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Abstract. The development of outburst-hazardous coal seams is regulated by a number of normative documents
that allow correct estimating of the parameters of the unloading zone in the face area part of the seam; therefore, there
is no possibility of safe development of outburst-hazardous seams.

The purpose of the research is to substantiate the main parameters of the unloading zone, to clarify its parameters
for the safe mining of outburst-hazardous coal seams.

Speaking about the actual hazard of gas-dynamic phenomena (GDP), as practice shows, none of the methods for
predicting or assessing the size of the unloading zone, including the newly developed ones, can speak with 100% relia-
bility about its implementation or its type. In the article, the author analyzes the results of determining the size of the
unloading zone by various methods of controlling the effectiveness of the measures taken and the hazards of coal ex-
traction in this zone. When discussing the results obtained, the definition of the unloading zone as a degassed part of the
rock massif with destroyed or squeezed coal was formulated. As it is established, in this zone, it is possible to extract
coal to a given depth without performing anti-outburst measures with the possibility of adjusting the size of the extraction
by the depth of the unloading zone, taking into account the uneduced advance. The size of the unloading zone is deter-
mined by the settling time of the face, taking into account the stress-strain state (SSS), physical and mechanical proper-
ties (PMP), geological factors and the technology of massif destruction. The size of the unloading zone can be changed
depending on the technological factor (extraction technology). For example, during fast extraction by a plough, the zone
does not have time to form, i.e. when the plough (combine) either takes out a strip along the entire length of the long wall
or cuts forward by 2-3 m.

The performed studies established the fact of formation of the unloaded zone in the face area part of the seam. The
time interval of formation of the unloading zone is from 1 hour to 3 hours in case of mechanized coal extraction and up to
24 hours in case of blasting mining of coal, which is practically used in regulating the duration of technological process-
es. The unloading zone on outburst-hazardous seams varies from minimum sizes near zero to several meters.
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1. Introduction

Many authors published in their works sheets on determining the unloading zone
in the face part of the coal seam [1-20]. However, the described methods can mainly
be used for laboratory studies of coal samples, and some of the authors did not apply
their proposals to mine conditions.

According to the most known literature sources, a squeezing zone is formed ahead
of the face [7, 9, 19]. It is known that while approaching the outcropped surface the
stress state of the rock mass is redistributed. In this regard, there is a displacement of
the formation towards the mined-out space. Deformation of coal in the plane of layer-
ing changes the sign and tensile deformation occurs in the coal seam along the line of
extension of the seam strike. The implicit squeezing zone (in the rock mass) turns
into the sudden squeezing zone. According to [1, 19], coal squeezing is the destruc-
tion and extrusion (cleavage) of coal into the face part and working under the influ-
ence of support pressure. An important issue is not the interpretation of the names of
different zones in the face part of the coal seam, but the determination of the dimen-
sions (areas) from the face to the depth of the massif during coal mining, within
which gas-dynamic phenomena will not occur.

Let’s consider the interpretation of the face part of the coal seam by different re-
searchers. The research of V.V. Khodot [11] suggests that the stress state of a coal
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seam can be evaluated using two different functions: in the area of the boundary
stress state [ (Fig. 1a) - the function of the boundary state (curve 3), and in the area of
the elastic state II (Fig. 1b) - the function of stress distribution around the cutout in
the elastic setting (curve 2). Line I shows the distribution of stresses in the coal seam
under the condition that the coal in the face part is an elastic body and does not col-
lapse under the influence of increased stresses. The distribution of stresses arising
near the breakage heading, according to [12], has the form (Fig. 1b), which is de-
scribed by curve 5. The maximum load (curve 4) moves into the depth of the massif
due to the destruction near the face.

x — distance from the outcropped seam, m; xo — size of the fictitious increase in the workings, m;
P — indicators of pressure gauges, MPa; L — distance to the coalface, m

Figure 1 — Theoretical stress distribution (a, b) and stress measurements ahead
of the face advancing (c, d)

From Figs. 1a and 1b it follows that zones of different stress levels can be formed
ahead of the created (advancing) working: reduced stresses, increased stresses, and
close to natural (primary) ones, which characterize the coal massif outside the zone of
influence of mining operations.

Experimental observations of the manifestation of rock pressure in the zone of in-
fluence of the mine workings in Kuzbas [14] (Fig. 1¢) and in Donbas [9, 15] (Fig. 1d)
confirmed this distribution of stresses ahead of the face advancing.

Similar results were obtained in the outburst-hazardous Smolianinovskii seam of
mine No. 29 of the Donetskvuhillia plant [22], in steeply dipping mines in Donbas
[23], and in the eastern regions of the former USSR [25] when studying the stress
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state in the face part of the seam by using hydraulic sensors. The highest intensity is
also observed in the boreholes at the exit of the mud (borings) from the boreholes
with a further decrease from the maximum value as the borehole deepens [24].
Acoustic methods [3, 6, 25] also established the presence (and sizes) in Donbas of
characteristic zones of stress-strain state of the face part of the coal seam, which
characterize the zones (areas) of pre-boundary and off-boundary deformations and
allow to determine the size of squeezing, unloading zones and the position of the
maximum support pressure. In all cases, the presence of a clearly expressed position
of the maximum support pressure, at a distance of 1-8 m from the face in Donbas, 2—
6 m in other basins is noted. In some cases, the position of the maximum support
pressure is not clearly established in the preparatory workings.

The Institute for Physics of Mining Processes of the National Academy of Scienc-
es of Ukraine developed the enterprise standard "Rules for determining the depth of
the squeezing zone in coal mines" [26], which regulates the determination of the size
of the squeezing zone in the breakage heading in flat coal seams. The methodology
for determining the depth of the squeezing zone, which represents a part of the sup-
port pressure zone near the face surface, is based on the study of the compressive
strength of coal samples

The size of the zone of influence of the preparatory workings on the stress state of
the seam in the face part is 2.5-7.5 m at a seam thickness of 1.1-3.3 m and a depth of
280-380 m. An increase in the zone of influence for seams of greater thickness was
established. The distance from the face to the zone of maximum stress was estab-
lished for the breakage heading. It is 1.5-5.0 m. The thickness of seams in the study
areas was 1.3-3.0 m, and the depth of work was 60-360 m. Minimum distances to the
maximum stress zone of 1.5 m are set for the conditions of a 1.3 m thick coal seam at
a depth of 90 m, and the maximum value is 6.0 m for a 2.5 m thick seam at a depth of
360 m. The above data indicate that the change in stresses in comparison with the
natural conditions of the seam is more pronounced in the zone of influence of the
breakage heading compared to the preparatory ones. Schematically, this is illustrated
as follows (Fig. 2). The curves characterizing the stress distribution ahead of the
heading (1) and preparatory (2) faces are constructed on the basis of the measured
zones using hydraulic sensors. In area I, there are plastic deformations of the seam
under the effect of additional loads caused by mining operations. Area II - elastic de-
formation of the seam. In it, the coal mass behaves as an elastic body.

In area I, due to coal extrusion towards the face, stresses are reduced. Here, the
rock mass is broken down into separate blocks along the already existing numerous
cracks. Preparatory workings, due to their small geometric dimensions, cannot be the
cause of intensive displacement of the overlying roof rocks in comparison with the
breakage heading, cannot lead to the absence of deformations ("hover") of the roof
rocks and cannot create a load on the face area part of the massif. The convergence of
the roof and sole rocks behind the preparatory workings is ten times less than behind
the breakage heading [13]. Under these conditions, the coal massif, which does not
have time to pass the stage of plastic and pseudoplastic deformation, enters the stage
of intensive extrusion (squeezing) towards the face surface. This can only be ex-
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plained by the presence of a zone of reduced stresses ahead of the face of the prepara-
tory workings. Thus, it can be stated that there are zones different by the level of
stresses ahead of the face advancing.

[ — distance from the face, m; o — stress, MPa;
1 — stress distribution ahead of the breakage heading; 2 — stress distribution ahead of the preparato-

b)

ry face; I — zone of plastic deformation of the seam; II — zone of elastic deformation of the seam;
III — zone of stress reduction

Figure 2 — Schemes of stress distribution ahead of the breakage heading (a) and
preparatory workings (b)

According to [27, 28], in the edge part of the coal seam, an outcrop zone is creat-
ed, where deformations occur in the horizontal sections of the off-boundary diagrams
(a3 — the area near the outcrop, Fig. 3). This zone can occur as a result of natural
squeezing during mining operations, and its size can be increased by the application
of various special measures. The author [23] proposes it as a buffer zone. Behind it,
on the falling sections of the off-boundary diagrams in the part of the face area zone
a, (Fig. 3), deformations occur, up to the maximum of the support pressure. Under
natural conditions, the change of a; dimensions occurs due to changes in seam prop-
erties and loading conditions.

Some researchers propose a mechanism for changing the stress-strain state of the
face area part of the coal seam in the process of face displacement. Thus, according to
[14], when the face is displaced with a constant speed, there is a uniform movement
of stress, gas permeability and gas pressure diagrams parallel to themselves in the
direction of the face displacement. At the outcrop of the coal seam, there will be a
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uniform squeezing of coal and constant gas emission. That is, the situation will be
dangerous, depending on the extent to which the occurrence of a gas-dynamic phe-
nomenon is possible.

a — distance from the seam outcrop to the point of maximum support pressure;
- o~ — stress at the face edge; 6, — normal stress

Figure 3 — Buffer zone (a3) and deformation zone (a,) in the face area part of the seam

In practice, the displacement of breakage heading and preparatory workings is
carried out unevenly. With the explosive technology of coal extraction, there is an
Instant rejection of a part of the massif in the face part and redistribution of stresses,
which proceed quickly (abruptly). Therefore, in such situations, stress redistribution
occurs ahead of the face during the excavation period, which is illustrated in Fig. 4
[17]. In the process of excavation of coal (host rocks) by the value of /, the massif is
deformed in the direction of the excavated space (workings) and the transition of
stresses to the limiting state with the stress diagram OB, (Fig. 4) compared to the
initial state with the diagram OA. During the rapid transition from one stress state to
another, coal deformations do not have time to follow the stress changes and, the de-
structive effect of rock pressure on the seam is added by the work of destruction and
displacement due to elastic recovery. The convergence of the host rocks significantly
increases the friction at the contacts with the seams and prevents the deformation of
the seam towards the workings. Stress diagram O;B,, due to coal layer fracture, how-
ever, returns to the position O;B;. Under some conditions (the ratio of the rate of coal
destruction, the rate of convergence of the host rocks that simultaneously destroy and
stuck the edge of the coal face, with a sufficiently high gas content of coal), the
change in the stress state, which is characterized by the curves O;B; and O;B,, can
provoke a sudden outburst of coal and gas.

If the progressive-reverse displacement of the rock pressure diagram (from the
position OA to O;B; in Fig. 4, then — from O;B; to O,B;) is quite smooth, there is a
squeezing of coal and a smooth convergence of the host rocks. As a result of the
dampening process of squeezing and changes in the rate of convergence of the host
rocks, the stress diagram OB, returns to the position O;B; parallel to OA, which ex-
ists before the coal extraction starts. Thus, the analysis shows that the main character-
istics of the unloading zone are not clearly established.
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The purpose of the research is to substantiate the main characteristics of unload-
ing zone in the face area part of the coal seam to clarify the parameters of its use for
the safe mining of outburst-hazardous coal seams.

1 — direction of displacement of the face; / — position of the face of the workings, m;
[1 — the value of the displacement of the face, m; o — vertical component of the stress state, MPa;
yH — inelastic state of the undisturbed massif

Figure 4 — Scheme of stress distribution ahead of the face in the process of coal extraction

Research methodology — the main objective of the research was to substantiate the
main characteristics of the unloading zone in the face area part of the seam. There-
fore, it was recommended to analyze the results of determining the size of the unload-
ing zone, monitoring the efficiency and hazard of coal extraction in this zone. As a
result of the discussion of the results obtained, it will be necessary to formulate the
definition of the unloading zone.

2. Methods

Studies carried out in the conditions of the k3 "Derezivka" seam - west, at the mine
"Chervonyi Profintern" of the " Ordzhonikidzevuhillia" [14] establishes that there is a
rolling drift ahead of the face, which is carried out by drilling and blasting in the mode
of concussive blasting. The following zones are observed: a squeezing zone, which is
characterized by a decrease in gas pressure measured through the wells from the previ-
ously drilled drift in the non-working seam k», "Zolotarka", the size of the squeezing
zone, in which there is no outburst of coal and gas during the explosion, ranged from 5
m to 8 m; a compression zone, extending from 2 m to 12 m and, then, a zone of the
"undisturbed" massif. During concussive blasting, the squeezing and compression
zones, preliminary coal and gas outburst, as a rule, were not sharply manifested. This is
due to the lack of convergence of side rocks and the appearance of a deformation delay
zone in the face area part of the seam. After the coal outburst, three different zones are
again obsServed in the coal mass, which were described earlier. Studies of changes in
the deformation (displacement) of the roof and base rocks in the depth of the massif
and directly in the face area part of the preparatory workings showed that before the
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gas-dynamic phenomena that occurred during blasting, there are delays in deformation
or their absence. With the face advance, there is an irregularity in the absolute values of
deformations, which indicates the presence of different stresses in the face area part
and in the depth of the massif. However, the experience of conducting mine experi-
ments shows that there are several additional zones in the face area part of the coal
seam, for example, some gas-impermeable zone of crushed coal, a zone where there is
increased gas emission and other zones.

With the increase in the speed of the face advancement, especially with irregular
changes in speed and especially when carrying out excavations (conducting coal op-
erations) by drilling and blasting, there is a sudden redistribution of stresses, which
can lead to the manifestation of gas-dynamic effects. The progressive-reverse charac-
ter of the change in the rock pressure diagram is confirmed by the study of the de-
formation features of the squeezing zone in the face area part of the seam [18, 19].
The manifestation of seam unloading during its squeezing as a result of the formation
of the face surface is determined by the change in the stress state in the face area part
of the seam. In the process of coal extraction by various methods (except blasting),
the squeezing zone is formed in a dynamic mode in the process of movement of the
face into the depth of the coal massif. It was established [18] that the length of the
squeezing zone in the dynamic mode (Lp) increases by 1.8-3.2 times compared to the
squeezing zone in the static mode in similar mining and geological conditions. Be-
sides, the presence of two modes of formation of the squeezing zone in the face area
part of the seam causes a progressive-reverse displacement of the rock pressure dia-
gram, which ultimately determines the length of the squeezing zone and the possibil-
ity of gas-dynamic effects during the next coal extraction.

The displacement of the rock pressure diagram by changing the size of the
squeezing zone, unloading, distance to the maximum support pressure, stratification
of roof rocks [6, 19, 20] in the breakage heading and preparatory workings was estab-
lished experimentally. It is established that in the breakage heading during coal ex-
traction by a combine, the maximum abrupt stratifications of roof rocks occurs at a
considerable distance from the coal seam, and then they move to the contacts closer
to the coal seam. After 2—-2.5 hours, the parameters of the stress-strain state of the
face area part are close to those obtained before coal extraction by the combine. The
obtained results indicate a periodic wave-like change of parameters in the face area
part of the massif. Ahead of the moving massif mining, during the combine advanc-
ing, the maximum abrupt interlayer deformations move to the contacts of layers more
distant from the coal seam. At the same time, the stress diagram in the face area part
becomes more flat, the squeezing zone increases, the unloading zone increases, and
the maximum support pressure shifts to the depth of the massif. In 2040 minutes
after the passage of the combine (excavation of coal borings in the longwall), defor-
mations begin to develop in the middle part of the detached roof thickness. The max-
imum support pressure returns to nearer to the face line. Due to the support pressure
moving in the direction of the depth of the face and back to the face line, the coal
seam 1s squeezed and degassed, and safe conditions are created for the extraction of
the next strip of coal. At the entrance of the face into the outburst-hazardous zone
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there is a delay of deformations in the roof rocks, mainly at a distance of more than
10 m, the progressive-reverse movement of the maximum support pressure is reduced
and completely stopped, the size of the unloading and squeezing zone is minimal

Similar results were obtained for preparatory workings [20, 28, 29]. The impact of
the heading combine on the massif leads, at first, to an increase in the intensity of in-
terlayer deformations in the contacts remote from the coal seam and a gradual move-
ment of interlayer deformations to the contacts nearest to the coal seam. The maxi-
mum rock pressure moves deeper into the massif from the face, and then gradually
moves nearer to the face. In the area hazardous by coal and gas outbursts, there is no
displacement of the maximum rock pressure when coal is excavated by a combine,
which leads to a delay of deformations [9, 19, 29].

Based on the patterns of redistribution of normal stresses in the outskirts of the
workings, the value of the unloaded zone a( can be determined by the formula [30]:

Ee ) (1)
M

SS

ag=a, —0,7

where a,, — distance to the maximum support pressure, m; £, — modulus of elasticity of
the host rocks, MPa; M, — stress-strain decline modulus, which takes into account the
off-boundary characteristics of the coal seam, MPa; /4 — thickness of the coal seam, m.

Thus, for example, for the conditions of seam Ag of the “Praskoviyevskii” at the
mine named after the Newspaper “Socialist Donbas”, along with an increase in the
depth of the seam development from 600 m to 1000 m, the size of the unloading zone
according to the formula (2) increases from 1.1 m to 2.4 m. The above allows us to
conclude that there are zones ahead of the face advancing (or stopped) differed by the
level of intensity. There is a pronounced maximum of the support pressure for the
heading faces, which exceeds the yH (normal level). For the preparatory face, there is
an increase in the stress level from the minimum at the edge of the face to ¥/ with the
depth of the massif. In the process of excavation, the stress-strain state in the face area
part of the formation can change over time. The change occurs both in quantitative
terms and in spatial position relative to the face line. Control of changes in the stress-
strain and gas-dynamic state should be carried out by methods of instrumental (exper-
imental) measurements.

On the permissible depth of safe coal extraction in the unloading zone. To control
the presence of zones of different stress levels and the respective gas-dynamic state in
the face area part of the seam, various methods were developed to determine them by
the dynamics of gas emission [9, 19, 31]. Earlier it was determined that ahead of the
moving face advancing under the action of rock pressure forces, there was a zone of
inelastic deformations, the face area part of which was represented by squeezed
cracked and partially degassed coal. Coal excavation within part of this zone is not
accompanied by a sudden outburst. In the works of MacSRI, at one time, this zone
was called a safe unloading zone. The established relationship of changes in the value
of the plough of gas emission into the borehole with its deepening into the face area
part of the massif (dynamics of gas emission), was the basis for determining the size
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of the unloading zone [25, 31]. The reason for the deepening into the insufficiently
unloaded and degassed face area zone of the seam is the change in the character of
gas emission (Fig. 5). The growth or stability of the gas emission rate is followed by
its decrease. The size of the safe zone of unloading, coal excavation, within which
there is no coal and gas emission, should be taken as the distance from the face to the
depth of the massif, at which the growth or stationarity of the gas emission rate at in-
terval measurements is replaced by a decrease by a certain value. The established
regularity of changes in the rate of gas flow into the borehole drilled to the face area
part of the seam in the direction from the face to the depth of the massif is confirmed
by the work on the study of the stress state by electrometry (Fig. 5). It is found that
with an increase in the level of tension there is a decrease in the rate of gas emission
after its growth or stability. Similar results were obtained [14, 28, 29].

<)

a) change in gas permeability of coal (K) as the stress level changes o7 ;
b) determination of the size of the zone by the dynamics of gas emission; c) change in the initial gas
emission rate (1 — mine named after the Newspaper "Socialist Donbas", seam #10; 3 —

K.I. Pochenkov Mine, seam ks) and electrical conductivity of coal (2 — seam /10 , 4 — seam kg) along
the length of the control borehole; g — value of the initial gas emission rate, I/min; Ag > 15% — the
value of the decrease in the initial gas emission rate compared to the previous measurement, %; L —
distance from the head of the face to the depth of the massif, m; L, — safe unloading zone, m; x —
distance from the face, m; 4 — a point characterized by oz

Figure 5 — On the assessment of determining the size of the safe unloading zone by the dynamics of
gas emission
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Comprehensive studies that were carried out in the longwall No 10 and in the 11th
side drift of the seam /4 of the mine “Hlyboka” of the Mine Administration “Socialist
Donbas” [6] included the determination of volumetric deformations using hydraulic
sensors, the amount of borings during drilling the holes, interval measurements of the
initial gas emission rate, the propagation velocity of elastic waves, measurements of
the parameters of the acoustic signal arising during drilling of the borehole (well). It
is established that the size of the unloading zone, which is determined by the dynam-
ics of gas emission, satisfactorily coincides with the data of changes in the stress state
in the face area part of the seam, which are determined by the position of the maxi-
mum deformation, the maximum support pressure, the energy of the acoustic signal.
Therefore, these data served as the basis for the development of an acoustic method
for determining the size of the unloading zone, which is determined by the parame-
ters of the acoustic signal arising during the drilling of the borehole (well) [3, 7, 10,
25]. Since 1973, various methods of controlling the outburst hazard based on the dy-
namics of the initial rate of gas emission into the borehole [33, 34] were used in the
conditions of Donbas mines. The methods were included into the "Instructions ..."
[10, 33, 34], and are used to this day.

3. Results and discussion

For giving further development to the previously mentioned approach of V.V.
Khodot et al. (see Fig. 2) and the ideas of S.A. Khristianovich about the presence of
zones of oriented cracks in the face area part of the coal seam, the M.S. Poljakov In-
stitute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine
developed a refined methodology for assessing the state of the massif in the face area
part of the seam [15, 16] on the basis of analytical and experimental studies. By using
this methodology, it is possible to describe the stress state of the massif, to estimate
the structural changes of the coal seam and methane emissions in these zones of the
face area part of the seam. The scheme of structural changes of the coal seam in the
face area part is shown below (Fig. 6).

It should be noted that according to the above methodology of the IGTM of the
NAS of Ukraine [15], the stress state in the face area part of the seam determines the
order of six consecutive zones of the state of the carbonaceous massif. The most dis-
turbed, in comparison with the zone of natural occurrence of the seam (zone 6),
should be considered zones 1, 2, 3. Integration zone (4) is a zone of crushed gas-
impermeable coal.

As a result of the analysis of the applied method of current prediction of outburst
hazard by the initial rate of gas emission into the borehole [9, 10, 25, 33, 34], which
has been used in the mines of Donbas since 1969, and the method of determining the
size of the unloading zone [31], as well as the studies [35], a general method for de-
termining the unloading zone and classifying the face area part of the seam as out-
burst hazardous or dangerous was developed. Coal extraction was allowed within the
unloaded zone, reduced by at least 1 m of unreduced advance. In cases where the ini-
tial gas emission exceeded the critical value established for a given seam was deter-
mined at the boundary of the unloading zone, the face area part of the seam was con-
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sidered outburst-hazardous and coal extraction was prohibited until additional safety
measures were taken. This methodology was tested in the conditions of the mines of
“Donetskvuhillia” and “Ordzhonokidzevuhillia”, where its reliability was proved.

1 — zone of destroyed coal (squeezing zone); 2 — zone of developed filtration; 3 — zone of oriented
cracks; 4 — zone of integration; 5 — zone of disintegration zone of loading; 6 — zone of natural oc-
currence of the seam; X — distance from the face to the depth of the massif, m; ¢ — total normal ten-
sions (oma — maximum in the zone of support pressure; oy — tension in the undisturbed massif zone)

Figure 6 — Scheme of structural changes in the coal seam in the face area part of the seam under
normal distribution of rock pressure

The experience of applying the method of determining the size of the unloading
zone by the dynamics of gas emission [19, 31] as a control of the excavation depth,
has shown that in many cases the value of the decrease in the initial gas emission rate
indicates, to a greater extent, changes in the stress state in the face area part of the
coal seam and to a lesser extent, characterizes the danger of the presence of a out-
burst-hazardous situation. Additional studies proposed to take into account the gas
factor by changed initial gas emission rate over time [32].

Earlier, the temporal factor was proposed to determine the zones of hazardous
by different types of gas-dynamic phenomena (GDP) in the Eastern basins of the
former USSR [36]. Regarding the change in the nature of gas emission into the bore-
hole, it was proposed to determine the zones which are safe in terms of GDP and and
in which sudden outburst and gas blower are possible. Moreover, the quantitative
values - the time (interval) of measuring the initial gas emission rate and the degree
of change in the absolute value of the initial gas emission rate over time - were not
specified. The time factor for measuring the initial gas emission rate was used in the
"Instruction..." [34], which was used when crossing steep coal seams. In the bore-
holes drilled into the coal seam through the rock blockage, a measuring chamber was
formed and 2 minutes after the first initial determination of the initial gas emission
rate g,, the time criterion was calculated using the formula (3). The situation before
the disclosure was assessed as outburst-hazardous at K, > 5 and as not dangerous at
K, < 5. The temporal criterion K, and its methodology are similar to those described
above. The scope of its application was insignificant, and little is currently known
about its application. The methods described above are intended to determine the size
of the safe unloading zone by using the initial gas emission rate. Coal extraction is
allowed within the safety unloading zone.
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Based on the principles of determining the outburst-hazardous zones using the
initial gas emission rate, there are known methods of current prediction developed in
MacSRI [10, 33, 34, 37] and EastSRI [33, 34]. In the MacSRI method, face area zone
was considered dangerous by coal and gas outburst when the measured initial gas
emission rate was > 5 1/min at a borehole depth of 3.0-3.5 m. The upper reliable limit
for g, and f (where g, is the initial rate of gas emission from the control borehole; f'is
the strength of coal according to the scale of Prof. M. Protodyakonov) was deter-
mined taking into account that sudden coal outbursts did not occur at a coal strength
coefficient above 0.8 p.o. and an initial gas emission rate was 10 1/min or less. Taking
into account the double reserve, the value of 5 I/min is accepted as a safe value of gas
emission for the conditions of all coal seams of Donbas. The expediency of this deci-
sion is confirmed by the absence of coal and gas emissions in the areas of outburst-
hazardous single seams (more than 50 thousand measurements were made) and in
protected areas (590 measurements), where, due to the presence of values of the ini-
tial gas emission rate of less than 5 1/min, sudden outburst of coal and gas did not oc-
cur [30].

If the measured data of the initial rate of gas emission into the borehole g, is less
than gs, which are established for this seam, the situation is assessed as not outburst
hazardous. At shallow mining depths, where the value of rock pressure can be suffi-
cient to break the coal, outburst occurs due to the participation of gas in the destruc-
tion and outburst of coal. At great depths, where the main factor of destruction is the
rock pressure, the role of gas in outbursts is mainly reduced to the outburst of broken
coal. However, the conditions of destruction depend on the deformation-strength
properties of coal, which are essentially determined by the degree of its metamor-
phism (V). Therefore, the nature of the change in the initial gas emission rate (g,) is
due to both the depth of mining and the physical and mechanical properties of coal.
According to the results of measurements of the initial rate of gas emission from
boreholes in hazardous and safe zones of seams of different degrees of coal meta-
morphism, developed at depths from 300 to 1100 m, it is found that the safe value of
the initial gas emission rate at V& = 26% is 1.7 I/min at a depth of 1100 m and
3.8 I/min at a depth of 400 m. Values of the initial gas emission rate of 4.0 1/min and
more were obtained for coal seams with volatile V¢ yield from 4% to 20% at depths
from 400 m to 1100 m and at V& > 30% for depths from 400 m to 700 m. For other
cases, the critical safety value of initial gas emission rate is from 1.7 1/min to less
than 4.0 I/min. This can explain the presence of sudden coal and gas outbursts, which
were accompanied by low gas emission, and the value of the initial gas emission rate
measured according to the outburst hazard prediction was critical (5 I/min). However,
this methodology was not widely used in the mines of Donbas. Obviously, it should
have specified the areas of application depending on coal grades and depth of seam
development. It is known that V& (V%) is used in accordance with [34] at the yield of
volatile substances from 9% to 29% and more. However, the highest probability of
sudden coal and gas outburst occurs for coals with V% ~ 19% [38], and the lowest -
at V9 ~ 4 % and ~ 34 %, depending on the significant yield of volatile substances
and natural gas content. In the mines of Donbas, the current prediction of outburst
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hazard is carried out from the depth of 150-400 m. That is, in terms of the depth of
development, this dependence features the possibility of limited application. The
conclusion applied to all coal seams (threatening and dangerous due to sudden coal
and gas outburst) to a depth of 3.5 m. In the case of the "safety" prediction, the fol-
lowing measurements were performed after not more than 2.0 m of advancement of
the preparatory workings and 3.2 m of the breakage heading [33, 37, 39]. Then [10,
34] the value of the critical value of the initial gas emission rate g,° was set to 4.0;
4.5; 5.0 I/min depending on the coal grade. According to [34], the value of the unre-
duced advance was not less than 1.5 m (for preparatory workings) and not less than
0.3 m (for breakage heading). In the SOU [10], it is noted that the prediction should
be carried out after not more than 2.0 m of advancement of the working faces and not
more than 2.7 m of advancement of the heading faces. To assess the changes in the
gas-dynamic state of coal seams in the measured (undermined or overmined) areas,
the value of the initial gas emission rate is used, which is determined by the chambers
with a length of 0.5 m at interval (every 1 m) drilling of control boreholes [39]. Based
on the obtained values of the initial gas emission rate, its average level and dispersion
are calculated for each meter interval.

All described methods of determining the unloading zone and the current predic-
tion of outburst hazard are currently carried out by the same devices for sealing bore-
holes and devices for determining the value of the initial gas emission rate, according
to [10]. The difference in these methods is the fact of using the maximum measured
value of the initial gas emission rate and measurement locations where other special
methods of preventing sudden coal and gas outburst are not applied. The determina-
tion of the unloading zone is carried out by changing the interval measured values of
the initial gas emission rate with the same drilling-measurement interval. Moreover,
upon detection of the maximum gas emission and its decrease at the next interval,
drilling-measurement is determined by the unloaded (safety) zone, and coal extrac-
tion is allowed within the unloaded zone, reduced by the value of unreduced advance.
The size of the unloading zone can change within a wide range depending on the
mining, geological and technical conditions. As it is established, the time interval for
the formation of the unloading zone is from 1 hour to 3 hours at mechanized coal ex-
traction and up to 24 hours at coal blasting, which is actually used to regulate the du-
ration of technological processes [10]. The unloading zone on outburst-hazardous
coal seams varies from the minimum size close to zero to several meters.

In practice, determination of the size of the unloading zone according to the dy-
namics of gas emission is performed both after the application of methods to prevent
sudden coal and gas outburst (as a way to control efficiency) and without their appli-
cation. Common in the mentioned methods is the determination of the permissible
depth of excavation, the presence of a zone of unreduced advance (reserve) and con-
sidering of the face area part of the seam as dangerous in case of greater gas emission
(current prediction), and small (non-technological) dimensions of the safe unloading
zone (gas emission dynamics).
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Based on the above discussion of the results obtained, it can be assumed that the
unloading zone is a degassed part of the rock massif with broken (or squeezed) coal,
in which:

1. It is possible to extract to a given depth without performing outburst protection
measures.

2. It is possible to regulate the size of the extraction by the depth of the unloading
zone with taking into account the unreduced advance.

3. The size of the unloading zone is determined by the settling time of the face
with taking into account the stress-strain state (SSS), physical-mechanical properties
(PMP), geological factors and technologies of massive destruction.

4. The size of the unloading zone may change depending on technological factor
(extraction technology). For example, in the case of rapid plough extraction, the zone
does not have time to form, i.e. when the plough (combine) either takes out a strip
along the entire length of the longwall, or can cut forward by 2—-3 m.

5. The unloading zone in outburst-hazardous coal seams varies from the minimum
dimensions close to zero to several meters. It significantly decreases in zones of high
rock pressure, counter-heading drivage, etc.

The author considers that it is possible to estimate the size of the unloading zone
not only by using the method of estimation by the dynamics of the initial gas emission
rate along the length of the control borehole or other normative method, but also by
other new effective developed methods of prediction. At the same time, unfortunately,
there is currently no way to predict the outburst hazard or estimate the size of the un-
loading zone that is unambiguously reliable, that is, that will necessarily determine
whether the GDP will or will not occur. At the same time, it should be understood that
the most important thing for practice is not to develop an effective anti-outburst meas-
ure, but to know clearly when and where it should be applied. In the process of devel-
oping new progressive methods of prediction outburst hazard, we can expect a signifi-
cant increase in the volume of application of this methodology in the development of
coal seams, as it significantly increases mobility and, most importantly, reduces the
labor intensity of work in the face. Thus, in the future, it will be possible to significant-
ly increase the productivity of coal mining, reduce its cost by reducing the cost of anti-
outburst measures, downtime and a number of other factors.

4. Conclusions

1. All methods known in Ukraine for assessing the unloading zone concern only
assessing the outburst hazard in the seam area, which is limited by the depth of the
control borehole. Speaking about the hazard by types of GDP (in fact, about the pos-
sible real hazard), none of the methods for predicting or assessing the size of the un-
loading zone, including the new ones based on the analysis of amplitude-frequency
characteristics when impacting the seam in any way, do not speak about GDP with
100% reliability.

2. The research established the fact of formation and gave a description of the un-
loaded zone in the face area part of the seam. The time interval for the formation of
the unloading zone is from 1 hour to 3 hours during mechanized coal extraction and
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up to 24 hours during coal blasting, which is practically used to regulate the duration
of technological processes. The unloading zone in outburst-hazardous coal seams var-
ies from the minimum dimensions close to zero to several meters. It significantly de-
creases in zones of high rock pressure, counter-heading drivage, etc.
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30HA PO3BAHTAXEHHSA | il BNNUB HA BE3MEYHE BIONPALIOBAHHS BUKWAOHEBE3MEYHUX
BYrinbHUX NNACTIB
Mineees C.T1.

AHorTauis. BignpautoBaHHs BUKMGOHEOE3NEeYHNX BYriNlbHUX NNACTIB pernamMmeHTYeTbCs HU3KOK HOPMATUBHIX LOKY-
MEHTIB, SKi 4O3BONSOTH KOPEKTHO OLIHIOBATW MapaMeTpu 30HW PO3BaAHTaXEHHS B MPUBMOINHOI YacTUHK nnacTa, OTxe,
HemMae MOXIMBOCTI 6e3neyHOi BignpaLtoBaHHs BUKMOOHE6e3neyHIX NnacTis.

MeToto gocnigxeHb € 06rpyHTYBaHHS OCHOBHWX MapaMeTpiB 30HM PO3BAHTAXEHHS, YTOUHEHHS ii napameTpiB Ans
Be3neyHoro BignpaLtoBaHHs BUKMOOHEDE3NEeYHUX BYTiNbHIUX NNacTiB.
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FoBopsun Npo hakTyHy Hebeaneky peanisauii ra3oaMHaMiYHUX SBULL, TO, SIK MOKA3ye NPaKTMKa, XKOAEH i3 MeToaiB
NPOrHo3y abo OL|iHKM BENNYMHI 30HM PO3BAHTAXKEHHS!, BKIHOYA0UM | 3HOBY po3pobneHi, He roBopuTb 3i 100% HagiiHicTio
npo 1oro peanisayito abo noro Bug. Y CTaTTi NpOBE4EHO aHani3 pesynbTaTiB BU3HAYEHHS BENMYNHN 30HU PO3BAHTaXEH-
HS PI3HUMK METOAAMM KOHTPOIIO eheKTUBHOCTI BXUBaHUX 3aX0AiB Ta Hebe3nekn BUIMKM BYrinns y Uil 3oHi. Mpu obro-
BOPEHHI OTPUMaHWX pe3ynbTaTiB CHOPMYNbOBAHO BU3HAYEHHS 30HM PO3BAHTAXEHHS, SIK Aera3oBaHol YaCTUHU TiPCbKOro
MacuBy 3 3pyiHOBaH1M abo BimxaTiM BYrinnsAM. AK BCTAHOBNEHO, Y Ll 30Hi ICHYE MOXIWBICTb BUIMKM BYrinns Ha 3aga-
Hy rMnbuHy 6€3 BUKOHAHHS NPOTUBMKUOHWX 3aXOMiB 3 MOXIMBICTIO PeryrioBaHHS BENUYMHA BUIMKWA TNMOUHOD 30HM
PO3BAHTAXEHHS 3 ypaXyBaHHAM HE3HWKYBAHOrO BUNEpemKeHHs. BenmunHa 30HN po3BaHTaXeHHs! BU3HAYAETHCS YacoM
BIACTOK 326010 3 ypaxXyBaHHAM HamnpyxeHo-4eOPMOBAHOTO CTaHy, (Di3NKO-MeXaHiuHUX BMaCTUBOCTEN, reonorivHuX
(hakTOpiB Ta TEXHOMOrT PyitHyBaHHA MacuBy. BennumHa 30HM PO3BAHTAXEHHS MOXE 3MIHIOBATUCH 3aNEXHO Bif TEXHO-
noriyHoro haktopa (TexHonorii BUiMki). Hanpuknag, 3a LUBKUAKOI BUIML CTPYroM 30Ha He BCTUrae hopmyBsaTucs, TobTo.
konu cTpyr (kombaitH) abo BUitMae cMyry Mo BCill OBXMHI NaBu abo 3apybyeTbes Brepen Ha 2-3 M.

ByKOHaHMMKM [OCTIMKEHHAMM BCTAHOBMEHO (PaKT hOpMyBaHHS PO3BAHTaXeEHOI 30HM Y NpuBMBIMAHIN YacTWHI nnac-
Ta. TUMYacoBui iHTEpBaN (YOPMYBaHHS 30HU PO3BAHTAXEHHS CTAHOBMTL BiJ 1 4O 3 rOAMH NPY MeXaHi30BaHOMY BUIML
BYriNNA i 4o 24 roguH Npu BUBYXoBOMY BiABIBaHHI BYrinMs, WO NPaKTUYHO BUKOPUCTOBYETLCS NPU pernameHTalii Tpusa-
NOCTI TEXHOMOTYHNX MpoLEeCiB. 30Ha PO3BAHTAXEHHSA Ha BUKMAOHEDE3NEYHUX Nnactax 3MIHKETLCS Bif MiHIMaNbHNUX
po3mipiB, 6rM3bKMX O HYNS, 40 AEKINbKOX METPIB.

KntouoBi cnoBa: BukugoHebesneka, rasoHOCHWN, 30Ha PO3BAHTAXKEHHS, BYTiMbHWUA NMacT, NPOrHO3, KOHTPOMb
eeKTUBHOCTI.





