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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 PJISC 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 o,, horizontal o, and o, 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 Also, in the works[12]-[14], a number of mining-

To date, research in the field of coal mining indicates a  9eological and mining-technical conditions influencing the
relationship between the Gas-Dynamic Phenomena (GDP)  Stress-strain state (SSS)dlst_rlbutlon,the_lnt_ens[ty of technolog-
manifestations and increasing mining depth. These very ical processes and, accordlngly_, the distribution of outburst-
hazardous phenomena are represented by sudden coal, rock hazardous zones have been studied. At present, research_on the
and methane gas outbursts. process of development and occurrence of gas-dynamic phe-

The problem of sudden outbursts has been relevant for ~ Nomena consists of storing additional internal energy with
many years [1]-[7] and is the most hazardous in underground subsequ_ent active coal_ generation as a result c_)f its structure
coal mining. The works [8]-[11] cover many fundamental destruction. If we consider the technology of using wells, then

eign and Ukrainian scientists. 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
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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 g,, o, o;
and o, 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 . In this sense, if
to trace the change patterns (along the length of mine working
or pre-drilled well) of the W and & parameters, then a certain
commonality in their tendencies can be revealed.

Particular attention should be paid to studying patterns
W(z) and o(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
o 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 K; along the well length z
usually changes in anti-phase to acoustic signal response
energy W. Consequently, a comparison of dependences K (z)
and o(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.n, 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 vq 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 I/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 2" 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.

M 1:1000
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Conveyor drift of the 2* northern longwall face of block No.11 central panel ’ prmme|
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Figure 1. Scheme for drilling pre-drilled wells in the conveyor drift face of the 2" 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 vy 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.
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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 Vy 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-
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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 2"
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 v4 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 vy 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 2n

northern longwall face of block No. 11)

Fmax, fi, fn'y fy, fv,

No. Date Time Picket Phon Interval An Av K E
Hz Hz Hz Hz Hz

1 24.06.23 04:40:42 PK30+6.0 195.88 18 140 140 140 140 140 798 578 0.72 1939
2 24.06.23 14:06:14 PK30+6.5 195.88 17 180 40 140 300 200 574 542 0.94 1999
3 24.06.23 14:58:09 PK30+7.0 195.88 19 200 20 80 320 220 544 571 1.05 2654
4 24.06.23 15:30:13 PK30+7.5 195.88 17 200 40 120 340 300 523 590 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 6.59 544 0.82 2768
Average value 281 148 245 338 298 540 5.86 1.22 2070
Minimum values 140 20 40 140 140 3.46 411 0/58 770
Maximum values 500 440 440 580 540 798 7.04 2.01 3745
Mean square deviation 142 116 135 196 153 149 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 12-15m 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 12-15m
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
2" 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 (2" northern conveyor drift of block No. 11 central panel)

No. Date Mine working Picket Process Start End Downtime  Energy Result
1 01.07.23 13:47:14 20:50:39 1750
2 02.07.23 01:20:07 04:48:41 1192
3 020723 10:56:09  13:12:47 1260 Safe mining
4  02.07.23 PK32+8.5 Drilling 10:57:01 15:03:23 1799 depth —one
5 02.07.23 11:01:26 11:22:51 4118 cycle
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 05:49:11 06:19:52 54:10:13 2775
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 o PK33+2.0 19:06:27 20:59:20 2:34:49 2448
15 03.07.23 2" northern PK33+2.5 21:21:59  22:12:40 2:15:32 2394
16 03.07.23 °°l;‘|‘é?|’(°,(|g”?1°f PK33+3.0 22:3425  06:57:35  1:.12:26 2015
17 04.07.23 central ainel PK33+3.5 07:13:02 08:27:52 8:38:37 2005
18 04.07.23 P PK33+4.0 09:09:50  10:06:53 1:56:48 902 Dangerous
—_— — oo ituation!
19 04.07.23 PK33+4.5 Prediction 10:20:50 14:27:24 1:11:00 2123 Isnl1plement
20 04.07.23 PK33+5.0 15:04:29 16:11:39 4:43:39 2552 control
21 04.07.23 PK33+5.5 16:15:17 17:00:10 1:10:48 3135 measures
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 PK34+1.0 04:47:58 05:19:14 6:13:16 3718
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 Dangerous
35 06.07.23 PK34+2.5 15:22:18 15:51:38 0:46:17 1973 situation!
36 06.07.23 PK34+3.0 16:11:07 16:44:06 0:48:49 1026 Implement
37 06.07.23 PK34+3.5 18:22:25 18:51:46 2:11:18 3745 control
38 06.07.23 PK34+4.0 20:44:20 22:39:41 2:21:55 1972 measures
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
Dangerous!
Reserve
41 07.07.23 PK34+5.5 03:14:24  03:50:19  0:44:02 1888 zonet Im-
plement
2" northern control
conveyor drift of - measures
b|0C)l/( No. 11 Prediction Dangerous!
central panel Reserve
o . n. zone! Im-
42  07.07.23 PK34+6.0 04:07:33 04:46:54 0:53:09 771
plement
control
measures
Safe mining
43  07.07.23 PK34+6.5 04:58:38 07:31:18 0:51:05 1894 depth — one
cycle
44  07.07.23 PK34+7.0 12:34:13 13:11:56 7:36:35 2779
45  07.07.23 PK34+7.5 13:26:48  14:55:59 0:52:35 1637 Df"“ge_”’“f
46 07.07.23 PK34+8.0 1538558 1052:14  2:12:10 2290 %%ﬁﬁ:ﬁt
47  07.07.23 PK34+8.5 19:58:36 20:46:03 4:19:38 1440 control
48 07.07.23 PK34+9.0 22:41:43  23:10:15  2:43:.07 2120 easures
49  07.07.23 PK34+9.5 23:19:56 23:53:22 0:38:13 1607

72
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Parameter name Values Intervals Parameter name Values Intervals
Minimal signal energy 1687 13 Minimal signal energy 1247 s
Minimal additions load factor 1.52 13 Minimal additions load factor 1.26 5
Maximum outburst-hazard coefficient 1.78 12 Maximum outburst-hazard coefficient 227 30

Acoustic signal energy

Acoustic signal energy
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Figure 3. Tendencies of changes in acoustic signal parameters
along the length of well No. 5 on PK25+6.2 (2" 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 (2" nor-
thern conveyor drift of block No. 11 central panel)

Parameter name Values Intervals Parameter name Values Intervals
Minimal signal energ; 1079 9 Minimal signal energy 451 1
Minimal additions load factor 1.82 9 Minimal additions load factor 267 i
Maximum outburst-hazard coefficient 212 1% Maximum outburst-hazard coefficient 1.76 7
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Figure 4. Tendencies of changes in acoustic signal parameters
along the length of well No. 5 on PK27+6.0 (2" 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.
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Figure 6. Tendencies of changes in acoustic signal parameters
along the length of well No. 3 on PK32+8.5 (2" nor-
thern conveyor drift of block No. 11 central panel)

Table 3. Parameters of texture and mechanical properties of
lithotypes surrounding the conveyor drift

Thick- Compressive Elasticity — Tensile

No. Lithotypes ness, strength, modulus,  strength,
m MPa MPa MPa
1  Sandstone 18.2 65 3.5-104 9.1
2 Siltstone 5.6 47 1.5-104 3.9
3  Coal seam 15 12,5 0.4-104 1.0
4 Siltstone 0.5 47 1.5-104 3.9
5  Sandstone 124 72 4.0-10* 8.0
6  Siltstone 0.9 46 1.5-104 5.3
7 Sandstone 9.8 76 4.0-10* 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 I, = 30 m.
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Figure 7. Geomechanical model for block No.11 2" 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 ay, hori-
zontal ox and o, as well as stress intensity . 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 gy is performed as follows (Fig. 8):

—isolines gy when comparing the corresponding curves
relative to field and in-seam workings are located on the right
side of the figure;

—isolines gy 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 gy has revealed the
following differences.

Regarding the differences in the propagation of concen-
trations gy in the bottom-hole mass surrounding the in-seam
working, there is a general very stable tendency to increase
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the distance (from the mine working) of influence of any
concentration oy (Fig. 8b): for example, it is possible to argue
about the expansion of the area of influence of the following
concentrations oy:

—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 gy in the in-seam working
bottom have also reduced their propagation by 33-56%.

(a) (b)

Figure 8. Vertical stress isolines &y in the cross-section of mine
workings: (a) 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; 1-6y=+(4 —5) MPa;
2—-0y=yH=-25MPa (K;,~1.0); 3-06y=-(31-34) MPa
(Ky=1.24-1.36); 4 - 6y =-(40-48) MPa (K, =1.60-1.92);
5 — 6y = -(50-65) MPa (Ky = 2.0-2.6)

Regarding the changes in the curve oy 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 gy proves significant influence
of the number n of pre-drilled wells (Fig. 8a); here, the general
tendency is noted for decreasing concentration oy propagation
when the number n of wells increases from 3 to 5:

—at Ky =1.24-1.36, the propagation of oy 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 gy 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 oy 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 gy in the
longitudinal direction of the mine working route (Fig. 9).
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Figure 9. Vertical stress isolines oy in the longitudinal section of
mine workings: (a) 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; 1-6,=yH=-25MPa
(Ky=1.0); 2-6y=-(31-34) MPa (K,=1.24-1.36); 3-
6y =-(40-48) MPa (K,=1.60-1.92); 4-a,=-(50-65) MPa
(Ky = 2.0-2.6)

A comparison of the distribution curves oy (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: K,=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
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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 ox (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 o in the mine working cross-section.
General tendencies of influence of these factors have a cer-
tain similarity with the vertical stress curves oy, but some
differences have also been noted.

Figure 10. Horizontal stress isolines ox in the cross-section of mine
workings: (a) 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; 1-6x=+(3-5) MPa;
2—0x=0MPa (K:=0); 3—06x=AyH =~(9-12) MPa (K.=1.0);
4 — 6x = -(19-30) MPa (Kx = 1.8-2.8)

The similarity of tendencies is in the fact that for in-seam
working, the penetration zones of isolines ox predominantly
increase, reflecting both lower and higher values. For exam-
ple (Fig. 10b), de-stressing zones with an almost zero value
of ox expand to 20-50% in the roof, to 40-90% in the mine
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working sides; compressive stress oy 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 Ky ~ 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 ox. For example, for Ky=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 Ky = 1.8-2.8 up to 40-90%.

Horizontal stresses o; have the following tendencies of
change in the direction of the longitudinal axis of the mine
working along the coordinate z (Fig. 11).
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Figure 11. Horizontal stress isolines o in the longitudinal section
of mine workings: (a) 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; 1-06;=-(1-2) MPa
(Kz=0.09-0.19); 2-06:=-(7-9) MPa (K;=0.65-0.84);
3—06:=-(13-17) MPa (K; = 1.21-1.59); 4 — 6; = -(20-28) MPa
(Kz=1.87-2.62)
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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 o; (Fig. 11a). For exam-
ple, zones of almost complete de-stressing (K, =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 K,=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 o; 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 o; 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 (K;=0.65-0.84) and compressive
stress concentration (K; = 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 K, =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 o; 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 o of
the K, = 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 g; is somewhat similar to changes in the
curve ox 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 o 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
o, there is a widespread expansion of their propagation zones
for in-seam working. For example, for a concentration of
K, = 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
o of the K, = 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 o of the K, = 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 K, = 0.42-0.56
deepened to 80%. Other concentrations o have the opposite
change tendencies.
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Figure 12. Horizontal stress isolines & in the cross-section of mine
workings: (a) 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; 1-6=6-8 MPa (Ks=0.42-
0.56); 2 — 6 = 13-16 MPa (Ks=1.0); 3 - ¢ = 30-45 MPa
(Ko = 2.0-3.0); 4 — o = 50-65 MPa (K, = 3.5-4.5)

For example, for K, = 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 K,=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 o 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 K, =2.0-3.0 concentra-
tions increases by 50 —80%, and of K, = 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 o 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 K, 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 o is complete-
ly preserved (Fig. 13b): by 12% for K, = 2.0-3.0 and by 49%
for K,=3.5-4.5. Also, the coordinate z of the maximum
propagation into the roof and bottom of the corresponding
concentrations ¢ 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 o.
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Figure 13. Stress intensity isolines ¢ in the longitudinal section of

mine workings: (a) 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;1-6=13-16 MPa (Ko =
1.0); 2—-6=30-45 MPa (Ks=2.0-3.0); 3 - ¢ =50-65 MPa
(Ks=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 ay:

— pattern of expansion of concentration K, 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 3to 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 ox and o; 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 o concentrations have a significant depen-
dence of their propagation on the degree of hardness of the
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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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MeToau4Hi NPUHUUIHU eKCIIEPUMEHTAJBHO-AHATITHYHHUX JOCTiIKeHb BIUIUBY
BUIIEPEZKAKYNX CBEPAJOBUH HA IHTEHCHBHICTH NPOSABIB ra30AMHAMIYHMX SIBHII]

B. bounapenko, 1. KoBanescbka, B. Kpacuuk, B. Uepnsk, O. I'aiinaii, P. Cauko, I. BiBuapenko

Merta. OOrpyHTyBaHHs 3arajJbHHUX MOJIOXKEHB I0/I0 Y3TO/PKEHHS Pe3yJIbTaTiB eKCHePUMEHTAIPHIX Ta aHATITHYHHUX TOCITIIKEHb BIUIUBY
BHIIEPEIKAIOYHNX CBEPJIOBIH HAa IHTEHCUBHICTH MPOSIBIB Ta30JHUHAMIYHIX SBHII (HA MPHUKIA/I TipHAYO-TeoJaoriyHuX yMoB s LY “Ilok-
poBchke”, YKpaiHa.

Metoauka. [Ipy npoBesieHHI JOCTIIKEHb 3aCTOCOBYBABCSI KOMIUICKCHHI METOM, SIKHH CKJIAAEThCsl 3 HEMPSIMHUX CKCIePUMEHTAIbHHUX
METO/B AOCIIPKeHb CTaHy MPHJIETJIOr0 TipChbKOr0 MacUBY 1 TEHACHIIIH.

PesyabTaTh. J[0BeeHO, 10 HENPsAMi €KCIIepUMEHTAaNbHI MOKa3HUKU CTaHy TiPChbKOTO MacHBY HAaBKOJIO HMPOXiJHHIIBKOTO BHOOIO Ma-
I0Th 3B 130K 3 OCOOJHMBOCTSIMH PO3MOAITY KOMIIOHEHT HOr0 HampyKeHo-aedopMoBaHoro cTany. Ha 6a3i uux AOCIHiKEHb BCTAaHOBICHO
JOBXHHY cBepaoBHH 10 10-15 M s edexTrBHOTO i GE3MEYHOr0 PO3BAHTAKEHHS TiPCHKOr0 MacuBy. JOCTOBIpHICTh €KCIIEPUMEHTAIIb-
HHUX JOCII/UKEHD JIOBEICHO MPOBEJCHHIM OOYHCIIOBATBHUX EKCIIEPHMEHTIB, 32 JOMOMOIO0 SIKMX BCTAHOBJICHO 3aJICKHICTh MapaMeTpiB
PO3MOBCIO/KEHHS KOHIEHTPAL[il KOMIIOHEHT HAlPyKeHO-1e()OPMOBAHOTO CTaHy Bifl CTYNEHs JKOPCTKOCTI JIITOTHINB Ta HaJaHO reoMe-
XaHIYHe OOTPYHTYBaHHS TEHJCHI[ISIM PO3MOBCIOLKEHHS aHOMAJIH TipchbKOTO THCKY 0171 MPOXITHUIBKHUX Ta OYHCHUX BHOOIB. OTpHMaHi
HOBI 3HaHHS € OCHOBOIO JIJIsl CTBOPSHHSI METO/ly PO3PaxyHKY palioOHalIbHUX MapaMeTpiB PO3TallyBaHHS BHIIEPEIKAIOYNX PO3BAHTAKYBA-
JBHUX CBEPJJIOBHH.

HayxoBa HoBH3HA. 3p00JIeHO 00’ €KTHBHY OLIIHKY CTYIICHS a/IeKBaTHOCTI Ta JOCTOBIPHOCTI Pe3yJIbTaTiB MPOBEICHHS 00YHUCITIOBATIBHOTO
EKCIIepUMEHTY 32 YMOB BUKOPUCTAHHs HOBOi T€OMEXaHIYHOT MOJIei 3 IaXTHUMH JIOCII[UKSHHSIMHU TapaMeTPiB CeiCMOaKyCTHYHOTO CUTHAITY
Ta IOYaTKOBOI IMIBUAKOCTI TAa30BUAUICHHS. BHsBICHO OCHOBHI TEHJCHIIT PO3IOBCIOUKEHHS BEPTUKAIBHUX Oy, TOPU3OHTAIBHUX 0y 1 07 Ta
IHTEHCUBHOCTI HanpyskeHb. OTpUMaHi pe3yJbTaTH 3 BUBYEHHS IPUBUOIHOTO MAacHBY CIPSIMOBAaHO HA OOIPYHTYBAaHHS apaMeTpiB IPOTHBH-
KHJHUX 3aXO0/IB YCiX HMiIrOTOBYHNX BHPOOOK.
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ITpakTnyna 3HaYNMicTb. [IpoBesieH] TOCTiKEHHS BIIPOBA/LKYIOTECS Y CTBOPEHHS METO/Y PO3PaxyHKy Ta PEKOMEH/ALliH 111010 BUOOPY
parlioHaNbHUX MapaMeTpiB PO3TAIYBAHHS BHIIEPE/DKAIOUMX PO3BAHTAXYBAIBHUX CBEPIJIOBHH 3 METOIO 3HEMILHEHHS TipCBKOTO MacHUBY
HaBKOJIO MPOXiTHHUIBKOTO BHOOI Ta 3HIDKCHHS MMOBIPHOCTI BUHUKHEHHS Ta30JMHAMIUYHHUX SBHII 32 PaXyHOK KEPOBAHOTO 3HEMIIIHEHHS
TIPUJIETIINX TIOPIiJ.
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