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SETTING THE VOLUME AND LOCATION OF THE GAS COLLECTORS
OF ABANDONED COAL MINES

Purpose. Developing a research method for setting the most probable gas collector cavities and their volumes from
the position of rock movement and gas dynamics of coal seams.

Methodology. The model of forming voids and cracks filled with gas in the abandoned mines is based on the
analysis of mining-and-geological and mining-technical conditions, as well as the existing ideas of the mechanism of
rock movement in the mined-out space of coal mines.

Findings. As a result of the analysis of the mechanism of shifting the underworked and overworked coal seams,
there have been established the most probable locations of the gas collectors from the position of its possible extraction
in the abandoned mines. There has been proposed a model for calculating the volume of gas cavities after the mine
liquidation. There has been determined a fraction of voidness with respect to the extracted coal that makes about 8 %.

Originality. Ensuring the methane extraction from the abandoned mines by drilling vertical wells from the surface
is associated with solving the task of determining their location based on the calculation of the intersection of the most
likely gas collectors. The model of forming voids and cracks filled with gas in the abandoned mines has been con-
structed on the basis of analyzing the regularities characterizing the process of rock movement in the course of stoping
in conjunction with the changing parameters of the gas dynamics of coal seams.

Practical value. The obtained results are the basis for developing a feasibility study for utilizing methane from the
abandoned mines which will involve large resources of the new energy carrier in the fuel-and-energy balance of the

region and improve the environmental situation by reducing methane emissions into the atmosphere.
Keywords: methane, abandoned reserves, desorption, gas collectors, methane recovery, industrial use

Introduction. The development of the real sector of
the economy in Kazakhstan will require a large-scale
increase in the extraction of energy resources, and an
important role in this will belong to coal energy. At
present significant mineral resources are lost in the sub-
soil owing to the technical and economic inexpediency
of their development in complicated mining and geo-
logical conditions. So, in the Karaganda coal basin, off-
balance reserves of coal make up over 16 billion tons,
the left reserves for the abandoned mines exceed 900
million tons.

With the large-scale closure of unprofitable mines in
the Karaganda basin the most gas-intensive mines in the
Industrial and Saran fields with about 1.6 billion cubic
meters of methane concentrated were liquidated.

According to the data of the Karagandagiproshaht
Institute, in the fields of 10 abandoned mines of the In-
dustrial unit on the K, and K}, seams in the pillars un-
der the shafts there were left about 194 million tons of
coal (138 million tons in K,, 56 million tons in Kj,), of
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them 41 % are coal reserves in the pillars under the shafts
and decommissioned reserves, 32 % or 62.5 million tons
of coal are concentrated in the area of the stoping. In the
field of the abandoned mine named after the 50 anni-
versary of the October Revolution only in the safety pil-
lars there are contained more than 60 million tons of
coal, of which about 9 million tons under the mine
workings, in the area of stoping on the K, and K}, seams
the operating losses amount to more than 33 million
tons of coal.

Over time, the isolated volumes of completely aban-
doned mines in which there is no active ventilation be-
come gas collectors containing large volumes of the
methane-air mixture, from which methane under pres-
sure penetrates to the surface developing a threat of
emergencies.

The carried out scientific and experimental studies
for determining methane volumes, places of its probable
accumulation in the abandoned mines, made it possible
to conclude that it is necessary to utilize methane for
industrial and domestic needs, as well as to reduce at-
mospheric pollution by greenhouse gas. The work to re-
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duce methane emissions could make significant changes
in the degree of the climate change in the future.

Determining the unsolved problem. In recent years, in
connection with the growing interest in the problem of
coal methane, a number of researchers have drawn at-
tention to the abandoned and liquidated coal mines as
sources of methane emissions into the earth atmosphere
and potential resources of this unconventional fuel and
raw material. Unfortunately, a small number of publica-
tions deal with this subject, and the available works
mainly deal with the definition of methane resources
and methodological approaches to their assessment.
These issues are dealt with in the work by V. A. Fedorin
and O.V. Taylakov where the rate of methane extraction
from the exposed surface of coal seams depending on
the gas bearing capacity of the collector and a number of
other factors is taken as the methodical basis for deter-
mining methane resources in the mined-out area of the
mine.

In the work by N.O.Kaledina and D.A.Mesch-
eryakov the solution of the problem involves the need of
accounting the dynamics of the collector and filtration
properties changes of the worked-out spaces in the
course of the deposit development.

In the work by A. D. Ruban and V. S. Zaburdiaev the
main focus in assessing the amount of methane emis-
sions in the worked-out areas should be studying gas re-
covery of coal seams and an actual volume of methane
emissions at the development units, rather than geologi-
cal resources of methane in the mining massif.

The analysis of literature dealing with mine methane
resources estimation methods in the fields of the aban-
doned mines indicates contradictory approaches to the
solution of this problem which indicates the need of ex-
panding and deepening studies of this aspect of develop-
ing mine methane resources. At this the increase in the
level of methane safety in the worked-out areas of the
abandoned coal mines, the greening by reducing the
mine greenhouse gas emissions into the atmosphere, the
growth of the region energy capacity, and the fulfillment
of direct international obligations under the Kyoto Pro-
tocol make this trend relevant and important for the coal
mining units of the Karaganda region.

Analysis of the recent research. The mining processes
associated with the formation of clusters and, subse-
quently, extraction and utilization of coal mine methane
from the abandoned mines were handled by specialists
from the coal mining countries of Europe back in the
19" century. The first case of utilizing this gas was regis-
tered in the United Kingdom in 1846, when the gas al-
located for two years was used for lighting purposes. Sig-
nificant volumes of capturing and utilizing coal mine
methane from the abandoned mines were recorded in
Germany, Belgium, Poland, France and a number of
other countries. So, from the abandoned in 1959 mine
“Santa Barbara” (Germany) within 25 years there were
extracted 265 million m® of mine methane. In 1982—
1984 in France 9 million m? of gas with the methane
concentration up to 70 % was mined from the worked-
out fields of the Nor and Pas de Calais mines, and the
volume of extracted coal mine methane in 1985 was 55

million m®. In Australia, from the Balmine that was
closed in 1942, within 36 years there were captured 365
million m*® of mine methane with 50—60 % methane
and 3 % ethane. From the worked-out area of the Blue
Creek mines No. 3, 4, 5 and 7 (USA) at the depth of
500—700 m with the use of 85 wells there were produced
1.5 billion m? of high quality gas within 7 years.

But it is impossible to transfer the existing foreign
experience of methane extraction from the old devel-
oped areas to the mines of the Karaganda basin because
of various mining and geological and mining conditions
of the mines of foreign countries, as well as the existing
legislative and economic base.

Unsolved aspects of the problem. In the field of the
stoping impact there are formed a number of zones that
differ in the nature and degree of deformation of the en-
closing rocks. Among researchers who have studied the
process of displacement from the standpoint of protect-
ing buildings and structures on the surface, developing
measures to deal with mining impacts, sudden outbursts
of coal and gas, preservation of mine workings in the
formation of the layers being developed, there is no uni-
form opinion on the number and size of zones of various
stress-strain states.

None of the existing mine methane migration con-
trol procedures provides for [1]:

- studying the rock collapse at the abandoned mines
to identify man-made methane collectors and the pos-
sibility of forming a filtration link to the earth surface;

- taking into account geodynamic zones that can be
regarded as additional natural ways of methane migra-
tion to the daylight surface.

It is not possible to rank all the criteria for selecting
prospective methane recovery units from the worked-
out spaces of the abandoned coal mines in importance,
as in each specific case one or another criterion may
turn out to be the most significant and determining. So,
for example, one unit can “yield” to another in terms of
the area of worked-out fields, in terms of saturation of
the man-made collector (the total thickness of the un-
derworked and disturbed by mining operations seams),
but it is more promising in view of the later years of
working out seams or hydrogeological conditions.

Methane of the abandoned coal mines is mainly
considered as an alternative source of energy, therefore
research tasks are limited to the issues of its search and
extraction based on the existing knowledge of the pro-
cesses occurring within the mining ditch of the aban-
doned mine in which it participates.

Thus, at the abandoned mines taken as priority ob-
jects under study, there must be found contours of areas
that are promising areas for localization of man-made
methane and within which there are no migration routes
for uncontrolled gas emission, the geodynamic zone im-
pact areas and the anthropogenic filtration link to the
earth surface.

Objectives of the article. In Kazakhstan there is little
experience in recycling methane from abandoned
mines, but given the experience of other countries, one
can expect that research in this direction can be very
promising.
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If we take into account coal mines that were previ-
ously abandoned and those that are to be liquidated in
the near future, the total number of potential targets for
organizing industrial mining of coalmine methane from
the mining bends of liquidated enterprises can signifi-
cantly increase. The successful development of this in-
dustry will be developing a new research method to
identify the most probable collectors of gas collectors
and their volumes from the position of rock shift and gas
dynamics of coal seams.

Presentation of the main research. Mining one coal
seam of the suite of adjacent seams leads to redistribu-
tion of rock pressure in the rocks enclosing the layer un-
der development and changes in their stress state. The
nature and intensity of this change depends on a com-
plex set of natural and mining factors that include the
thickness, the angle of the layer inclination, the meth-
ane content of the coal seams, the lithological composi-
tion, the physical and mechanical properties of the in-
terseam thickness of rocks, the distance of under- and
overworked seams from the developed capacity, the
method for controlling rock pressure, the speed of mov-
ing the breakage face, the length of the lava, the time of
advancing the stoping relative to the satellite seams, and
others.

In the field of the stoping impact there are formed a
number of zones that differ in the nature and degree of
deformation of the enclosing rocks. In the field of the
stoping impacts on the surrounding massif, when control-
ling the roof with complete collapse, at least four zones
can be distinguished (Fig. 1): collapse, cracks, deflection
without breaking continuity and reference pressure.

Under the zone of collapse it is usually understood
that such a region is above the stoping within which the
layers of the rocks of the immediate roof bending in the
direction of the worked-out space, are separated from
the overlying layers and collapse onto the soil of the
working as unconnected blocks. The rocks lying above
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Fig. 1. Zones of the stoping impact on the surrounding
massif:

1 — zone of disordered collapse; 2 — zone of cracks; 3 —
zone of deflection without discontinuity of integrity; 4 —
reference pressure zone; AOB is the zone of complete nor-
mal shifts; ¢, and @, are the angles of total shifts; MHKL
is the region of displacement; DP and QC are parts of the
earth surface where cracks and ruptures are most likely;
NB and AK are the reference pressure zone
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the collapse zone under the impact of rock pressure
forces bend, lose continuity, and new natural cracks
form in them. Above the zone of crack formation the
thickness of the rocks is stratified, and the layers bend
without breaking the continuity and formation of cracks.

A zone of increased (reference) pressure is formed
around the stope due to hanging and deflecting the
rocks above the working in which the rocks are com-
pressed. This zone is characterized by the fact that the
mining massif within it is experiencing increased im-
pact of compressing pressure by the normal to stratifi-
cation compared the rest of the zone. The seam itself
and the enclosing rocks are under the impact of the ref-
erence pressure. In enclosing rocks the reference pres-
sure impact is somewhat less than that of the coal to be
removed in which the noticeable effect of the reference
pressure extends 100 m. The maximum reference pres-
sure point is at the distance of 3—6-fold extracting seam
thickness from the production boundary [2].

The layers of rocks to be overworked due to the redis-
tribution of rock pressure also undergo changing in the
stress-strain state. As a result of manifestation of lateral
expansion forces, the rocks of the developed collector are
elevated toward the worked-out space, however, the in-
tensity of the displacement process when working out is
smaller and occupies lesser depths than when under-
working.

The establishment of gas collectors in the under- and
overworked zones of the coal seam formation can be
made by using geo-mechanical parameters of the rock
movement under the impact of the stoping, of which the
basic are: boundary angles, maximum subsidence an-
gles, angles of total displacement and subsidence.

The part of the rock massif that has undergone de-
formations and displacements under the impact of mine
workings is called the region of rock shifting, and the
part of the earth surface on which shifts and deforma-
tions arose is called a shift trough. The boundaries of the
shift trough on the earth surface are determined by the
boundary angles.

The boundary angles B, v,, 0, (Figs. 2, 3) are exter-
nal relative to the worked-out space formed on vertical
sections along the main sections of the trough with full
work-out by the horizontal line and the lines connecting
the production boundaries with the boundary points of
the shift trough (Table).

The maximum subsidence angle O is the angle on the
side of the seam inclination formed on the vertical section
in the main section of the trough across the strike of the
formation by a horizontal line and a line connecting the
middle of the working with the point of maximum subsi-
dence.

The angles of total displacement are internal angles
relative to the worked out space formed on the vertical
sections in the main sections of the plane shift trough
and the lines connecting the production boundaries
with the boundaries of the flat bottom of the trough.
There are angles of total shifts: ¢, at the working lower
boundary, @; at the working boundary along the strike.

The maximum subsidence of the earth surface is cal-
culated by the formula




GEOLOGY

Fig. 2. Rock massif dip displacement:
1 — zone of disordered collapse h, = 6.0 m; 2 — cracking

zone hy = 40 m; 3 — zone of deflection without breaking
continuity of rocks; 4 — cavities of stratification
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Fig. 3. Rock massif displacement along the strike:
1 — zone of disordered collapse; 2 — cracking zone; 3 —

zone of de flection without breaking continuity of rocks; 4 —
cavities of stratification

MNmax= qmcosaNlNz, (1)

where g =0.75 for the non-worked thickness; g = 0.85 for
the underworked thickness; m is the worked-out thick-
ness of the seam, m; N,, N, are coefficients defined de-
pending on the lava length ratio to the operation depth
and are taken equal to 0.3.

The process of coal bed underworking leads to a
sharp increase in the gas permeability and filtering ca-
pacity as a result of partial or complete release of these
layers from rock pressure, manifestation of tensile forc-
es, uncovering existing natural (tectonic, endogenous,
cleavage) and appearing new (operational) cracks in
coal. Partial release of rock pressure increases the
amount of underworked and overworked coal seams by
0.1—0.4 % as a result of elastic deformations of rocks,
under the impact of which the filtering pores and cracks
are opened and expanded which in turn increases the
amount of desorbed methane and sharply increases the
intensity of gas recovery. With the deflection of under-
worked and, to a much lesser extent, overworked rock

Table

Numerical values of the shift angles for the Karaganda
basin conditions

Angle Bo Yo | 9 0, o)) o
Value |70° - 0.6a.| 70° | 70° | 55° = 0.4a | 55° + 0.40. | 90° — 0.4a

* o is the seam inclination angle, deg.

layers there are formed stratification cavities of rocks
which under certain conditions can be filled with gas de-
sorbed from partially discharged coal seams. Most likely
is formation of such cavities in the zone of rock deflec-
tion without discontinuity of integrity at the contact of
layers with different physical and mechanical properties.
As a rule, stratification cavities are formed at the con-
tacts between the coal seam and the rock due to the dif-
ference in their strength characteristics.

Studies by various authors have shown that the zones
of extension of the adjacent layers in the places of rock
deflection under and above the worked-out space are
manifested at its boundaries. In these zones, there are
the most favorable conditions for forming cracks of ex-
pansion and voids of stratification of rocks and areas
with increased gas permeability and fracturing of coal
seams. Determining the position of these zones in rela-
tion to the workings is the main task when selecting the
parameters of the wells when extracting gas from the
abandoned mines. Accumulators of gas can be stopped,
preparatory and other open mining workings in closed
mines.

Based on the concepts of the mechanisms of coal
seismic shift, there was carried out an analysis of form-
ing possible gas collectors for the working conditions of
the K; seam at the Industrial unit of the Karaganda ba-
sin. For this purpose, according to the geological condi-
tions of the coal seams occurrence and the angles of dis-
placement of the coal-bearing stratum, sections were
plotted along the strike and across the strike. At this
there was considered an option when the lower K; layer
was worked out, and on the K|, and K}, layers there were
coal pillars left. In Fig. 3 there are shown sections of the
coal-and-rock thickness under study at which the angles
and sizes of the displacement zones were determined
from the above data. The calculations and analysis show
that the height of the disordered collapse zone for the K;
seam is 6.0 m, and coal seams and interlayers do not en-
ter it.

In the zone of crack formation with the height of
40 m there are K and K, interlayers, from which meth-
ane is released into the worked out lava space along the
K; formation. The layers K,, K;; and K, fall into the
zone of the seams deflection without breaking their con-
tinuity. The greatest amount of subsidence in the region
of the angles of total displacement is confined to the
middle of the lava.

The underworked seams K, and K}, falling into the
region of displacement, are released from the rock pres-
sure and bend toward the worked out space. Since the
roof rocks of the layers K}, and K, (the coefficient of
strength is 5.2 and 4.5, respectively) is significantly
higher than strength of coal seams, at the contacts of
layers of the coal bed rock when the layers are bent there
are formed stratification cavities. The sources of meth-
ane replenishment of the formed cavities can include
rocks located in the soil at the distance from the collec-
tor multiple to 50—60 of its thicknesses, and release (de-
sorption) and filtration of methane into the man-made
collector can be observed at distances up to 2 km from
the mining front. The sampling rate of mine methane
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from the man-made collector is determined by perme-
ability of its constituent rocks and the rate at which
methane replenishes the collector filtration volume
through desorption [3].

The spatial parameters of the man-made collector
are determined by the coordinates of its shell, the quan-
titative characteristic of which can be the condition
K <1 mD where K is the coefficient of gas permeability
determined by the well-known classification of collector
rocks as “practically impenetrable” according to
A.A.Khanin. The rock gas content between the cavity
and the shell in fact determines the reserves of the de-
posit, and their permeability determines the expediency
of its operation [4].

The process of gas desorption from coal continues
until the equilibrium in the dynamic coal-methane sys-
tem is established at a new level after the process of shift-
ing and restoring the rock pressure ceases. Filling the
formed cavities with methane will occur before gas pres-
sure is equalized in the cavity and in the coal seam. The
duration of natural methane drainage till the residual
methane content is comparable to the total duration of
the shift process.

For the conditions of the Karaganda basin, at a speed
of 40—60 m/month, the total duration of the shift is
10—12 months.

In case when the underworked coal seams are con-
nected with the worked-out space, methane is released
into the mine workings of the worked out collector. Oth-
erwise, the stratification cavities filled with gas form a
gas collector. Formation of gas collectors is most likely
with the deflection of released seams in the region lim-
ited by internal angles of displacement.

A similar situation is observed in the overworking of
coal seams. Underlying soils bending in the direction of
the worked-out space, are stratified at the contacts of rocks
of various composition with forming voids that are subse-
quently filled with methane desorbed from the fractured
overworked layer. When stresses in the massif exceed the
ultimate strength of the overworked rocks, a fault occurs
with forming gas-conducting cracks communicating with
the worked out space of the developed seam which leads to
gas release into the mine workings of the mining unit.

The most active process of methane desorption from
the overworked layers occurs when they are located at
the distance up to 35 m from the developed formation.
After the collapse of the roof rocks the overworked rocks
are loaded with partial overlapping of the gas-conduct-
ing cracks, and the process of gas evolution from the su-
perfluous formation fades in time. If faults of the over-
worked layers do not occur, and they bend toward the
worked-out space without breaking continuity, stratifi-
cation cavities filled with methane appear at the contact
of the coal-rock layers.

Thus, as a result of analyzing the mechanism of the
underworked and overworked coal seams shifting it is
established that the most likely gas collectors from the
position of its possible extraction in the liquidated mines
can be:

- stratification cavities at the contacts of coal-rock
layers falling into the zone of deflection of rocks without
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breaking the massif discontinuity located under the
middle of the mining unit;

- voids formed at the boundaries of the mining units
in the region of displacement limited by internal dis-
placement angles;

- stopped preparatory and other open mining work-
ings that have no connection with the earth surface and
overlying mine workings.

The studies carried out permitted to develop a model
for calculating the volume of gas cavities after the mine
liquidation.

The total volume of gas cavities in the worked out
space consists of the following quantities

V=Vi+ 1+,

where Vis the total volume of the cavity within one de-
veloped and prepared pillar, m?; V, is the volume of
cavities formed from the contouring the worked out field
mine workings on its boundaries, m?; V, is the volume of
cavities formed at the contacts of the rock stratification,
m?; V5 is the volume of cavities formed from the left pre-
paratory workings, m>.
The V; value can be determined from the formula

V1 =(0.3+0.5)SP, 2)

where S'is the mean cross section of the contouring work-
ings, m?; P is the perimeter of the worked out space, m.

The V; value is proposed to be determined by the for-
mula

V2=nav 2115

where n,,, is the mean width of the rock stratification
(bend), m; /, is the size of the cavity along the strike, m;
1, is the size of the cavity across the strike, m.

Since the stratification cavities are formed by the
angles of total shifts, the /; and /, values can be found
from the expressions

Iy =L —2h;ctges; (3)
hL=1-h(ctge;, +ctgg,), 4)

where L is the length of the mining field along the strike,
m; h; is the distance along the normal from the seam be-
ing developed to the underworked seam, m; / is the
length of the lava, m.

The mean width of the rock stratification is deter-
mined by the formula

Nave = En - Eya

where E, = f(c,) is the bend of less hard rocks, m; E, =
=f(o,) is the bend of more hard rocks, m.

The value of the maximum subsidence of the earth
surface is determined by (1). The volume of voids from
the left workings V; can approximately be found by the
formula

V;=0.45,1.,

where S, is the initial cross section of the stopped work-
ing, m?; /. is the length of the preparatory cul-de-sac, m.

The total volume of the voids at the abandoned
mine is
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n k
Vm = Z(Vl +V2)+ZI/35
1 1

where 7 is the number of worked out extraction columns
within the mining field; k is the number of preparatory
cul-de-sacs.

As an example below there are considered gas collec-
tors that can be formed when developing the K; “Re-
markable” seam. Above the worked out K; seam at the
distances from it that are respectively equal to 63 and
99 m, there are K|, and Kj, seams. The length of the
mining field is 2000 m, the extractable thickness of the
layer is 1.7 m. The length of the lava is 200 m.

To prepare the underlying column, there was driven
a conveyor drift with the length of 2000 m and the cross-
sectional area of 15 m?. It is required to determine the
volume of voidness as a possible gas collector after the
mine abandonment.

By formula (2) we determine the volume of cavities
formed from the workings that are contouring the min-
ing field

V,=(0.3+0.5)SP=0.4 x 15 x 4400 = 26 400.

By formulas (3, 4) we calculate the voids sizes along
the strike and across the strike for the underworked
seams K, and K,:

a) K, seam

/;=2000 x 2 x 63 x ctg55°=1912;
5, =200 — 63(ctg52° + ctg58°) =111;
b) K}, seam

[,=2000-2x%x99x0.7=1861;
1,=200-99(0.78 + 0.63) = 60.

The bending value makes
h=0.75%x1.7%x0.98x0.3x0.3=0.1.
Then the voids volumes from these seams are equal
VoKig=0.1 x 1912 x 111 =21 223;
V5K, =0.1x 1861 x 60 =11 166.

The volume of the cavity from the driven conveyor
drift will be

V3=0.5x2000 x 15 =15 000.

The total volume of the voids will be

V'=26400+21223+ 11166+ 15000 =73 789.

With the amount of the mined coal in the mining
field equal to 2000 x 200 x 1.7 x 1.4 =952 000z, the share
of voidness per 1 t of the coal mined will be

7378
Vo 9

= x100="7.8.
¥ 952000

Thus, the carried out analytical studies and calcula-
tions permitted doing the following:

10

- from the positions of rock shift and gas dynamics of
coal seams the most likely gas collectors at the aban-
doned mines have been established;

- a method for calculating the volume of gas collec-
tors has been proposed;

- the share of voidness in relation to the extracted
coal that makes about 8 % has been established.

Conclusions and recommendations for further re-
search. It is most rational to extract methane from the
abandoned mines whose geological conditions are con-
fined to large anticlinal and dome folds, where high
fracturing of the rocks causes their large permeability
and methane flow into the worked out space from the
large area. The presence of numerous adjacent seams of
coal and its interlayers in the undermined thickness
forms prerequisites for a very intensive and sufficiently
long emission of methane into the worked out space of
mines.

The results obtained for establishing the volumes
and location of methane gas collectors are the basis for
the development of a feasibility study for methane utili-
zation.
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HOBJICHHSI HAOITbII iMOBIPHUX MOPOXHUH-KOJEKTO-
piB rasdy Ta ix oOCSTiB 3 MO3ULLill 3COBYBaHHSI TiPChKUX
MOpiA i Ta30BO1 JUHAMIKU BYTiJIbHUX IIACTIB.
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Metoauka. Mofenb YyTBOPEHHS IMYCTOT i TPilllUH,
3aIIOBHEHUX Fa30M Y JIiKBiIOBaHUX IIaxTax, MOoOya0Ba-
Ha Ha MiIcTaBi aHaMi3y TiPHUYO-T€OJOTIYHUX i TipHU-
YOTEXHIYHMX YMOB, a TAKOX HAassBHUX YSIBJIEHb I10OJI0
MeXaHi3My 3COBYBAaHHS TipCBhKUX IMOPiA y BUPOOIEHO-
MY IIPOCTOPi BYTiIIbHUX IIAXT.

Pe3ynbTaTu. Y pesynbrati aHalizy MeXaHi3My 3COBY-
BaHHS ITiIpOOTIOBAaHMX 1 HAIPOOJIEHMX BYTUILHUX TJIaC-
TiB BCTAHOBJICHI HAOLIbII IMOBIpHi MiCLIE€3HAXOMXKEHHSI
KOJIEKTOPIB rasy 3 Mo3ullii 10ro MOXJIMBOTO BUIOOYTKY
B JIIKBiIOBaHUX I1axTaX. 3alpoIrOHOBaHA MOJEIb pO3-
paxyHKy oOCsTYy TTOPOXKHUH ra3y Iic/s JiKBigalii max-
Tu. BcTaHOB/IEHA YacTKa MyCTOTHOCTI IO BiAHOIIEHHIO
JI0 BUI00YTOTO BYTIJUIS, 1110 CTAHOBUTH OJIM3bKO 8 %.

HaykoBa HoBu3HA. 3a6e3MeueHHs BUAOOYTKY MeTa-
HY 3 JIIKBiTOBAaHUX 1IAXT HUISIXOM OypiHHS BEPTUKATb-
HUX CBEPIJVIOBUH 3 MOBEPXHi MOB’I3aHE 3 BUPILLIEHHIM
3a7a4i 31 BCTAHOBJIEHHSI MiCLISl 1X 3aJIiTaHHST, BUXOISUYU
3 pO3paxyHKy MepeTUHY HaMOLIbII iIMOBIPHUX KOJIEK-
TOpiB razy. Moneib yTBOPEHHSI IyCTOT i TPilllMH, 3aI10-
BHEHMX Ta30M Y JTIKBiTOBaHMX IIaxTax, ITOOyI0BaHa Ha
MifcTaBi aHaMi3y 3aKOHOMIpHOCTEH, 110 XapaKTepu3y-
I0Th MPOLIEC 3COBYBAHHSI TiPChKUX MOPiI MPU OYUCHUX
poboTax B yB’sI3L1i 3i 3MiHHUMM MapaMeTpaMU ra3oBoi
JUHAMIiKM BYT1IbHUX TIJIACTiB.

IIpakTuuna 3Hauumictb. OTpuMaHi pe3yJbTaTu €
OCHOBOIO JISI PO3POOKM TEXHIKO-€KOHOMiIYHOTO 00-
IPYHTYBaHHS YTUJIi3allii METaHy JIIKBiTOBaHUX IIAXT,
IO TO3BOJUTH 3aJyYUTH OO MAJTMBHO-EHEPTETUIHOTO
OajlaHCy peTioHy BeJIMKi pecypcu HOBOTO €HEePTOHOCIS
1 TMONIMIIUTHA €KOJOTiYHYy OOCTAaHOBKY 3a pPaxyHOK
CKOPOYEHHSI BUKHIIB METaHY IO aTMOCGhEpH.

Kmouosi cioBa: meman, 3aauweni 3anacu, decopo-
yist, Konekmopu 2azy, 8U000Y8AHHI MEMAHy, NPOMUCA08e
BUKOPUCMAHHS

YcraHosiienue 00beMOB U MECTOHAXO02KICHUA
ra3oBbIX KOJIVICKTOPOB JIMKBUIAWPOBAHHBIX
YroJibHbIX INAXT
P. K. Kamapos, H. M. 3amanues, JI. P. Axmamuypos,
P A. Mycun
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Ieas. Co3manue MeToma MCCIeOOBAaHUS IO yCTa-
HOBJICHUIO HamboJiee BEPOSITHBIX ITOJIOCTEI-KOJIICK-
TOPOB Ta3a U UX 00bEMOB C TTO3ULINI CABIKEHUS TOP-
HBIX ITOPOJI 1 Ta30BOI TMHAMUKHU YTOJbHBIX IJIACTOB.

Meromuka. Monenb ob6pa3oBaHUsI MyCTOT U Tpe-
ILIMH, 3aIOJTHEHHbBIX TA30M B JIMKBUAUPOBAHHbIX I11aX-
Tax, MOCTPOEHA Ha OCHOBAaHUM aHaJIM3a TOPHO-TE€0JI0-
TMYECKUX U TOPHOTEXHUYECKUX YCJIOBUM, a Takxke
UMEIOIMXCSl TIPEACTaBICHUN O MEXaHU3ME CIBUXE-
HUS TOPHBIX MOPOA B BBIPAOOTAHHOM ITPOCTPAHCTBE
YTOJIBHBIX IIIaXT.

PesymbTatel. B pesyiabTaTe aHanmmM3a MexaHHM3Ma
COBIDKCHUS TTOAPaO0TaHHBIX U HaAPaOOTAHHBIX YTOJIb-
HBIX TIJIACTOB YCTAaHOBJICHBI HanOOJIee BEPOSITHBIC Me-
CTOHAXOXICHUS KOJUIEKTOPOB Ta3a ¢ MO3UIIMU €TO BO3-
MOXKHOM OOBIYM B TUKBUIAMPOBAHHBIX ITaxTax. [1pen-
JIOXKEHa MOJIeJIb pacueTa o0beMa IoJIO0CTei ra3a mocie
JIMKBUIALIMU IIAXThl. YCTaHOBJIEHA MOJIS yCTOTHOCTU
10 OTHOILIEHUIO K JOOBITOMY YIJII0, KOTOpasi COCTaBIsI-
eT okoJio 8 %.

Hayunas HoBusna. OGecrieyeHue A0ObBIYM MeTaHa
W3 JUKBUAVMPOBAHHBIX IIAXT IyTeM OYpeHUSI BEpTH-
KaJIbHBIX CKBaKIH C TTOBEPXHOCTH COIIPSIKEHO C pellle-
HHUEM 3a1a4 110 YCTAHOBJICHMIO MECTa UX 3aJI0XKCHUS,
HCXOIIS U3 pacyeTa IepeceuyeHusT HandoJjiee BePOSITHBIX
KOJIJIEKTOPOB Ta3za. Mopgenb oOpa3oBaHUSI MYCTOT U
TPEIIH, 3allOJIHEHHBIX Ta30M B JIMKBUIWPOBAHHBIX
IIIaXTax, IMOCTPOCHA Ha OCHOBAaHMUM aHalIM3a 3aKOHO-
MEpPHOCTEe!, XapaKTepU3YIOIIMX IMPOLECC CIBUKCHMS
TOPHBIX TTOPOJ MPU OYUCTHBIX pabOTaxX B YBSI3KE C U3-
MEHSIIOIIMMUCS TapaMeTpaMu Ta30BOM IMHaMUKU
YTOJIbHBIX TIJIACTOB.

IIpakTyeckas 3HaYMMOCTb. [lojydeHHbBIE pe3yJib-
TaThl SIBJISIIOTCS OCHOBOM ISl pa3paOOTKU TEXHUKO-
SKOHOMIYECKOTO OOOCHOBAaHUS YTUIM3AllMM MeTaHa
JIMKBUIVPOBAHHBIX IIaXT, YTO ITO3BOJIUT BOBJICYb B TO-
IUTMBHO-SHEPTETUICCKUI OajlaHC pernoHa OOJbIIne
peCypChl HOBOTO SHEPTOHOCUTEISI M YIIyYIIUTh KOJI0-
TMYECKYI0 0OCTAaHOBKY 3a CUET COKpAIIIEHUSI BHIOPOCOB
MeTaHa B aTMocdepy.

KioueBble ciioBa: meman, ocmasneHnvle 3anacwl, de-
copbyus, KoaleKmopul 2asd, uzeneveHue mMemanda, npo-
MblULNeHHOe UCNOAb308AHUE

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk
T. K. Icabexom. Jama naoxodxcenns pykonucy 05.12.16.

11




