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Abstract.  
Roof bolting is traditionally used only to ensure the stability of mine workings 

and it is not considered as a means of influencing filtration processes in the host 
rocks. The purpose of this work is to substantiate the use of roof bolting as a techno-
logical method to reduce gas emission and water inflows into mine workings. To 
achieve this goal the mathematical model of coupled processes of deformation of 
layered coal-rock mass around the mine working with roof bolting and fluids filtra-
tion in the disturbed area has been developed.  

It was shown that roof bolting restrains unloading of the boundary rocks from 
rock pressure and keeps them in triaxially compressed stress state. The permeability 
value decreases by the value of its technological component. The influence of roof 
bolting on the processes of methane and water filtration into the mine working was 
investigated. Methane filtration rate in the bolted area of the mine roof is equal to 
zero; consequently, methane from undermined gas emission sources does not partic-
ipate in the filtration process. In different areas of the intersection of tectonic dis-
turbance, water inflow into the mine working with roof bolting is 3-8 times less than 
in the working with frames.  

Therefore, the use of roof bolting allows not only to keep the mine working in a 
stable state, but also to significantly reduce fluids inflows. Roof bolting can be 
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considered as the second line of defense to be applied in the presence of gas- and 
water-bearing rocks.  

Key words: filtration processes, geomechanical processes, mine workings, nu-

merical simulation, roof bolting technology.  

1 Introduction 

Roof bolting is a spatial system of the roof bolts fixed in bore-

holes. The most promising method for increasing efficiency of bolts 

is such their layout in the space, which would keep host rocks in a 

triaxially compressed state.  

Researchers at the Institute of Geotechnical Mechanics analyzed 

results of long-term observations and laboratory, computational and 

mine experiments conducted in more than 30 coal mines of Ukraine 

and established on their basis a concept of the rock-bolt support in-

teraction, according to which supports unite into a single construc-

tion that can resist rock pressure. Such supporting limits the destruc-

tion of the host rock throughout the whole period of mine working 

operation. The field of application of roof bolting has been expanded 

for the difficult mining and geological conditions of coal mines in 

Ukraine. Thus, the technology of the bearing-bolt supporting was 

developed [1-3]. Subject to the regulatory requirements, monitoring 

and operation, the technology of bearing-bolt supporting allows [4]: 

- to ensure reliable and safe operation of mine workings through-

out the whole period of their operation; 

- to increase coal production; 

- to increase the average mine working construction speed; 

- to simplify the mining work organization schemes; 

- significantly improve the working conditions and safety of min-

ers, economic and production performance of coal mines. 

Many complications and accidents in mine workings are associat-

ed with presence of gas and water in coal beds and sandstones. Min-

ing operations initiate the processes of deformation, cracking, water 

and gas filtration. Abundant water and methane inflowing in the 

mine workings, as a rule, leads to accidents, lengthy downtime of 

longwall faces, reduced productivity and, hence, to economic losses. 

sed downtime of stopes, reduced productivity and economic losses. 

The use of roof bolting allows us to reduce the displacement of 

rocks into the mine workings to the minimum values, to preserve the 
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enclosing rocks in the natural, monolithic state, and, therefore, to 

prevent the development of cracking in the zone of mine working 

effect. This suggests that the permeability of the host rocks in this 

zone will also be preserved at the natural level. This, in turn, should 

significantly reduce the intensity of fluids filtration and their inflow 

inside the mine working. The experience of mine shows that techno-

logical operations can affect filtration processes in the disturbed zone 

of the rock mass. Methods of mine workings construction, the 

amount of stope and wall advance actively influence the dynamics of 

stress field redistribution [5], the configuration of filtration area, 

permeability inside it and, consequently, the formation and direction 

of fluid flows in the disturbed area. 

Roof bolting is traditionally used only to ensure the stability of 

mine workings. It is not considered as a means of influencing filtra-

tion processes in the host rocks. The purpose of our work is to sub-

stantiate the use of roof bolting as a technological method to reduce 

gas emission and water inflows into mine workings. 

To achieve this goal, we set the following tasks: 

- to develop a mathematical model of the coupled processes of de-

formation of the layered coal-rock mass around the mine working 

with roof bolting and fluids filtration in the disturbed area; 

- to perform its numerical implementation using the finite element 

method; 

- to investigate the influence of roof bolting on the filtration per-

meability caused by the mine working driving; 

- to investigate the influence of roof bolting on the process of me-

thane filtration from gas-bearing rocks and coal into mine workings; 

- to investigate the influence of roof bolting on the process of wa-

ter filtration during the undermining of water-bearing rocks; 

- to develop a method to reduce gas emission and water inflows 

with roof bolting. 

2 Methods  

Deformation of the coal-rock massif can be described by the 

equation 
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 46 

where ui is displacements, m; g is damping ratio, kg/(m3s); ij,j 

are derivatives of strain tensor components in x and y, Pa/m; t is 

time, s; Xi(t) is projections of external forces acting on volume unit 

of solid body, N/m3; Pi(t) is projections of forces caused by fluid 

pressure in porous fractured space, N/m3. 

A Coulomb-Mohr criterion is used to describe mathematically a 

process of rock transition into a disturbed state. A stress-strain state 

of rocks is analyzed with the help of following geomechanical pa-

rameters characterizing a degree of variety of the stress field compo-

nents (Q*) and geostatic pressure relief of the rocks (P*) 

1 3 3* ;  *Q P
H H

  
 


  ,                           (2) 

where 1, 3 are maximum and minimum components of main 

stress tensor, Pa;  is average weigh of overlying rocks, N/m3; H is 

mining depth, m. 

Deformation of rocks during mining operations leads to a change 

in their filtration permeability [6-8]. The change in the values of the 

permeability coefficients depending on the components of the princi-

pal stress tensor can be described as follows [8, 9]  
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where ktech is coefficient of permeability, which is formed during 

the mine working driving, m2; kmin is minimal value of permeability 

coefficient, m2; kmax is permeability within zone of fracturing, m2. 

It means that ktech=0 within the zone of equal-component com-

pression and elastic deformations, ktech=kmin within the area of initial 

fissuring, ktech=f(ij) within the area of intense cracking, and ktech=kmax 

in terms of rock fracturing.  
Some rock layers are initially permeable and they have permea-

bility knat. Technological permeability ktech, which is formed during 

the mine working driving and depends on the stress tensor compo-

nents, is superimposed on the natural knat permeability fields 

K=ktech+knat,     (4) 
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where K is absolute permeability coefficient, m2. 

The equation of plane gas filtration, in terms of the available gas-

bearing rocks within the filtration area, is as follows [10] 
2 2 2 2
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where p is fluid pressure, Pa; m is porosity of rock; g is gas viscosity, 

Pas; x, y are coordinates, m; qg (t) is function of gas emission, Pa/s. 

The process of water filtration in disturbed rocks is described by 

the following equation [10] 
2 2
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where p is water pressure, Pa; w is water viscosity, Pas;  is wa-

ter-compressibility factor, 1/Pa; qw (t) is water release function, Pa/s. 

The initial and boundary conditions for the tasks set 
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where xx, yy are components of stress tensor, Pa;  is side thrust 

coefficient; ux, uy are components of displacement vector, m; p0 is 

fluid pressure in undisturbed rocks, Pa; 1 is vertical outer bounda-

ries; 2 is horizontal outer boundaries; 3(t) is time-depending 

boundary of filtering area; 4 is internal contour (mine working). 

In order to solve the problems associated with filtration of fluids 

into a rock bolted working, we applied a finite element method [11, 

12]. The roof bolt was simulated by the rod finite elements. At each 

time iteration [13], the influence of the stress field on the formation 

of the filtration area, the influence of change in fluid pressure on the 

stress state and decrease in the strength properties of rocks during 

soaking (in case of water filtration) are taken into account. 
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3 Results and discussion  

3.1 Influence of roof bolting on rock permeability 

To form a rock-bolt slab in the mine roof, from 3 to 9 (depending 

on the size of the cross-section of the mine working and required 

construction power) steel-polymer bolts 2.4 m long are used. Deep 

rope bolts can be used to strengthen the rock-bolt slab. 

The number of bolts in the walls of working and the scheme of 

their installation depend on the height of mine working, the presence 

of a coal seam, the strength of the coal seam and host rocks. For sup-

porting the rock part of the sides, steel-polymer bolts with a length of 

1.5 to 2.4 m can be used; for supporting the coal seam, plastic and 

wooden bolts 1.2-1.8 m long are used. 

To study the influence of roof bolting on the permeability of host 

rock, we considered the cross-section of a mine working in a homo-

geneous massif consisting of argillite and compared two cases: 

- the mine working is supported by frames; 

- the mine working is supported with roof bolting. 

As a result of the calculation, we have obtained stress fields and 

zones of inelastic deformations for these two cases. Fig. 1 shows the 

distributions of Q* parameter values and the zones of inelastic de-

formations (red color) at the moment of time t=2 days. 

In the intact massif, outside the zone of influence of the mine 

working (Fig. 1, white color), rocks are in conditions of triaxial com-

pression. The different-component nature of the stress field here, as a 

rule, is close to zero (0<Q*<0.2); fluids are contained in isolated 

pores, there is no filtration capacity and permeability coefficients is 

practically zero. With elastic deformation of the rock, microcracks 

and pores are closed, and filtration properties of the rock change lit-

tle. The zone where the rock is deformed elastically does not belong 

to the filtration area either. 
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Fig. 1. Distributions of Q* parameter values and zones of 

inelastic deformations: a - the mine working with frames; b - 

the mine working with roof bolting 

When constructing the mine working, the stress field around it 
changes: the minimum components tend to zero, and the maximum 
ones increase. Beyond the limits of elasticity and up to the ultimate 
strength, under multi-component loading, the following processes 
take place: the beginning of cracking (0.4<Q*<0.6), when the mini-
mum permeability appears, and intense cracking (0.6<Q*<1.0), when 
the permeability coefficients increase by 2-3 orders of magnitude in 
various rocks. Further growth of permeability coefficients beyond 
ultimate strength occurs only due to the dilatation of existing frac-
tures. In the area of destruction, which is characterized by the condi-
tion P*<0.1, the permeability coefficients reach its maximum values. 

In both cases (Fig.1a and Fig.1b), areas of increased Q* parameter 
values are formed around the mine workings (Q*>0.4). The contours 
of mine workings surround the zones of inelastic deformation, which 
indicates an increase in the fracturing of the host rock, its stratifica-
tion and destruction. 

However, in the walls and roof of the mine working with roof 
bolting (Fig. 1b), the zone of inelastic deformations is much smaller 
than around the mine working with frames (Fig. 1a). In the mine 
roof, the area of increased Q* parameter values disappears and the 
undisturbed rock-bolt slab is formed, in which Q*<0.4. Roof bolting 
keeps the boundary rocks in a natural, monolithic state, which en-
sures the stability of mine working with bolts. 
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Using equations (3), we have calculated the values of filtration 

permeability coefficients in the study area, Fig. 2. 
      b 

      

 

Fig. 2. Distributions of values of filtration permeability  

coefficients: a -  the mine working with frames; b - the mine work-

ing with roof bolting  

It can be seen that a filtration area with non-zero permeability co-

efficients is formed around the working with frames (Fig. 2a). With-

in this area, fluids can freely move in the direction from the fluids 

emission source (gas- or water-bearing coal beds and rocks) into the 

mine working space. 

The contours of the filtration area change if bolts are installed in 

the roof and walls of the mine working, Fig. 2b. In this case, the zone 

impermeable to fluids is formed in the mine roof. The rock from 

which it is formed, thanks to the bolts system, is preserved in its nat-

ural monolithic state. The high degree of integrity can be judged by 

the well-preserved traces of the executive body of the combine on 

the surface of the argillite, Fig. 3. Filtration of fluids through such a 

rock-bolt slab from fluids emission sources located in the mine roof 

is impossible. 

The permeability in the walls of mine working with roof bolts is 

also significantly lower than in the walls of mine working with 

frames, Fig. 2b. 
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Fig. 3. Surface condition in the mine working with roof bolting 

Roof bolting restrains the process of cracking in the zone of working 
influence. In this case, the size of filtration area is significantly reduced, 
the permeability inside it decreases, which leads to a decrease in the inten-
sity of filtration movement, to the prevention or reduction of fluids inflow 
into the mine working with roof bolting. 

Through a series of numerical experiments, we have investigated 

how each individual bolt affects the permeability value. After per-

forming the calculations, we obtained the distributions of Q* pa-

rameter values, the zones of inelastic deformations and the fields of 

permeability coefficients for the cases when 1,3,5,7 and 9 bolts are 

installed in the mine roof, Fig. 4.  

It can be seen that an impermeable region is formed around each 

bolt, where k<0.001 mD (shown in white in Fig. 4). When the num-

ber of bolts increases, these areas intersect, Fig. 4d and 4e, and form 

an impermeable rock-bolt slab that protects the mine working from 

fluids inflows from the undermined roof rocks. 

When bolts are used, Q* parameter values in the mine roof is re-

duced. Installation of each additional bolt increases the area of undis-

turbed rocks where Q*<0.4 (Fig. 4) and reduces the size of the zones 

in which the roof rocks are unloaded from the rock pressure and 

P*<0.1. Thus, the development of the process of cracking in the host 

rocks is not allowed, their natural solidity is preserved.Calculations 

showed that each wall bolt WB reduces the area of inelastic defor-

mation zone in the walls of mine working, Fig. 5. 
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Fig. 4. Distributions of Q* parameter values (left side) and permeability coefficients 

k (right side) in the mine roof with: a - 1 roof bolt; b - 3 bolts; c- 5 bolts; d - 7 bolts; 

e - 9 bolts 

a            

b             

c             

d             

e             
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a            

b             

c             

d             

e             

Fig. 5. Distributions of Q* parameter values (left side) and permeability coefficients 

(right side) in the wall of mine working: a - no bolts; b - with 1 bolt; c - with 2 bolts; 

d -  with 3 bolts; e - with 4 bolts 
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The area where Q* parameter values are increased is also re-

duced. P* parameter values near the contour of mine working in-

crease and become close to 0.2. This means that the walls of mine 

working are kept in a stable state, the processes of cracking and coal 

squeezing are stopped and filtration permeability of this part of the 

boundary rocks decreases. 

The graphs of changes in the values of k in the roof and walls of 

mine working along the lines a and b (Fig. 6) are shown in Fig. 7. 

 

Fig. 6. Central fragment of the finite element mesh: 1 – the bolted area of roof rocks; 

2 – the bolted area of wall rocks 

Fig. 7a shows if 5 or more bolts are installed in the mine roof, and 

4 bolts are installed in the each wall of the mine working, then the 

permeability coefficients of the host rocks do not exceed 0.001 mDa 

(for the above-described initial, boundary, mining and geological 

conditions and bolts location scheme). 

The performed calculations show that wall bolts reduce filtration 

permeability coefficients in the walls of mine working to a level of 

0.001 mDa and below: 

- bolt WB1 by 35%; 

- bolts WB1 and WB2 by 46%; 

- WB1, WB2 and WB3 by 77%; 

- WB1, WB2, WB3 and WB4 by 100%. 
a 
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b  

 

Fig. 7. Rock permeability: a - in the mine roof; b -  in the walls of mine working 

The change in the average permeability coefficients value in the 

bolted areas (Fig. 6) of the mine roof and walls is shown in Fig. 8. 

Each bolt installed in the roof of mine working (if their number is 

less than 7) reduces the average permeability of the roof rocks by 10-

40%. However, a further increase in the number of bolts does not 

lead to any significant change in the average permeability in the 

bolted area of the mine roof. 

Each of the bolts installed in the wall of the mine working reduc-

es the average value of the permeability coefficients in the bolted 

area by 8-38%. 
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Fig. 8. Average rock permeability in the mine roof and walls 

Roof bolting reduces the average filtration permeability caused by 

the redistribution of the stress field during excavation by 15 times or 

more, Fig. 8. 

3.2 Methane filtration into mine workings with roof bolting 

Mining operations in coal mines initiate the processes of rock de-

formation and filtration of methane, which is contained in the frac-

tured-pore space of coal and gas-bearing sandstones. Increased me-

thane inflow from the coal bed and undermined rocks, methane 

breakthroughs and blowers, gas-dynamic phenomena are the result of 

two closely coupled processes occurring together in time: stress re-

distribution and gas filtration.  

In many cases, methane released into the atmosphere of mine 

workings impedes efficient coal production and becomes a threat to 

the safety of miners. On the other hand, coal bed methane is a quality 

gas that requires minimal processing. It is environmentally friendly 

and efficient fuel than coal. Methane can be extracted as an inde-

pendent fossil and as a by-product obtained in the process of degas-

sing. In both cases, the study of the methane filtration process is of 

scientific and practical interest. 

Using the above mathematical model of the coupled processes of 

changing the stress state of the gas-bearing rocks and methane filtra-

tion, we investigated how the roof bolting affects filtration parame-

ters. As an example, the conditions for Western flank ventilation en-
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try №23, coal seam i3 of the Sukhodolskaya-Vostochnaya mine of 

Krasnodonugol PJSC were considered.  

This rectangular mine working was constructed at a depth of 

915 m by drilling-and-blasting way along a gas-bearing coal seam 

with a thickness of 1.9 m and a strength of 15 MPa. The seam roof is 

mainly represented by siltstone with a thickness of 3.0 m, which is 

unstable in its lower part. This can provoke collapses to a height of 

1.0 m. Further, a gas-bearing sandstone with a thickness of 10 m oc-

curs in the seam roof. The gas content of coal is 22.5 m3/t, the gas 

content of sandstone is 1.5 m3/t. 

The bolts location scheme for Western flank ventilation entry 

№23 is shown in Fig. 9.  

 
Fig. 9. The bolts location scheme 

Fig. 10 shows distributions of Q* parameter values and the areas 

of inelastic deformations calculated for the mining and geological 

conditions of Western flank ventilation entry No.23. For comparison, 

the calculation results are presented in the cases of using frame sup-

port and roof bolting according to the scheme shown in Fig. 9. 

Over time, in the host rocks, Q* parameter values increase and 

the zone of inelastic deformations grows. It can be seen that the pres-

ence of more durable sandstone in the mine roof leaves an imprint on 

distribution of Q* parameter values. 
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a 

b 

  

Fig. 10. Distributions of Q* parameter values around the mine working with frames 

(left side) and roof bolting (right side): a - t=day; b - t=3days; c - t=15 days 

A rock-bolt slab is formed in the mine roof with bolts, the silt-

stone in this area is preserved in its natural, monolithic state and 

Q*<0.4. In the bolted areas of the roof and walls of the mine work-

ing, the zone of inelastic deformations practically disappears; with 

the installation of bolts, the process of cracking in the mine roof 

mine does not develop, Fig. 10. 

Based on the results of calculating geomechanical parameters, the 

field of permeability coefficients was calculated, Fig. 11. 
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a  

b   

c  

Fig. 11. Distributions of permeability coefficients values around the mine working 

with frames (left side) and roof bolting (right side): a - t=1 day; b - t=3 days; c - 

t=15 days 

In the case of frame support, the filtration area, where k>0, in-

cludes the coal seam in the walls of mine working and the lower part 

of the gas-bearing sandstone located in the roof. Inside this filtration 

area, methane can freely move in the direction from the gas emission 

sources into the mine working atmosphere, the pressure of which 

(0.1 MPa) is much lower than the methane pressure in the undis-

turbed massif (up to 8-12 MPa). 
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On the left side of Fig. 11, you can see how the contours of filtra-

tion area change if the mine working is supported with roof bolts. In 

this case, both in the coal seam, in the walls of mine working, and in 

its roof, between the sandstone and the mine working, there are areas 

impermeable to gas. The bolts keep the siltstone in these areas in its 

natural monolithic state. Methane filtration through such an area is 

impossible. 

Fig. 12 shows the isobars of relative methane pressure p/p0 (p0 is 

methane pressure in the undisturbed massif) in the host rocks around 

the mine workings with frames and roof bolting. 

Over time, methane pressure drops in those parts of the coal seam 

that are adjacent to the mine working with frame support, Fig. 12, on 

the left side. This indicates that the coal seam is degassed; methane 

moves from it into the mine atmosphere. After 2 weeks, the area of 

low methane pressure captures the lower part of the gas-bearing 

sandstone, Fig. 12c, on the left side. Around the mine working with 

bearer frame support, the process of methane filtration is actively 

taking place. 

In Fig. 12c, on the right side, you can see that the low pressure ar-

ea does not reach the gas-bearing sandstone as a result of formation 

of the impermeable rock-bolt slab in the mine roof. That is, methane 

from this gas emission source does not enter the mine working with 

roof bolting, which will significantly reduce methane content in its 

atmosphere. Due to the influence of the wall bolts, the volume of the 

degassed part of the coal seam also decreases. 

The graphs of the change in time of the relative gas pressure 

along the vertical line passing through the center of mine working 

and along the horizontal line passing through the center of coal seam 

are shown in Figures 13 and 14. Coordinate y=51.5 m is the roof of 

mine working; coordinate y=54.5 m is the lower boundary of sand-

stone; coordinate =52.7 m is the right wall of mine working. 
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a   

b   

c   
Fig. 12. Isobars of relative methane pressure around the mine working with frames 

(left side) and roof bolting (right side): a - t=1 day; b - t=3 days; c- t=15 days 

a b  

Fig. 13. Relative methane pressure in the mine roof: a - mine working with frames; 

b - with roof bolting 
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In the mine roof with frame support, methane pressure gradually 

decreases over time. After 15 days, methane pressure begins to de-

crease in the lower part of the gas-bearing sandstone, Fig. 13a. In the 

mine roof with roof bolting, the area of low methane pressure does 

not extend into the depth of massif for more than 0.5 m, Fig. 13a,b 

   
Fig. 14. Relative methane pressure in the wall of mine working: a - with frames; b - with bolts 

As you can see in Fig. 14, in the walls of the mine, in the area of 

bearing pressure, methane pressure in the coal seam exceeds initial 

seam pressure. The effect of increasing seam pressure in the bearing 

pressure zone is mentioned in [14-16]. This occurs as a result of me-

chanical compression of rocks and a reduction in the volume of frac-

tured-pore space. You can see also that the pressure drop in the coal 

seam occurs more slowly if the walls of the mine working are bolted. 

The methane filtration rate in the bolted area of the mine roof 

(Fig. 15b) for 1.5 m is equal to zero, which confirms the absence of 

gas filtration through the rock-bolt slab. In the walls of mine working 

(Fig. 16b), the modulus of filtration rate in the bolted area is reduced 

by an average of 9 times in comparison with the mine working, 

which is supported by frames. 

At the same mine (Sukhodolskaya-Vostochnaya mine), the Group 

ventilation entry in block No.1 was constructed along a coal seam 

with a thickness of 1.8 m and a natural gas content of 22.5 m3/t. 

Sandstone with a thickness of 20-30 m and a natural gas content of 

1.5 m3/t lies in the mine roof, which is supported with bolts. The 12th 

eastern conveyor drift was constructed nearby, in the same mining 

and geological conditions, using frame support. According to the 



 63 

ventilation and safety service, whose task is to control underground 

air, the methane content of the Group ventilation entry during the 

construction time and before the approach of the longwall was signif-

icantly less than that of the 12th eastern conveyor drift. 
  a    b 

  

Fig. 15. Module of methane filtration rate in the mine roof: a - mine working with 

frames; b - mine working with roof bolting 
 

  a    b 

 

Fig. 16. Module of methane filtration rate in the wall of mine  

working: a - with frames; b - with bolts 

Similarly, at the Samsonovskaya-Zapadnaya mine, PJSC Kras-

nodonugol, in the same mining and geological conditions, Ventila-

tion drift of the 8th eastern inclined longwall, which was supported 

with bolts, and the 8th eastern conveyor slope, which was supported 
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with frames, were constructed along the coal seam 
b

k2
. At the seam 

b
k2

 roof there is coal seam 
t

k2
 with a thickness of 0.2-0.35 m and 

sandstone with a thickness of 32.6-38.9 m. Natural gas content of 

coal seams is 20-25 m3/t; natural gas content of sandstone is 5 m3/t. 

According to the ventilation and safety service, the methane content 

of Ventilation drift, which was supported with bolts, was significant-

ly less than the methane content of the 8th eastern conveyor slope. 

Such results show that roof bolting can be used as a technological 

method of reducing methane content in mine workings [17]. 

3.3 Water filtration into mine workings with roof bolting 

Ukrainian coal mines are notable for complicated geological con-

ditions due to the great number of tectonic disturbances and flooded 

rocks. Different forms of geological structures, both plicate and dis-

junctive, characterize Donbas. Most of the Donbas coal mines are 

concentrated in large synclinal folds [18]. There is a failure of rocks 

integrity and an increase in their permeability in zones of local fold-

ing [19]. Permeability of rocks reaches its maximum in areas with 

the highest concentration of tectonic stresses [20]. Type and forming 

conditions of the faults determine their influence on the filtration 

properties of rocks. If joint fissures are formed under conditions of 

stretching of the earth's crust (mainly faults), then they increase per-

meability of the coal-bearing deposits in the zone adjacent to the 

fault [21]. 

The hydrogeological structure of the Western Donbas is a system 

of aquifers and complexes that cover the entire sedimentary layer and 

the upper part of the fractured zone of crystalline rocks. The total 

thickness of the flooded rocks ranges from 20 m to 1660 m and 

more, and it increases in the direction of rocks deepening to the axis 

of the Dnipro-Donetsk trough [22]. Water inflow into the mine work-

ings mainly depends on the features of the geological structure of the 

mine fields and particularly on the tectonic disturbance of rocks, the 

number of aquifers, their thickness, pressure and filtration permeabil-

ity [22-24]. For example, water production in the N.I. Stashkov Mine 

(the most water-flooded one in the Western Donbas) is 1640 m³/h. 
When the edge rocks are flooded, they become soaked and their 

strength decreases. This leads to a loss of workings stability and re-
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quires additional finance for water extraction and supporting of mine 

workings [25, 26]. 

We considered a possibility to use roof bolting in the mine work-

ings in order to reduce water inflows from the undermined water-

bearing rocks in the most difficult hydrogeological conditions when 

crossing tectonic faults. 

The coal and rocks are ground and have an initial tectonic perme-

ability on 10-20 m from both sides of the fault. Some rock layers are 

also initially permeable and they have permeability knat. Technologi-

cal permeability ktech, which is formed during the mine working driv-

ing and depends on the stress tensor components, is superimposed on 

the tectonic ktect and natural knat permeability fields. Formula (4) in 

this case can be written in the form 

K=ktech+ktect+knat.    (8) 

As an example, we considered a longitudinal section of a perma-

nent working of 4 m high, which is constructed at complicated condi-

tions, similar to the conditions of the eastern main entry of the N.I. 

Stashkov Mine. There is a watered fractured coal bed with a thick-

ness of 0.4 m and watered sandstone with a thickness of 2.2 m in the 

mine roof. There is watered sandstone with a thickness of 0.8 m in 

the mine face. The permanent working intersects a disjunctive tec-

tonic fault with displacement amplitude of 1 m. 

The central fragment of the finite element mesh for this problem 

is shown in Fig. 17. 

We assumed that initial permeability of the watered sandstones is 

0.002 mDa, initial permeability of the watered coal bed is 

0.005 mDa; permeability in the area l1=3 m from displacement plane 

is 0.5 mDa; in the area l2=7 m is 0.1 mDa; p0=3.5 MPa. We consid-

ered the cases when permanent working is supported by the frame 

support and roof bolting and its face is located at different distance L 

(Fig. 17) from the tectonic fault: 

a - L=12 m, L>l1+l2, the permanent working is outside the influ-

ence of tectonic fault; 

b - L=7 m, l1<L<l1+l2, the permanent working is in the slightly 

disturbed area;  

c - L=1 m, L<l1, the permanent working is located in the most dis-

turbed zone of tectonic fault. 
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Fig. 17. The central fragment of the finite element mesh: 1,3 – watered sand-

stones; 2 – watered fractured coal bed 

As a result of modeling, the fields of stresses and zones of 

inelastic deformations were obtained, Fig. 18.  

a  b  

Fig. 18. Distribution of Q* parameter values and inelastic deformation zones: a – 

the permanent working with frames; b – the permanent working with roof bolting 

Hereinafter, the calculation results are given for t=1 day after the 

mine face movement.  

The Fig. 18 shows that area of increased diversity of the stress 

field components is formed around the mine working. Single defects, 

not interacting between each other, are accumulated in zone where 

0.4<Q*<0.8. In areas where 0.8<Q*<1.2, the process of intense 

cracking develops. Here, uncontrolled growth of cracks takes place, 
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and deformations rapidly increase due to the propagation of cracks 

and loosening of the rock [27]. Zone of inelastic deformation (is 

shown in red) surrounds the permanent working contour, hence, in-

dicating the destruction of rocks. 

In the mine roof with frame support (Fig. 18a), the disturbed zone 

includes both coal bed and sandstone. Here, weak coal bed is com-

pletely destroyed. 

When using roof bolting (Fig. 18b), zone of inelastic defor-

mations is significantly reduced in boundary rocks of the roof and 

completely disappears in the coal bed. In the bolted area, rocks and 

bolts form a slab, where Q*<0.4. Here, both the rocks and the weak 

coal bed are in a triaxially compressed state that keeps them from 

destruction. 

The results of the permeability coefficient calculation are shown 

in Fig. 19. In these figures, we can see dark zones of tectonic perme-

ability and lighter zones of natural permeability in water-flooded 

sandstones and coal bed.  

A filtration area up to 2.4 m deep is formed in the mine roof with 

frame support (left side of Fig. 19) to where the watered coal bed 

enters completely and sandstone enters partially. Inside this filtration 

area, water can move towards the contour of the mine. When the 

working face approaches the disjunctive disturbance, Fig. 19b and 

19c, it moves into the zone of disturbed rocks, which stratify easily 

and are destructed during undermining. The bearer support is not 

able to suppress this process, and filtration permeability is signifi-

cantly increases in this zone. 

Contours of the filtration area are changed when bolts are in-

stalled in the mine roof (right side of Fig. 19). The use of roof bolting 

restrains the unloading of the boundary rocks from the rock pressure 

and keeps them in a triaxially compressed stress state. Therefore, in 

all cases of the mine face location relative to the tectonic fault plane, 

the resulting permeability K decreases by the value of its technologi-

cal component. 

Outside of the influence of the tectonic fault (right side of Fig. 

19a), depth of permeable zone in the mine roof is reduced by 7-8 

times in comparison with the same zone in the left side of Fig. 19a. 

The impermeable rock-bolt slab is preserved between the watered 
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layers and the roof of the permanent working. As a result, the process 

of water filtration from aquifers into the mine working is inhibited. 

a   

b   

c   

 

Fig. 19. Distribution of permeability coefficients (mD) 

around the permanent working with frame support (left 

side) and with roof bolting (right side): a - L=12 m, 

permanent working is outside of the fault influence;  

b - L=7 m; c - L=1 m 

In disturbed zone near the fault, action of the steel-polymer bolts 

only is not sufficient to form an impermeable slab. For this purpose, 

injection bolts, for example, could be used here. However, in the roof 

of permanent working with roof bolting (right sides of Fig. 19b and 

19c), the permeability is significantly lower than in zone with the 

frame support (left sides of Fig. 19b and 19c), which should reduce 

water inflow into the mine working in the hazardous zone. 

The distribution of water pressure values are shown in Fig. 20. It 

can be seen that water pressure in the watered beds near the fault is 
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significantly reduced as compared with formation pressure, Fig. 20b. 

As practical experience shows, the increased permeability of rocks in 

zones of tectonic faults causes the movement of deep pressured water 

along the plane of displacement in the vertical direction.  

a   

b   

c   

 

Fig. 20. Water pressure (MPa) around the permanent 

working with frame support (left side) and with roof 

bolting (right side): a - L=12 m, permanent working is 

outside of the fault influence; b - L=7 m; c - L=1 m 

In the mine roof with frame support, the process of water filtra-

tion is actively taking place both outside the disturbed zone and near 

the tectonic fault. Water pressure in the undermined watered coal bed 

and in part of sandstone decreases (left side of Fig. 20). Water moves 
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from areas with higher pressure to the mine working where the pres-

sure is minimal. When the mine face approaches the fault and enters 

the disturbed zone, the intensity of the filtration process increases 

(left sides of Fig. 20b and 20c). The water inflow into the permanent 

working from the roof is doubled, and from the watered sandstone in 

the mine face increases by 1.5 times, Fig. 21. 
a 

  

b 

  

Fig. 21. Water inflow: a - from undermined roof rocks (per 1 running meter of the 

permanent working); b - from the mine face 

If the roof bolting is used, the coal bed pressure and sandstone 

pressure practically do not change in the mine roof, in the area out-

side the zone of influence of tectonic disturbance (right side of Fig. 

20a). This indicates a significant decrease in the intensity of the fil-
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tration process. The water inflow from the roof into the bolted mine 

working is almost 8 times less than into the mine working with frame 

supports, Fig. 21a. We can assert that outside the zone of fault influ-

ence, the impermeable rock-bolt slab in the roof reduces water in-

flow into the mine working to a minimum. When the mine face ap-

proaches the tectonic fault, where the roof rocks have already been 

disturbed as a result of tectonic impact, the roof bolts can only re-

duce the value of the filtration permeability by the value of ktech. 

However, this is sufficient to reduce the water inflow by 5 times at 

L=7 m and by 3 times at L=1 m, Fig. 21a. 

The water flow rate from the watered sandstone in the mine work-

ing face increases by 1.5 times when it approaches the fault and does 

not depend on the kind of roof supporting, Fig. 21b. 

Roof bolting in mine workings at difficult hydrogeological condi-

tions, when they cross tectonic faults, allows to reduce permeability 

of tectonically disturbed host rocks, slow down the water filtration 

process and reduce water inflow from the undermined watered rocks 

into the mine workings by 3-5 times. Outside the zone of disturbance 

influence, an impermeable rock-bolt slab in the mine roof stops wa-

ter inflow into the mine working almost completely. 

Thus, the roof-bolting support can be used as a technological 

method for reducing the water inflow into mine workings [28, 29]. 

3.4 Method of reducing fluid inflow with roof bolting 

If roof bolting is used as a technological method to reduce fluids in-

flows from sources located in the mine roof, additional bolts are used in 

the mine roof to form a powerful rock-bolt slab. Some of the additional 

bolts should be inclined towards the working face; the other part should be 

inclined in the opposite direction (Fig. 22). This contributes to a more 

stringent limitation of the displacement of host rocks into the mine work-

ing and preserves their natural solidity. In this case, the impermeable rock-

bolt slab prevents the fluids filtration into the mine working. 

In fig. 22-24 the following labels are used: 1 - mine working; 2 - 

mine face; 3 - steel-polymer bolts; 4 - steel-polymer bolts inclined at 

the mine face; 5 - steel-polymer bolts inclined at the mouth of mine 

working; 6 - gas- or water-bearing bed in the mine roof; 7 - addition-

al wall bolts; 8 - gas- or water-bearing bed in the walls of mine work-

ing; 9 - additional bolts in the lower part of the walls; 10 - gas- or 
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water-bearing bed in the floor of mine working; a - distance between 

rows of bolts; b - distance between the first row of bolts and the mine 

face;  - angle of inclination of bolts to the mine face;  - angle of 

inclination of bolts to the mouth of mine working. 
a    b 

  

Fig. 22. The bolts location scheme in the case when fluid emission source is in the 

mine roof: a - cross-section; b - longitudinal section of the mine working  

If the fluid emission sources are located in the walls of the mine 

working, additional bolts are installed directly into the coal bed or 

fluid-bearing rock, Fig. 23.  
a    b 

  
Fig. 23. The bolts location scheme in the case when fluid emission source  

is in the walls of mine working: a - cross-section; b - longitudinal section  

of the mine working 
 

This prevents the onset of inelastic deformations and stratifica-

tion, reduces the depth of filtration area and helps to reduce fluids 

inflow into the mine working. 

In the case when gas- or water-bearing beds are located at the 

floor of working, with the help of additional bolts in the lower part of 

the walls of mine working and its floor, the floor heaving is limited 

and fluids inflow from the overworked sources is reduced. 
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a    b 

     
Fig. 24. The bolts location scheme in the case when fluid emission source  

is in the floor of mine working: a - cross-section; b - longitudinal section  

of the mine working 
 

Thus, with the help of bolts, the impermeable rock-bolt layer is 

created around the mine working, in which the natural solidity of the 

rocks is preserved. This ensures a decrease in fluids inflow into the 

mine working from sources in the roof, floor and walls of the mine 

working. Therefore, roof bolting can be used as a technological 

method to reduce gas emission and water inflows into mine workings 

[30-32], to enhance the effect of regulatory methods. 

4 Conclusions  

Roof bolting is traditionally used only to ensure the stability of 

mine workings and it is not considered as a means of influencing 

filtration processes in the host rocks. To substantiate the use of roof 

bolting as a technological method to reduce gas emission and water 

inflows into mine workings, the mathematical model of coupled pro-

cesses of deformation of layered coal-rock mass and fluids filtration 

in the disturbed area has been developed. The cases when mine 

working is supported with frames and roof bolts were considered. 

The investigation of influence of roof bolting on filtration permeability 

caused by the mine working driving has been carried out. It was shown 

that a filtration area with non-zero permeability coefficients is formed 

around the mine working with frames. Within this area, fluids can freely 

move in the direction from the fluids emission source into the mine work-

ing space. Roof bolting restrains the process of cracking in the zone of 

mine working influence. The size of filtration area is significantly re-

duced, the permeability inside it decreases. Roof bolting decreases the 
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average filtration permeability caused by the redistribution of the stress 

field during excavation by 15 times or more. 

The influence of roof bolting on the process of methane filtration 

from gas-bearing rocks and coal into the mine working has been in-

vestigated. It was shown that around the mine working with bearer 

frame support, the process of methane filtration is actively taking 

place. Methane filtration rate in the bolted area of the mine roof is 

equal to zero; consequently, methane from undermined gas emission 

sources does not participate in the filtration process. In the walls of 

mine working, the modulus of filtration rate in the bolted area is re-

duced by an average of 9 times in comparison with the mine work-

ing, which is supported by frames. 

The influence of roof bolting on the process of water filtration 

during the undermining of water-bearing rocks has been investigated. 

The use of roof bolting restrains the unloading of the boundary rocks 

from the rock pressure and keeps them in triaxially compressed stress 

state. Permeability value decreases by the value of its technological 

component. In different areas of the intersection of tectonic disturb-

ance, water inflow into the mine working with roof bolting is 3-8 

times less than in the working with the frame supports.  

Therefore, the use of roof bolting allows not only to keep the 

mine working in a stable state, but also to significantly reduce fluids 

inflows. Roof bolting can be considered as the second line of defense 

to be applied in the presence of gas- and water- bearing rocks. The 

authors have developed methods for reducing gas and water inflows 

using roof bolting and obtained the corresponding patents. 
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