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FORECAST OF METHANE EMISSION FROM THE UNDERMINED
COALROCK MASSIF

Purpose. To develop an algorithm of forecasting the methane emission from the undermined coalrock massif according to the
data of coal production, the values of absolute methane content of a mine and indexes of the methane-bearing capacity of coal
beds that are developed.

Methodology. Statistical processing of actual data concerning the methane-bearing capacity of coal beds that are developed as
well as the volumes of methane emission and coal production. Based on the obtained stable values of the specific methane emis-
sion and the volumes of coal production, the total volumes of methane entry are calculated, and with the exception of methane
release from the coal beds, the volumes of methane entry from the coalrock massif are estimated.

Findings. The algorithm of forecasting the quantity evaluation for methane emission from the undermined coalrock massif in
operating coal mines is developed. Data analysis 10 years concerning the methane emission while coal beds mining at “Pivdenno-
Donbaska-1" and “Pivdenno-Donbaska-3” mines has been carried out for. An algorithm has been developed for the forecasting
factor of methane emission from the undermined coalrock massif, which consists in establishing generalized values of methane
emissions into a mine, calculating specific methane emissions from coal, based on the natural and residual methane bearing ca-
pacity of coal beds that are developed and a rough estimate for the amount of methane emission from the rock massif containing
working coal beds.

Originality. The algorithm for quantitative estimation of methane emission separately from the undermined coalrock massif
was developed for the first time, and examples of its practical application by calculation of mining and geological data at “Piv-
denno-Donbaska-1" and “Pivdenno-Donbaska-3” mines are presented.

Practical values. The developed algorithm for calculating methane emission from the undermined coalrock massif can be used
to forecast the methane emission of operating and closed mines in order to evaluate the possibility of its practical industrial pro-

duction.

Keywords: coal mines, undermined coalrock massif, methane emission, emission forecast

Introduction. At present one of the main problems of the
national economy in Ukraine is energy supply, first of all, by its
own hydrocarbon feed. The limited energy resources and their
uneven distribution in the world have raised the issue of energy
security to the level of the most important tasks facing any
state. A number of conditions are necessary for the successful
implementation of energy independence, one of which is the
availability of a country’s own resources and strategic reserves.
Ukraine is one of the countries in the world that has reserves of
all types of energy resources (oil, natural gas, coal, peat, ura-
nium, and others), but the reserves-to-production ratio, their
production and usage are different and in total they do not
form the adequate level of energy security. Since today Ukraine
largely depends on the import of energy resources, primarily
natural gas, the priority for our country is to find new sources
of energy supply, including gas from unconventional deposits
[1].

The difficult situation with energy carriers in Ukraine re-
quires the involvement of possible additional reserves. In par-
ticular, methane reserves in “Pivdenno-Donbaska-3” mine
field are 3.5 million cubic meters, and the annual production
experience is 3.6 million cubic meters at Lavretiivska dome
structure, at the same South-Donbas geological-industrial
district of Donbas, it attests to the high potential future con-
cerning the methane accumulations presence in the coalrock
massifs at mines of this district, in general, and sand collectors,
in particular. Confirmation in the prospects of the coalbed
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methane involvement into the fuel and energy complex, which
is located in the mountain group, is the balance of its distribu-
tion, presented in paper [2], with reference to the analysis of
M. V. Zhykalyak data, where it is indicated that the methane
reserves in the rocks of the coal-bearing strata are 82.1 % of the
total reserves. Since the search for deposits in traditional geo-
logical structures, previously being considered as promising,
currently, they are almost completed, prospects of overcoming
the shortage of hydrocarbons may be associated with sources of
non-conventional type, in particular, coal methane [3].
Ukraine has significant methane resources of coal deposits,
which according to the specialists’ research are several trillions
of cubic meters [ 1, 4]. However, at present, the volumes of pro-
duction and use of this energy source are insignificant; they do
not exceed several tens of millions of cubic meters. Whereas in
economic terms leading countries in the world (the USA, Ger-
many, the UK, Australia) attract hundreds of millions and even
billions of cubic meters of coal gas to the energy sector, includ-
ing coal bed methane (CBM), coal mine methane (CMM),
extraction of which is carried out by methods of current degas-
sing, gas from worked longwalls and closed mines (CAM —
coal abandoned methane). The practice of carrying out such
works abroad confirms the prospects, economic, and environ-
mental efficiency of its production and disposal. Thus, in the
United States since 2010, methane production in coal deposits
reaches at least 60 billion cubic meters per year, which is more
than 10 % of the total dry gas produced [5]. The extraction of
coal methane also contributes to the safe conduct of mining
operations [6, 7] and to the improvement of the ecological state
of the environment [8, 9] by reducing harmful emissions into
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the atmosphere [10]. Most of the scientific papers concerning
the coal methane release are devoted to the evaluation of the
overall scope of harmful emissions [11, 12].

The problem-solving in the efficient usage of methane in
coal deposits depends on the research on conditions of its dis-
tribution in the coal-bearing strata [13]. In order to ensure safe
working conditions at the existing gas coal mines, constant
monitoring of the gas regime is carried out, including both
measuring the qualitative composition of the gas-air mixture
and quantitative determination of methane release at specified
intervals in individual sections of the mine field. Over the long
period of the mine operation, a large real-data file on changes
in its gas regime is collected, which, depending on the scope of
generalization by time (minutes, days, months, years) or space
(longwall, section, horizon, mine), can be used for retrospec-
tive analysis of the impact of various mining and geological
and mining-engineering factors on the formation of methane
emission sources, as well as forecasting evaluations of the
quantitative characteristics of methane flow [14].

The specificity of methane coal deposits lies in the fact that
the main gas-bearing rocks — coals and sandstones — are prac-
tically impermeable, so methane in them is mainly in a weakly
bound or immobile state [15]. The stability of the water/gas
ratio indicates the presence of the so-called “scattered” gas-
water contact. Low permeability values of Donbas sandstones,
which are the average hundredth or thousandth of a millidarcy
prevent the gas-water redistribution, i.e. the formation of
“concentrated” gas-water contact (which one should mean
the classical essence of the “gas-water contact” term from the
viewpoint of petroleum-gas geology), and as a consequence,
gas concentrations in significant volumes in the form of clus-
ters suitable for industrial production.

The formation of gas deposits in coal-bearing strata can
occur due to the gas redistribution in the coalrock massif when
natural or technogenic factors increase the mobility of meth-
ane in the system and promote the activation of its migration
[15]. Methane release can occur, for example, due to tectonic
processes, when cracking that emergences in the decompres-
sion zone increases the permeability of coal-bearing rocks,
disturbs the stable balance in the “water-gas” system in the
rock massif, supports the formation of zones or individual ac-
cumulations of methane, differing from background methane
distributions not by volumes, but by increased crack-pore or
crack gas permeability.

Processes of migration, accumulation and conservation of
methane are closely related to the complex interaction and
mutual impact of single phases (water and gas) in the “water-
gas” system in the rock massif. Model [15] in the existence of
the “water-gas” system, based on the mutual impact of its
components (water and gas), depending on their quantitative
ratio in the rock massif, allows us to understand the mecha-
nism of formation and conservation conditions of gas deposits,
as well as theoretically quantify parameters of water and gas
saturation of reservoir rocks and rocks that shield gas deposits.
The condition for the existence of a gas deposit in sandstones
is the presence in the pores of at least 50 % of the gas at the
appropriate pressure. At high values of natural humidity, when
the degree of moisture pores filling (water saturation) is more
than 50 %, the ability of the bed to be a reservoir is determined
by the ratio of bound and free water. With a residual water
saturation close to the equilibrium saturation of both phases
for a given rock (more than 75 % for sandstones), the bed can
be characterized by its properties as a fluid seal. The reservoir,
in turn, can be potentially gas- or water-saturated, in the latter
case, we can talk about areas of possible high water inflows.
Gas deposit in the rock massif can be formed when the amount
of bound water (residual water saturation) does not exceed
50 % and the impact of external factors creates conditions for
the water-gas separation.

The process of disturbing the natural equilibrium of the
“water-gas” system with the subsequent formation of the tech-

nogenic gas deposit in the coal massif can occur as follows:
during the under-mining of sandstones, they are unloaded
from the rock pressure, subside, broken by cracks. As a result
of these processes, the permeability of sandstones increases
sharply, large volumes of methane become mobile, they are
directed to the mine workings and to the borehole bottom pre-
viously drilled from the mine workings or from the daylight
surface. In this case, methane is released from technogenic ac-
cumulations that have formed in the process of sandstones un-
derworking due to the increase in their permeability through
the cracking. The formation of technogenic gas accumulations
is associated with the formation of “concentrated” gas-water
contact. In the area affected by technogenic cracks, which
promote the connection between the pores in the sandstone,
the gas tends to occupy a hypsometrically higher position, and
water — a lower one. This process can be observed during the
under-mining of degassing well drilled from the surface. Pure
gas is first emitted from the well. This is the initial period of
crack/fracture formation, when the free gas from the pores of
sandstone, as more mobile and having a much lower viscosity
than water, is directed by crack/fracture to the bottom of the
well. Then for some time, a mixture of gas and water is taken
out of the well. This corresponds to the period of intense
cracking and the formation of a “concentrated” gas-water
contact from the “scattered” one. Then it is time for the period
of completion in the formation of the “concentrated” gas-
water contact and the formation of technogenic accumulation
of methane. It is characterized by intense methane gushing
from the well.

In the given scheme in formation of technogenic gas ac-
cumulations, the determining factor is the process of decom-
paction and crack/fracture formation, which is associated with
under-mining of rock massif by workings, i.e. the geomechan-
ical factor that causes increased gas saturation (a degree of fill-
ing pores with gas) by increasing the volume of pore space,
when the gas first acquires greater permeability and mobility
and goes to the place of decompaction (less pressure).

Conventionally, the methane emission into the mine can
be divided into two components: the methane flow associated
with coal production and the methane release from the ex-
posed surfaces of mine workings, not related to coal produc-
tion. The first component reflects the methane flow into the
mine workings from the loosened coal and from the rock mas-
sif, which is under the dynamic impact of the process in min-
ing activity conducting and coal production. This component
is determined by the specific methane content and changes in
direct proportion to the volume of coal production. The sec-
ond component demonstrates the drainage of methane from
the surfaces of mine workings at the minimal dynamic impact
of mining operations and in the absence of coal production
works.

Paper [14] proposes a method for estimating the static
methane potential for mines are being closed. The presence of
correlation relationship between the values of annual coal pro-
duction and the absolute methane content of the mine (an-
nual methane emission), by multi-years measurements, allows
us to use the obtained dependence to forecast the possible vol-
umes of methane release according to the planned coal pro-
duction data. Moreover, in the case of its extrapolation to-
wards the reduction of coal production, up to the complete
cessation, it is possible to determine the static methane con-
tent index, which generally characterizes the annual methane
flow to the mine workings in case of coal production absence
[16]. Fig. 1 schematically shows how the absolute methane
content changes with an increase in the volume of produced
coal (straight line AB). The relative methane content at point
Bis defined as the ratio of BFto OF or as the ratio for the base
of trapezoid (OEBF) BF to its height OF. At point A, the rela-
tive methane content will correspond to the ratio of OD to AD,
and at point £, when coal production is zero, it will tend to an
infinitude, like OE/0 — . In the meantime, methane, al-
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Fig. 1. Schematic (generalized) graph of dependence of abso-
lute methane content of the extraction district on the volume
of coal production [16]

though in small volumes, continues to be released into the
mine workings even in the absence of coal production works,
as is evidenced not only by the theoretical position of point £
schematically (Fig. 1), but also the graphs constructed in line
with actual data [16].

It is this index (stable methane content), obtained with the
help of the established dependence, and allows us to evaluate
the static methane potential of the mine. Thus, the concept of
static methane potential is defined as a generalized quantita-
tive characteristic that allows forecasting the probable volumes
of methane flow into the mine workings and evaluating the
prospect of its excavation after mine closure.

However, in some cases, where there is a sharp increase in
methane content, static methane potential may take a negative
value, which prevents it from being used as an estimated figure.
The same uncertainties can arise when using Q,, index — static
methane content — proposed in paper [16] for analyzing meth-
ane emissions according to the methane content data con-
cerning the methane content of the extraction district. More
stable and always positive is Q, index — specific methane con-
tent — proposed in the same work, which characterizes the
methane emission rate per unit time of coal production for
1 ton.

However, as it was shown in [16], the application of “rela-
tive methane content” index, which is normative, is impossi-
ble for forecasting because it has an inverse dependence on
coal production, and in the case of extrapolation of its values
towards the reduction of coal production, the value methane
emissions are increasing. The value of any index of methane
content does not allow separating methane emissions by
sources of flow. Moreover, reliable forecasting of total meth-
ane emissions into mine workings based on the established
dependencies between volumes of gas delivery and coal pro-
duction significantly depends on the value of correlation coef-
ficients between these indices. So, one of the purpose of this
article is the search for the methodological approach to fore-
cast the methane release with the definition of the main sourc-
es of its flow. The idea of the study involves using data on long-
term monitoring of methane and coal production collected at
mines, establishing stable values of specific methane emissions
on their comparison, and forecasting methane emissions from
various sources, which takes into account the natural meth-
ane-bearing capacity of coal, which has been determined at
the geological exploration stage.

The absolute methane content data of the mine give evi-
dence of the total ingress of gas into the mine, but do not divide
methane volumes by gas-emission sources. The coal bed that is
developed and the coalrock massif that contains it are the main
sources of methane emission into the mine. Moreover, a part of
methane emissions from the coalrock massif may be too sig-
nificant. So the task that remains unresolved is to forecast
methane emission from the coalrock massif separately from
methane release from the coal beds that are developed.

The purpose is to develop an algorithm for forecasting the
methane flow from the undermined coalrock massif consistent
with coal production, the value of the absolute methane con-
tent and the methane content indexes of coal beds that are de-
veloped.

Methods. Statistical processing of actual data concerning
the methane-bearing capacity of coal beds that are developed
at the mines of the South-Donbas geological and industrial
district of Donbas, as well as volumes of methane releases and
coal production in these mines for ten years of their stable op-
eration, presented in [17] are carried out. Methods of mathe-
matical statistics, in particular correlation-regression analysis,
were used to process experimental data. To forecast the total
volume of methane flow into the workings of existing or closed
mines, it is necessary to use stable values of specific methane
emissions, i.e. volumes of methane flow per ton of extracted
coal. To take this into account, the values of specific annual
methane emissions were analyzed by comparing the ratio of
successively accumulated over the years volumes of coal pro-
duction in mines and volumes of methane emissions in “Piv-
denno-Donbaska-1" and “Pivdenno-Donbaska-3” mines.

Information about the ash content and coal humidity at
“Pivdenno-Donbaska-1" and “Pivdenno-Donbaska-3” mines
were also used. It was obtained at the stage of geological explo-
ration, which allowed determining the natural and residual
methane-bearing capacity of coal, and consequently, calculat-
ing more accurately the volumes of methane flows from the
coal beds that are developed, in particular the value of specific
methane emission from the coal beds. On the basis of the ob-
tained stable values of specific methane emissions and fore-
casting volumes of coal production, the total volumes of meth-
ane flow are calculated, and with the exception of methane
emissions from coal beds, methane flow only from the coal
massif is tentatively determined.

Results. Coal mine methane emissions in coalrock massifs
are controlled by natural and technogenic factors which cause
crack formation, improve the filtration-capacitive properties
of rocks and make the gas more mobile, which allows it to con-
centrate in certain zones. During the period of mining opera-
tions at the mine, the coalrock massif is intensively under-
mined, unloaded from rock pressure, cracked and becomes
favorable for the drainage of methane gas from it into the mine
workings. The larger the contact area of the mined-out space
with the undermined massif is, the larger portions of gas can
go into the mine. Thus, the sources of methane flow into the
mine involve the developed coal bed (both destroyed coal and
its free surfaces on the walls of mine workings), underworked
and overworked coalrock massif (beds-satellites and host
rocks in the roof and bottom of the working bed), produced
space of the abandoned longwalls. The volumes of methane
emission into mine workings depend on the gas-bearing ca-
pacity of coal-bearing sediments, the degree of their permea-
bility and the size of the rock massif affected by the mine
workings, both in area and depth. The nature of this process is
influenced by the volume of mined-out space in the aban-
doned longwalls, the area of free surfaces of coal beds on the
walls of mine workings, volumes of underworked and over-
worked coalrock massifs that are favorable for the storage of
technogenic gas accumulations [16]. In general, it is methane
from the developed coal bed and from the coalrock massif.

“Pivdenno-Donbaska-1” and “Pivdenno-Donbaska-3”
mines are objects of the research that are located within the
boundaries of South-Donbas district. Southern Donbas or
South-Donbas geological-industrial district is known as the
strip of distribution of Lower Carboniferous sediments on the
south-western outskirts of the Donetsk basin. In the north, the
district borders with Pokrovskyi (former Chervonoarmiiskyi), in
the northeast — with Donetsko-Makiivskyi geological-industri-
al districts, the southern and south-eastern border of the district
runs along the line of wedging of sediments with industrial coal
content. The area of the district is approximately 560 km?.
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The geological structure of the district includes deposits of
the Precambrian basement, Upper Devonian, Lower Carbon-
iferous, Lower Jurassic, Upper Cretaceous, Paleogene, Neo-
gene, and Quaternary ages. Rock outcrops of the Precambrian
foundation edge the district from the south and are represent-
ed by metamorphosed and effusive differences of the Ukrai-
nian Crystalline Shield (UCS). There is a sedimentary-effu-
sive stratum of the Upper Devonian age on the crystalline ba-
sis, its thickness in the east of the district reaches 600 and more
meters.

Lower Carboniferous sediments are represented by a full
section: Tournaisian, Visean and Serpukhovian (stages) —

suites C/—C;} and are conventionally divided into two strata:

lower — carbonate (suite C| ) and upper — terrigenous. The
thickness of the carbonate stratum is from 90 to 500 m, and

the terrigenous stratum is from 1450 to 2750 m. Suites C; and

C}', which contain up to 119 coal beds and layers, are coal-
bearing ones, thirty-five of which have a working thickness.

Six beds are stable and relatively stable: ¢Z, cl, ¢, ¢3, ¢},
c;3. Other beds are very unstable. Beds of simple structure pre-
dominate. Complex 2—3™ pack structure is typical of beds of

suites C;' and C}. The predominant mass of coal in the dis-
trict by the degree of metamorphism belongs to gas ones, coal
of higher stages of metamorphism is less developed. Carbonif-
erous sediments overlap with the disagreement of Jurassic
clays and sandstones, which are found in the form of lenses up
to 22 m thick.

Upper Cretaceous sediments lie inconsistently on all older
sediments. They are composed of spongolites, marls, chalk,
aleurolites of up to 145 m thickness. Above the Cenozoic for-
mations lie discordantly, they are represented by Paleogene,
Neogene and Quaternary sands, sandstones, clays and loams
of up to 130 m thickness.

Structurally, the district is located within a flat monocline,
which passes into the southern wing of the Kalmius-Toretska
kettle hole and is confined to the area connecting the Donetsk
basin with the northern slope of the UCS. Characteristic of
the area is the flat angles of rock fall (5—12°), which sometimes
acquire a steeper fall associated with plicative structures and
disjunctive faults. Thus, in the central part of the district is the
submeridional Vovchanska syncline. Among the minor folds,
there is a long chain of brachianticlines extending in the north-
western direction along with the regional Kryvorizko-Pav-
livskyi faulting, and a number of folds in the north-eastern di-
rection in the eastern wing of the Vovchanska syncline. Longi-
tudinal and diagonal faultings, mostly of the north-western
extension, received the predominant development of disjunc-
tive disorders. The largest fault of the north-eastern fall is
Kryvorizko-Pavlivskyi, which has an amplitude of 250 to
1100 m. Hirnychyi and Maksymovskyi faults are smaller with
an amplitude of 150 to 300 m also have a north-eastern fall.
There are faults of the south-western fall, such as Volody-
myrivskyi, Shevchenkivskyi, Dolynnyi and others with ampli-
tudes of up to 100—150 m. In the north-eastern part of the
district, there are Yalynskyi and Tsentralnyi thrusts, which are
on the border with Donetsk-Makiivskyi district.

The coal-bearing stratum has a high gas capacity, which
increases with depth. Productive carboniferous sediments of
the Southern Donbas lie almost entirely in the zone of meth-
ane gases, the surface of which is located mainly at a depth of
170—200 m and approximately coincides with the bottom of
the cover Mesocainozoic sediments. Only in the south-east of
the district, the depth of the degassing zone increases to marks
of 300—440 m. A distinctive feature of hydrocarbon gases is
the presence of high concentrations of helium, sometimes hy-
drogen, in the gas mixture.

The gas capacity of productive sediments varies from 6 to
22 m’/t of dry ashless mass (m’/t d.a.m.), on average it is
15 m3/t d.a.m. The operating mines of the Southern Donbas

are super-categorical in terms of the gas regime from a depth of
300—400 m. The relative methane content of stopes can reach
30—40 m?/t (mine “Pivdenno-Donbaska-3").

The methane-bearing capacity of coal beds is generally
evenly distributed over the area. Relatively high values of
methane-bearing capacity are observed in zones of complex
tectonic structure: near thrusts, vaulted and flexural uplifts,
where the presence of small gas accumulations of the classical
type is possible. Thus, near Kryvorizko-Pavlovskyi, Maksymi-
vskyi and other faults and thrusts, the methane-bearing capac-

ity of coal beds ¢}y, ¢} and ¢} is significantly increased and
reaches from 21.8 to 25.0 m3/t d.a.m.

In agreement with the results of KII-65 research for en-
closing rocks of the southern part of the area, it was found that
most of the sandstones contain gas in the water-soluble state
and have a gas capacity of 0.15 to 0.36 m*/m?. But it is reported
that individual sandstone horizons (c4Scs, cs0Scg, etc.) may
contain methane in a free state.

Within the South Donbas district, in the southern zone of
small folding, there are two mines “Pivdenno-Donbaska-1”
and “Pivdenno-Donbaska-3". These mines analyzed data on
methane flow during c11 bed production for 10 years.

“Pivdenno-Donbaska-1" mine. The bed thickness is 1.3 m
with a natural gas capacity of 9—11 m?/t. Based on the values of
coal production and methane flow (Table 1), a graph of the
relationship between these indices was constructed (Fig. 2).

The linear correlation coefficient between the volumes of
methane flow into the mine workings and the volumes of ex-
tracted coal is 0.76 with a reliability of 5.8.

“Pivdenno-Donbaska-3” mine. The bed thickness is
1.65 m with a natural gas capacity of 10—16 m?/t. According to

Table 1

Coal production and methane emission at “Pivdenno-
Donbaska-1” mine

Years Vomm.es. of Me.th'anc Cumulative | Cumulative
coal mining, emission, . ..
of L production, | emission,
L. thousand, million, . 3
mining 3 thousand, t | million, m
t/year m°/year
1 1752.00 32.40 1752.00 32.40
2 1679.00 32.80 3431.00 65.20
3 1058.50 23.97 4489.50 89.17
4 1062.15 15.88 5551.65 105.05
5 1219.10 17.87 6770.75 122.92
6 1120.55 18.82 7891.30 141.74
7 846.80 17.19 8738.10 158.93
8 1299.40 12.35 10037.50 171.28
9 1261.90 21.86 11299.40 193.14
10 1133.40 17.27 12432.80 210.41
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Fig. 2. Dependence of methane emissions on coal production at
“Pivdenno-Donbaska-1"
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the values of coal production and methane emissions (Ta-
ble 2), a corresponding graph was also constructed (Fig. 3).

The linear correlation coefficient between methane emis-
sions into mine workings and volumes of extracted coal is 0.64
with a reliability of 3.5.

According to the analysis, the annual gas emission in mines
is very variable, so for a generalized estimation of stable meth-
ane flow into mine workings, the annual volumes of produced
coal and annual volumes of released methane for ten years are
analyzed in the sequence of their accumulation (Figs. 4, 5).
With such an approach, the correlation coefficients between
the accumulated methane emissions into the mine workings
and the volumes of produced coal are 0.99 and they are more
reliable. The volumes of methane release characterize the angle
of slope of a regression line for the obtained dependences.

The nature of the refinement of the average value of the
relative methane content can be illustrated more clearly by
graphs (Figs. 6, 7) constructed by years, in the sequence of ac-
cumulation of initial data for ten years. For a generalized esti-
mation of the steady-state value of specific methane emis-
sions, the data were averaged sequentially each year, i.e. points
by which the graphs are constructed is a partial from the divi-
sion of accumulated methane emission by the corresponding
accumulated coal production.

Figs. 6 and 7 show that the curves characterizing the
changes in the values of specific methane emissions averaged
over the years of observation are gradually stabilizing, which
gives evidence of the obtaining of a sufficiently stable value of
this index when summarizing data for ten years of observa-
tions. Thus, for the mine “Pivdenno-Donbaska-1" the spe-
cific methane emission generalized for ten years is 16.9 m?/t,
the relative error for the last 3 years is 1.2 %. The specific

Table 2

Coal production and methane emission at “Pivdenno-
Donbaska-3” mine

Years Volun'{es. of Mqth.ane Cumulative Cumulative
coal mining, | emission, . ..
of o production, emission,
. thousand million, . 3
mining 3 thousand, t million, m
t/year m°/year
1 985.50 13.10 985.50 13.10
2 985.50 16.30 1971.00 29.40
3 584.00 12.09 2555.00 41.49
4 886.95 15.77 3441.95 57.26
5 532.90 11.72 3974.85 68.98
6 620.50 16.29 4595.35 85.27
7 686.20 11.72 5281.55 96.99
8 1069.45 18.14 6351.00 115.13
9 1036.00 24.70 7387.00 139.83
10 1224.90 18.16 8611.90 157.99
30
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Fig. 3. Dependence of methane emission on coal production at
“Pivdenno-Donbaska-3"
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Fig. 7. Change in the averaged values of specific methane emis-
sions by years at “Pivdenno-Donbaska-3"

methane emission for the mine “Pivdenno-Donbaska-3”, de-
termined according to a similar approach, is 18.3 m?/t, the
relative error for the last 3 years is 3.3 %.

The actual arithmetic mean value of annual production at
the mine “Pivdenno-Donbaska-1” for ten years is
1243.28 thousand tons. According to the specific emission of
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methane 16.9 m?/t, generalized for ten years, with an average
annual production of 1243.28 thousand tons, an average of
21.0 million m?® of methane is released into the mine every
year. It is a gas from the developed coal bed and from the rock
massif.

The arithmetic mean value of annual production at the
mine “Pivdenno-Donbaska-3” for ten years is 861.2 thousand
tons. According to the specific emission of methane 18.3 m?/t,
generalized for ten years, with an average annual production of
861.2 thousand tons, 15.8 million m? of gas is released into the
mine.

With regard to the data presented in [18], such as the vola-
tile-matter content in coal beds, ash content, humidity, and
residual methane-bearing capacity, we can calculate methane
emissions from the coal bed, which will be equal to its natural
gas capacity minus residual methane-bearing capacity.

For the mine “Pivdenno-Donbasska-1” the volatile-mat-
ter content in coal beds varies between 41.0—42.9 %, ash con-
tent averages 6.1 %, humidity 6.2 % [18], and residual meth-
ane-bearing capacity, according to [19], is 1.68 m?/t. Methane
emissions from the coal bed at the average natural gas capacity
will be equal to 10 — 1.68 = 8.32 m?/t.

Given that the average annual production at the mine is
1243.28 thousand tons, the release of methane from the coal
bed during this time will be 10.3 million m?, and from the co-
alrock massif of 21.0 — 10.3 = 10.7 million m?/year.

For the mine “Pivdenno-Donbasska-3” the volatile-mat-
ter content of coal beds varies between 35.2—42.6 %, ash con-
tent averages 6.6 %, humidity 6.0 % [18], so the residual meth-
ane-bearing capacity, according to the table data on the deter-
mination of residual methane-bearing capacity by the rate of
volatile-matter content of coal beds, is 1.79 m?/t. Thus, meth-
ane emissions from the coal bed with an average natural gas
capacity will be 13 — 1.79 = 11.21 m3/t.

Given that the average annual production at the mine is
861.2 thousand tons, the release of methane from the produced
coal during this time will be 9.7 million m?, and from the coal-
rock massif, respectively, 15.8 — 9.7 = 6.1 million m3/year.

The obtained values of the specific methane emission of
the mines of the South-Donbas geological-industrial district
allow us to calculate the forecast values of the ingress of gas
from the rock mass, taking into account the volumes of meth-
ane emission and coal production that have occurred in recent
years. Thus, given the annual total methane emissions in the
amount of about 16 million m? per year in the mine “Pivnich-
no-Donbaska 3”, and the loss during this time (20 years) more
than 300 million m? of gas, which is 8.5 % from the total re-
serves, the term of the possible production of hydrocarbon raw
materials from the hydrocarbon massif of the mine can be
more than 100 years.

Knowing the annual averaged volumes of coal production
and methane flow from the rock massif; it is possible to calcu-
late the value of specific methane emissions separately from
the rock massif. For “Pivdenno-Donbaska-1" mine, it will be
8.6 m3/t, or 51 % of the total methane supply to the mine. For
“Pivdenno-Donbaska-3” mine, the specific emission from
the rock mass is 7.1 m3/t, which is almost 39 % of the total
methane emissions at the mine.

Conclusions. Analysis of mining and geological conditions
in the development of “Pivdenno-Donbasska-1” and “Piv-
denno-Donbasska-3” mines, located in the territory con-
trolled by Ukraine, showed that the production potential of
these mines is favorable for the organization of work on indus-
trial production and utilization of mine methane.

Thus, for “Pivdenno-Donbasska-1” and “Pivdenno-
Donbasska-3” mines the algorithm of forecasting estimation
of methane emission from undermined coalrock massif, which
consists in establishing generalized values of specific methane
emissions, determining the specific methane emissions from
coal. For this, we take into account natural and residual meth-
ane-bearing capacity of coal beds, which are developed, and

approximately estimate volumes of methane emissions from
the rock mass surrounding the working coal beds.

Thus, the above algorithm allows quantifying the flow of
gas from the undermined coalrock massif according to the an-
nual coal production, the values of the absolute methane con-
tent of the mine, the values of natural and residual methane-
bearing capacity of coal. For “Pivdenno-Donbaska-1" mine,
the projected annual volume of methane release from the coal
massif is 10.7 million m? per year; for “Pivdenno-Donbas-
ka-3” mine it is approximately 6.1 million m? per year.

The projected volumes of methane flow can be corrected
with the consideration of the current data on coal production,
or its absence and the established values of specific methane
emissions, which will allow ensuring safe mining conditions at
operating mines and evaluating the prospects of its industrial
production from the undermined space of the abandoned
mine after mining.

References.
1. Rudko, H.I. (2017). Energy resources of the geological en-
vironment of Ukraine and their importance for national secu-
rity of the state. Proceedings of the International Geological Fo-
rum “Actual Problems and Prospects of Development of Geology:
Science and Production” (Geoforum-2017), 284-286.
2. Maydukov, G. L. (2015). Resource potential of mine meth-
ane in the energy sector of Ukraine. Ugo! Ukrainy, 10, 38-45.
3. Sheyko, A.V. (2017). The method for determining methane
reserves in the coal-rock massif of the Donetsk basin. Geo-
Technical mechanics, 137, 180-190.
4. Prykhodchenko, V. F., Khomenko, N. V., Zhykalyak, M. V.,
Prykhodchenko, D.V., & Tokar, L. O. (2019). Influence of lo-
cal orogeny and reservoir characteristics of enclosing rocks on
the location of gas traps within the coal bearing deposits. Nau-
kovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (5), 11-
15. https://doi.org/10.29202 /nvngu/2019-5/1.
5. Moisyshyn, V.M., Naumko, I.M., Pylypets, V.I., Rad-
chenko, V. V., Khalimendikov, S. M., Kozhushok, O.D., ..., &
Turchyn, V. A. (2013). Complex development of gas-coal deposits
on the basis of string technologies in the well-drilling. Kyiv: Nau-
kova Dumka.
6. Tong, R., Yang, Y., Ma, X., Zhang, Y., Li, S., & Yang, H.
(2019). Risk Assessment of Miners’ Unsafe Behaviors: A Case
Study of Gas Explosion Accidents in Coal Mine, China. Inter-
national Journal of Environmental Research and Public Health,
16(10), 1765. https://doi.org/10.3390/ijerph16101765.
7. Brodny, J., & Tutak, M. (2016). Analysis of Methane Emis-
sion into the Atmosphere as a Result of Mining Activity, 16th
ed.; International Multidisciplinary Scientific GeoConference
SGEM: Sofia, Bulgaria, 4(3), 83-90.
8. Mineev, S.P., Kocherga, V.M., Korneev, Yu.A., Yanzhu-
la, O.S., Gulay, O.0., & Samopalenko, P.M. (2018). Re-
search of the methan content effecting on gas-draine efficiency
in the stope when boreholes are left in uncontrollable work-
ings, Geo-Technical mechanics, 141, 107-123. https://doi.
org/10.15407 /geotm?2018.141.107.
9. Mineev, S.P., Kocherga, V.N., Narivskiy, R.N., & Yan-
zhula, A.S. (2018). Questions of the analysis of the applicable
schemes of conveying the moving sites on Ukrainian mines
and effectiveness of degasation. Modern Scientific Researches,
3(1), 35-43.
10. Bezruchko, K., Prykhodchenko, O., & Tokar, L. (2014).
Prognozis for free methane traps of structural and tectonic
type in Donbas. Progressive Technologies of Coal, Coalbad
Methane, and Ores Mining, 267-271. https://doi.org/10.1201/
b17547-47.
11. Tutak, M., & Brodny, J. (2019). Forecasting Methane
Emissions from Hard Coal Mines Including the Methane
Drainage Process. Energies, 12(20), 38-40. https://doi.
org/10.3390/en12203840.
12. Crow, D.J. G., Balcombe, P., Brandon, N., & Hawkes, A. D.
(2019). Assessing the impact of future greenhouse gas emissions

22 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 4


https://doi.org/10.29202/nvngu/2019-5/1.�
https://doi.org/10.3390/ijerph16101765.�
https://doi.org/10.15407/geotm2018.141.107.�
https://doi.org/10.15407/geotm2018.141.107.�
https://doi.org/10.1201/b17547-47.�
https://doi.org/10.1201/b17547-47.�
https://doi.org/10.3390/en12203840.�
https://doi.org/10.3390/en12203840.�

from natural gas production. Science of The Total Environment,
668, 1242-1258. https://doi.org/10.1016/j.scitotenv.2019.03.048.
13. Prykhodchenko, V.F., Sdvyzhkova, O.0., Khomen-
ko, N.V., & Tykhonenko, V.V. (2016). Effect of time-trans-
gressive faults upon methane distribution within coal seams.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu,
(1), 31-35.

14. Lukinov, V. V., & Chernorai, A. M. (2017). Forecasting the
static methane potential of coal mines. Ugol Ukrainy, 5-6(725-
726), 21-25.

15. Bulat, A.F., Lukinov, V.V., & Bezruchko, K.A. (2017).
Conditions of gas traps forming in carboniferous sediments. Kyiv:
Naukova dumka.

16. Lukinov, V. V., Bezruchko, K. A., & Prykhodchenko, O. V.
(2015). Methane distribution estimation in coal-rock massif
according to the methane content of mining extracted sec-
tions. Ugol Ukrainy, 11, 16-19.

17. Triplet, D.R., Filippov, A.E., & Pisarenko, A.A. (2000).
Methane of coal deposits of Ukraine: production and investment
potential of the mines of Donbass. Kyiv: Logos.

18. Antsiferov, A.V., Golubev, A.A., Kanin, V.A., Tir-
kel, M. G., Zadara, G.Z., Uziyuk, V.1., ..., & Suyarko, V.G.
(2009). Gas content and methane resources of coal basins in
Ukraine. Donetsk: Veber.

19. NPAOP 10.0-7.08-93 (1993). Guidelines for designing ven-
tilation of coal mines. 3. Retrieved from http://pdf.sop.zp.ua/
npaop_10_0-7_08-93.pdf.

IIporno3 emicii MeTany 3 mizpo0JeHoro
BYTJIEIOPOTHOTO MACHBY
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Meta. Po3poOuTty aqropuT™M MpOrHO3HOI OLIIHKM eMicii
MeTaHy 3 MiaApoOJIEHOTO BYTJIETOPOIHOTO MACUBY 32 TaHUMU
BUIOOYTKY BYTiUIS, 3HAUEHHSM abCOJIIOTHOI METaHOBOCTI
LIAXTU Ta MOKAa3HUKAM METAaHOHOCHOCTI BYTiJIbHUX IJ1aCTiB,
1110 PO3POOJISIIOTHCSI.

Meromuka. CraructuyHa 00poOKa (BaKTUYHUX JaHUX
11010 METAHOHOCHOCTi BYTiIJIbHUX IUIACTiB, 11O PO3POOJISI-
IOTBhCSI, a TAKOXK OOCATIB METAHOBUIIJICHHS i1 BULOOYTKY BY-
rins. Ha mineraBi oTpuMaHuX cTaaux 3Ha4eHb TUTOMOI eMi-
cii MeTaHy Ta 00CATiB BUAOOYTKY BYTIJUISI PO3PAaXOBYIOThCS
3arajibHi 00CSITH HaIXO/DKEHHS METaHY, a 32 BUHSITKOM MeTa-
HOBMIIJIEHHS 3 BYTiJIbHUX IUIACTIB, OL[IHIOIOTHCSI OOCSTY Hal-
XOIIKeHHST METaHy 3 BYTJIETIOPOTHOTO MACUBY.

PesyabraTn. Po3po6yieHo airopuT™ mporHo3sy KilbKiCHOL
OLIIHKM eMicii MeTaHy 3 MiaApo0JIeHOT0 BYIJIEMOPOIHOTO Ma-
CUBY Jil04MX BYriIbHUX 1IaxT. IlpoBeaeHO aHali3 JaHUX
1IO/I0 eMicii MeTaHy TiJ yac BiIpoOIeHHS BYTUIbHUX IUIACTIB
Ha maxrtax «IliBmeHHo-JloHOachbKka-1» Ta «IliBieHHO-/l0H-
Oacpka-3» [liBneHHO-Jl0HOACHKOTO re0JIOro-npoOMMUCIOBOrO
paiiony Jlon6accy 3a 10 pokiB. Po3po0yieHO aaroputm mnpo-
THO3HOI OLIIHKM eMicii MeTaHy 3 MiApoOJIeHOTO BYIJIENOPOI-
HOTO MacHBY, L0 TIOJISITA€ Y BCTAHOBJIEHI y3araJIbHEHUX 3Ha-
YeHb MUTOMOI eMiCil MeTaHy B LIaXTy, pO3paxXyHKy MUTOMOi
emicii MeTaHy 3 BYTiJIJIsI, Ha MicTaBi BpaxyBaHHSI TPUPOIHOIL
1 3aJIMIIIKOBOI METAHOHOCHOCTI BYTiJIbHUX ILIACTIB, 1110 PO3-
POOJISIIOTHCS Ta OPIEHTOBHOI OLLiHIIi 00’€MiB METAHOBUIIICH-
H$I 3 TiPCbKOTO MaCUBY, 1110 BMillly€ poOOUi BYTiIbHI IJIACTHU.

HaykoBa HoBU3HA. YTiepiiie po3p00JIEHO alTOPUTM Kijlb-
KiCHOI OLIIHKM eMicil MeTaHy OKpeMo 3 TiApoOJEHOTO ByTJie-

MOPOJHOTO MACUBY BYTiIbHUX 1IAXT i HaBeAECHi MPUKIaan
MOro MpPakKTUYHOTO 3aCTOCYBaHHS IIJISIXOM PO3PaxyHKy 3a
ripHUYO-TEOJOTIYHMMU JaHuMK Ha 1naxtax «[liBmeHHO-
Jlon6ackka-1» Ta «IliBgeHHo-loHOacbKa-3».

IIpakTyna 3HauumicTs. Po3po0OiieHuit aJroputm po3pa-
XYHKY eMicii MeTaHy 3 Miipo0JeHOro BYTJIEIMTOPOIHOTO MacH -
BY MOXe€ OyTM BUKOPUCTAHWI JJI TIPOTHO3Y eMicil MeTaHy
JIIOYMX 1 3aKPUTHX IIAXT 3 METOIO OLIHKU MOXJIMBOCTI IOr0
MPAKTUIHOTO TTPOMUCIIOBOTO BUIIOOYTKY.

KuouoBi ciioBa: gyeinvri waxmu, niopooaenuii 6yenenopoo-
HUIL Macue, emicis Mmemawy, NpoeHo3 emicii

IIporHo3 sMuccuu MeTaHa U3 MOAPAOOTAHHOTO
YIJIENOPOJAHOTO0 MACCHBA
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Ieas. Paszpaborath ajJropuT™M MPOTHO3HON OLIEHKU
SMUCCUM MeTaHa M3 MOAPabOTaHHOTO YIJIETIOPOIHOTO Mac-
CHBa IO JaHHBIM TOOBIYM YIJISl, 3HAUEHUSIM a0COTIOTHOI Me-
TaHOOOMJILHOCTH IIIAXThl M ITOKa3aTeIsIM METaHOHOCHOCTH
pa3pabaThiBAEMbIX YTOJbHbBIX TJ1ACTOB.

Metomuka. CraTuctuyeckass oOpaboTKa (paKTMUecKUx
JIAHHBIX MO0 METAHOHOCHOCTU DPa3padaTbIBAEMbIX YTOJIbHBIX
IJIACTOB, a TakKke OOBEMOB METAHOBBIIEICHUS W JTOOBIYU
yris. Ha ocHOBaHMM MOJTy4YeHHBIX 3HAUEHU I SMUCCUU MeTa-
Ha U 00BbEMOB TOOBIYM YIJISI PACCUMTHIBAIOTCS 001Me 00be-
Mbl TTOCTYTUIEHUSI METaHa, 32 UCKJIIOUEHUEM METaHOBbIIEe-
HMSI U3 YTOJBHBIX TUIACTOB, OLIEHMBAIOTCS OOBEMBI ITOCTY-
IJIEHUSI METaHa U3 YIJIeMOPOIHOI0 MaccuBa.

Pe3yabraThl. PazpaboTaH ajiropuT™ MmporHosa Kojauye-
CTBEHHOI OLIEHKM SMMCCUU MeTaHa M3 MOoApabOTaHHOIO
YIJIEMIOPOTHOTO MacCUBa JEHCTBYIOIIMX YTOJIbHBIX IIaXT.
[IpoBeneH aHayiU3 AaHHbBIX [0 SMUCCUU METaHa TMpU OTpa-
0OTKE YroJIbHBIX IJIacTOB Ha mraxtax «MOxHo-JloHbac-
ckasg-1» u «kOxHo-/onb6acckas-3» HOxHo-IloHOacckoro
reoJIOro-IpoMBbIIIIEHHOTO paiioHa Jlon6acca 3a 10 jet. Pa3-
paboTaH aJITOPUTM MTPOTHO3HOI OLIEHKU SMUCCUU METaHa U3
MoAPabOTaHHOTO YIJIEIOPOIHOTO MAaCCHBa, KOTOPBIN 3aKJTI0-
YaeTcsl B YCTAHOBJIEHUM OOOOLIEHHBIX 3HAYEHUI 3MUCCUU
MeTaHa B IIaxTy, pacyeTa yIeIbHOI SMUCCUU MeTaHa U3 YIJIs
Ha OCHOBaHUU y4yeTa MPUPOJHON U OCTATOYHOIN METaHOHOC-
HOCTU pa3padaThIBa€MbIX YTOJbHBIX IJIACTOB U OPUEHTHUPO-
BOYHOIM OIICHKM OOBEMOB METAHOBBIIEJICHUS U3 BMEIAK0-
1Iero paboune YrojabHbIe MJIACThl TOPHOTO MaccuBa.

Hayunaa HoBu3Ha. BriepBble pa3paOoTaH ajiropuTMm Ko-
JIMYECTBEHHON OLIEHKU 3MUCCUU MeTaHa OTAEJIbHO M3 TMOJ-
paboOTaHHOTO YIJICTTOPOAHOIO MAaCCHBa YTOJBHBIX IIIAXT W
MPUBEIEHBI MPUMEPHI €r0 MPAKTUUECKOTO MPUMEHEHMS MMy-
TEeM pacyera 0 TOPHO-TE€OJIOTUIECKMM JAaHHBIM Ha IIIaxTax
«tOxHo-Jlon6acckasi- 1» u «kOxHo-JloHnbacckasi-3».

IIpakTiyeckass 3HAYUMOCTb. Pa3paGoTaHHBIN AJITOPUTM
pacueTa SMUCCUU MeTaHa U3 MOoAPAdOTAHHOTO YIJIETOPOA-
HOTO0 MacCHhBa MOXET OBITh WMCIIOJb30BaH JUISI TIPOTHO3a
9MUCCUM METaHa NEWCTBYIONIMX U 3aKPbITHIX IIAXT C LIEJbIO
OLICHKM BO3MOKHOCTH €T0 MPAaKTUIECKON MPOMBIIIUICHHOM
TIOOBIYH.

KimoueBble ciioBa: yeonvHsle uiaxmol, noOpadoOmaHHbslii
VeAenopoOoHbLil MACCU8, IMUCCUS MEMAHA, NPOSHO3 IMUCCUU
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