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Abstract 

Purpose. The research aims to substantiate the general provisions on coordination of the experimental-analytical research 

results of the influence of pre-drilled wells on the intensity of gas-dynamic phenomena manifestations (using the example of 

the mining-geological conditions of the phenomena at the PJSC Mine Administration Pokrovske, Ukraine). 

Methods. The research uses an integrated methodology consisting of indirect experimental methods for studying the adja-

cent rock mass state and tendencies. 

Findings. It has been proven that indirect experimental indicators of the rock mass state around the tunneling face are relat-

ed to the peculiarities of the distribution of its stress-strain state components. Based on this research, the well lengths of up to 

10-15 m has been determined to effectively and safely de-stress the rock mass. The experimental research validity is confirmed 

by conducted computational experiments, in the course of which the dependence of the propagation parameters of the stress-

strain state component concentrations on the degree of hardness of the lithotypes is revealed, and a geomechanical substantia-

tion to the tendencies of propagation of rock pressure anomalies near stoping and tunneling faces is given. The new knowledge 

obtained is the basis for creating a method for calculating rational parameters for the location of de-stressing pre-drilled wells. 

Originality. An objective assessment of the degree of adequacy and reliability of the computational experiment results has 

been made under the condition of using a new geomechanical model with mine studies of seismic-acoustic signal parameters 

and the initial gas release velocity. The main tendencies of vertical σу, horizontal σх and σz, as well as stress intensity propaga-

tion have been identified. The obtained results of exploring the bottom-hole mass are aimed at substantiating the parameters of 

anti-outburst measures for all preparatory mine workings. 

Practical implications. The conducted research is implemented in creation of a calculation method and recommendations 

for the selection of rational parameters for the location of de-stressing pre-drilled wells for the purpose of weakening the rock 

mass, surrounding the tunneling face, and reducing the probability of gas-dynamic phenomena occurrence due to the controlled 

weakening of adjacent rocks. 
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1. Introduction 

To date, research in the field of coal mining indicates a 

relationship between the Gas-Dynamic Phenomena (GDP) 

manifestations and increasing mining depth. These very 

hazardous phenomena are represented by sudden coal, rock 

and methane gas outbursts.  

The problem of sudden outbursts has been relevant for 

many years [1]-[7] and is the most hazardous in underground 

coal mining. The works [8]-[11] cover many fundamental 

and applied studies performed by many generations of for-

eign and Ukrainian scientists.  

Also, in the works [12]-[14], a number of mining-

geological and mining-technical conditions influencing the 

stress-strain state (SSS) distribution, the intensity of technolog-

ical processes and, accordingly, the distribution of outburst-

hazardous zones have been studied. At present, research on the 

process of development and occurrence of gas-dynamic phe-

nomena consists of storing additional internal energy with 

subsequent active coal generation as a result of its structure 

destruction. If we consider the technology of using wells, then 

this additional internal energy is used for outgassing and re-

ducing the risk of outbursts in coal seams [15]-[17]. 
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The analysis of available local means and methods for 

preventing sudden outbursts of coal, rock and gas [18], [19] 

has proven that many of them reduce the rate of construction 

of mine workings. In this sense, the pre-drilling method of 

de-stressing wells is a positive one, which will be studied in 

detail from the point of view of the task of combating gas-

dynamic phenomena (GDP) at depths above 1000 m. 

This method differs from others by its high technological 

efficiency, does not involve the use of high-pressure fluid 

and can be compatible with some tunneling cycle operations. 

Thus, the task of calculating the stress-strain state of the 

mass surrounding a mine working based on the finite element 

method (FEM) to determine the most stressed zones is the first 

component of the research provided in the papers [20]-[22]. 

The next comprehensive research stage is the experi-

mental verification of the obtained data when modeling the 

state of adjacent rocks. 

2. General provisions on coordination 

of the experimental-analytical research results 

Based on a comprehensive analysis of the fields of SSS 

components, a significant decrease in the rock stress in the 

bottom-hole zone of the outburst-hazardous rock mass has 

been noted. It is practically impossible to verify these results 

by direct experimental determination of the current SSS com-

ponents, especially in the conditions of constant tunneling face 

advance. Therefore, there is an obvious need to use indirect 

experimental methods to study the state of an adjacent rock 

mass and tendencies of change in the GDP manifestation in-

tensity when using pre-drilled wells in mining technology 

under conditions of adjacent rock mass gas-dynamic activity. 

Difficulties in determining the degree of correspondence 

between the results of analytical and experimental studies are 

inherent in the very nature of geomechanical processes oper-

ating in a gas-saturated coal-rock mass at great depths. Exist-

ing studies emphasize [23]-[26] the need to consider various 

interrelated factors, such as the two-phase state of the gas in 

free and sorbed form; at the same time, it is noted [23]-[25] 

that the sorbed gas phase is the determining factor causing 

gas-dynamic rock pressure manifestations when the mass 

equilibrium state is disturbed [25]. The general tectonic dis-

turbance of the coal-bearing stratum is also considered to be 

an influential factor. 

In this sense, there are many hypotheses about the mech-

anism of rock-gas outburst formations [27]-[29], and the 

consideration of rock pressure as the main cause of the GDP 

occurrence is only one hypothesis [30]. In the paper [31], 

even a statistical dependence between the seam outburst-

hazard probability and the relative release of light substances 

has been obtained. However, most experts believe that a rock 

outburst occurs due to the release of energy from elastic 

deformations of a highly stressed rock mass [32]-[35]. There 

is an idea about such SSS factor for the coal-rock mass bot-

tom-hole zone: high variability along the length of the limit-

ing state area of the lithotypes ahead of the face, which peri-

odically creates high outburst-hazardous gradients of stress 

components and, consequently, gas pressure drop. That is, 

there is a sufficiently deep connection between the probabil-

ity of GDP and SSS manifestations in the bottom-hole zone 

of the mass, but if the FEM modeling technology of this 

connection does not cause problems, then the experimental 

determining of patterns is currently possible only by indirect 

methods and their indicators.  

The problem also exists on the other side of safe mining 

operations in seams with increased gas-dynamic activity and it 

consists in the differences regulated by normative documents 

[36]-[41] and research [42]-[50]. The authors raising this is-

sue [51] are convinced of the need to adjust the normative 

documents taking into account the developments [42]-[54]. 

In the direction of controlling the state of a coal-bearing 

mass, there are a number of mining geophysics methods [55], 

which have certain advantages in terms of averaging small-

scale fluctuations of physical-mechanical properties of the 

mass and its texture. One of the most common indirect meth-

ods of mining geophysics is the vibroacoustic method, which 

involves studying the oscillatory rock mass response to the 

impact influence during the operation of stoping and tunnel-

ing equipment, as well as other artificial sources. Using ap-

propriate equipment, technological acoustic signals are pro-

cessed and analyzed relatively: 

– predicting the GDP in stoping and tunneling faces, sud-

den coal-gas outbursts, rock bursts, sudden coal seam dis-

placements, etc.; 

– predicting geological disturbances ahead of an advan-

cing face; 

– determining the sizes of bearing pressure and de-

stressing zones, as well as other SSS parameters near the 

bottom-hole zone of the rock mass; 

– assessing the effectiveness of measures to prevent 

GDP, for example, hydraulic loosening of a coal seam or 

drilling pre-drilled wells. 

Today, the most widespread methods for predicting the 

GDP are based on the parameters of acoustic signals, which 

are recorded by appropriate equipment, such as APSS1, AK-1 

and AK-1M. It enables continuous assessment of the mass 

stress degree while sensing with acoustic signals of the studied 

zone. At the same time, there is information about the average 

level of reliability of the seismic-acoustic prediction of GDP 

about 60-70%, but this figure is being tried to increase [56] by 

developing more reliable methodologies for prediction. 

Prediction of the rock mass gas dynamic activity during 

mine workings (mainly preparatory workings) is the most 

common in operational terms [57], [58]. This current pre-

diction is complicated by existing diverse GDP manifesta-

tions and related hypotheses to substantiate the predomi-

nant role of one or another factor [57]. Even for the same 

phenomenon, different predictive methods and indicators 

have been developed. 

Thus, during indirect experimental research, there are a 

number of indicators that reflect the state of the adjacent rock 

mass, and the main task is to reliably coordinate them with 

the analytical research parameters. When solving this prob-

lem, we obtain a fairly objective assessment of the mass 

bottom-hole zone state, both from analytical calculations and 

from experimental measurements. 

The following provisions of the principles of coordina-

tion of the experimental and analytical research results are 

substantiated based on the acoustic signal parameters. 

Firstly, it is well known that the rock state, close to elas-

tic, is characterized by an increased acoustic signal response 

energy, since it is absorbed mainly by the mass zones with 

inelastic deformations. 
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That is, the less widespread the inelastic deformation 

zones, the higher the signal energy. On the other hand, the 

predominantly elastic state of the mass surrounding the mine 

working, located at a great depth, indicates its significant 

stress with significant concentrations of components σу, σx, σz 

and σ, determined by analytical research (FEM modeling). 

Thus, it is possible to substantiate a certain relationship be-

tween increased concentrations of SSS components and the 

acoustic signal energy W: a higher value of W corresponds to 

increased concentrations of SSS components, and their degree 

of stress can be characterized by an integral indicator well-

known in rock mechanics – stress intensity σ. In this sense, if 

to trace the change patterns (along the length of mine working 

or pre-drilled well) of the W and σ parameters, then a certain 

commonality in their tendencies can be revealed. 

Particular attention should be paid to studying patterns 

W(z) and σ(z) in pre-drilled wells: they are drilled up to 

7 units along the cross-sectional mine working plane. This 

makes it possible to compare the experiment with modeling 

even in the mine working section plane yx. Also, the data of 

seismic-acoustic studies in pre-drilled wells provide infor-

mation on the sizes of stress zones of different concentration 

levels in order to compare them with similar parameters 

determined during FEM modeling. 

Of course, the first provision uses indirect indicators to 

assess the degree of coordination between experimental and 

analytical researches, but if one accumulates several such 

indirect evidence of the reliability (or lack of it) of the ob-

tained results, then this will be a fairly objective analysis 

when exploring the rock mass behavior. 

The second provision for coordinating analytical and ex-

perimental researches is the joint study of the change patterns 

(along the length of the mine working or pre-drilled wells) of 

the additional load coefficient (experiment), stress compo-

nent curves (modeling), and the adjacent mass texture with 

corresponding mechanical characteristics. The additional 

load coefficient contains data on the formation of the unsta-

ble rock zone, which by its weight exceeds the initial virgin 

mass pressure. In these well length areas, the stress intensity 

σ significantly exceeds the strength properties of the litho-

types – a large coal dust volume is formed – weakening and 

loosening of coal contributes to increased methane release. 

The additional load coefficient Kl along the well length z 

usually changes in anti-phase to acoustic signal response 

energy W. Consequently, a comparison of dependences Kl (z) 

and σ(z), considering the strength properties of lithotypes in 

the area with the coordinate z, can also be an indirect evi-

dence of the reliability degree of the FEM modeling results. 

Using available methodologies to study the coal-bearing 

mass gas-dynamic activity, as a rule, the outburst-hazard 

coefficient Ko-h, equal to the ratio of the amplitudes of high-

frequency and low-frequency components of the vibration 

spectra, is determined. 

The third provision is an attempt to coordinate the initial 

gas release velocity vg with the presence of hazardous stress 

concentrations in the rock mass bottom-hole zone. Mine 

working length areas are classified as hazardous if the mea-

sured initial velocity vg (in l/min) is equal to or exceeds the 

critical value for the given mining-geological conditions of 

conducting the mine working. 

The fourth provision for coordinating the analytical and 

experimental research results is to find a relationship be-

tween the sudden coal displacement process and the rock 

pressure parameters. 

The last of the provisions used is the coordination of the 

distribution fields of the adjacent rock mass SSS components 

(modeling) using FEM with the degree of outburst-hazard of 

sandstones, determined experimentally. 

The outburst-hazard of sandstones is predicted on the ba-

sis of the sample analysis in accordance with the require-

ments [36]-[39], [42], [59]-[61]. At the same time, drilling 

core wells is not always possible [42], [60], [62], so other 

methods are used to predict the risk of outbursts of sand-

stones [43], [45], [63]-[66]. 

As a result of substantiating the basic provisions to coor-

dinate experimental and analytical researches, it is possible 

to assert that indirect experimental indicators of the rock 

mass state surrounding the tunneling face have a certain 

relationship with the spatial distribution peculiarities of its 

SSS components. Their sufficient quantity makes it possible 

to assess the degree of adequacy and reliability of the FEM 

modeling results. 

3. Peculiarities of the preliminary experimental 

research into the GDP manifestations during 

the construction of mine workings 

Based on the stated general provisions, the GDP manifes-

tations are studied by measuring indirect indicators in the 

process of conducting conveyor drift of the 2nd northern 

longwall face of block No. 11 using preliminary drilled  

de-stressing wells. 

According to the principles of de-stressing the bottom-

hole zone of the rock mass surrounding the conveyor drift, 

5 wells are preliminary drilled step by step in the central part 

of the coal seam according to the scheme shown in Figure 1; 

this scheme has been developed taking into account the exit 

of the buried parts of the peripheral wells beyond the design 

mine working contour to reduce the load-bearing pressure in 

the border rocks. Drilling of wells in soft coal is character-

ized by increased process rate and more intense outgassing of 

the bottom-hole part of the mass.  

 

 

Figure 1. Scheme for drilling pre-drilled wells in the conveyor drift face of the 2nd northern longwall face of block No. 11  
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During the drilling each well, seismic-acoustic control is 

carried out and the initial gas release velocity is measured 

using normative methodologies. Information on the initial 

gas release velocity vg and anti-outburst measures is con-

stantly systematized, and for clarity, Figure 2 shows an ex-

ample for one of the mine working areas. 

To assess the specificity of gas release along the length of 

each well, the drilling process is describied with simultane-

ous indication of coal dust yield, accidental “clamping” of 

drilling tools and the overall coal weakening degree. The 

length of drilling the pre-drilled wells is 30 m and the analy-

sis of the change in the situation during the drilling process 

makes it possible to draw some conclusions. 

Firstly, the statistics of gas release at different areas of 

the conveyor drift proves a lower value at the first stage of 

drilling wells 5-15 m long; further, the deeper the well, the 

predominantly more gas is released. Secondly, with a still 

short well length, the coal dust yield is small and it gradually 

increases when the well length is more than 5-10 m. This 

phenomenon is more actively observed in the peripheral 

wells, and in the central wells – a small coal dust yield is 

observed along the well length of up to 15-25 m.  

 

 

Figure 2. Example of visualization of measurements of the initial gas release velocity vg and the application of anti-outburst measures 

along the mine working length  

 

Thirdly, as the coal dust yield begins to increase, so the 

so-called “clamping” of drilling tools periodically occurs, 

which somewhat complicates the drilling process. 

The above-mentioned experimentally recorded three fac-

tors of peculiarities of the gas-dynamic activity manifesta-

tions of the rock mass surrounding the tunneling face along 

the route of drilling the pre-drilled wells can be explained in 

terms of the mechanism of bottom-hole rock deformations. 

An attempt to form such a representation is based on well-

known principles of rock mechanics [67]-[69]. 

The relationship between the tendencies in the growing 

total gas release volumes Vg along the length of pre-drilled 

wells and the SSS anomaly parameters of the rock mass 

bottom-hole zone has the following underlying basis. The 

most weakened bottom-hole mass part, especially the coal 

seam, releases an increased gas volume, but this zone is 

limited by the action of maximum rock pressure anomalies. 

On the other hand, further drilling of wells reduces the de-

gree of coal seam weakening, but increases the area of gas 

release surfaces in direct proportion to the length of wells. 

These two gas release factors counteract each other and ob-

viously the second factor prevails over the first. This is facili-

tated by the natural coal fracturing: at a depth of more than 

1000 m, large vertical and horizontal stresses are formed, 

contributing to certain coal deformations and intensifying 

methane drainage from numerous fractures; that is, gas re-

lease, although somewhat slower, continues, and the growing 

area of well surfaces (during their drilling) contributes to an 

increase in the gas release volume near the tunneling face. 

As a result of the research, in our opinion, the depth of 

drilling the pre-drilled wells should be limited to 15 m. In 

this case, the actual rock pressure will contribute to de-

stressing of the overstressed bottom-hole part of the mass by 

strengthening some of its zones, which limits the probability 

of the GDP occurrence during mining operations. 

4. GDP prediction results according 

to normative methodologies 

In the process of conducting conveyor drift of the 2nd 

northern longwall face of block No. 11, the parameters of 

the seismic-acoustic signal and the initial gas release veloc-

ity vg were recorded and studied according to the current 

normative methodologies. Since normative methodologies 

provide for the determination of indirect indicators, the 

assessment of the GDP threat degree has only certain relia-

bility: in general, there were no clear tendencies in changes 

in seismic-acoustic control indicators or the initial gas re-

lease velocity along the length of the pre-drilled wells and 

along the mine working route. But at the same time, there 

was a change in the mine working location depth and the 

coal-bearing mass texture parameters. There was also noted 

a discrepancy between the GDP threat degree according to 
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seismic-acoustic control data and the methodology for 

measuring the initial gas release velocity. 

In our opinion, the normative methodologies should be 

necessarily implemented operationally during mine workings, 

but the results should be treated critically, given other observa-

tions during drilling the pre-drilled wells and existing 

measures to prevent GDP. This general conclusion can be 

explained by specific examples of measuring indirect gas 

dynamic activity indicators of rocks adjacent to mine working. 

In the already given example (Fig. 2), it is possible to see 

a certain stochasticity in the indicators for measuring the 

initial gas release velocity vg along the mine working length. 

It should be noted here that when conducting mine working, 

the depth of its location changes somewhat, but more signifi-

cantly – the texture of the roof and bottom rocks of the coal 

seam and its thickness; the mine working location coordi-

nates relative to the coal seam also fluctuate. However, no 

consistent tendencies in the influence of the above factors on 

the indicator vg have been identified. 

Based on the length of pre-drilled wells, the tendency for 

increasing gas release volumes, coal dust yield, frequency of 

drilling tool “clamping” has already been revealed and  

explained. This constant pattern is confirmed in other mine 

working areas. A similar picture of the absence of consistent 

tendencies is observed when performing acoustic control 

using APSS-1 equipment. To substantiate this statement, 

fragments of observations (Table 1) and conclusions (Ta-

ble 2) on the risk level of GDP manifestations are given.  

 
Table 1. An example of systematization of seismoacoustic signal parameters along the mine working length (conveyor drift of the 2nd 

northern longwall face of block No. 11) 

No. Date  Time Picket Phon Interval 
Fmax, 

Hz 

fn, 

Hz 

fn
 ,׳

Hz 

fv, 

Hz 

fv
 ,׳

Hz 
An Av K E 

1 24.06.23 04:40:42 PK30+6.0 195.88 18 140 140 140 140 140 7.98 5.78 0.72 1939 

2 24.06.23 14:06:14 PK30+6.5 195.88 17 180 40 140 300 200 5.74 5.42 0.94 1999 

3 24.06.23 14:58:09 PK30+7.0 195.88 19 200 20 80 320 220 5.44 5.71 1.05 2654 

4 24.06.23 15:30:13 PK30+7.5 195.88 17 200 40 120 340 300 5.23 5.90 1.13 880 

5 24.06.23 16:32:16 PK30+8.0 195.88 18 140 40 140 140 140 6.85 5.08 0.74 813 

… …. … … … … … … … … … …. … … … 

… …. … … … … … … … … … …. … … … 

100 09.07.23 04:55:56 PK35+6.0 126.89 13 160 140 160 160 160 6.59 5.44 0.82 2768 

Average value 281 148 245 338 298 5.40 5.86 1.22 2070 

Minimum values 140 20 40 140 140 3.46 4.11 0/58 770 

Maximum values 500 440 440 580 540 7.98 7.04 2.01 3745 

Mean square deviation 142 116 135 196 153 1.49 0.88 0.50 686 

 

When analyzing the tables, there was no consistent de-

pendence of indirect indicators on changes in the mine wor-

king location depth, its position relative to the coal seam, and 

variations in the roof and bottom rock texture. 

A consistent tendency of acoustic signal variation has 

been revealed along the length of the wells, acting irrespec-

tive of the mine working site and the location coordinates of 

the wells (Figs. 3-6). The above fragments clearly indicate 

reduced acoustic signal energy in less deep well areas and a 

further increase in this parameter in more distant areas. 

These tendencies can be associated with the rock pressure 

anomaly zone acting in the bottom-hole area of the mine 

working: here, high anomalies in the distribution of SSS 

components contribute to intensive stratification and wea-

kening of the adjacent mass, in which the acoustic signal is 

actively absorbed due to cavities, fractures and stressed 

deformations of the mass. On the contrary, the mass conti-

nuity with its predominantly elastic deformations is partial-

ly preserved in the remote well areas – the acoustic signal 

passes through with less energy loss. 

The length of the wells, where the reduced acoustic signal 

energy is detected, ranges from 12-15 m to 22-25 m; lower 

distance is observed in predominantly central wells, while 

medium and high distances – in peripheral wells. That is, in 

relation to the total gas release volume, there is a very opposite 

distance variation tendency depending on the growth of indi-

rect GDP manifestation indicators. 

The general conclusion from the experimental research is 

that it is most expedient to drill pre-drilled wells up to 12-15 m 

long, where the weakened bottom-hole rocks have lower stress 

and freer gas drainage, which reduces the probability of the 

GDP occurrence. Additional conclusion is that due to the 

extreme stochasticity of fluctuations in experimental gas-

dynamic activity indicators of the rocks, the focus should be 

on the FEM modeling results of the bottom-hole mass state, 

based on which it is expedient to determine the rational pa-

rameters for the location of de-stressing pre-drilled wells. 

5. Modeling of the mass state near the tunneling 

face of the in-seam working 

The study of the bottom-hole mass state in order to sub-

stantiate the parameters of anti-outburst measures concerns 

all preparatory workings (field and in-seam), which are con-

structed at a depth of more than 1000 m in rocks with in-

creased gas dynamic activity. There are obvious differences 

in the in-seam working texture relative to the occurrence 

parameters and mechanical properties of the adjacent litho-

types. Therefore, it is necessary to calculate and analyze the 

SSS of the in-seam working using a specific example of the 

2nd northern conveyor drift of block No. 11 central panel. 

5.1. Substantiation and development  

of a geomechanical model for a conveyor drift 

Regarding the first stage of substantiating the model, the 

following should be noted. The model shape is taken as a 

rectangular parallelepiped, which is very common in the 

practice of modeling geomechanical processes and is rec-

ommended by numerous experts [70]-[73]. The model di-

mensions in height – coordinate y = 40 m and in width – 

coordinate x = 35.5 m. In terms of the model thickness coor-

dinate z, we consider it expedient to increase it to 60 m for 

the following reasons.  
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Table 2. An example of conclusions on the risk level of GDP manifestations (2nd northern conveyor drift of block No. 11 central panel) 

No. Date  Mine working Picket Process Start End Downtime Energy Result 

1 01.07.23 

2nd northern 

conveyor drift of 

block No. 11 

central panel 

PK32+8.5 Drilling 

13:47:14 20:50:39 

 

1750 

Safe mining 

depth – one 

cycle 

2 02.07.23 01:20:07 04:48:41 1192 

3 02.07.23 10:56:09 13:12:47 1260 

4 02.07.23 10:57:01 15:03:23 1799 

5 02.07.23 11:01:26 11:22:51 4118 

6 02.07.23 15:19:43 19:46:06 1794 

7 02.07.23 21:20:28 00:15:59 1631 

8 03.07.23 PK32+9.0 

Prediction 

05:49:11 06:19:52 54:10:13 2775 

Dangerous 

situation!  

Implement 

control 

measures 

9 03.07.23 PK32+9.5 06:25:23 07:23:59 0:36:12 2659 

10 03.07.23 PK33+0.0 11:53:32 12:22:37 5:28:09 2611 

11 03.07.23 PK33+0.5 12:27:04 13:04:29 0:33:32 2329 

12 03.07.23 PK33+1.0 13:09:58 16:26:54 0:42:54 1976 

13 03.07.23 PK33+1.5 16:31:38 18:01:17 3:21:40 2504 

14 03.07.23 PK33+2.0 19:06:27 20:59:20 2:34:49 2448 

15 03.07.23 PK33+2.5 21:21:59 22:12:40 2:15:32 2394 

16 03.07.23 PK33+3.0 22:34:25 06:57:35 1:12:26 2015 

17 04.07.23 PK33+3.5 07:13:02 08:27:52 8:38:37 2005 

18 04.07.23 PK33+4.0 09:09:50 10:06:53 1:56:48 902 

19 04.07.23 PK33+4.5 10:20:50 14:27:24 1:11:00 2123 

20 04.07.23 PK33+5.0 15:04:29 16:11:39 4:43:39 2552 

21 04.07.23 PK33+5.5 16:15:17 17:00:10 1:10:48 3135 

22 04.07.23 PK33+6.0 17:25:03 19:45:05 1:09:46 2508 

23 04.07.23 PK33+6.5 22:15:17 22:49:59 4:50:14 2260 

24 04.07.23 PK33+7.0 22:55:11 23:21:51 0:39:54 1253 

25 04.07.23 PK33+7.5 23:28:34 23:59:17 0:33:23 1962 

26 05.07.23 PK33+8.0 00:07:25 00:51:22 0:38:51 2759 

27 05.07.23 PK33+8.5 06:30:47 16:14:02 6:23:22 2419 

28 05.07.23 PK33+9.0 16:26:07 17:16:33 9:55:20 2356 

29 05.07.23 PK33+9.5 17:31:54 18:39:16 1:05:47 2439 

30 05.07.23 PK34+0.0 19:31:38 20:02:20 1:59:44 2402 

31 05.07.23 PK34+0.5 22:34:42 23:12:34 3:03:04 3156 

No. Date  Mine working Picket Process Start End Downtime Energy Result 

32 06.07.23 

2nd northern 

conveyor drift of 

block No. 11 

central panel 

PK34+1.0 

Prediction 

04:47:58 05:19:14 6:13:16 3718 

Dangerous 

situation!  

Implement 

control 

measures 

33 06.07.23 PK34+1.5 05:30:49 07:15:40 0:42:51 1880 

34 06.07.23 PK34+2.0 14:36:01 15:06:09 9:05:12 3359 

35 06.07.23 PK34+2.5 15:22:18 15:51:38 0:46:17 1973 

36 06.07.23 PK34+3.0 16:11:07 16:44:06 0:48:49 1026 

37 06.07.23 PK34+3.5 18:22:25 18:51:46 2:11:18 3745 

38 06.07.23 PK34+4.0 20:44:20 22:39:41 2:21:55 1972 

39 06.07.23 PK34+4.5 23:06:03 01:0102 2:21:43 2146 

40 07.07.23 PK34+5.0 02:30:22 02:57:05 3:24:19 2239 

41 07.07.23 PK34+5.5 03:14:24 03:50:19 0:44:02 1888 

Dangerous! 

Reserve 

zone! Im-

plement 

control 

measures 

42 07.07.23 PK34+6.0 04:07:33 04:46:54 0:53:09 771 

Dangerous! 

Reserve 

zone! Im-

plement 

control 

measures 

43 07.07.23 PK34+6.5 04:58:38 07:31:18 0:51:05 1894 

Safe mining 

depth – one 

cycle 

44 07.07.23 PK34+7.0 12:34:13 13:11:56 7:36:35 2779 
Dangerous 

situation!  

Implement 

control 

measures 

45 07.07.23 PK34+7.5 13:26:48 14:55:59 0:52:35 1637 

46 07.07.23 PK34+8.0 15:38:58 19:52:14 2:12:10 2290 

47 07.07.23 PK34+8.5 19:58:36 20:46:03 4:19:38 1440 

48 07.07.23 PK34+9.0 22:41:43 23:10:15 2:43:07 2120 

49 07.07.23 PK34+9.5 23:19:56 23:53:22 0:38:13 1607 
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Figure 3. Tendencies of changes in acoustic signal parameters 

along the length of well No. 5 on PK25+6.2 (2nd nor-

thern conveyor drift of block No. 11 central panel) 

 

Figure 5. Tendencies of changes in acoustic signal parameters 

along the length of well No. 1 on PK27+6.0 (2nd nor-

thern conveyor drift of block No. 11 central panel) 

 

 

Figure 4. Tendencies of changes in acoustic signal parameters 

along the length of well No. 5 on PK27+6.0 (2nd nor-

thern conveyor drift of block No. 11 central panel) 

 

 

Figure 6. Tendencies of changes in acoustic signal parameters 

along the length of well No. 3 on PK32+8.5 (2nd nor-

thern conveyor drift of block No. 11 central panel) 

 

On the one hand, in practice, pre-drilled wells 30 m 

long are drilled in the conveyor drift. From the point of 

view of model adequacy, it is appropriate to reflect its 

entire length plus another 10 m (along the mine working 

route) to represent some SSS disturbances at the well ends. 

On the other hand, according to available geomechanical 

studies, a more yielding coal seam (low deformation 

modulus) contributes to the displacement of SSS compo-

nents along the disturbance coordinate z deep along the 

mine working route [69], [74]-[80]. To reflect this diffe-

rence, it became necessary to increase the model size along 

the coordinate z as shown in Figure 7. 

The second stage of constructing a conveyor drift geome-

chanical model involves representation of the rock mass 

texture based on unchanged mechanical properties of its 

lithotypes. The thickness and mechanical properties of the 

model lithotypes are given in Table 3. 

Table 3. Parameters of texture and mechanical properties of 

lithotypes surrounding the conveyor drift 

No. Lithotypes 

Thick-

ness, 

m 

Compressive 

strength, 

MPa 

Elasticity 

modulus, 

МPа 

Tensile 

strength, 

МPа 

1 Sandstone 18.2 65 3.5·104 9.1 

2 Siltstone 5.6 47 1.5·104 3.9 

3 Coal seam 1.5 12,5 0.4·104 1.0 

4 Siltstone 0.5 47 1.5·104 3.9 

5 Sandstone 12.4 72 4.0·104 8.0 

6 Siltstone 0.9 46 1.5·104 5.3 

7 Sandstone 9.8 76 4.0·104 8.0 
 

The third stage involves substantiating the boundary 

conditions of the model load on its boundaries along  

the planes xz, yx and yz (Fig. 7). Geometric parameters of 

mine working and pre-drilled wells are considered in the 

well length of lw = 30 m. 
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Figure 7. Geomechanical model for block No. 11 2nd northern 

longwall face conveyor drift 

 

Another difference concerns the number n of wells in the 

mine working cross-section; two options are modeled here: 

n = 3 for objective assessment compared to field working; 

n = 5 to adequately reflect the actual technology for con-

structing a conveyor drift. 

5.2. Vertical stress field differences 

Differences in the bottom-hole mass SSS (along the mine 

working construction route and in its cross-section) are deter-

mined based on the main stress components: vertical σy, hori-

zontal σx and σz, as well as stress intensity σ. The search for 

differences is performed in two directions: the first is the diffe-

rence in the bottom-hole mass SSS of in-seam and field wor-

kings; the second is the influence of the number of pre-drilled 

wells (n = 3 or n = 5) on the SSS of the mass surrounding the 

in-seam working. A generalization of the differences obtained 

will be useful in developing appropriate recommendations on 

safe mine working construction in conditions of gas-dynamic 

activity of adjacent rocks at depths of over 1000 m. 

Here and further, the distribution of stress components 

from the tunneling face and deep into the mass along the 

route of mine workings is studied. Methodologically, visuali-

zation of isolines σy is performed as follows (Fig. 8): 

– isolines σy when comparing the corresponding curves 

relative to field and in-seam workings are located on the right 

side of the figure; 

– isolines σy representing the influence of the number of 

pre-drilled wells are shown on the left side of the Figure. 

A comparative analysis of the curves σy has revealed the 

following differences. 

Regarding the differences in the propagation of concen-

trations σy in the bottom-hole mass surrounding the in-seam 

working, there is a general very stable tendency to increase 

the distance (from the mine working) of influence of any 

concentration σy (Fig. 8b): for example, it is possible to argue 

about the expansion of the area of influence of the following 

concentrations σy: 

– Ky = 1.24-1.36 by 19.6% in the roof, 42-47% – in the 

sides and 12.4% – in the bottom; 

– Ky = 1.60-1.92 by 18.3% in the roof, 42-44% – in the 

sides and 28.3% – in the bottom; 

– concentration of the Ky = 2.0-2.6 level has not been ob-

served at all in the in-seam working border rocks; 

– the highest tensile stresses σy in the in-seam working 

bottom have also reduced their propagation by 33-56%. 

 

(а)                 (b) 

 

Figure 8. Vertical stress isolines σу in the cross-section of mine 

workings: (а) comparison of the influence of the number 

n of wells relative to in-seam working:    n = 3,  

         n = 5; (b) comparison of the field (    ) and in-

seam (      ) workings at n = 3; 1 – σу = +(4 – 5) МPа;  

2 – σу = γH ≈ -25 МPа (Kу ≈ 1.0); 3 – σу = -(31-34) МPа 

(Kу = 1.24-1.36); 4 – σу = -(40-48) МPа (Kу = 1.60-1.92); 

5 – σу = -(50-65) МPа (Kу = 2.0-2.6) 

 

Regarding the changes in the curve σy within the mine 

working cross-section plane, a general drop in the level of 

compressive stress concentrations should be noted. 

The analysis of the curves σy proves significant influence 

of the number n of pre-drilled wells (Fig. 8a); here, the general 

tendency is noted for decreasing concentration σy propagation 

when the number n of wells increases from 3 to 5: 

– at Ky = 1.24-1.36, the propagation of σy reduces by 29% in 

the roof, by 62-104% – in the sides and by 43% – in the bottom; 

– at Ky = 1.60-1.92 by 86% – in the roof, by 61-129% – 

in the sides and by 88% – in the bottom; 

– concentration of the Ky = 2.0-2.6 level has not been ob-

served in both options; 

– the highest tensile stresses σy have also reduced their 

propagation in the bottom by 80%. 

In the middle of the mine working contour there is an ex-

pansion of the zone of acting low concentrations of 

Ky = 1.24-1.36 by 130%. 

Thus, two groups of differences in vertical stress σy dis-

tribution curves have been revealed: the tendency to expand 

the zone of acting concentrations Ky of different levels from 

15-20% to 40-50% for in-seam working compared to field 

working; the tendency to decrease the zone of acting concen-

tration Ky by 60-120% when the number n of pre-drilled 

wells increases from 3 to 5. 
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In terms of the geomechanical processes acting around 

mine workings, the indicated tendencies are explained as 

follows. Firstly, the location of the coal seam within the 

adjacent rock mass causes a more intense deformation of the 

roof and bottom rocks in the coal seam due to its lower de-

formation characteristics. This contributes to the develop-

ment of deformations (roof and bottom) to areas of the adja-

cent mass more distant from the face. Secondly, the increase 

in the number of pre-drilled wells contributes to a more 

yielding mode of the coal seam resistivity, which prevents 

the occurrence of high stress concentrations. 

The formulated conclusions and explanations are confirmed 

by the analysis of vertical stress propagation curves σy in the 

longitudinal direction of the mine working route (Fig. 9). 

 

(a) 

 

(b) 

 

Figure 9. Vertical stress isolines σу in the longitudinal section of 

mine workings: (а) comparison of the field (    ) and 

in-seam (       ) workings at n = 3; (b) comparison of the 

influence of the number n of wells relative to in-seam 

working:     n = 3,     n = 5; 1 – σу = γH = -25 МPа 

(Kу = 1.0); 2 – σу = -(31-34) МPа (Kу = 1.24-1.36); 3 – 

σу = -(40-48) МPа (Kу = 1.60-1.92); 4 – σу =-(50-65) МPа 

(Kу = 2.0-2.6) 

 

A comparison of the distribution curves σy (z) relative to 

field and in-seam workings indicates the presence of two 

tendencies (Fig. 9a). Firstly, relatively lower concentrations 

of Ky propagate along the coordinate z much deeper along the 

in-seam working route: Ky = 1.24-1.36 – by 2.68 times; 

Ky = 1.60-1.92 – by 3.82 times. Secondly, there are no in-

creased concentrations of Ky for in-seam working; for exam-

ple, a concentration of Ky = 2.0-2.6 is completely absent. The 

explanation for this fact, which has been known for a long 

time, is as follows: a less hard coal seam (as compared to 

sandstone or siltstone) has the property of moving rock pres-

sure concentrations from the face deeper into the mass, as 

already mentioned earlier. 

A comparison of the tendency of the influence of the 

number n of pre-drilled wells (Fig. 9b) has also already been 

provided and is fully consistent with the classical principles 

of rock mechanics. As the number of pre-drilled wells in-

creases, the coal seam becomes more yielding: concentra-

tions of Ky flatten, become lower in value (resulting in lower 

propagation distances from the mine working contour), but 

act over a more extended section of the mine working route. 

For example, when comparing options n = 3 and n = 5, the 

propagation length increases Ky = 1.24-1.36 by 21%, and 

Ky = 1.60-1.92 – by 44%. The revealed tendencies, in our 

opinion, should be taken into account when substantiating 

the parameters for drilling pre-drilled wells for effective de-

stressing of the rock mass bottom-hole zone, which in a cer-

tain way limits the probabi-lity of the GDP manifestations. 

5.3. Horizontal stress field differences 

The SSS analysis proves a significant difference in the 

horizontal stress distribution curves σx (Fig. 10) in in-seam 

working compared to field working, as well as the influence 

of the number n of pre-drilled wells on the change in the 

distribution parameters σx in the mine working cross-section. 

General tendencies of influence of these factors have a cer-

tain similarity with the vertical stress curves σy, but some 

differences have also been noted. 

 

(а)           (b) 

 

Fіgure 10. Horizontal stress isolines σх in the cross-section of mine 

workings: (а) comparison of the influence of the number 

n of wells relative to in-seam working:      n = 3, 

         n = 5; (b) comparison of the field (    ) and in-

seam (       ) workings at n = 3; 1 – σх = +(3-5) МPа;  

2 – σх ≈ 0 МPа (Kх ≈ 0); 3 – σх ≈ λγH = -(9-12) МPа (Kх ≈ 1.0); 

4 – σх = -(19-30) МPа (Kx = 1.8-2.8) 
 

The similarity of tendencies is in the fact that for in-seam 

working, the penetration zones of isolines σx predominantly 

increase, reflecting both lower and higher values. For exam-

ple (Fig. 10b), de-stressing zones with an almost zero value 

of σx expand to 20-50% in the roof, to 40-90% in the mine 
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working sides; compressive stress σx concentrations of 

Kx = 1.8-2.8 level will also increase their propagation up to 

50-70% in the roof, up to 40-70% – in the sides and up to  

40-120% – in the mine working bottom. This, in our opinion, 

is due to a significant decrease in deformation properties of 

coal and an increase in the bending deformations of the seam 

roof and bottom rocks, at which zones of de-stressing and 

compressive stress concentrations extend to more distant 

adjacent mass areas. Similar tendencies have been observed 

for the influence of the number n of de-stressing wells during 

the in-seam working construction (Fig. 10a), but they act 

mainly in de-stressing zones.  

For example, isolines of Kx ≈ 0 expand (with an increase of 

n from 3 to 5) to 40-50% in the roof and to 30-50% in the 

mine working sides. Opposite tendencies in limiting the prop-

agation zones are observed for isolines of compressive stress 

concentrations σx. For example, for Kx = 1.8-2.8, there is a 

reduction in propagation zones (with an increase of n from 3 to 

5) to 50-80% in the roof, to 33-70% in the sides, while in the 

mine working bottom, on the contrary, there is an expansion of 

the isoline propagation zones Kx = 1.8-2.8 up to 40-90%. 

Horizontal stresses σz have the following tendencies of 

change in the direction of the longitudinal axis of the mine 

working along the coordinate z (Fig. 11). 

 

(a) 

 

(b) 

 

Figure 11. Horizontal stress isolines σz in the longitudinal section 

of mine workings: (а) comparison of the field (    ) 

and in-seam (        ) workings at n = 3; (b) comparison 

of the influence of the number n of wells relative to in-

seam working:         n = 3,       n = 5; 1 – σz = -(1-2) МPа 

(Kz = 0.09-0.19); 2 – σz = -(7-9) МPа (Kz = 0.65-0.84); 

3 – σz = -(13-17) МPа (Kz = 1.21-1.59); 4 – σz = -(20-28) МPа 

(Kz = 1.87-2.62) 

A consistent tendency of a general nature has been re-

vealed, consisting in the expansion of the zones of acting both 

lower and higher compressive stresses σz (Fig. 11a). For exam-

ple, zones of almost complete de-stressing (Kz = 0.09-0.19) 

expand for in-seam working (compared to field working) by 

50-80% in the roof, by 40-60% in the sides and by 35-45% in 

the mine working bottom. The concentration of Kz = 1.21-

1.59 level propagate more (up to 20-60%) in the roof in the 

zone closest to the face, and at a distance of over 16-17 m, a 

relatively uniform field σz with a small compressive stress 

concentration is set. The same is observed in the sides and 

bottom of the mine working. But, if in the sides an almost 

uniform field σz is set at a distance of more than 7-8 m from 

the tunneling face, then in the seam bottom there are still 

small disturbances at a distance of up to 20-22 m: these are 

the zones of de-stressing (Kz = 0.65-0.84) and compressive 

stress concentration (Kz = 1.87-2.62) – both of them have a 

tendency to increase in size for in-seam working compared to 

field working. It is also worth noting the disappearance of 

increased concentration zones Kz = 1.87-2.62 in local bot-

tom-hole areas near the mine working contour. The latter is 

possible if the lithotypes are not hard enough inside the mine 

working contour (for example, a coal seam). Then, according 

to the canons of bearing pressure formation near any face, a 

less hard lithotype favours the reduction of stress concentra-

tions. At the same time, the reduced stress values extend to 

the areas of the mine working route that are more distant 

from the tunneling face. 

Mostly similar tendencies are observed when analyzing the 

influence of the number n of de-stressing wells on the horizon-

tal stress field σz in the rock mass surrounding the in-seam 

working (Fig. 11b). The overall expansion (at n = 5) of de-

stressing zones is 20-60%, while the concentration zones σz of 

the Kz = 1.21-1.59 level either disappear altogether or decrease 

to 30%. That is, the influence of the number n of de-stressing 

wells on the curves σz is somewhat similar to changes in the 

curve σx and can also be substantiated by a decrease in the coal 

seam hardness when the number of wells increases. 

5.4. Horizontal stress field differences 

The field σ differences are shown on the isolines of  

Figure 12. The influence of the type of mine working (field 

or in-seam) has tendencies that are similar to other SSS com-

ponents (Fig. 12b) – regardless of the level of acting stresses 

σ, there is a widespread expansion of their propagation zones 

for in-seam working. For example, for a concentration of 

Kσ = 2.0-3.0, the height of propagation into the roof increases 

to 30%, in the sides the zones expand to 40%, and in the 

bottom they deepen to 35%; a more significant concentration 

σ of the Kσ = 3.5-4.5 level has the following expansion of the 

zone of action: up to 70% in the roof, up to 35% in the sides 

and up to 30% in the bottom of the mine working. The de-

stressing zone σ of the Kσ = 0.42-0.56 level also deepens into 

the bottom to 60%. The given examples indicate the con-

sistent tendency, and the explanation for this fact has already 

been given earlier – the reduced coal seam hardness com-

pared to other lithotypes. 

An increased number n of de-stressing pre-drilled wells 

also favours the reduction of the coal seam hardness, but 

previous tendencies were recorded only in the mine working 

bottom (Fig. 12a), where the zone of acting Kσ = 0.42-0.56 

deepened to 80%. Other concentrations σ have the opposite 

change tendencies.  
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(а)      (b) 

 

Figure 12. Horizontal stress isolines σ in the cross-section of mine 

workings: (а) comparison of the influence of the num-

ber n of wells relative to in-seam working:       n = 3,  

         n = 5; (b) comparison of the field (       ) and in-seam 

(   ) workings at n = 3; 1 – σ = 6-8 МPа (Kσ = 0.42-

0.56); 2 – σ = 13-16 МPа (Kσ ≈ 1.0); 3 – σ = 30-45 МPа 

(Kσ = 2.0-3.0); 4 – σ = 50-65 МPа (Kσ = 3.5-4.5) 
 

For example, for Kσ = 2.0-3.0 there is a reduction in propa-

gation of up to 85% in the roof, up to 30% in the sides and up 

to 50% in the bottom. With concentration of Kσ = 3.5-4.5, a 

similar tendency occurs – almost eliminating the propagation 

into the mine working roof and reducing the zone of action to 

60% in the sides and up to 70% in the bottom. The reason for 

such a phenomenon we see in the predominant action of mass 

de-stressing processes over stress concentration formation 

processes relative to the free deformation of the rocks in the 

roof and bottom of the coal seam of reduced hardness. 

Many aspects given above are confirmed when consider-

ing changes in the stress intensity propagation in the longitu-

dinal mine working direction (Fig. 13). Thus, the stress in-

tensity σ concentration propagation along the mine working 

route deep into the mass is noted for in-seam working in 

comparison with field working. 

For example, the propagation of Kσ = 2.0-3.0 concentra-

tions increases by 50 –80%, and of Kσ = 3.5-4.5 concentra-

tions – up to 75%. It is also worth noting the displacement 

along the mine working route of the maximum distances of 

the concentration σ propagation into its roof and bottom. 

While for the harder lithotypes (field working) these coordi-

nates are z = 1.9-3.4 m for different Kσ levels, then for in-

seam working they have increased to 4.7-7.0 m (Fig. 13a). 

The increased n reduces the already small coal seam 

hardness, and here the pattern of growth in the propagation 

coordinates z of stress intensity concentrations σ is complete-

ly preserved (Fig. 13b): by 12% for Kσ = 2.0-3.0 and by 49% 

for Kσ = 3.5-4.5. Also, the coordinate z of the maximum 

propagation into the roof and bottom of the corresponding 

concentrations σ moves slightly (by 17-33%) deeper into the 

mine working route, but the maximum propagation distances 

decrease when the number n of de-stressing wells increases. 

Thus, at a certain stage of reduction of the coal seam hard-

ness, the opposite tendency is observed – a decrease in the 

propagation distances of the stress intensity concentrations σ.  

(a) 

 

(b) 

 

Figure 13. Stress intensity isolines σ in the longitudinal section of 

mine workings: (а) comparison of the field (    ) and 

in-seam (       ) workings at n = 3; (b) comparison of the 

influence of the number n of wells relative to in-seam 

working:        n = 3,        n = 5; 1 – σ = 13-16 МPа (Kσ ≈ 

1.0); 2 – σ =30-45 МPа (Kσ = 2.0-3.0); 3 – σ = 50-65 МPа 

(Kσ = 3.5 – 4.5) 
 

Our explanation for the set result is as follows.  

Obviously, there are two opposite patterns in the formation 

of the parameters for SSS disturbances in the rock mass 

around the tunneling face: the first well-known one is the 

propagation of stress concentrations with a decrease in the 

coal seam hardness; the second – under certain conditions, 

the continued decrease in the coal seam hardness entails a 

general decrease in stress concentrations due to the acting 

factor of the occurrence of a supposedly damping interlayer 

in the adjacent mass texture. Therefore, the tendency of the 

influence of the coal seam hardness is directed depending 

on which pattern “prevails”. 

Determining the propagation patterns for the rock mass 

SSS disturbances near the tunneling face is embodied in their 

use for the creation of a calculation method and recommen-

dations for the selection of rational parameters for the loca-

tion of de-stressing pre-drilled wells. As a result of imple-

mentation, two purposes have been achieved: firstly, substan-

tiation of the effectiveness of the use of tunnelling machines 

to conduct mine workings in partially weakened (due to the 

use of rock pressure anomalies) rock mass; secondly, the 

reduced probability of the GDP occurrence during the con-

struction of mine workings is also conditioned by the con-

trolled rock mass weakening. 
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6. Conclusions 

1. General provisions for objective coordination of the ex-

perimental-analytical research results have been substantiated. 

It has been methodically proven that the indirect experi-

mental indicators of the rock mass state around the tunneling 

face have a certain connection with the distribution peculiari-

ties of its SSS components, and a large volume of measure-

ments and a sufficient number of indirect indicators make it 

possible to conduct an objective assessment of the degree of 

adequacy and reliability of the FEM modeling results. 

2. A large amount of information made it possible to de-

termine the tendencies in changes (in the process of drilling) of 

gas release, coal dust yield and periodic “clamping” of drilling 

tools; according to their analysis, the well length of up to 10-

15 m is recommended for efficient and safe de-stressing of the 

rock mass surrounding the tunneling face; this length of wells 

is entirely consistent with the length of propagation of rock 

pressure disturbances along the mine working route. 

3. Based on the current normative documents, the recorded 

parameters of the seismic-acoustic signal and the initial gas 

release rate have been studied. 

4. It is most expedient to drill de-stressing pre-drilled wells 

up to 12-15 m long, in which the bottom-hole rocks have par-

tially reduced stress and freer gas drainage, thus reducing the 

corresponding probability of the GDP occurrence. 

5. The parameters of the new geomechanical model have 

been substantiated, taking into account the actual conditions 

of drilling pre-drilled wells and the adjacent mass texture. 

The implementation of this task allows an objective and 

adequate approach to the analysis of the peculiarities of bot-

tom-hole mass behavior around field and in-seam workings. 

This, on the one hand, ensures the expansion of the research 

object in terms of mechanical conditions and, on the other 

hand, the validity of comparison between analytical and 

experimental studies. 

6. Comparative analysis of stress component propagation 

patterns in field and in-seam workings has revealed the fol-

lowing consistent tendencies of change. 

Four main tendencies have been identified with respect to 

vertical stresses σy: 

– pattern of expansion of concentration Ky zones of dif-

ferent levels (from 15-20% to 40-50%) for in-seam working 

compared to field working; 

– the tendency to reduce by 60-120% the zones of action 

of any Ky concentrations when the number of wells increases 

from 3 to 5; 

– the disappearance of concentration Ky = 2.0-2.6 of the 

maximum level; 

– expansion of propagation along the route of mine workings 

of reduced concentrations (Ky ≤ 1.92) up to 2.7-3.8 times. 

Horizontal stresses σx and σz have similar tendencies of 

predominant expansion of the zones of acting disturbances 

(up to 20-90%) for in-seam working compared to field wor-

king. The influence of the number of de-stressing pre-drilled 

wells has ambiguous tendencies to expand the zone of acting 

de-stressing and reduction of the zone of acting compressive 

stress concentration. This is also explained by the reduced 

coal seam hardness as a lithotype, as such, and under the 

condition of an increase in wells that simultaneously perform 

de-stressing functions. 

Stress intensity σ concentrations have a significant depen-

dence of their propagation on the degree of hardness of the 

lithotypes that constitute the rock mass surrounding the tunne-

ling face. The propagation into the roof, sides, bottom and 

along the mine working route can vary in the range of 30-80% 

depending on the type of mine working (field or in-seam) and 

the number of de-stressing pre-drilled wells in the coal seam. 

7. Significant dependence of propagation parameters for 

SSS component concentrations on the degree of hardness of 

the lithotypes constituting the rock mass surrounding the 

tunneling face has been identified. A geomechanical explana-

tion is given for two tendencies in changes in the propagation 

distances of rock pressure anomalies, which are fully con-

sistent with existing ideas about the formation of SSS dis-

turbances near tunneling or stoping faces. The importance of 

new knowledge is in its use to create a calculation method 

and recommendations for choosing rational parameters for 

the location of de-stressing pre-drilled wells, pursuing two 

goals simultaneously: partial weakening of the rock mass 

surrounding the tunneling face to exclude hazardous drill-

and-blast method of mine working construction in conditions 

of gas-dynamic activity of the host rocks; reducing the pro-

bability of the GDP occurrence through controlled weake-

ning of adjacent rocks, thus reducing their degree of tension. 
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Методичні принципи експериментально-аналітичних досліджень впливу 

випереджаючих свердловин на інтенсивність проявів газодинамічних явищ 

В. Бондаренко, I. Ковалевська, В. Красник, В. Черняк, О. Гайдай, Р. Сачко, І. Вівчаренко 

Мета. Обґрунтування загальних положень щодо узгодження результатів експериментальних та аналітичних досліджень впливу 

випереджаючих свердловин на інтенсивність проявів газодинамічних явищ (на прикладі гірничо-геологічних умов явищ ШУ “Пок-

ровське”, Україна. 

Методика. При проведенні досліджень застосовувався комплексний метод, який складається з непрямих експериментальних 

методів досліджень стану прилеглого гірського масиву і тенденцій. 

Результати. Доведено, що непрямі експериментальні показники стану гірського масиву навколо прохідницького вибою ма-

ють зв’язок з особливостями розподілу компонент його напружено-деформованого стану. На базі цих досліджень встановлено 

довжину свердловин до 10-15 м для ефективного й безпечного розвантаження гірського масиву. Достовірність експерименталь-

них досліджень доведено проведенням обчислювальних експериментів, за допомогою яких встановлено залежність параметрів 

розповсюдження концентрацій компонент напружено-деформованого стану від ступеня жорсткості літотипів та надано геоме-

ханічне обґрунтування тенденціям розповсюдження аномалій гірського тиску біля прохідницьких та очисних вибоїв. Отримані 

нові знання є основою для створення методу розрахунку раціональних параметрів розташування випереджаючих розвантажува-

льних свердловин. 

Наукова новизна. Зроблено об’єктивну оцінку ступеня адекватності та достовірності результатів проведення обчислювального 

експерименту за умов використання нової геомеханічної моделі з шахтними дослідженнями параметрів сейсмоакустичного сигналу 

та початкової швидкості газовиділення. Виявлено основні тенденції розповсюдження вертикальних σу, горизонтальних σх і σz та 

інтенсивності напружень. Отримані результати з вивчення привибійного масиву спрямовано на обґрунтування параметрів противи-

кидних заходів усіх підготовчих виробок. 
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Практична значимість. Проведені дослідження впроваджуються у створення методу розрахунку та рекомендацій щодо вибору 

раціональних параметрів розташування випереджаючих розвантажувальних свердловин з метою знеміцнення гірського масиву 

навколо прохідницького вибою та зниження ймовірності виникнення газодинамічних явищ за рахунок керованого знеміцнення 

прилеглих порід. 

Ключові слова: шахта, газодинамічні явища, випереджаючі свердловини, напружено-деформований стан, польова і  

пластова виробки 
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