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Abstract 

 The problem of mining safety in outburst-prone coal seams has not yet been ful-

ly studied and resolved, so research related to outbursts continues to be relevant for 

many coal-mining countries. The purpose of this work is to study the coupled pro-

cesses of elastoplastic deformation of a coal seam, methane filtration and desorption, 

which occur in the outburst-prone zone of the coal seam, and to establish the regu-

larities of their joint flow. Numerical simulation methods were used to solve this 

problem. 

Simulation of the joint flow of geomechanical and filtration processes in the 

outburst-prone zone, on its border and beyond it was made. The regularities of 

changes in geomechanical and filtration parameters in the near-face zone of the coal 

seam, as well as the regularities of the influence of moisture on the outburst hazard, 

were established. The developed numerical model allows to identify a safe limit of 

moisture saturation, at which the nature of geomechanical and filtration processes in 

the coal seam are quasi-stationary but not dynamic for the specific geological condi-

tions. The influence of the unloading chink on gas-dynamic processes was studied. 

It was shown, when using an unloading chink, a zone completely unloaded from 

rock pressure is formed near the mine face, in which the occurrence of cracking and 

destruction processes is excluded. The use of the unloading chink significantly slows 

down the process of fracturing, which prevents the onset of dynamic phenomena. 

Key words: coal and gas outburst, coupled processes, elastoplastic deformation, 

methane filtration, mining safety, moistening, numerical simulation, unloading chink.  
 

 



 87 

1 Introduction 

Coal and gas outbursts threaten the safety of mining operations in 

the coal mines and are one of the main obstacles to the intensification 

of underground mining and the introduction of new technologies for 

mining coal seams [1-4]. In the process of outburst, a large amount 

of gas and fractured coal mass is thrown into the roadway. Rapidly 

released energy can cause serious damage to mine personnel and 

production equipment. This problem has not yet been fully studied 

and resolved, so research related to outbursts continues to be relevant 

for many coal-mining countries [5-8], including China, Australia, the 

USA, Ukraine, etc. 

Coal and gas outbursts occur in gas-bearing coals, which have a 

certain composition and physical and mechanical properties, under 

the influence of static and dynamic stress fields [9, 10]. Both the 

properties and stress state are the result of the influence of geological 

and technological factors [11-14]. 

These dynamic phenomena occur under conditions of rapidly 

increasing permeability, which depends on the change in stressed 

state of the medium and gas pressure in its pores and cracs. On the 

other hand, the change in gas pressure and its desorption depend on 

gas permeability. This two-way relationship significantly affects both 

gas filtration in the fractured porous medium and the occurrence and 

flow of coal and gas outbursts. The complex interrelation of these 

processes has not yet been fully studied, and the negative 

consequences of gas-dynamic phenomena continue to complicate 

mining operations in outburst-prone coal seams. 

The purpose of this work is to study the coupled processes of 

elastoplastic deformation of a coal seam, methane filtration and de-

sorption, which occur in the outburst-prone zone of the coal seam, 

and to establish the regularities of their joint flow, which will allow 

us to significantly approach the understanding of this very compli-

cated phenomenon. 

To achieve the goal, the following tasks were set: 

- to develop a mathematical model of coupled processes of elas-

toplastic deformation of coal, filtration and desorption of methane in 

a disturbed zone near a tectonic fault; 

- to study the conditions for occurrence of gas-dynamic processes 

in the near-face zone of a coal seam; 
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- to study changes in geomechanical and filtration parameters in 

the near-face zone of a coal seam; 

- to study the impact of some technological influences (moisten-

ing and unloading of the near-face zone using unloading chink) on 

the occurrence and flow of outbursts. 

Modern computer technologies make it possible to solve complex 

problems associated with mining, rock mechanics, and, in particular, 

with coal and gas outbursts [12, 15-18], therefore numerical simula-

tion is the best suited to achieve the above goal. 

2 Methods  

The coupled processes of the rock massif deformation and gas filtra-

tion in a disturbed area are described by a system of equations [19-21] 
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where сg - the damping coefficient, kg/(m
3⋅s); ui - the displace-

ments, m; t - time, s; σij,j - the derivatives of the stress tensor compo-

nents along horizontal axis x and vertical axis y, Pa/m; Xi(t) - the pro-

jections of the external forces acting on the volume unit of a solid 

body, N/m
3
; Pi(t) - the projections of forces due to gas pressure in the 

porous fractured space, N/m
3
; p - the gas pressure, Pa; x, y - coordi-

nates, m; kg - the gas permeability coefficients, m
2
; m - porosity; m - 

gas viscosity, Pa⋅s; q(t) - the gas release function, which models me-

thane desorption from a coal seam, Pa/s.  

In most cases, gas-dynamic phenomena occur near tectonic faults, 

where the coal will be ground and has an initial permeability on 10-

20 m from both sides of the fault. Technological permeability ktech, 

which depends on the components of the stress tensor [22], is super-

imposed on the field of initial, tectonic permeability ktect 
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where K - absolute filtration permeability, m
2
; Q

*
=(σ1 - σ3)/γH – 

the parameter characterizing the diversity of the stress field compo-

nents; P
*
=σ3/γH - the parameter characterizing the unloading of 

rocks from the rock pressure; σ1, σ3 - maximum and minimum com-

ponents of the principal stress tensor, Pa; γ - the averaged weight of 

the overlying mine rocks, N/m
3
; H - the mining depth, m; kmin - min-

imum permeability coefficient sufficient to start the filtration, m
2
; 

kmax - fracture permeability, m
2
; ZID - zone of inelastic deformation. 

It is known that water affects the phase permeability, the amount 

of free gas in the crack-pore space and the methane filtration process 

[23, 24]. In the three-component medium "solid - gas - water" mov-

ing components (gas and water) move together in the crack-pore 

space of the solid with absolute filtration permeability K. On the oth-

er hand, the whole without exception the crack-pore space is filled 

with gas and water, with the content of sg and sw, respectively  

sg + sw = 100%. 

That is, the permeability for the gas phase kg depends on the water 

content 

( )1 0,01g wk s K= − .     (5) 

In addition, if the gas filtration rates 2 2

g x yV V V= +  become 

large, then the gas flow expands cracks in coal and gas permeability 

in areas with high speeds increases by a value that depends on Vg  

( )1 0,01g wk s K= −  + f(Vg).     (6) 

The presence of water in the crack-pore space of coal reduces gas 

permeability and thus affects the process of gas filtration. 

The initial and boundary conditions for the task are 
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where σxx, σyy - components of the stress tensor, Pa; λ - the side 

thrust coefficient; ux, uy  - components of the displacement vector, m; 

p0 - the methane pressure in the virgin massif, Pa; Ω1 - the vertical 

boundaries of the outer contour; Ω2 - the horizontal boundaries of the 

outer contour; Ω3(t) - the time-varying boundary of the filtering area; 

Ω4 - the internal contour (a roadway). 

The conditions for the formation of the outburst cavity are the be-

longing of a finite element to the area of inelastic deformation caused 

by tensile stresses, and the fulfillment of the criterion for the filtra-

tion of methane gradient to exceed the critical value grad p>Рс, ac-

cepted here Рс=2⋅10
7
 Pa/m.  

For the mathematical description of the process of rocks trans-

form into a disturbed state, the Mohr-Coulomb failure theory is ap-

plied. To solve the system of equations (1)-(6) with initial and 

boundary conditions (7) and (8) on a certain time interval, the finite-

difference method is used [25].  

It is assumed that at the initial time t=0 the distribution of stresses 

and pressure is given, and for sufficiently small values of ∆t, we can 

obtain the distribution of stresses, methane pressure and its filtration 

rates at time point t+∆t by using iterative relations of the finite-

difference method.  

This process continues from the initial state to any current time 

point. 

The problem is solved by the finite element method embodied in 

authors’ computer program. Fig. 1 shows the numerical calculation 

scheme. 
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Fig. 1. The scheme of simulating the coupled processes of rock deformation and 

methane filtration, taking into account the influence of water contained in the frac-

ture-pore space of coal 
 

At each time iteration, in each finite element of the numerical 

model, the following parameters are calculated: stresses, zones of 

inelastic deformations, coefficients of technological permeability 

ktech(Q
*
, P

*
) caused by mining operations, coefficients of absolute 

permeability K as the sum of ktech and ktect, gas permeability coeffi-

cients kg, gas pressure and filtration rates. 

The most important step in creating complex models of coupled 

physical processes is their detailed verification. As for this model of 

the gas-dynamic processes, verification of both its individual mod-

ules (deformation and methane filtration) and the entire model as a 

whole was performed. The developed model of gas filtration in the 

disturbed area was verified by comparing calculated data on gas re-

lease into the well with analytical solutions [26], on the distribution 

of gas pressure around the well and the change in gas pressure in the 

undermined coal seam with experimental data [26]. The change in 

stressed state of rocks was compared with data on the displacement 

of the roadways contour. The model of coupled geomechanical and 
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filtration processes was verified by comparing calculated parameters 

and mine data regarding the size of the outburst cavities and the 

amount of the burst coal [27]. 

3. Modeling of outburst-hazardous properties of coal near a 

tectonic fault 

A significant part of coal and gas outbursts occurs near geological 

disturbances [9, 11, 28-31]. On flat coal seams, most of them are 

confined to disturbances with small amplitudes (up to 5 m), and the 

most dangerous are areas 10-20 meters wide on both sides of the dis-

turbance [28]. Tectonics of coal seams is the root cause of the mani-

festation of such physical and mechanical properties of coal, which 

predetermine its outburst hazard [32]. 

When the layers were bent into folds and thrusts formed (Fig. 2a, 

2b, 2c), stronger rocks moved along the most plastic and less strong 

coal seams. During layer-by-layer movement, the coal turned into a 

fine-grained aggregate consisting of fragments rotated relative to 

their original position and tightly pressed to each other [11]. 

a  b  c  
 

d  e  

Fig. 2. Types of tectonic disturbances: a -  fold; b - flexure; c - thrust; d - fault; e -  

swelling 

 
Low-amplitude faults (Fig. 2d) arose as a result of shear and ten-

sile stresses. After the formation of the crack zone, a larger rupture 

occurred in its most weakened part [33]. The formation of tectonic 

narrowings and swellings in the thickness of coal seams (Fig. 2e) is 

associated with the redistribution of the plastic mass of coal under 

the influence of tectonic stresses, as a result of layer-by-layer move-
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ments in the process of folding. These are particularly dangerous ar-

eas of mine fields in terms of coal and gas outbursts. 

One of the necessary conditions for mathematical modeling of 

coupled geomechanical and filtration processes near a tectonic dis-

turbance is to specify the properties of coal in the disturbed zone 

[34], Fig. 3. 

 

Fig. 3. Coal seam section with tectonic fault 

In this work, it was accepted that cohesion C decreases linearly 

and permeability ktect increases linearly from the boundary of disrupt-

ed zone to the tectonic fault; the tensile strength σt is approximately 

zero 
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where С0 - the coal cohesion in the unbroken zone, MPa; Сmin - 

the minimum cohesion value in the broken zone, MPa; xd - x coordi-

nate of the tectonic fault (Fig. 3), м; ld - the length of the broken 

zone, м; σt -tensile strength, MPa. 

4 Flow of gas-dynamic processes in the near-face zone of a 

coal seam nearby tectonic faults 

For calculations it was taken, that the mine face of 3 m height is 

at a distance of L from the tectonic fault with a displacement ampli-

tude of 1 m, surrounded by a ten-meter zone of disrupted coal 

(ld=10 m). The coal seam thickness is 1.5 m, H=1000 m, m=10%. 

The gas content in coal is 20 m
3
/t, p0=8 MPa, sw=1%. The host rock 

is argillite. Time step is 0.1 s. 

If L>10 m and the mine face is located outside the tectonically 

disturbed zone, relative methane pressure (р/р0) in the coal seam near 

the mine face decreases slowly (Fig. 4), the permeability increases 
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evenly here, according to the change in stress, no cavities are formed 

in the coal seam; all processes are quasi-stationary in nature. 

 

Fig. 4. Isobars of relative methane pressure (L > 10 m) at the time points: a - t = 2 s; 

b - t = 6 s; c - t = 14 s 
 

If the distance between the fault and the mine face is L=10 m, me-

thane pressure in the near-face part of the coal seam drops quickly 

(Fig. 5), pressure gradients take on high values, the rate of methane 

filtration increases significantly and the permeability of coal increas-

es rapidly. Coal sloughs into the roadway and a small cavity is 

formed in the coal seam. 

 

Fig. 5. Isobars of relative methane pressure (L = 10 m) at the time points: a - t = 2 s; 

b - t = 4 s; c - t = 8 s 
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However, this process ends quickly. Deformation of the coal 

seam and the process of methane filtration in the disturbed zone re-

turn to a quasi-stationary regime (Fig. 5b, 5c). During the first 4 sec-

onds, a gas-dynamic phenomenon occurs, which, due to the small 

volume of burst coal, should be attributed not to an outburst, but to a 

coal sloughing. 
Fig. 6 and 7 show the results of calculating the stress field, zones 

of inelastic deformation and relative gas pressure in the third case, 
when L = 7.75 m, in vertical and horizontal sections. 

In the vicinity of a tectonic fault, in the zone of a disrupted coal 
seam, the area of increased diversity of the stress field components 
(Q

*
 > 0.4) rapidly increases into the coal seam. The zone of inelastic 

deformation (this zone is shown in red) is rapidly growing from the 
mine face (Fig.6, left side). Methane pressure in the coal seam near 
the mine face quickly falls, so the relative pressure isobars are tight 
to the exposed surface. The pressure gradients and the methane filtra-
tion rate take very high values, the permeability of coal is growing 
rapidly - coal is burst and a cavity is formed in the coal seam, the 
length of which reaches 6.25 m under given initial and boundary 
conditions.  

 

Fig. 6. Distributions of Q* parameter values and inelastic deformation zones (left 

side), outburst cavities and isobars of relative methane pressure p/p0 (right side) in 

the outburst-prone zone near the fault, vertical section: a -  t = 2 s; b-  t = 4 s; c -  t = 

6 s; d - t = 10 s 
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Fig. 7. Distributions of Q* parameter values and zones of inelastic deformation (left 

side); outburst cavities and isobars of relative methane pressure (right side), horizontal 

section: a - t = 2 s; b - t =4 s; c - t = 10 s 

 

Then the growth of the cavity stops (Fig. 6d), the methane filtra-

tion rates fall, the pressure of methane in the coal seam continues to 

slowly decrease. The disruption process and the process of methane 

filtration return to the quasi-stationary regime. The duration of the 

dynamic process is 7 s. As it can be seen from Fig. 6, the outburst 

cavity is located within the coal seam and it is limited from above 

and below by the host rocks. The vertical section of the outburst cav-

ity has a rectangular shape, with a curved end. 

In the horizontal section, the shape of the outburst cavity also al-

most repeats the contour of the inelastic deformation zone (Fig. 7). It 

has the shape of an irregular ellipse, the major axis of which is per-

pendicular to the axis of the roadway.  

At the "Hlyboka" mine of the Production Association "Do-

netskvuhillia", there was a sudden outburst in the gutter, horizon 

719 m, coal seam h8, during the removal of the rock mass (Fig. 8). 
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Outburst intensity was 60 tons of coal and 3000 m
3
 of methane. The 

depth of the outburst cavity was 6 m, its width was 15 m [30]. 

а  

b  

Fig. 8. The outburst cavity dimensions, the gutter in "Hlyboka" mine [30]: a - before 

the outburst; b - after the outburst 

 

At the V.R. Menzhynskyi mine Production Association "Pervo-

maiskvuhillia", in the southern gutter, the horizon 845 m, coal seam 

l4, during coal extraction with a jackhammer, a sudden outburst oc-

curred near the tectonic fault (Fig. 9). Outburst intensity was 70 tons 

of coal and 5000 m
3
 of methane [30].  

 

а  
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b  

Fig. 9. The outburst cavity dimensions, the southern gutter in Menzhynskyi mine 

[30]: a - before the outburst; b - after the outburst 

 
Thus, both calculated and actual data suggest that in the consid-

ered case the outburst cavity is located within the coal seam and it is 

limited from above and below by the host rocks.  

The vertical section of the fracture cavity has a rectangular shape, 

possibly with a curved end, the horizontal section has the shape of an 

irregular ellipse, the major axis of which is perpendicular to the axis 

of the roadway [35, 36].  

Comparing Fig. 6, 7 and 8, 9, we can see that, in general, the cal-

culated shape of the outburst cavity in the near-face zone of the coal 

seam coincides with the actual data. 

Let us consider the case when the properties of the rocks in the 

immediate roof of the seam, as well as the properties of coal, are 

weakened near a tectonic disturbance: cohesion C of argillite de-

creases linearly from the boundary of the disturbed zone to the tec-

tonic disturbance, tensile strength σt is reduced by half. 

The distribution of Q
*
 parameter values and the relative methane 

pressure at different time points in the vertical section along the 

roadway are shown in Fig.10. 
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Fig. 10. Distributions of Q* parameter values and inelastic  

deformation zones (left side), outburst cavities and isobars of relative methane pres-

sure p/p0 (right side) when properties of the host rocks are weakened near the tecton-

ic fault: a -  t =2 s; b - t =4 s; c - t =6 s 

 

It can be seen that in this case part of the argillite above the coal 

seam is fractured. Near the face, the height of the cavity becomes 

equal to the height of the roadway. The simulation shows that if the 

properties of the host rock are weakened near a tectonic disturbance, 

then, during the outburst, it is fractured and thrown out along with 

coal from the growing cavity.  

A similar situation was observed in the face of the transport drift 

of panel no. 33 near a tectonic disturbance (horizon 1012 m, coal 

seam M8, Bazhanov mine, Production Association “Makeevugol”), 

where a sudden coal and gas outburst occurred during the stripping 

of the lower part of the seam by shaft-sinking set, Fig. 11. Outburst 

intensity was 80 tons of coal and 600 m
3
 of methane. The depth of 

the outburst cavity was 5.8 m [30]. 
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а  

б  

Fig. 11. The outburst cavity dimensions in the transport drift,  

Bazhanov mine [30]: a - before the outburst; b - after the outburst 

 

When analyzing the available statistical data on outbursts that oc-

curred in the coal mines of Donbass [30], we find that: 

- in the vertical section outburst cavities are located within the 

coal seam in 75% of cases, cavities capture host rocks in 25% of cas-

es;  

- in the horizontal section, outburst cavities have the shape of an 

irregular oval in 58% of cases, they are determined by the position 

relative to the tectonic fault and are limited to the fault plane in 32% 

of cases.  

5 Changes in geomechanical and filtration parameters in the 

near-face zone  

Graphs of changes in geomechanical and filtration parameters 

[37, 38] in the mine face, along the line that is perpendicular to the 

plane of the mine face and passes through the center of the coal 

seam, are shown in Fig. 12-14. 

At the time interval t<6 s, the peak of Q*
 parameter values, which 

is usually on the exposed surface, moves away from the mine face 
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together with the newly formed surface of the outburst cavity at a 

speed of approximately 1 m/s for our initial and boundary conditions, 

Fig. 12a. Unloading of the coal seam from rock pressure (parameter 

P
*
) also moves rapidly at the same speed (Fig. 12b).  

a  

b  

Fig. 12. Changing of geomechanical parameters over time: a - Q* parameter values; 

b - Р* parameter values 

 
The shift of the maximum Q

*
 parameter values and the minimum 

Р*
 parameter values deep into the coal seam stops when t>6 s, at a 

distance of 6.25 m from the mine face. 

Absolute permeability (Fig. 13a) in the area a few centimeters to 

the surface increases 6 times. Gas permeability, calculated by formu-

las (4)-(6), increases by the value of f(Vg) in the boundary, near-

surface zone, Fig. 13b, because the gas filtration rates are very high 

here, Fig. 14b. 
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a  

b  

Fig. 13. Changing of values of permeability coefficients over time: a - absolute 

permeability; b - gas permeability 

 
At the seventh second of coal and methane outburst, all processes 

slow down: the peak of parameter Q
*
 values increases, but now it 

does not move deep into the coal seam and reaches the mark of 

6.5 m; coal permeability increases gradually; methane pressure grad-

ually decreases in the near-surface zone and its filtration rate de-

crease, Fig. 14. 

a   
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b  

Fig. 14. Changing of geomechanical and filtration parameters over time, sw = 1% a - 

gas pressure; b - gas filtration rate 

 

6 The influence of moisture saturation on the occurrence and 

flow of outbursts 

According to the Rules for mining operations on outburst-prone 

coal seams [39] coal seams wetting is used for preventing gas-

dynamic processes. This method involves water injecting through 

long boreholes drilled within the coal seam from gateway in front of 

a longwall. It is well known that the presence of water in the crack-

pore space of coal significantly affects the flow of gas-dynamic pro-

cesses that are initiated during mining operations [40, 41].  

First, moisture saturation leads to a decrease in the rock strength 

and bearing capacity, changes the nature of their behaviour after 

reaching the limiting state [42, 43]. The effect of fluids on the 

strength and deformation properties, on development of cracks for-

mation process was studied in the works [43, 44]. The dependences 

of the effect of moistening of coal samples on their coefficient of 

elasticity E and Poisson's ratio μ were established in [44, 45]. Graphs 

based on these data are shown in Fig. 15.  
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a  

b  

Fig. 15. Effect of moisture on the coal properties, according to [44, 45]: a - coeffi-

cient of elasticity; b - Poisson's ratio 

 

With an increase in coal moisture (w = 0.01swm) from 3 to 6%, 

the coefficients of elasticity and shear decreased by 80-85%, the 

Poisson's ratio increased by 20%. This indicates an increase in the 

plastic properties of coal, reducing its ability to accumulate energy of 

elastic deformation and to brittle destruction. 

Second, water affects the phase permeability, the amount of free 

gas in the crack-pore space and the methane filtration process, for-

mula (5). Intensity of the process of gas (methane) sorption-

desorption also depends on the water content in coal. Under different 

conditions and at certain values of moisture, the mechanism of influ-

ence of water on the flow of sorption-desorption processes changes. 

Effect of reducing phase permeability on initiation of  

outbursts. All previous calculations were performed under the con-



 105 

dition that moisture saturation was sw = 1%, and then sw values in the 

crack-pore space of the coal seam varied in the interval [1%; 100 %]. 

Graphs of geomechanical and filtration parameters changing in 

the mine face, along the line passing through the center of the coal 

seam, for sw = 30% are shown in Fig. 16-18.  

a  

b  

Fig. 16. Changing of geomechanical parameters over time, sw = 30%: a- Q* parame-

ter values; b- Р* parameter values  

 

In the studied moments of time the peak of Q
*
 parameter values is 

at a distance of about 1 m from the mine face, Fig. 16a. Fluctuations 

in the Q
*
 and P

*
 parameters values near the surface of the mine face 

are due to influence of the zone of inelastic deformations. Unloading 

of the coal seam from rock pressure (Fig. 16b) and the drop in me-

thane pressure (Fig. 18a) are slow. 
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a  

b  

Fig. 17. Changing of values of permeability coefficients over time, sw = 30% a-

absolute permeability; b-gas permeability. 

 

Absolute permeability and gas permeability spread deep into the 

coal seam faster with the growth of the zone of inelastic defor-

mations, and outside it this process also slows down, Fig. 17a and 

17b. Gas permeability in this case is devoid of the nonlinear compo-

nent f(Vg), because the gas filtration rates do not exceed critical val-

ues, Fig. 17b. By comparing the graphs in Fig. 17a and 17b, one can 

see that gas permeability differs from the absolute permeability by 

30% - this is the portion of the crack-pore space of coal occupied by 

water. 

As a result of calculations it was obtained that gas-dynamic pro-

cesses start in the mine face if sw < 24%. When this limit is exceeded, 

geomechanical and filtration processes in the coal seam near the 

mine face do not start.  
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a

b  

Fig. 18. Changing filtration parameters over time, sw = 30%: a-gas pressure; b- gas 

filtration rate 

 

That is, for the above boundary and initial conditions, the effect 

of moisture on the reduction of phase permeability for methane leads 

to the neutralization of the outburst-hazardous properties of coal un-

der the condition of sw ≥  24%. Under this condition, the flow of the 

studied processes occurs in a quasi-stationary mode. 

Effect of change of coal properties during moistening on  

initiation of gas-dynamic processes. Based on experimental data in 

[44, 45], it is shown that moisture saturation affects the coefficient of 

elasticity of coal E and the Poisson's ratio m. We calculated how the 

studied processes occur with taking into account the change in these 

coal properties with increasing moisture content sw. For the calcula-

tions, E and Q
*
values were taken according to [44, 45], Fig. 15. As a 

result of numerical calculations with variation of sw, it was found 
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that: Q
*
 values (parameter that characterizes different-component 

nature of the stress field) markedly decrease in the coal seam in front 

of the zone of inelastic deformations; the area of the zone of inelastic 

deformations in the mine face is also reduced; the growth rate of the 

zone of inelastic deformations (coal seam destruction) and the out-

burst cavity slows down [46]. 

If sw=20%, Е=2287 MPa and m=0.433, any gas-dynamic phenom-

ena do not occur in the mine face. The peak of parameter Q
*
 values 

is less than 1 m from the mine face. Unloading of the coal seam from 

rock pressure and falling methane pressure are slow. Gas permeabil-

ity spreads deep into the coal seam with the growth of zone of inelas-

tic deformations; it is devoid of nonlinear component, because the 

gas filtration rates do not exceed critical values. In this case, safe 

limit of moisture saturation decreases to sw = 20%, for the boundary 

and initial conditions accepted in this work.  

Thus, the regularities of the influence of moisture on the outburst 

hazard of coal seams were established. The numerical model was 

developed that allows to identify a safe limit of moisture saturation, 

at which the nature of geomechanical and filtration processes in the 

coal seam changes from dynamic to quasi-stationary in specific geo-

logical conditions. 

7 The influence of vertical unloading of the near-face zone of 

the coal seam on the occurrence of outbursts 

Unloading chinks in host rocks are used to prevent coal and gas 

outbursts, extrusions of coal, and rock bursts during roadways driv-

ing by shaft-sinking set on thin coal seams [39]. The unloading chink 

is created by pre-excavating the rock in the roof or floor of the coal 

seam to a depth of at least 2 m. Between the unloading chink and the 

coal seam, a protective rock layer with a thickness of at least 0.5 m is 

left. The unreduced leading of the unloading chink in the direction of 

roadway driving should be at least 1 m. The minimum height of the 

chink is 0.4 m, its maximum height is not limited [39]. 

For the simulation, we considered the case when the mine face is 

located at a distance of 8.75 m from the tectonic fault, the mining 
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depth is 1200 m. Other conditions remained the same as in the previ-

ous calculations. 

Fig. 19 shows the simulation results. From the figures it is clear 

that there is a sharp decrease in methane pressure in the near-face 

zone of the coal seam. High values of pressure gradients and filtra-

tion rates, as well as tensile stresses on the free surface lead to the 

separation of plates of tectonically disturbed coal. The spalling of 

coal causes instantaneous exposure of a new face surface. The mini-

mum component of the stress tensor on this surface is zero, and in 

the immediate vicinity of it significant compressive stresses of the 

bearing pressure still remain. Then the next surface layer is exposed 

and the whole process is repeated again. 

Under these boundary and initial conditions, the duration of the 

gas-dynamic process is 11 s. In the first seconds, the outburst is initi-

ated; in the interval of 2-10 s the outburst process continues, at 10-

11 s this process stops. During this time, the methane pressure in the 

coal seam near the mine face quickly drops, the permeability of coal 

increases rapidly; coal is ejected and a cavity is formed in the coal 

seam (Fig. 19a-19e) the length of which reaches 7.75 m. Then the 

growth of the cavity stops (Fig. 19f) the methane pressure in the coal 

seam continues to slowly decrease; geomechanical and filtration pro-

cesses return to a quasi-stationary regime. 

Next, we simulate the flow of deformation and filtration process-

es if, under the same initial conditions, the roadway is driven with an 

unloading chink 2 m deep in the host rocks, Fig. 20. 
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Fig. 19. Isobars of relative methane pressure at the time points: a- t = 2 s; b- t = 4 s; 

c- t = 6 s; d- t = 8 s; e- t = 10 s; f- t = 12 s 
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Fig. 20. Isobars of relative methane pressure in the roadway with the unloading 

chink at the time points: a- t = 2 s; b- t = 4 s; c- t = 6 s; d- t = 12 s 

 
In this case, the coal and gas outburst does not occur, the outburst 

cavity is not formed. Isobars of relative methane pressure, limiting 

the degassed area, gradually move away from the mine face. Over 

the considered time period, the unloaded and degassed area extends 

to a depth of up to 2 m [47-49].  

The unloading chink significantly changes the stress distribution 

in the near-face zone, Fig. 21. 
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Fig. 21. Distributions of geomechanical parameters values in the roadway without 

the unloading chink (on the left side) and in the roadway with the unloading chink 

(on the right side): a -σ1/γH; b- Q* parameter; c- Р* parameter; d- zones of inelastic 

deformations 

 

The distribution of the reduced maximum component of the prin-

cipal stress tensor, which is shown in Fig. 21a on the right side, re-

veals a large zone located under the unloading chink, where 

σ1/γH<0.4. The length of this zone is equal to the length of the un-
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loading chink. In the roadway without the unloading chink (Fig. 21a, 

the left side), maximum stresses in the near-face zone were not lower 

than 0.4. On the contrary, the maximum abutment pressure was lo-

cated within the two-meter near-face zone. In the presence of the un-

loading chink, the abutment pressure zone moves from the near-face 

region of the roadway to the near-face region of the unloading chink 

(Fig. 21b, the right side). 

The spread of the zone of increased difference of the stress tensor 

components (Q
*
 parameter), in which the process of crack formation 

is actively occurring, deep into the coal seam slows down, and the 

peak of Q
*
 parameter values moves away from the mine face (Fig. 

21b, the right side). The area of rocks unloaded from rock pressure, 

where Р*
 < 0.4, in the roadway with the unloading chink increases 

significantly compared to the one without the unloading chink 

(Fig.21c).  

Breaking of the near-face part of the coal seam begins from the 

face of unloading chink downward and from the lower corner of the 

mine face upwards. Then these zones are closed, covering the coal 

seam at a distance of 2 m from the mine face, which is equal to the 

depth of the unloading chink (Fig. 21d).  

The near-face stresses in the roadway with the unloading chink 

are radically different from the stresses in the roadway without the 

unloading chink. The peak Q
*
 and σ1/γH parameters values are 

moved from the position of 0.75 m from the plane of mine face to the 

depth of unloading chink. At the same time, both the difference of 

the stress tensor components and the maximum stress remain at a 

low level and, in a long time interval, ensures deformation of the 

near-face zone in the elastic mode. Unloading of this zone from rock 

pressure occurs in two directions: in the direction of the mine face 

and in the direction of the unloading chink, therefore Р*
 parameter 

values for this case are the least [50]. 

Thus, when using an unloading chink, a zone completely unload-

ed from rock pressure is formed near the mine face, in which the oc-

currence of cracking and destruction processes is excluded.  

The use of an unloading chink significantly slows down the pro-

cess of fracturing, which prevents the onset of dynamic phenomena. 
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8 Conclusions  

The mathematical model of the coupled processes of elastoplastic 

deformation of a coal seam, methane filtration and desorption, which 

occur in the outburst-prone zone of the coal seam, was developed to 

study the conditions for the occurrence and regularities of gas-

dynamic phenomena flow.  

The problem formulation takes into account the changes in the 

properties of coal near tectonic disturbances, the influence of coal 

moisture on phase permeability, an increase in permeability at high 

gas filtration rates. 

Simulation of the joint flow of geomechanical and filtration pro-

cesses in the outburst-prone zone, on its border and beyond it was 

made. It was demonstrated that when a mine face is in an undisrupt-

ed area of the coal seam, methane pressure decreases slowly, an out-

burst cavity does not form, all processes are quasi-stationary in na-

ture.  

At the border of the outburst zone, coal sloughs from the seam in-

to the roadway and a small cavity is formed in the coal seam. 

In the vicinity of a tectonic fault, in the zone of a disrupted coal 

seam, the zone of inelastic deformation grows rapidly from the mine 

face deep into the coal seam.  

Methane pressure near the mine face quickly falls and a cavity is 

formed in the coal seam. Mine data confirms the correctness of the 

numerical calculation of the shape of the outburst cavity. 

The regularities of changes in geomechanical and filtration pa-

rameters in the near-face zone of the coal seam were established. 

During coal and gas outburst, the peak of Q*
 parameter moves away 

from the mine face together with the newly formed surface of the 

outburst cavity. Absolute permeability in the area a few centimeters 

to the surface increases 6 times.  

When all processes slow down, the peak of Q
*
 parameter values 

increases, but now it does not move deep into the coal seam; coal 

permeability increases gradually; methane pressure gradually de-

creases in the near-surface zone and its filtration rate decrease. 

The regularities of the influence of moisture on the outburst haz-

ard of coal seams were established. The developed numerical model 

allows to identify a safe limit of moisture saturation, at which the 

nature of geomechanical and filtration processes in the coal seam 
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changes from dynamic to quasi-stationary in specific geological con-

ditions. 

The influence of the unloading chink on gas-dynamic processes 

was studied. It was shown that when using an unloading chink, a 

zone completely unloaded from rock pressure is formed near the 

mine face, in which the occurrence of cracking and destruction pro-

cesses is excluded. The use of the unloading chink significantly 

slows down the process of fracturing, which prevents the onset of 

dynamic phenomena. 
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