonepenHst olLliHKa pecypciB MeTaHy BYTijlb-
HUX TacTiB. OOrpyHTYBaHHSI aKTYaJbHOCTI PO3BUTKY
MaJIMBHO-EHEPreTUUYHOTo KoMruiekcy Pecryonmiku Ka-
3aXCTaH Ha OCHOBi BUBYCHHSI Ta BUKOPUCTaHHS HeTpa-
TULIAHUX Kepes eHepreTUYHOI CUPOBUHMU, CEPel TKUX
OJIHUM 3 HAMBaXKJIMBIILIMX € METAH BYTiLJIbHUX TJIACTIB.

Metoauka. MeToaM4YHOIO OCHOBOIO OYB 30ip, aHa-
JIi3 1 y3araJbHEHHS pe3yJbTaTiB CBiTOBOTO HOCBILY
MPOMUCIIOBOTO BUNOOYTKY METaHY BYTiJIbHUX IUIACTIB 3
BU3HAYCHHSIM XapaKTEPUCTUK KOJECKTOPiB METaHY BY-
TiIBHUX MJIACTIB Y MOPIBHSIHHI 3 TPaOIULIIMHUM Ta30M i
T€0JIOTO-TeXHOJIOTIYHUX ITapaMeTPiB ITePCIIEKTUBHOCTI
METaHOBYTIPHUX POXOBUIIL IJISI TIPOMUCIIOBOTO BUIO-
OyTKY METaHy.

PesyasraTu. [IpencraBieHo aHaji3 CBITOBOI Ta Bi-
TYU3HSHOI JIiTepaTypu 3 MUTaHb JOCBiTY PO3POOKHU Me-
TaHy BYTIbHUX TIACTiB. PO3IIAHYTI MUTaHHS TEXHO-
JIOTi1 BUJIYYEHHSI METaHy, OL[iIHKM pecypcHOl 0a3u By-
rutbHUX popoBull Pecryosiku Kazaxctan. O6rpyHTO-
BaHa JOLIIBHICTh MPOMUCIOBOTO BUTOOYBaHHS MeTa-
Hy B KaparanauHncwkomy Gaceiini. [TpoBeaeHo nopis-
HSJIbHUIA aHasli3 i 3iCTaBJIEHHS T€O0JOTIYHUX Mapame-
TpiB ByrinbHuUx ponosuil Pecnybnmiku Kazaxcran ta
IHIIMX KpaiH, A€ YCIIIIHO peali3yloThCsl MTPOEKTU BU-
J0OYTKY METaHy BYTiJIbHUX ILIACTIB.

HaykoBa HoBu3Ha. [lonsirae B HacTyImHoOMy:

- BCTAHOBJIEHi BiAMiHHOCTiI B YMOBax 3HaXOMXKEHHS
Ta MepeMillleHHS IPUPOAHUX ra3iB y TpaauIIiiHUX I10-
POBMX i TPIIMHHUX KOJIEKTOpaX Ta METaHY y BYTUIbHUX
IiacTax, 1o CIPUYMHSIOTH BiIMIHHOCTI TE€XHOJOTIi
PO3BiIKM i PO3pOOKU TpaAULIIMHUX FrA30BUX i METAHO-
BYTiJIbHUX POJOBUILL;

- BU3HAY€Hi 0OCOOJIMBOCTI Ta KPUTEPil MPOMUCIOBOL
3HAYYILIOCTI PecypciB METaHy BYTLIbHUX IUIACTIB IJIsI
IIPOMMCIIOBOTO BUIOOYTKY;

- OOrpyHTOBaHi O0'€KTMBHI YMOBU IT€pCIIEKTUB-
HOCTi PO3BUTKY T€XHOJIOTi# i BUTOOYTKY METaHy 3 BYy-
rinbHuX 1iactiB y KaparannuHcbKkoMy 6aceiiHi.

IIpakTuna 3HaumMicTh. [lossirae y cTBOpeHHi B
Pecny6ini Kazaxcran HOBOi ra3oBUI00YBHOI rajy3i,
3aCHOBAHOI Ha KOMIUIEKCHOMY OCBOEHHI Ta30HOCHUX
BYTiIJIbHUX POMOBMIIL, JJISI BUPILLIEHHS LiJIOTO PSIIy CO-
LialbHUX, EHEepPreTUYHUX 1 EKOJOTIYHUX MpodJeM
LentpansHoro Kazaxcrany.

Kimouosi ciioBa: meman, gyeinvhuil naacm, deeazayis,
nepcnekmusu 6udoOymKy, npomucaoge GUKOPUCMAHHS,
Memanobesnexa, 2azogiodaua
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Hean. [TpexBapuTebHas OIICHKA PECYPCOB METaHA
YTOJBHBIX TUTACTOB. OOOCHOBaHME aKTyaTbHOCTH pa3-
BUTHUSI TOIUIMBHO-YHEPreTMYECKOro KoMmIuiekca Pe-
cryonuku KaszaxcrtaH Ha OCHOBE U3YYCHMS U UCTIONb-
30BaHUs HETPAIMIMOHHBIX UCTOYHUKOB dHEPreThye-
CKOTO CBHIPbSl, CPeId KOTOPBIX OJHUM U3 BaKHEMIIMX
SIBJISICTCSI ME@TaH YroJIbHBIX IJIaCTOB.

Mertoauka. MeToauueckoil OCHOBOI ObLT cOOD,
aHajau3 1 0000lIeHUEe Pe3yJIbTaTOBMUPOBOIO OIbITA
TIPOMBIIIJICHHOM JOOBIYM METaHa YTOJBHBIX TUIACTOB C
oIpe/ieJIecHUEM XapaKTepUCTHK KOJIIEKTOPOB MeTaHa
YTOJIbHBIX TIJIACTOB B CPAaBHECHMY C TPATUIIMOHHBIM Ta-
30M U TEOJIOTO-TEXHOJIOTMIECKUX ITapaMEeTPOB IIep-
CIIEKTUBHOCTH METaHOYTOJIBHBIX MECTOPOXICHUI IS
TPOMBICIIICHHON TOOBIYM METaHa.

Pesyabratsl. [1pencraBieH aHanM3 MUPOBOI U OTEYE-
CTBEHHOM JIUTEPATYpPHI ITO BOIIPOCAM OITbITa pa3pabOTKU
MeTaHa yroJIbHBIX I1acCTOB. PaccMOTpeHbI BOIPOCHI TeX-
HOJIOTMM W3BJICYEHUST ME€TaHa, OLIEHKU PECypCHOM Oa3bl
YToJIbHBIX MecTopoxkaeHuii Pecnyonuku KazaxcraH.
O0ocHOBaHa 11eJeCO00Pa3HOCTh MPOMBILILIEHHOTO W3-
BiedyeHust MeTaHa B Kaparannuuckom 6acceiine. [Tpose-
JICH CPaBHUTEIbHBIN aHAJIN3 U COTIOCTaBJICHNE Te0JIOTH-
YEeCKUX TTapaMeTPOB YTOJIBHBIX MEeCTOPOXIeHNI Pecrry-
oy KasaxcTad u Ipy3ux CTpaH, TIe YCIICITHO Peatr-
3YIOTCSI TIPOSKTHI JOOBIYM MeTaHa YTOJIBHBIX IIACTOB.
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Hayunas HoBu3HA. 3aKJTI0YaeTCs B CJAEAYIOLIEM:

- YCTAHOBJIEHBI PA3IUUMS B YCIOBUSIX HAXOXAEHUS
U TIepeMelleHNsT TPUPOAHBIX Ta30B B TPaAULIMOHHbBIX
MOPOBBIX M TPELIMHHBIX KOJUIEKTOpaX W MeTaHa B
VTOJBHBIX ILIacTaX, MNpeAoNpeAcsiolne pa3indus
TEXHOJIOTUI Pa3BeIKU U Pa3pabOTKM TPaTUIIMOHHBIX
ra30BBIX I METAHOYTOJIBHBIX MECTOPOKICHUIA;

- onpeaeeHbl 0COOEHHOCTU U KPUTEPUU IMTPOMBILI -
JICHHOM 3HAaYMMOCTH PEeCYpPCOB METaHa YTOJIbHBIX ILIa-
CTOB IIJIST IPOMBICJIOBOI TOOBIUM;

- 0DOCHOBaHBl OOBEKTHUBHBIC YCJIOBMSI MEPCIEK-
TUBHOCTU Pa3BUTUSI TEXHOJIOTUI M TOOBIUM METaHA U3
YroJIbHBIX T1acToB B KaparaHauHckoM 6acceiiHe.

IIpakTHyeckasa 3HAYUMOCTb. 3aKJIIOYAETCS B CO3-
naHuu B Pecriyonuke KazaxcraH HOBoO#t razono0ObiBa-
Io1ei OTpaciv, OCHOBAaHHOM Ha KOMILJIEKCHOM OCBO-
€HUU Ta30HOCHBIX YTOJbHBIX MECTOPOXIAEHUM, s
peIIeHMS LIEJIOTO PSIIa COITUATBHBIX, SHEPTeTUUECKUX
U 2Kojoruyeckux mpodbiem llenTpanbHoro Kazax-
cTaHa.
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ASSESSING THE PROSPECTS OF CARBONIFEROUS ROCKS
OF THE SOUTHEASTERN PART OF THE DNIEPER-DONETS BASIN
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OITTHKA MEPCITEKTUBHOCTI KAM’SHOBYTJILHUX TOBIIT
MBAEHHO-CXITHOT YACTUHM JTHITTPOBCHKO-TOHEITLKOI
3ATMTAZIMHU HA TIOKJIAIU TA3Y HETPAIUIIIITHOTO TUITY

Purpose. The study of the thermal maturity of organic matter-rich coal strata of a transition zone between the
Dnieper-Donets depression and Donetsk folded structure to assess their gas generation potential and prospects of gas

content assessment.

Methodology. The use of mathematical and statistical system for analysis and evaluation of katagenetic and ther-
mal maturity of organic matter. Forecasting oil-gas strata distribution according to contents of organic matter and

vitrinite reflectivity of core samples in the study area.

Findings. The thermal maturity of the studied species corresponds to the main phase of gas generation based on
application criteria and predictive signs, supplemented by statistical data on vitrinite reflectivity depending on the
depth. The most favorable depths for generation and location of unconventional gas reservoirs are defined.
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