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Abstract. Some features of combined progress for the coupled processes of coal bed deformation and gas filtration
are considered in the study, the mathematical model is developed taking into account the mutual influence of these
processes. Simulation flowcharts for the following tasks related to the safety of mining operations in coal mines are
presented: methane filtration into the mine working, which is arranged in a gas-bearing coal bed; filtration flows motion in
the presence of methane drainage boreholes as well as and protective structures used within a gateroad; influence of
water in the fracture-pore space of coal on the origin of gasdynamic phenomena; dependence of unloading of gas-
bearing outburst prone sandstones on rock pressure within the zone of the working face influence.

Calculations show that a zone of increased fracture spreads around the mine working over time. At the same time, the
filtration area grows, within which methane can move from methane sources (gas-bearing coal seams and sandstones) to
the mine working space. Therefore, the filtration area covers more distant sources of methane release over time.
Simulation of drainage boreholes performance in the deformed gas-bearing rocks makes it possible to study the
influence of factors such as stoping of a gateroad and the use of protective structures on stability of the boreholes and
their efficiency. The calculation results show the following features. In case of underworking of methane drainage
boreholes they get broken and stall their performance, if no protective structures are involved. If the protective structures
are used, the rock-bolting beam within the underworking space gets sustained. Methane drainage boreholes span
beyond the zones of inelastic deformations and remain in operating conditions even after their undermining by means of
a working face. Taking into consideration tectonic fault as well as change of the physical and mechanical properties of
coal within the perturbed zone provides an opportunity to study behavior of the coupled processes for geomechanics
and filtration that occur during mining operations over outburst prone coal seams. Taking into account the influence of
water on the change of physical and mechanical properties of coal as well as the formation of the phase permeability
field for gas, the influence of moisture on the origin of gasdynamic processes could be studied.

The paper shows that solving complex problems related to gas and outburst safety of mining operations in coal
mines requires the use of numerical simulation methods for coupled physical processes. In some cases, the calculation
error reaches out large values if the mutual influence of the processes occurring in the rock is neglected.

Keywords: mining safety, coal and methane outburst, rock deformation, coupled processes, methane emission,
numerical simulation.

Introduction. A coal-rock massif is a multiphase system consisting of a solid
skeleton and flowage structure contained in the fracture-pore space. Any human
intervention leads to a balance perturbation of this system and initiates deformation
as well as filtration processes. Their progress occurs simultaneously with the
following mutual influence: rocks deformation leads to the formation of a permeable
area around the mine workings [1, 2], a change in flowage pressure and rock
properties during wetting process affect the rock stress state [3-5]. Therefore, during
studying many aspects of mining safety, it is necessary to consider not only separate
processes, but their integrity as well.

The most common problem of coal mining is gas release within the mine
workings [6], which could occur both in a quasi-stationary and transient mode. The
increased methane content in the mine workings, methane firings and explosions,
coal and methane outbursts are harmful consequences for the combined progress of
the coupled deformation and filtration processes over time.

The following problems are considered in this study:
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- methane filtration into the mine working, which is arranged in a gas-bearing
coal-rock massif;

- filtration flows when methane drainage boreholes are in operation and protective
structures are used within a gateroad;

- the influence of water in the coal fracture-pore space on the origin of
gasdynamic phenomena;

- unloading rock pressure of gas-bearing outburst prone sandstones within the
longwall influence zone.

Solving such a complex problems requires the use of numerical simulation of the
coupled physical processes. Therefore, the purpose of this study is elaboration of a
method to solve the problems related to the safety of mining operations in coal mines,
where gas-bearing and outburst prone seams are operated.

Methods. During simulation the hypothesis of rock continuity is accepted, the
coal-rock massif is considered as homogeneous within every single seam. Net force
acting on every point of the solid equals the sum of the geostatic pressure forces and
flowage pressure. The change in time of stress-strain state of rocks, the formation of a
region permeable for flowage [7, 8] and gas filtration are described by the following
system of equations:
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where ¢4 - damping coefficient, kg/(m®s); t - time, s; u; - displacements, m; Gijj -
derivatives of the stress tensor components for x and y axes respectively, Pa/m; X;(t) -
projections of the external forces per unit volume of solid onto axes, N/m*; P;(t) -
projections of forces due to gas pressure within the crack-pore space, N/m% Q' -
geomechanical parameter that describes different kind of nature for a stress field; P” -
geomechanical parameter that describes geostatic pressure unload of the rocks; oy, o3
- maximum and minimum component values of the principal stress tensor, Pa; y -
average weigh of the overlying rock seams, N/m* H - mining depth, m; Kcn -
filtration permeability caused by mining process; Kmin - minimum value of the
permeability coefficient required for the beginning of a filtration process, m?; Kmax —
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permeability value within the breaking zone, m?; p - gas pressure, Pa; Uy — dynamic
viscosity of a gas, Pa-s; q - gas release function, that simulates methane desorption.
The initial and boundary conditions for the system of equation are as follows:

O'yy‘tzo = O-XX‘tZO =AM ux‘tzo =0; uy‘tzo =0; p‘t:o = Po>

Ul =05 Uy, =05 Ply =Poi Plo, =Poi Plo, =Paii Plg,e)=Po;

where Q, - vertical boundaries of external contour; Q, - horizontal boundaries of
external contour; Q3 - internal contour (mine working); Q4(t) - time-varying boundary
of the filtration area; p, - methane formation pressure, Pa; p, - atmospheric pressure,
Pa.

The problem is solved within the elastic-plastic formulation. A Mohr — Coulomb
failure criterion is used to describe the beginning of rock failure. The system of
equations (1)-(4) is solved by means of the finite element method [9, 10].

Methane filtration into the mine working within a gas-bearing coal-rock
massif. Mining operations in coal mines initiate the processes of rocks deformation
and filtration of methane contained in the fracture-pore space of coal and gas-bearing
sandstones. Increased methane release from the working seam and finished space of
massif, methane bleedings and outbreaks, gasdynamic phenomena are the result of
the combined progress of two closely related processes: redistribution of the stress
field as well as gas filtration.

Simulation of the parameters change for these processes over time was performed.
While solving equations (1)-(4) according to the scheme shown in Fig. 1, for each
time iteration the values of stresses and strains within finite element were calculated.

Figure 1 — Flowchart for solving of the problem of unsteady methane filtration in deformed rock
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The values of filtration permeability, methane pressure, the direction and filtration
rate, methane release at the mine working contour were calculated depending on the
components of the tensor’s principal stresses. For the next time iteration methane
pressure change at nodes of the finite elements was taken into account during the
stress field calculation.

Simulation of deformation and filtration processes was performed for the mine
working with a rectangular cross-section located at a depth of 900 m along a gas-
bearing coal seam having a thickness of 2 m; coal strength equals 15 MPa. The rock
around a gas-bearing coal seam is siltstone. Gas-bearing sandstone with thickness of
10 m is located in the seam’s roof. The gas content within coal seam is 22 m®/t, the
gas content in sandstone is 2 m®t. The distribution of values for parameter Q" as well
as areas of inelastic deformations (red color) are shown in Fig. 2.
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0.4<0*<0.6
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a) t=1day; b) t =3 days; c) t = 15 days

Figure 2 — Distribution of values for parameter Q" as well as areas of inelastic deformations

Values of the parameter Q  increases and inelastic deformation zone extends in
the rock around the coal seam over time. It could be noted that the presence of more
durable sandstone in the mine roof affects distribution of Q" parameter values, Fig.
2b, 2c. Based on the results of geomechanical parameters calculation, the array of
permeability coefficients was determined (Fig. 3).
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Figure 3 — Distributions of permeability coefficients values in the vicinity of the mine working

The filtration area, where k > 0, includes the walls of coal seam of mine working
as well as the part of the gas-bearing sandstone located in the mine roof. Inside this
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filtration area, methane can move from the gas emission sources into the mine
working space, where the pressure is 0.1 MPa that is much lower than the methane
pressure (8 MPa) within the unperturbed massif.

The isobars of relative methane pressure p/po (po IS @ methane pressure within the
unperturbed massif) in the rock around the mine working are shown in Fig. 4.

. plp,=0.1
:

a) t=1day; b) t =3 days; c) t = 15 days

Figure 4 — The isobars of relative methane pressure

Methane pressure drops over time in those parts of the coal seam which are
adjacent to the mine working (Fig. 4). It indicates that the coal seam is degassed,;
methane moves from the seam into the mine atmosphere. After 2 weeks, the area of
low methane pressure captures the lower part of the gas-bearing sandstone, Fig. 4c.
The process of methane filtration actively takes place around the mine working.

Fig. 5 shows the change of relative gas pressure in the mine roof along the
vertical line passing through the center of mine working as well as in the walls of
mine working along the horizontal line passing through the center of coal seam over
time. Coordinate y=51.5m is the roof of mine working, Fig. 5a; coordinate
y =54.5 m is the lowest boundary of sandstone, Fig. 5a; coordinate x = 52.7 m is the
right wall of mine working, Fig. 5b. In the mine roof, methane pressure gradually
decreases over time. After 15 days, methane pressure begins to decrease in the lower
part of the gas-bearing sandstone, Fig. 5a. Fig. 5b shows that in the walls of the mine,
in the area of bearing pressure, methane pressure value in the coal seam exceeds
initial seam pressure value. The effect of increasing seam pressure in the bearing
pressure area is mentioned in [11-13]. This occurs as a result of mechanical
compression of rock and a volume reduction of fractured-pore space.

Thus, taking into account an influence of the stress-strain state of the rock massif
on its filtration permeability and the effect of the methane pressure change on the
redistribution of the stress field, it is possible to adequately simulate the combined
progress of geomechanics as well as methane filtration processes.

Filtration flows during operation mode of methane drainage boreholes and
protective structures involvement within a gateroad. During mine operations in a
gas-bearing coal-rock massif, the main task from the mining safety point of view is to
ensure the permissible level of methane concentration in the mine workings.
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Within the of working areas being ventilated according to a reverse ventilation
system (1-M), outflowing ventilation jet joins finished coal massif while the airway
behind the longwall is not serviced and not controlled [14]. If methane drainage
boreholes are drilled under such conditions in front of a longwall in upstream
direction, the boreholes located immediately near the longwall will operate solely.
These boreholes got destroyed and disconnected from a degassing system when
operating coal working under the boreholes throat [14].
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Figure 5 — The change of relative gas pressure

In order to study the influence of protective structures on the degassing efficiency,
it was assumed that the coal working moves at a constant speed along with the
filtration area that surrounds the coal working. Thus, in this case the filtration process
could be considered as steady-state one in the moving coordinate system associated
with the longwall. Therefore, the simulation was performed using a quasi-stationary
statement according to the scheme shown in Fig. 6. In order to simulate the degassing
system, it is necessary to set up parameters of the boreholes (their number, inclination
angles, throat coordinates, overall length, sealed length), as well as calculate the
nodes’ parameters of finite elements belonging to the borehole and the nodes’
parameters of the finite-element grid belonging to the filtering parts of the boreholes.

First of all, the values of stresses and strains in each finite element as well as
inelastic deformation zone were calculated. According to (3), the values of filtration
permeability were determined depending on the components of the principal stress
tensor. After that, the filtration area, where the permeability value is greater than zero,
was determined; equation (4) was solved, and gas release in the drainage boreholes
was calculated by summing the gas release for those nodes that are out of the zone of
inelastic deformations.

In order to analyse the influence of protective structures on the sustainability and
efficiency of the operation over methane drainage boreholes, let’s consider a gateroad
supported by frame and bolting with two methane drainage boreholes. The lengths of
the boreholes are 45 and 48 m respectively; the sealed depth is 10 m. The seam
thickness is 1.5 m. There are two gas-bearing sandstones in the mine roof which
breadth is 15 and 17 m respectively, and two coal seams, which breadth is 0.4 and 0.3
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m respectively. The gas content of the coal seam is 20 m°/t, the gas content of
sandstone is 1 m*/t. The mining depth is 600 m.
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Figure 6 — Flowchart for the problem solving of steady-state methane filtration in the coal-rock
massif when methane drainage boreholes are in operation

The calculation is performed for two cases: 1) without protective structures;
2) anchor jack, relief post, fence row and two rows of breaker props are used. As a
result, fields of stresses and zones of inelastic deformations (red color) were obtained,
Fig. 7.
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Figure 7 — Distribution of parameter Q" values and zones of inelastic deformations

In the vicinity of the mine working contour and above the finished space of the
massif, minimal stress component approaches its zero value. Under such conditions,
the rock mass near contour is broken by means of the mass division into separate
weakly interacting blocks [15]. A breaking zone includes as a whole the areas within
the walls and roof of the mine working where Q"> 1,2 and P" < 0,1. Roof bolting
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restrains partially the rock breaking, however, its effect is not sufficient to keep the
beam formed above the finished space of the massif in a fixed position, Fig. 7a. At a
distance of 8 m from the mine working contour, borehole #2 is within the zone of
inelastic deformations experiencing its breaking that makes it impossible for the
borehole to operate. Borehole #1 crosses the breaking zone at a distance of 3 m above
the mine working.

Fence row usage in combination with anchor jack, relief post and two rows of
breaker props changes the situation considerably, Fig. 7b. However, a stress-strain
state of the rock within the left wall and in the roof of the mine working has
decreased to such an extent that borehole #2 has gone beyond its boundaries. The
methane drainage boreholes are still in operating mode even within the area behind
the longwall. The area of unperturbed rock within the roof-bolted rock massif has
significantly increased. Roof bolting along with the protective structures restrain the
breaking of rock-anchor beam formed above the finished space of rock massif which
IS now in a stable condition.

According to the calculation results of a stress state of coal-rock massif,
coefficients of rock permeability, distribution of methane pressure, Fig. 8, as well as
methane release within the drainage boreholes have been computed. In this context, if
any node of a borehole gets into the zone of inelastic deformations, it was considered
that the borehole section located farther is out of operating mode.

p/p~0.1
p/p=0.2
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p/p,=0.4
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p/p,=0.6
- p/p~=0.7
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a)
a) without protective structures; b) anchor jack, relief post, fence row and two rows of breaker props

Figure 8 — Distribution of relative methane pressure p/po

Along with the longwall movement, the areas of decreased methane pressure get
expanded, covering all the finished space of rock massif. Barely supported right wall
of a mine working gets broken; borehole integrity is violated thus, they operate no
more. Around the boreholes (Fig. 8a), methane pressure value corresponds to that one
within the unperturbed rock massif. It means that there is no gas filtration from the
gas sources into the degassing system. In this case, methane release into methane
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drainage boreholes #1 and #2 is approximately equal to zero. Methane from the
sources located within the roof flows into the finished space of the massif instead of
degassing system.

If protective structures are used, Fig. 8b, then the rock-bolting beam located above
the finished space of the massif is kept stable; whereby, methane drainage boreholes
do not cross the boundary of inelastic deformations, so they keep operating even after
the coal working has been cut. Methane release in boreholes #1 and #2 is equal to 0.9
and 3.7 m*/min respectively for given boundary and geological conditions.

The calculation results show the following: in case protective structures of
methane drainage boreholes are not involved, those methane drainage boreholes get
broken and stop operating. If protective structures are used, then the rock-bolting
beam above the finished space of rock massif is kept stable. Methane drainage
boreholes do not cross the boundary of inelastic deformations so they keep operating
even after the coal working has been cut.

The influence of water in the fracture-pore space of coal on the gasdynamic
phenomena origin. According to the Rules for mining operations on outburst prone
coal beds [16] coal seams wetting is used for preventing gasdynamic phenomena.
This method is provided by water injecting through long boreholes drilled within the
coal seam from gateway in front of a longwall.

In order to study the effect of saturation moisture content s,, on the outburst prone
properties of the coal seam, numerical simulation of the combined progress for the
coupled processes of coal-rock massif deformation as well as methane filtration was
performed taking into account the presence of moisture in the fracture-pore space of
coal according to the scheme presented in Fig. 9.

Simulation of the outburst prone zone near the tectonic fault was done in the
following way. The fault parameters, such as the coordinates of the tectonic fault, the
displacement amplitude, and the length of the disrupted zone were set up. The values
of the variables at the finite elements’ nodes belonging to the disrupted zone were
calculated. The following variables were specified within these finite elements:

- coal adhesion value C decreases linearly as well as the tectonic permeability
value ke increases linearly from the boundary of the disrupted zone to the tectonic
fault zone [8];

- tensile strength o is approximately equal to zero;

- the modulus of elasticity E and Poisson's ratio x are calculated depending on the
sy value according to the regression equations derived from the experimental data
[19, 20]

E = — 1608-In(s,,) + 7088 (R? = 0.9999);
1= 0.3076-5,”1% (R2 = 0.9988).

At each time iteration for each node of the finite element model computed the
values of stresses, zone of inelastic deformations, the values of permeability
Kiech (Q , P*), caused by mine operations, the coefficients of absolute permeability K
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as the sum of kicn and ki, the coefficients of gas permeability kg, the values of gas
pressure and filtration rate were calculated. In addition, if the modulus of the gas
filtration rate V, reaches large value, the gas flow expands fractures within coal
massif, therefore, gas permeability value increasing within the areas of high filtration
rates depends on V, values. Further, the geometry of the outburst cavity was
calculated according to the criteria of finite elements reference to the zone of inelastic
deformations caused by tensile stresses, the critical values by the methane filtration
gradient exceeding were calculated as well. At the next time iteration, the change in
gas pressure at each node of the finite element was taken into account while
calculating the stress field.
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Figure 9 — Flowchart for the problem solving of the combined progress for the rock deformation
and methane filtration taking into consideration an influence of water contained in the coal’s
fracture-pore space

Two types of calculations were performed: before coal seam wetting (s, = 1 %,
E =7000 MPa, x = 0.3) and after coal seam wetting (s, =20 %, E =2270 MPa,
1= 0.43). The value of saturation moisture content s,, = 20% corresponds to the value
of humidity w = 2%. It was assumed that the mine face is located at a distance of 7.75
m from a tectonic fault with a displacement amplitude of 1 m; the rock comprises
argillite; H = 1000 m; m = 10%; the length of the disrupted zone on both sides of the
tectonic fault is equal to 10 m; 10 m; po =8 MPa; C, = 2-10" Pa/m.

The results of the calculations are shown in Fig. 10 and Fig. 11.

If the mine face penetrates the disrupted zone near the tectonic fault before the
coal seam is wetted, under the condition s,, = 1 %, E = 7000 MPa, x = 0.3, the area of
increased stress components values (Q > 0.4) rapidly increases deep into the coal
seam. Zone of inelastic deformations rapidly grows starting from the mine face along
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the coal seam (Fig. 10, left side). Methane pressure in the coal seam quickly
decreases, so the relative pressure isobars are located next to the exposed surface
(Fig. 10, right-hand side figure). The pressure gradients and the methane filtration rate
reach very high values at the destruction front; the permeability of coal grows
rapidly. Coal and gas outburst takes place that leads to the cavity formation in the
coal seam, the length of which reaches 6.125 m under the given initial and boundary
conditions.
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Figure 10 — Distribution of parameter Q values and inelastic deformation zone (left-hand side figure),
outburst cavity and methane relative pressure p/po (right-hand side figure), in case, when s,, = 1 %,
E =7000 MPa, 1= 0.3 within the coal seam

After that the growth of the cavity halts (Fig. 10c); methane pressure in the coal
seam continues to decrease slowly. Geomechanical processes as well as the process
of methane filtration get back to the quasi-stationary mode. It takes 5.6 s to complete
the dynamic process under initial and boundary conditions mentioned above.

If the mine face penetrates the disrupted zone near the tectonic fault after wetting
under the condition s,, = 20 %, £ = 2270 MPa, u = 0.43 taking into account mining
and geological conditions similar to those ones for the previous case, the area of
parameter Q" high values increases significantly slower from mine working area into
the coal seam. Depth of zone for inelastic deformations within the coal seam does not
exceed 1 m, the methane pressure in the mine face decreases slowly. The cavity in the
coal seam has failed to emerge, Fig. 11.

Taking into consideration the parameters of tectonic fault as well as physical and
mechanical properties of coal in the disrupted zone gives an opportunity to study the
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progress of coupled geomechanical and filtration processes that occur during mining
operations in outburst prone coal seams. Taking into account the wetting influence on
the change of the physical and mechanical properties of coal and formation of the
phase permeability field for gas allows to study the influence of moisture saturation
on the progress of gasdynamic processes as well as the factors that initiate them.
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0.4<Q*<0.6 plp=0.:
0.2<0*<04 w— 1/p,=0.6
0*<0.2 w— 1/p,=0.9

a)

b)

c)

a)t=2s;b)t=4s;c)t=6s

Figure 11 — Distribution of parameter Q" values and inelastic deformation zone (left-hand side
figure), outburst cavity and methane relative pressure p/po (right-hand side side figure), in case, when
Sw =20 %, E = 2270 MPa, 1= 0.43 within the coal seam

Unloading of outburst prone sandstones within the zone of longwall
influence. In case when thick layers of sandstone occur in the roof and bottom of the
coal seam, the step of roof settling should be significantly increased. Besides,
sections of the powered support in the longwall are often clamped between the seam
bottom and the hanging rock beam. One of the ways to shift the support which is
normally used in coal mines in Ukraine is dinting of the seam bottom under the
support by means of explosives [21]. However, coal seams and sandstones in many
mines are hazardous as they able to outburst coal, rock and gas. In order to avoid the
initiation of the gasdynamic phenomenon during a pop shooting, it is necessary to
study the process of unloading the outburst prone sandstone or to use a shock-blasting
mode which leads mining operations shut-down for a long time.

On the one hand, rock unloading during mining operations is a geomechanical
process described by the equation (1). On the other hand, the presence of methane in
the fracture-pore space of rock also affects the stress distribution. The authors found
out how essential this effect is during the study of the gas-bearing sandstone
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unloading. For this purpose, a comparison of parameter P~ values that describes
geostatic pressure unload of the rock was performed:

1) in case of solving equations (1)-(4) according to the flowchart shown in Fig. 1;

2) in case of solving equations (1)-(2) without taking into account the presence of
gas in the fracture-pore space of sandstone.

Simulation is performed according to the scheme of Fig. 12. The depth of mining
Is 900 m; the seam thickness is 2 m. The rock consists is argillite. There is gas-
bearing sandstone within the mine’s bottom, which thickness is 10 m. The gas
content in coal is 22 m*/t, the gas content in sandstone is 2 m*/t.

coal seam

Figure 12 — The central fragment of the finite element mesh

The values of geomechanical parameters at different time steps were computed.
The results for the first variant of the simulation are shown in Fig. 13 and Fig. 14.

0*>09

0.675<Q0*<0.9

0.45 < 0* < 0.675

0.225 < 0% < 0.45
| 0* <0225

a) b)
a)t=54 h: b)t=27 h

Figure 13 — Distribution of parameter Q" values and inelastic deformation zone (red color), the first
variant of the simulation

Fig. 13 and Fig. 14 show zones of rock unload as well as areas with variety of the
rock components around the longwall increase over time. Zone of inelastic
deformations directly in the roof of the longwall represented by siltstone grows faster
than in the longwall bottom represented by the sandstone.
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The curves of parameter P~ values change in the longwall bottom along a vertical
line at the place of a borehole drilling for explosives, which are calculated for the first
and second variant of the simulation, are shown in Fig. 15.

P*>0.9
0.675 < P*<0.9

0.45 < P*<0.675
0.225< P*<045
P*<0.225

a)t=5,4h;b)t=27h

Figure 14 — Distribution of parameter P~ values, the first variant of the simulation:
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0.0
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Distance from the longwall floor, m

Figure 15 — Parameter P” values change in the longwall bottom for the first and second variants of
calculation

= P* parameter
= (Q* parameter

Stress calculation error, %
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Figure 16 — Calculation error in case when the gas component of the deformation process is
neglected
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It is obvious that taking into account the participation of the methane filtration
process in the unloading of gas-bearing sandstone leads to a decrease of parameter P~
values. That is, gas pressure drop within the filtration area, degassing of gas-bearing
rock leads to a more significant unloading. The calculation error in case when the gas
component of the deformation process is neglected reaches 80% at a distance of 0.2
m from the bottom of the mine working and decreases with depth, fig. 16.

Thus, while calculating the stress-strain state of gas-bearing rocks at great depths,
it is necessary to consider the coupled processes of their deformation and filtration of
the gas contained in the fracture-pore space.

Conclusions. The features of the combined progress for the coupled processes of
coal-rock massif deformation and filtration of gas contained in the fracture-pore
space of coal and rock were analysed In this work. A mathematical model was
developed taking into account the mutual influence of these processes. Flowcharts of
numerical simulation for a number of problems related to the safety of mining
operations in coal mines are presented. Those are methane filtration within the mine
working, which is arranged in a gas-bearing coal-rock massif; filtration flows motion
in the presence of methane drainage boreholes as well as and protective structures
used within a gateroad; influence of water in the fracture-pore space of coal on the
origin of gasdynamic phenomena; dependence of unloading of gas-bearing outburst
prone sandstones on rock pressure within the zone of the working face influence.

The results of the calculations have shown how the zone of increased fracturing
spreads around the mine working over time. Moreover, the filtration area grows,
within which methane is able to move from the sources of methane release (gas-
bearing coal seams and sandstones) to the mine working space. The filtration area
covers more distant sources of methane release over time.

Simulation of drainage boreholes in the deformed gas-bearing rocks makes it
possible to study the influence of factors such as supporting of a gateroad and the use
of protective structures on stability of the boreholes and their efficiency. The
calculation results have shown the following: in case of underworking of methane
drainage boreholes, those methane drainage boreholes get broken and stop operating.
If protective structures are used, then the rock-bolting beam above the finished space
of rock massif is kept stable. Methane drainage boreholes do not cross the boundary
of inelastic deformations so they keep operating even after the coal working has been
cut.

Simulation of tectonic fault by changing the physical and mechanical properties of
coal in the disrupted zone provides an opportunity to study the course of coupled
geomechanical and filtration processes that occur during mining operations within
outburst prone coal seams. Taking into account the influence of wetting on the
change of physical and mechanical properties of coal and the formation of the phase
permeability field for gas, the influence of moisture on the origin of gas-dynamic
processes could be studied.

The study shows that solving complicated problems related to gas and outburst
safety of mining operations in coal mines requires applying of numerical simulation
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methods for coupled physical processes. In some cases, the calculation error reaches
very large value if the mutual influence of the processes occurring in the coal-rock
massif is neglected.
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PO3B'A30K 3B'A3AHUX 3AJAY FTEOMEXAHIKW | ®INbTPALII FA3Y AnS 3ABE3NEYEHHA BE3MNEKU
FMPHUYUX POBIT
Kpykoecbka B.B., Kpykoecekut O.[1., Kouepea, B.M., Kocmpuuys A.O.

AHotauis. B poboti posrnsHyTo ocobnueocTi  cymicHoro nepebiry 3B'A3aHMX npoueciB  AedopMyBaHHs
BYrNENOPOAHOrO MacuBy i (hinbTpaii rasy, po3pobneHo MaTemMaTyHy MOAENb 3 ypaxyBaHHAM B3aEMHOIO BNIMBY LWX
npouecis. [lNpeactaBneHo 6MOK-CXeMW YUCENBbHOTO MOAEMIOBaHHS psdy 3ajady, MoB'sidaHux 3 6esnekol BedeHHs
MipHAYMX  poBIT Ha ByrinbHUX LaxTax: inbTpauis MeTaHy A0 BWUPOOKM, IO MPOBOAWUTHCA B FA30HOCHOMY
BYrNenopoaHoMy Macusi; pyx inbTpayiiHWX MOTOKIB 3a HAsfBHICTIO AerasauiHuX CBEPAMOBMH i MpU 3acTOCYBaHHI
OXOPOHHWX KOHCTPYKL# Y BUIMKOBOMY LUTPEKY; BNIMB BOAMW B TPILLMHHO-MOPOBOMY NPOCTOPI BYTiNAsA Ha po3B’s3yBaHHs
ra3ofuHamivyHNX SBULL; PO3BAHTAXEHHS FA30HOCHWX BUKMAOHEDE3NEYHNX NICKOBMKIB Bif MPCHKOTO TUCKY B 30Hi BNAWBY
OYMCHOrO BMBOIO.

3a pesynbTatamu po3paxyHKiB MOKasaHo, K i3 MAMHOM Yacy HaBKOMO FipHMYOI BUPOOKM MOLUMPIOETHCS 30HA
MigBULLEHOI TPiLLMHYBATOCTI. Pasom 3 Heto 3pocTae obnactb inbTpaLii, ycepeanHi Skoi METaH MOXe nepemillatics 3
[Kepen MEeTaHOBWIINEHHS — ra30HOCHMX BYTiMbHMX NNACTIB i NICKOBMKIB — A0 aTMoccepy BUpobku. 3 yacom 4o obnacTi
cinbTpauii noTpannstoTb GinbLL BigganeHi pxepena BUAINEHHs METaHy.

MogentoBaHHa poboTy AerasauiiiHux CBEPANOBMH Y FAa30HOCHOMY MacuBi, WO OedopMyeTbCs, HaZae 3Moru
BOCTiIKYBaTM BMMB TaKUX YUHHWKIB, SIK KPINIIEHHS BUIMKOBOTO LUTPEKY | BUKOPUCTaHHS OXOPOHHWX CNOpYA, Ha CTilKICTb
CBEPANOBMH | eheKTUBHICTb iX poboTW. Pe3ynbTaT po3paxyHKIB Ang MPUAHSTUX TPHWYO-TEONOMYHMX, MPAHNYHKX i
MoYaTKOBKX YMOB CBigYaTh, WO 0€3 BUKOPUCTAHHS OXOPOHHMX KOHCTPYKLIM AerasawiiiHi CBEpAnOBUHI mpy ix nigpobui
PYMHYIOTBCA Ta MPUNKHATL pobOoTY. Mpn BUKOPUCTAHHI OXOPOHHMX KOHCTPYKLiM MOPOLHO-aHKEPHA KOHCOMb Hap
BUpObneHMM npocTopoM HabyBae CTiMKOro CTaHy. [lerasauiiHi CBEPANIOBMHW BUXOASTb 32 MEXi 30HU HEMPYXKHUX
aedopmMalli Ta 3anuLIaTLCs NpaLe3aaTHUMK HaBiTb MiCNs NiaPobKM 04MCHUM BUBOEM.

YpaxyBaHHS! HasiBHOCTI TEKTOHIYHOrO MOPYLUEHHS | 3MiHM (Di3NKO-MEXaHIYHMX BMNACTMBOCTEN BYiNNS B MOPYLUEHIH
30Hi HaJa€e MOXMBICTL JOCHimKyBaTH Nepebir 3B'd3aHNX reOMexaHiuHuX i inbTpaLiiHnx npouecis, WO BigbyBaoTHCA
npy NPOBELEHHI TpHUYMX BMPOBOK NO BUKMOOHEDE3NEYHUM BYFifIbHAM NnacTam. YpaxyBaHHs BMAMBY BOAM Ha 3MiHY
(i3nKo-MeXaHIYHMX BMACTUBOCTEN BYriNNs i hopMyBaHHA nons (asoBoi NPOHWKHOCTI Anst rady A03BONSE BMBYATY
BMMWB BONOM Ha PO3B'S3yBaHHS ra3oguHaMiYHMX NMPOLECB.

lMoka3aHo, L0 BUPILLIEHHS CKMaHWX 3a[ay, O CTOCYKTbCS ra30Boi Ta BUKMAO-0e3nekn BedeHHS TipHUYMX pobiT y
BYriNbHUX LaxTax, noTpebye 3acToCcyBaHHS METOMIB YMCENbHOMO MOAEMIOBAHHA 3B'A3aHMX (hisnyHMX npouecis. Y
JesKuX BUMagkax noMUiKa po3paxyHKy Csrae BENWKWUX 3HAYEHb, SIKLLO 3HEXTYBATW B3aEMHUM BMAWMBOM MPOLECIB, LIO
BiabyBatoTLCS B MOPOAHOMY MaCHBI.

KntovoBi cnoBa: 6esneka ripHuumx pobiT, BUKMG BYrinns i MeTaHy, AedopMyBaHHs Mopig, 3B's3aHi npouecw,
METaHOBWAINEHHS, YNCENbHE MOAENIOBAHHS.
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