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Annotation. A method for calculating gas permeability of the rock massif depending on its stress-strain state is 
presented. By using methods of the mine experimental studies, influence of mining operations in the adjacent longwalls 
on intensity of gas release from the previously worked-out long- pillar was determined, as well as impact of the massif 
stress-strain state on efficiency of the drainage boreholes. Formulas were obtained for calculating coefficients of the 
impact of zones with static and dynamic abutment pressure on intensity of gas draining in the previously worked- out 
long-pillar. The laws, according to which stress-strain state of the rock massif is changed in the process of mining 
operations, were studied by the mine experimental methods. Experimental studies were conducted in the Zasyadko 
Mine. Rock cracking was determined by method of electrometry at different distances from the mine roadway. Stress-
strain state of the massif was studied by method of local hydraulic fracturing and by method of boreholes. Data on the 
methane-air mixture and methane flow rates were provided by the mine ventilation service.  

Studies have identified laws of gas draining in the massif disturbed by mining operations: 
– conjugate zone between the previously worked-out and working long-pillars is a concentrator of static abutment 

pressure. Therefore, in the previously worked-out long-pillar and with increased distance to its conjugate zone with the 
working long-pillar, methane flow rate increases by logarithmic dependence;  

– in the massif of previously worked-out long-pillar, processes of fracture formation are intensified under the 
influence of mining operations in the adjacent longwall. Rock breaking is observed above the conjugate zone between 
the long-pillars. Front abutment pressure forces the gas to drain from the underworked (overworked) rocks and working 
long-pillar into the previously worked-out long-pillar. With decreased distance to the conjugate zone between the long-
pillars, rate of methane flow into the gas-drainage boreholes increases by more than 10 times according to the 
logarithmic law; 

– equations are obtained for determining coefficient of influence of static and dynamic abutment pressure zones on 
intensity of gas drainage. This coefficient characterizes rock massif permeability in the previously worked-out long-pillar 
and takes into account volume of drainage rocks and influx of methane under the influence of mining operations in the 
adjacent longwall. 

Keywords: stress-strain state of the rock massif, gas permeability of the rock massif, long- pillar method for mining 
coal seams. 

 
The most effective method for mining flat coal seams in the Donbas deep mines 

is the long- pillar method with roof control in terms of its complete fall. Today, about 

90 % of the coal seams are mined by this method [1]. The main sources of methane 

gas flowing into the mine roadways are coal seam and sandstones in its roof. 

Sandstones are characterized by the greatest natural gas content and easy gas release 
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at their destruction. This fact should be taken into account while developing schemes 

for gas drainage from the massif. 

With the view of the gas-drainage operations, a coal-rock massif can be 

conditionally divided into three zones: zone of the previously worked-out long-pillar, 

zone of the working long-pillar and conjugate zone between these long-pillars. Each 

of the zones is characterized by its own specific geomechanical processes of the rock 

breaking and consolidation and methane release during the mining operations. 

Efficiency of the gas drainage can be improved by choosing rational parameters 

for the gas-drainage boreholes: their number and length, angles of their inclination to 

the horizon and their location around the roadway axis; besides, these parameters 

should be calculated with taking into account stress-strain state of the rock massif. 

Therefore, it is necessary to determine the laws, according to which stress-strain state 

of the rock massif is changed in the process of mining operations. These laws taken 

into account in the gas-drainage schemes will improve efficiency of degassing 

operations. 

Any rock massif is a pore-fractured structure, and its gas permeability is an 

important parameter, which characterizes its draining properties. This parameter takes 

into account geomechanical state of the massif and its ability to pass gases and their 

mixtures (fluids) in the presence of a pressure gradient. The rock permeability is 

described by the Darcy equation: 
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where Kp is rock permeability, m
2
; dP/dlf  is pressure gradient, N/m

3
; vg is flow 

velocity of gas, m/s; μ is dynamic viscosity of gas, N·s/m
2
; lf  is length of the gas 

seepage path, m. 

In terms of quantity, gas permeability of the rocks is determined by calculation by 

formula (1) converted for the one-dimensional laminar flow of gaseous fluids with 

regard to their compressibility [2]: 
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where Q is flow rate of the drainage gas, m
3
/s; Pb is barometric pressure in the rock 

massif, N/m
2
; S  is area of the drainage flow, m

2
; Pin is gas pressure in the entry to the 

drainage zone, N/m
2
; Pout is gas pressure in the exit from the drainage zone, N/m

2
. 

From equation (2), we conclude that the drainage process can be quantitatively 

characterized by an informative indicator - flow rate of the drainage gas Q, which is 

determined by experimental studies. To this end, it is necessary to have: reference 

data on the dynamic viscosity of the drainage gas; given or experimentally measured 

geometrical dimensions of the drainage zone; value of input and output gas pressure 

in the drainage zone. 

Conditional drainage radius rdr is an important parameter for assessing change in 

the state of the gas-containing rock massif in zone of the gas-drainage borehole 
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influence [3]. This parameter characterizes in time spatial distribution of the drainage 

zones relative to the surface of the free flow. Parameters of the drainage zone depend 

not only on the drainage properties of the rock massif, but also on the patterns of gas 

flowing to the drainage surfaces. 

Gas enters the gas-drainage borehole through its walls and ends: 
 

22 hhhh rlrS                                                    (3) 
 

from the rock massif, area of which is calculated by the formula: 
 

22 drdrdrdr rlrS  ,                                              (4) 
 

where Sh and Sdr are areas of the borehole surface and drainage zone, respectively, 

m
2
; rh, rdr are radius of the borehole and drainage zones, respectively, m; lh, ldr are 

length of the borehole and drainage zone, respectively, m. 

Ratio of areas of the wall and end surfaces of gas drainage borehole and drainage 

zone allows neglecting the second term in the formulas (3) and (4). Then, volume of 

the rock massif contoured by the drainage surface and surface of the gas drainage 

borehole, will be: 

hhdrdrdr lrlrV 22  .                                              (5) 
 

With the known reservoir properties of the rock massif and volume of gas 

released during time t, volume of the drainage zone can be calculated by the well-

known gas state equation: 
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where α is coefficient of gas compressibility under the given temperature and 

pressure conditions; Vg is volume of gas released during time t, m
3
; mw is coefficient 

of pore-fractured structure of rocks with regard to their humidity; Pav is average 

pressure equal to half-sum of input Pin and output Pout pressures in the rock massif on 

the drainage surface, N/m
2
. 

From equation (5) and with considering of (6), it follows that: 
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At various distances from the gas-drainage boreholes, rock massif permeability 

can be estimated by numerical values of the rock massif permeability coefficient Kp. 

In the massif undisturbed by mining operations, this coefficient is calculated by the 

known dependence for the flat-radial pattern of gas flowing [2]: 
 
















h

drm

outinh

b
p

r

r

Т

Т

PPl

PQ
К lg

)(

3.2

0
22

,                                (8) 



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 148 

 

87 

 

where Q is rate of gas flow at atmospheric pressure, m
3
/s; Tm is temperature in the 

rock massif, С; T0 is atmospheric temperature, С. 

It is known that gas flows from zones with high rock pressure to zones with low 

rock pressure. In order to drain gas from the coal-rock massif with the help of gas-

drainage boreholes, it is important to determine direction and intensity of methane 

flows. Methane moves as a result of the stresses redistribution in the massifs of 

previously worked-out and working long-pillars under the influence of technological 

processes of the coal mining operations [4, 5]. 

In the previously worked-out long-pillar, broken rocks were partially compacted. 

Degree of the rock compaction significantly depends on location of the worked-out 

massif under the consideration. The mine experimental studies showed that process 

of the rock compaction was much more intense in the lateral parts of the previously 

worked-out long-pillar than in its middle part. This phenomenon significantly 

influences gas permeability of the underworked (overworked) rocks. 

It is experimentally established that methane drains to the previously worked-out 

long-pillar and its conjugate zone with the working long-pillar under the action of the 

front abutment pressure caused by the adjacent working longwall. This pressure is 

formed ahead of the longwall and can extend to the distance up to 100 m from the 

longwall face. Methane comes from the previously underworked massif as a result of 

the stress redistribution due to the shrinkage of the rock massif or under the influence 

of mining operations. 

Rate of methane flow from the previously worked-out long-pillar is described by 

logarithmic dependences (Fig. 1). Nature of their change significantly depends on the 

front abutment pressure created by the working longwall. 

Before working longwall influence begins, and with increasing distance to its 

edge, rate of methane flow increases by logarithmic dependence (curve 1, Fig. 1):  
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where Q is rate of methane flow from the previously worked-out long-pillar, m
3
/s; l is 

distance from the edge of the working longwall, m; L is length of longwall, m; R
2
 is 

accuracy of approximation; kdr is coefficient of influence of abutment pressure zones 

on intensity of gas drainage, m
3
/s; outside the zone of working longwall influence, 

this coefficient is equal to kdr = 0.03 m
3
/s. 

This phenomenon occurs under the influence of static abutment pressure zone 

created by the edge of the coal seam. Outside this zone, methane emissions are more 

than doubled. 

Different trend is observed in zone of mining operation influence: methane flow 

rate increases when approaching the working longwall edge (curve 2, Fig. 1):  
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1 – methane flow rate outside the zone of influence of front abutment pressure created by the 

working long-pillar, m
3
/s; 2 – methane flow rate in the zone of influence of front abutment pressure 

created by the working long-pillar, m
3
/s 

 

Figure 1 – Dependence of rate of methane flow from the previously worked-out long-pillar on 

distance to the adjacent longwall edge 
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In zone of working longwall influence, coefficient of influence of abutment 

pressure zone is equal to kdr = 0.02 m
3
/s. This factor is associated with two main 

processes: intensification of fracture formation in zone of previously worked-out 

long-pillar, which is adjacent to the working long-pillar, and enforcement of methane 

to drain from the working long-pillar into this zone under the action of front abutment 

pressure of the working longwall. As a result, gas release from the roof in the 

conjugate zone between the previously worked-out and working long-pillars 

increases by more than 10 times. 

Under conditions when front abutment pressure zone created by the face of the 

working longwall does not yet influence the drainage area of the previously worked-

out long-pillar, static pressure zone created by the conjugate zone between the long-

pillars engenders the most influence on the process of gas draining into the boreholes. 

Due to the rock compaction, this zone presents a barrier for the methane drainage 

from the long-pillars prepared for mining operations to the previously worked-out 

long-pillar. In such conditions, gas is drained from the rock seam broken by 

preliminary underworking into the previously worked-out long-pillar. 

Then, taking into account the empirical dependence described by us in (9), 

outside zone of influence of mining operations in the adjacent longwall, the equation 

(8) is transformed as follows: 
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where Pmass is gas pressure in undisturbed massif above the boundary with the 

disturbed zone, N/m
2
; Pdes is gas pressure in the rock massif of the previously 

worked-out long-pillar, N/m
2
. 

Under the influence of mining operations in the adjacent longwall, stresses 

redistribution and rock movements occur in the previously underworked massif. Rate 

of methane flow from the underworked massif and its conjugate zone with the 

working long-pillars changes drastically under the combined influence of zones with 

static and front abutment pressure. In such conditions, and with taking into account 

(8) and (10), permeability of the previously worked-out long-pillar is determined by 

the equation: 
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Therefore, formulas have been obtained for calculating coefficient of rocks 

permeability in the previously worked-out long-pillar. They take into account 

influence of static abutment pressure on the conjugate zone between the previously 

worked-out and working long-pillars, as well as influence of mining operations in the 

adjacent longwall. These coefficients make it possible to determine permeability of 

the rock massif at different distances from the gas-drainage boreholes and conjugate 

zone between the previously worked-out and working long-pillars. 
__________________________________ 
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__________________________________ 
Анотація. Представлена методика розрахунку газової проникності гірського масиву в залежності від його 

напружено-деформованого стану. Методами шахтних експериментальних досліджень встановлено вплив 
видобувних робіт в суміжній лаві на інтенсивність виділення газу з раніше відпрацьованого стовпа. Встановлено 
вплив напружено-деформованого стану гірського масиву на ефективність дегазаційних свердловин. Отримано 
формули для розрахунку коефіцієнтів впливу зон статичного і динамічного опорного тиску на інтенсивність 
дренування газу в раніше відпрацьованому стовпі. Дослідження закономірностей зміни напружено-
деформованого стану гірського масиву в процесі ведення видобувних робіт здійснювали шахтними 
експериментальними методами. Експериментальні дослідження були виконані на шахті ім. О.Ф. Засядька. 
Тріщинуватість порід на різній відстані від виробки визначали методом електрометрії. Напружено-деформований 
стан масиву досліджували методом локального гідророзриву і методом свердловин. Витрати метано-повітряної 
суміші і дебіт метану брали за даними служби вентиляції шахти.  

Встановлено механізм руйнування масиву і закономірності дренування газу: 
- сполучення раніше відпрацьованого і того, що відпрацьовується, стовпів є концентратором стаціонарного 

опорного тиску. Тому в раніше відпрацьованому стовпі, зі збільшенням відстані до сполучення, дебіт метану 
зростає за логарифмічною залежностю; 

- під впливом видобувних робіт в суміжній лаві, в масиві раніше відпрацьованого стовпа інтенсифікуються 
процеси утворення тріщин. Відбувається руйнування порід над сполученням стовпів. Тимчасовий опорний тиск 
видавлює газ з підроблених (надроблених) порід і стовпа, що відпрацьовується, в раніше відпрацьований стовп. 
В результаті дебіт метану зростає більш ніж в 10 разів за логарифмічною залежністю від зменшення відстані до 
сполучення стовпів; 

- встановлено залежності для визначення коефіцієнтів впливу зон статичного і динамічного опорного тиску на 
інтенсивність дренування газу. Даний коефіцієнт характеризує пропускну здатність масиву раніше 
відпрацьованого стовпа. Він враховує обсяг дренуючих порід і приплив метану під впливом видобувних робіт в 
суміжній лаві. 

Ключові слова: напружено-деформований стан гірського масиву, газопроникність гірського масиву, спосіб 
відпрацювання вугільних пластів довгими стовпами. 

 

Аннотация. Представлена методика расчета газовой проницаемости горного массива в зависимости от его 
напряженно-деформированного состояния. Методами шахтных экспериментальных исследований установлено 
влияние добычных работ в смежной лаве на интенсивность выделения газа из ранее отработанного столба. 
Установлено влияние напряженно-деформированного состояния горного массива на эффективность 
дегазационных скважин. Получены формулы для расчета коэффициентов влияния зон статического и 
динамического опорного давления на интенсивность дренирования газа в ранее отработанном столбе. 
Исследование закономерностей изменения напряженно-деформированного состояния горного массива в 
процессе ведения добычных работ осуществляли шахтными экспериментальными методами. 
Экспериментальные исследования были выполнены на шахте им. А.Ф. Засядько. Трещиноватость пород на 
различном расстоянии от выработки определяли методом электрометрии. Напряженно-деформированное 
состояние массива исследовали методом локального гидроразрыва и методом буровых скважин. Расход 
метано-воздушной смеси и дебит метана принимали по данным службы вентиляции шахты. 

Установлены механизм разрушения массива и закономерности дренирования газа: 
– сопряжение ранее отработанного и отрабатываемого столбов является концентратором стационарного 

опорного давления. Поэтому в ранее отработанном столбе с увеличением расстояния до сопряжения с 
отрабатываемым столбом дебит метана возрастает по логарифмической зависимости; 
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– под влиянием добычных работ в смежной лаве, в массиве ранее отработанного столба интенсифицируются 
процессы образования трещин. Происходит разрушение пород над сопряжением столбов. Временное опорное 
давление выдавливает газ из подработанных (надработанных) пород и отрабатываемого столба в ранее 
отработанный столб. В результате дебит метана возрастает более чем в 10 раз по логарифмической 
зависимости от уменьшения расстояния до сопряжения столбов; 

– установлены зависимости для определения коэффициентов влияния зон статического и динамического 
опорного давления на интенсивность дренирования газа. Данный коэффициент характеризует пропускную 
способность массива ранее отработанного столба. Он учитывает объем дренирующих пород и приток метана 
под влиянием добычных работ в смежной лаве. 

Ключевые слова: напряженно-деформированное состояние горного массива, газопроницаемость горного 
массива, способ отработки угольных пластов длинными столбами. 
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