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Abstract

Purpose. Development of a comprehensive methodology for assessing the state of mine workings based on the analysis of their
contour displacement patterns when solving the problem of minimizing the risks during the closure of coal mines in Ukraine.

Methods. Based on an integrated analysis of international and domestic trends when assessing the consequences of mine
closure, the main provisions of using the method of instrumental mine observations have been substantiated. When solving
the problem, the approaches of regulatory documents are taken into account to identify the geomechanical situation accord-
ing to two conditions: the structure and strength properties of the lithotypes in the adjacent coal-bearing stratum and the
peculiarities of the rheological processes manifestation during the development of its displacements.

Findings. The geomechanical, technological and hydrogeological factors have been distinguished that are required to take
into account when closing the coal mines. Fundamental methodological provisions have been substantiated for the most
reliable assessment of the mine workings state, taking into account the long period of their operation. A criterion for making
a decision on the decommissioning of mine workings or their further maintenance is presented.

Originality. A series of generalizing dependences of the mine working contour displacement development has been ob-
tained, which can be divided into four main groups according to the criteria of the structural and strength properties of litho-
types in the adjacent mass, as well as the type of their rheological manifestations: decaying and persistent deformation
creep. For each group, using the methods of correlation-dispersive analysis, empirical formulas have been determined for
calculating the convergence of the roof and bottom of mine workings, as well as their sides, depending on the geomechani-
cal criterion H/R of the maintenance conditions and the duration t of this period.

Practical implications. The obtained correlation ratios make it possible to predict the residual section of mine working at
any time of its maintenance. They are a geomechanical component of its operational state assessment. The result of this
research is the development of a new methodology for assessing the mine working state according to the patterns for pre-
dicting its contour displacement.
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1. Introduction

Analysing Ukrainian and global trends in coal mining, it
should be noted that according to the Global Energy Statisti-
cal Yearbook, China produced 3.692 billion tons of coal in
2019 [1]. Other leading coal-producing countries are charac-
terized by the following indexes [1]. The Republic of South
Africa has 122 mines with a total production of 264 million
tons of coal mined in 2019; almost a quarter of this volume is
exported, and in South Africa itself, about three quarters of
its energy requirements are covered by coal. In India, 476
mines produced 745 million tons in 2019, while in Turkey
approximately the same number of mines produced only
84 million tons. In this sense, it is significant that there are
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only 46 mines in the United States, which in 2019 produced
640 million tons of coal, and in Indonesia, 5 mines, including
open cuts, produced 585 million tons. There are 94 mines
operating in Australia, which produced 500 million tons of
coal, while in Russia — 187 mines, which produced 425 mil-
lion tons. In Kazakhstan, 100 mines have a total production
of 117 million tons (Fig. 1).

When summarizing the coal production in the above and
other countries, its dynamics can be predicted as positive
until 2040 and this trend is confirmed by the estimate of the
International Energy Agency [2]:

— global coal production in 2040 will amount to 9.23 bil-
lion tons;
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— the total share of China, India and Australia in global
coal production will amount to 64%;

— stable growth in coal production is predicted in India —
an average +100 million tons every 5 years.
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Figure 1. The main trends in global coal mining

The indicated trends in the growth of coal production are
stimulated by an increase in the price for this type of mineral.
For example, according to the International Energy Agency,
to date it has reached an average of $112.2 per 1 ton, which
increases the possibility of using innovative coal mining tech-
nologies to reduce the producing cost of the final product.

As for Ukraine, there are 146 mines operating in the
country now, of which: 67 —on the uncontrolled territory,
33 — state-owned, 46 — privately-owned. In 2019, according
to the Global Energy Statistical Yearbook, only 27 million
tons of coal have been mined in Ukrainian mines — these
figures are self-explanatory. Nevertheless, despite the low
production volumes, the role of coal in electrical energy
generation will remain significant in the near future [3]-[8].
Thus, the energy strategy in the medium-term perspective
retains a significant role of coal in the total volume of prima-
ry energy supply: 16.1% —to 2025 and 14.3% — to 2030 [9].
Currently, more than 30% of electrical energy is produced
from coal in Ukraine, which means that annually thermal
power plants need about 30 million tons with an increase in
the demand for coal of rank DG [10], [11].

2. General statement of the problem

For a complete disclosure of contradictions in Ukrainian
coal production, let us turn to the socio-economic issues of
the industry state [12], [13].

In the spring of 2020, the Ministry of Energy announced
that it would not close unprofitable mines yet, and this deci-
sion could be continued in 2021. At the same time, a decision
will be made on the possible sale of some state-owned mines.
On the other hand, for the last two years, the state budget has
not provided funds for state support of coal mining enterprises.

In the 2015, UAH 1.1 billion from the state budget was al-
located for the restructuring the coal industry, but for the next
two years the amount has decreased sharply: UAH 305.6 mil-
lion in 2016 and UAH 568.1 million in 2017. In the budget of
2018, UAH 1.3 billion was allocated for restructuring, in 2019 —
UAH 2.6 billion, and in 2020 — UAH 3.6 billion. In addition,
over the past three years, funds have been allocated for the
liquidation of unpromising coal mining enterprises.

The other side of electrical energy generation is condi-
tioned by alternative energy sources, which are developing
rapidly, but the traditional coal production still remains rele-
vant throughout the world. Nevertheless, there is a steady
trend towards the closure of coal mining enterprises. And in

this regard, the experience of closing the mines in Europe is
very useful.

Coal has played a huge role in the creation of German
economic power. However, since the late 1950s, German
coal began to lose in price to imported, as well as to other
energy carriers, which has led to the beginning of a crisis in
the industry. From 1960 to 2000, the number of mines has
decreased from 146 to 12. Over the past years, only 2 mines
have operated in the country with a total annual production
of about 4 million tons.

In Germany, the described processes of the past years are
quite similar to the current ones in Ukraine. But, in 2007, the
Bundestag decided to withdraw from the costly industry,
having planned to complete the process in 2018.

The reduction in coal consumption is also relevant to
power plants, which currently have an aggregate capacity of
21 GW, which accounts for 13% of the total electrical energy
generation. According to the law-in-draft, the last coal-fired
power plant must be removed from the grid not later than
2038. For this purpose, it is necessary to allocate a total of up
to 40 billion euros to the Rhine mining region and especially
to the East Germany regions to conduct structural changes.

In this regard, it should be noted that “clean” energy al-
ready provides 38% of the gross annual energy consumption
in Germany. To date, the total consumption of renewable
energy in Germany has amounted to about 230 billion kWh,
of which 46 billion kWh comes from the solar power plants,
94 billion kWh — from wind and 52 billion kWh —from
plants that consume biofuel.

Taking a similar position, the British government has de-
cided to close all coal-fired power plants by 2025. Summing
up, it can be argued that in the long term and taking into
account the growing global combating climate warming, a
decrease in global coal consumption or even a cessation of its
production (especially, expensive underground mining) is
simply inevitable.

Another reason — environmental. Coal combustion is con-
sidered one of the main reasons for the emission of large
carbon dioxide amounts into the atmosphere, which causes
the “greenhouse effect” and, consequently, global warming
[14]-[17]. Therefore, various specific measures are being
taken in Western Europe to accelerate the phase-out of coal
consumption. Both in Germany and in the UK, this is facili-
tated by the rapid development of renewable energy sector.

In Ukraine, it is also planned to develop a systematic ap-
proach to decision-making on mine liquidation. For example,
the decision to close the M.l. Stashkova Mine of DTEK Pav-
lohradvuhillia PRIJSC was influenced by the technical-and-
economic performance of the mine. Also, until 2023, the Blaho-
datna, Stepova, Samarska and Yuvileina mines will be closed.

To close mines in the Central region of Donbas [18], it is
necessary to develop a hydrogeological and socio-economic
prediction for the region, substantiate the phased mine closure,
linking it with funding opportunities, as well as improve the
legal/regulatory framework and study environmental problems:

—the development of the earth’s surface deformation
caused by the water flood of previously drained rocks in the
process of mine operational activity and, as a consequence, a
decrease in their strength;

— activated rock displacement process with complete wa-
ter flooding of mine workings and, as a result, the formation
of sinkholes, funnels, rock-slides;

— underflooding and overflow of undermined areas;
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— contamination of groundwater and surface water, in-
cluding those used for drinking water supply;

— salinization and pollution of agricultural land soils;

— squeezing-out mine gases onto the daylight surface.

Mine closure is a lengthy process, requiring assessment
of all emerging risks. All risks are interconnected and there-
fore an integrated approach is needed to minimize them.
Firstly, it is necessary to determine what causes the risks.
Secondly, it is necessary to develop measures to prevent or
minimize their occurrence.

The problems arising from the closure of coal mines are
that the risks of adverse environmental, social, legislative,
financial and technical consequences increase significantly.
It is generally accepted that a structured consideration of
mine closure risks should be part of the design and planning
of mine operations.

However, this paper focuses on taking into account the
geomechanical factor within the framework of an integrated
approach to the closure of coal mines. Predicting the state of
mine workings on the basis of existing regulatory-technical
documentation and the study of geomechanical processes is
of particular relevance. The main peculiarity of a reliable
assessment of the mine working state is taking into account
the period of its maintenance, during which there is a dis-
placement development of varying intensity in the surround-
ing coal-bearing mass. And it is this peculiarity that deter-
mines the technical decision on the need (or absence) of the
decommissioning of mine working [19].

In this regard, it is relevant to study a methodology that
provides for predicting the development of rock pressure
manifestations. The methodology [20] is based on the gener-
alization of the results of mine instrumental observations and
can easily be corrected by adding new data. It should be
noted here that taking into account the current situation with
the closure of many mines, as well as other mines located in
the temporarily occupied Donbas territory, the range of
changes in mining-and-geological conditions has been signif-
icantly reduced and may be limited to rocks of low and me-
dium hardness, especially taking into account the influence
of weakening factors.

Thus, the task of minimizing the risks of closing coal
mines in Ukraine in terms of geomechanical, technological
and hydrogeological factors and, based on the determined
patterns of rock pressure manifestations, the process of
mine water desalination and hydraulic regimes of water
inflows, is relevant.

The solution to the above issues is based on the use of the
patterns for the long-term development of rock pressure
manifestations with the phased decommissioning of mine
workings, the peculiarities of the mine water desalination
technology, as well as regulation of water inflow into them to
limit the negative consequences of the coal mine closure.

To more visually represent the essence and interrelation
of the tasks to be solved, an algorithm for their complex
implementation has been developed, presented by the struc-
tural and logical diagram in Figure 2.

[ The purpose is to minimize the risks of closing coal mines in Ukraine for a number of factors ]
[ Studied factors ]
[ Geomechanical Technological ] [ Hydrogeological ]

Safe phased decommissioning of mine
working and termination of secondary
raw materials extraction

Substantiating the technology
of the equipment complex for
mine water desalination to
obtain the secondary raw
materials

Principles and patterns for the
hydraulic regime regulation of mine
waters to minimize the risks of
underflooding the earth’s surface

Systematization

Substantiation of

approaches to of the criterion

assessing the for grouping the

feasibility of mining-and-
decommissioning geological
mine workings conditions

N
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state of mine workings at the time of their closure

J

Selecting the technological
parameters for the process
of mine water desalination

Substantiation and calculation of the
model of the rock mass geofiltration
state before the mine closure

|

[ A set of recommendations to limit the negative impact of mine closure ]

Figure 2. Structural and logical diagram of research

3. Basic research material

Analysing domestic and global trends in coal mining, it
should be concluded that it is expedient to apply the main
provisions of the methodology for assessing the mine work-
ing state and resolving the issue of its decommissioning.

Thus, it is planned to use the experimental method of mine
instrumental observations of the development of mine work-
ing contour displacements and deformations of its support in
combination with the methods of correlation-dispersive anal-
ysis of the experimental data results [21]-[23].
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The basic provisions of the methodological approach to
predicting displacements U of the mine working contour (in
the roof — the index is “R”, in the bottom — the index “B” and
in the sides — the index “s”) are to determine the relationship
between the parameter U and the main geomechanical factors:
H—mine working depth; R— weighted-average calculated
compressive resistance of lithotypes adjacent to mine working.

From the point of view of existing ideas [24]-[28] about
the patterns of increase and stabilization of rock pressure man-
ifestations in a mine working that is outside the zone of stopes
influence, the methodological approach [20] is qualitatively
consistent with the accumulated experience of maintaining
mine workings. However, there are some comments in terms
of the accepted idealization of link patterns between U and t.

Firstly, the growth of displacements does not begin from
the zero point of time (t = 0), and the initial displacements Ui
occur conditionally instantaneously approximately with the
velocity of propagation of longitudinal vibrations (sound) in
the rock [29], [30]. That is, the graphs of the function U(t)
growth are depicted from some initial value of U; [31]. Un-
doubtedly, the value U; is affected by the limiting influence
of the drifting face, which is confirmed by numerous studies,
but, nevertheless, the value Uj is already commensurate with
the subsequent development of displacements.

Secondly, the presentation of dependences U(t) in the
form of two conjugated line graphs do not quite correspond
to the real pattern of growing mine working contour dis-
placements in time. Most of the experimental measurements
indicate non-linearity in the growth trends in displacements
over time [32]-[36]: in the initial period of maintaining mine
working, the growth gradient is higher, and then (with an
increase in t) there is a decrease in the rate of increase in U.
It can be induced by the cracking of the rock mass and de-
creasing of its quality [37]. For the sake of objectivity, it
should be noted that the bilinear form of the function U(t) in
the methodology [20] is designed to partially take into ac-
count the indicated pattern of slowing down in time t of the
development of mine working contour displacements.

Thirdly, depending on the level of geomechanical indexes
H and R influence, these functions U(t) can be divided into
two types: first type — the displacements U increase in time t,
but with its course there is some stabilization of the process of
adjacent mass displacement, at which further growth of U
either stops or has very low values (Fig. 3) and the defor-
mation process is caused by the change of geomechanical
situation in the rock mass [38], [39]; second type — the dis-
placements U do not stop in time t and later on, some fairly
constant growth gradient of U is settled down [31], [40]-[42]
(Fig. 4). This geomechanical situation is determined by the
rheological property of rocks — deformation creep. In the well-
known studies [40], [43], [44] two types of deformation creep
are distinguished — steady-state (that is, decaying in time) and
unsteady (developing throughout the entire observation peri-
od). In this regard, the methodology [20] has been developed
taking into account unsteady creep, which is most typical for
weakly metamorphosed rocks of the Western Donbas [45].

The approach developed to assessing the mine working
state, taking into account the period of its maintenance, is
intended to eliminate the noted disadvantages of the metho-
dology [29], but by preserving the fundamental provisions in
terms of the main criterion — the contour displacement val-
ue — for making a technical decision on the decommissioning
of mine working for the entire period of its existence.
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Figure 3. Stabilization of the displacement process in the mine
working

Figure 4. Settling a constant gradient of displacement growth into
mine working

The solution to this problem is based on the determining
three groups of time dependences: U'(t) — displacement of
the mine working roof rocks, UP(t) — its bottom roll, Us(t) —
convergence of the mine working sides.

The methodology is based on the results of mine instru-
mental observations of rock pressure manifestations. Along-
side with it, the state of the fastening structure elements is
assessed in terms of the possibility of further performing
their functions to ensure the proper mine working stability
[39], [46]. It is appropriate to note here that the main difficul-
ty in solving this task is the need to conduct mine observa-
tions over a very long period, often calculated in decades
[38]. To solve this issue, an original methodology has been
developed, based on an integrated study and analysis of the
various information sources and discreteness (in time) of
mine measurements with their subsequent extrapolation to a
longer time frame.

The above statement about the peculiarities and significant
difficulties in tracking the state of mine workings over a very
long period (or the entire period) of their operation is funda-
mental in these geomechanical studies and, as mentioned be-
fore, represents their novelty. But, this novelty is associated
with the formation of an extensive base of initial data, their
subsequent systematization and analysis, which requires con-
siderable time. Nevertheless, our research has confirmed the
possibility of solving the task, and further on, the algorithm of
our actions is explained using specific examples.



M. Barabash, 1. Salieiev, H. Symanovych (2021). Mining of Mineral Deposits, 15(3), 7-15

The first step involves the selection of mine workings for
almost each of the mines that have already been closed or are
scheduled for decommissioning in the near future. An obliga-
tory condition for selection is the availability of information
at the time of its closure (or during the last mine working
survey). Each mine working is characterized by the depth H
of placement, texture and properties of adjacent lithotypes,
according to which, in compliance with the normative metho-
dology [47], the average compressive resistance R of rocks is
calculated and the geomechanical index H/R is determined.

The second step is to gather information on a number of
still operating mine workings, including those that are in the
stage of construction. In this case, the time frame of main-
taining is much shorter and allows to assess the state of mine
workings at lower values of t, which provides the ability to
set dependences of U(t).

Firstly, some general positions should be noted in terms
of the initial conditions: the ranges of the depth variation of
mine workings placement H = 200-1000 m and the calculat-
ed compressive resistance of the adjacent coal-bearing strata
of R =5-60 MPa are studied, which cover almost the entire
interval of geomechanical factors variation. In this case, the
“extreme” boundary values of the criterion H/R vary from
3.3 m/MPa to 200 m/MPa and are practically the same both
for the Western Donbas and for the Krasnoarmiiskyi coal-
bearing region (Ukraine); the most probable range of criteri-
on variation is H/R = 10-50 m/MPa.

Then, the first distinguished textural type of the adjacent
coal-bearing strata is studied — the immediate roof and the
first layers of the main roof are represented by argillite and
siltstones with a total thickness of no more than 5-7 m and a
compressive resistance in the sample of no less than
acompr > 40-50 MPa; above, there is sandstone with a thick-
ness of no less than 3-4 m with a hardness coefficient of at
least f > 6. Most lithotypes are in a naturally moist state with
a low intensity of fracturing; they are characterized by mod-
erate rheological properties with decaying creep.

In the absence of the stopes influence, overworking and
undermining, the mine workings predominantly retain their
operational parameters in compliance with the requirements
and standards. The convergence of the roof and the bottom
Urb < 400-500 mm, the convergence of the sides US < 200-
250 mm, the section loss AS/Sg < 20-25% (here it is desig-
nated as S¢ — the cross-sectional area of mine working in the
clear till subsidence).

Such mining-and-geological conditions ensure a satisfac-
tory operational state of mine workings throughout the entire
period of their maintenance. The issue of decommissioning
mine workings is not due to geomechanical factors, but by
technological and economic aspects of the mine operation.

The second distinguished textural type for the Kras-
noarmiiskyi coal-bearing region — is the immediate and main
roof at a height of at least 12-15 m, represented by soft and
medium hardness argillite and siltstones (f = 3-5), as well as
soft sandstone (f <6), characterized by a moisture-saturated
state and intense fracturing. According to the normative
methodology [47], the value of the averaged calculated com-
pressive resistance is R = 5-10 MPa. When the mine work-
ings are placed at a depth of at least 200-250 m, the index
H/R is 20-50 m/MPa and more with a corresponding intensi-
fication of the rock pressure manifestations. Nevertheless,
lithotypes are characterized by creep decaying with time.
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It is noted that in mine workings that have been in opera-
tion for a long time, the decay of the displacement velocity
along their contour is mainly observed with the stabilization
of Ur(t) and Us(t) values. The time interval ts from the mo-
ment of mine working construction to the stabilization of its
contour displacements also has a correlative relationship with
the geomechanical criterion H/R: the value of ty increases
with the deterioration of mining-and-geological conditions,
that is, with an increase in the ratio of H/R. This pattern is
quantitatively described by the dependences:

—for the convergence of the roof and bottom in mine
workings:

t&° = 236[1-exp(-0.024H /R)], day; 1)
— for convergence of blocks in mine workings:
tg =187[1-exp(-0.027H /R)], day. 2)

In the mine workings of Western Donbas, the collected
amount of experimental data confirms the above-mentioned
patterns of the increase in displacements along their contour
only in qualitative terms, and in quantitative terms, a number
of differences have been revealed. The available peculiarities
of U"P(t) and US(t) functions are quite understandable, since
the mining-and-geological Western Donbas conditions are
distinguished by the occurrence of less hard, more plastic,
weakly metamorphosed lithotypes and a slightly shallower
depth of mining, mainly up to 500-600 m [48]. Even the
hardest lithotypes, such as sandstone and coal, are character-
ized by a compressive resistance in the sample of mainly
ocompr < 40-50 MPa, and limestone has an insignificant prop-
agation in the form of very thin interlayers, as a rule, less
than 0.2-0.3 m thick. Given the widely distributed weakening
factors of moisture saturation and fracturing in the coal-
bearing strata, the real compressive resistance of lithotypes
decrease sharply [49]. To this should be added the pro-
nounced rheological properties of most rocks [24], [29],
which in total leads to a decrease in the calculated compres-
sive resistance of the adjacent coal-bearing strata, mainly to
R =5-20 MPa. In such conditions, more intense rock pres-
sure manifestations are quite expected.

Also, in the Western Donbas conditions, two forms of de-
formation creep, effecting the patterns of displacement de-
velopment, are actively manifested in two types: first type —
with an increase in the period of the mine working mainte-
nance, the displacement velocity decreases to insignificant
values and it can be argued about some constancy of values
Urb(t) and US(t); this period is called the time t of the con-
tour displacement stabilization. The second type — with an
increase in time t, the displacement velocity decreases, but,
as before, remains a significant value with a long period
of the mine working maintenance; this type of displacement
development is determined by the persistent creep of
very soft rocks (mainly argillite) and is largely represented
in the methodology [20].

Thus, for the Western Donbas conditions, the main prin-
ciple of separating the patterns of the displacement develop-
ment is to take into account the rheological properties of
lithotypes of the adjacent coal-bearing strata with a subordi-
nated value of its texture: the predominant occurrence of
more stable lithotypes of medium and high thickness with a
hardness coefficient of f=2-5 (sandstones and coal seams
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are mainly in a moisture-saturated state, exposed to moderate
and intense fracturing, and argillite and siltstones are pre-
dominantly in a naturally moist state with weak and moder-
ate fracturing) contributes to decay of the deformation creep
process and stabilization of contour displacements at some
relatively constant level; the predominant occurrence of very
soft and moisture-saturated fractured argillite and thin- and
medium-bedded siltstones provokes persistent deformation
creep and a constant increase in displacements of the mine
working contour over a very long period of its maintenance.

The second type of patterns U(t) in the displacement de-
velopment of the mine working contour in time t is condi-
tioned by the occurrence in the adjacent coal-bearing strata
of a part of the lithotypes, which are characterized (taking
into account the weakening factors influence) by persistent
deformation creep. The convergence of the roof and bottom,
as well as the sides of mine working, takes years, and over a
long period of the mine working maintenance, they accumu-
late, and their total values can no longer be neglected.

It should be underlined that even proper geological re-
search and wide geomechanical invetsigations can lead to
different conclusions due to another statistical approach to
the collected data [50]. So the average values taken to the
analyses should be consider carefully, as the variation of the
rock compressive strength R can reach even 40% [50].

This development is based on the results of the research
performed with partial use of the methodological principles
for predicting the rock pressure manifestations in regulatory
documents [47], [20]. The methodology makes it possible to
assess the state of mine workings operated for a long period,
taking into account the factor of the displacement develop-
ment of the adjacent coal-bearing mass in time.

4. Results and discussion

The procedure for calculating the parameters of the rock
pressure manifestations for the prospect of further operation
of mine working:

1. The predicted parameters of convergence of the roof
and bottom V"(t), sides U%(t) of mine working and its resid-
ual section Sres(t) over the time t of maintenance are deter-
mined depending on the geomechanical index H/R, which is
the ratio of the mine working depth H to the calculated com-
pressive resistance value R of rocks in the adjacent coal-
bearing strata. Parameters H and R are determined according
to the data of mining-and-geological prediction using the
calculated provisions of the normative methodology [47].

2. The contour displacement of mine workings is calcu-
lated taking into account the separation of the conditions for
their maintenance in the two studied coal-bearing regions and
the rheological properties of lithotypes of the adjacent coal-
bearing strata.

3. For the Krasnoarmiiskyi coal-bearing region, the prob-
lematic conditions for maintaining mine workings are char-
acterized as follows. All lithotypes have the rheological
property of deformation creep loading which decays in time;
in terms of strength properties, the adjacent mass is repre-
sented by soft and medium hardness argillite and siltstones
f < 3-5, as well as soft sandstone f<6. Taking into account
the influencing factors of moisture saturation and fracturing
that weaken the rock, there is a high probability of intense
rock pressure manifestations, especially with a long period of
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the mine workings maintenance, which actualizes the issue
of their further operation.

The convergence of the roof and bottom U\"°, as well as
the sides Uy of mine workings during a long period of their
operation for given mining-and-geological conditions is
determined by Formulas (3) and (4):

U =845(H /R, mUE = 8.45(2]1'4‘.MMm;
3)

1.
35, mm.

UP =3.1(H/R) (4)

The residual cross-sectional area of mine workings is cal-
culated by the formula:

Sres =S¢t — 48, Q)

where:

S¢ — the cross-sectional area of mine working in the clear
till subsidence;

AS — the loss of the cross-sectional area of mine working
during the period of its operation:
48 :u,“b(o.gsw—uf)JruﬁhW, 6)
where:

Bw and hy — initial width and height of mine working.

4. For the Western Donbas mining-and-geological condi-
tions, with the occurrence of adjacent lithotypes with decay-
ing deformation creep at a hardness coefficient of f=2-5,
with rock layers predominantly with medium and high thick-
ness, which are mostly water-free (with the exception of
sandstone and coal seams) and moderately fractured, dis-
placements of the mine working contour are determined by
the Formulas (7) and (8), and the residual cross-sectional
area — by the Formulas (5) and (6):

Uf® =5.87(H /R)*®, mm; (7)

UP =431(H/R)">, mm, 8)

5. The conditions for maintaining mine workings in the
Western Donbas are characterized by the predominant occur-
rence in the adjacent coal-bearing strata of lithotypes with
persistent deformation creep; moisture-saturated and intense-
ly fractured argillite and siltstones are positioned as very soft
rocks, their texture is mainly thin and medium-bedded. Tak-
en together, these factors contribute to the active develop-
ment of rock pressure manifestations over a very long period
of mine workings maintenance.

The dependences of the increase in the convergence of
the roof and bottom U"2(t), as well as the sides US(t) in time t
is determined by Formulas (9) and (10), and the value of the
residual cross-sectional area constantly decreases and is
calculated by the same Expressions (5) and (6) by substitut-
ing values U"(t) and US(t) in them for the corresponding
period t of mine working maintenance:

U™ (t)=533(H/R)"" +(0.55H /R—0.8)(t—12), mm; (9)

US(t)=5.0(H /RY"> +(0.28H / R+2.7)(t—12), mm. (10)
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It is worth mentioning another rock mass behavior and
convergence tendency if the floor rocks are waterlogged,
what was investigated in the paper [51].

6. The given calculation expressions make it possible to
assess the mine working state in terms of the patterns of the
geomechanical factor influence on making the technical
decision on the feasibility of its further operation.

5. Conclusions

Analysis of the current normative methodologies and de-
velopments for predicting the parameters of the rock pressure
manifestations in mine workings, maintained outside the zone
of stope operations influence in conditions of weakly meta-
morphosed rocks and those close to them, makes it possible to
substantiate the fundamental methodological provisions for
the most reliable assessment of the mine workings state, tak-
ing into account the long period of its operation.

The new methodology is based on the generalized results
of mine instrumental observations, taking into account the
approaches of existing regulatory documents by means of
dividing the geomechanical situation according to two condi-
tions: texture and strength properties of lithotypes in the
adjacent coal-bearing strata; peculiarities of the rheological
process manifestations of its displacement development into
the mine working cavity.

A series of generalizing dependences of the mine work-
ing contour displacement development have been obtained,
which can be divided into four main groups according to the
criteria of the textural and strength properties of lithotypes in
the adjacent mass, as well as the type of their rheological
manifestations: decaying and persistent deformation creep.
For each group, using the methods of correlation-dispersive
analysis, empirical formulas have been determined for calcu-
lating the convergence of the roof and bottom of mine work-
ings, as well as their sides, depending on the geomechanical
criterion H/R of the maintenance conditions and the duration
t of this period.

The practical result of the research performed is a new
methodology for assessing the mine working state according
to the patterns of predicting the displacement of its contour.
The revealed correlation ratios make it possible to promptly
predict the residual section of mine working at any time of its
maintenance, which forms the geomechanical component of
its operational state assessment for making a decision on its
decommissioning or further maintenance.
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BYTiJIbHOT IIAXTH HA 0a3i OLIHKU reoMexXaHiyHOl CKJIAT0BOT

M. bapab6am, I. Canees, I'. CumanoBu

Merta. CTBOpHUTH KOMIUIEKCHY METOIUKY OIIIHKU CTaHy BHPOOOK Ha 0a3i aHaii3y 3aKOHOMIpHOCTEH 3CyBY i KOHTYpY IIpH BHpIIIEHHI 3a-
Jadi MiHiMi3anii pU3HUKiB IPH 3aKPUTTI BT UIBHUX IIaXT YKPaiHH.

Metoauka. Ha 6a3i KOMIUIIEKCHOTO aHaITi3y CBITOBUX 1 BITYM3HSIHUX TEHJCHIIH MPH OLIHII HACIIAKIB 3aKPUTTS IIaXT OOIPYHTOBAHO OC-
HOBHI ITOJIOKCHHSI BHKOPHCTAHHS METOJY IHCTPYMEHTAIBHHMX LIaXTHHX CHOCTEpEeXeHb. [Ipu BHpILICHHI 3afadi BPaxOBYIOTHCS MiIXOIH
HOPMAaTHBHHUX JIOKYMEHTIB IIPH MOALII TeOMeXaHIuHOI CUTYyalii 3a IBOMa yMOBaMHU: TEKCTypa Ta BIACTUBOCTI MIIHOCTI JIITOTHIIB NPHIIETIION
BYTJICBMICHI TOBIII Ta 0COOJIMBOCTI HPOSBIB PEOJOTIYHUX MPOLIECIB PO3BUTKY i 3pyIICHb.

PesyabTaTu. BunineHo reomexaHiuHi, TEXHOJOTIYHI Ta TiqPOTEOJIOTiYHI (AKTOPH, SKi € 000B’I3KOBUMH 10 BpaxXyBaHHS MPH 3aKPHTTI
BYTUTbHHX mIaxT. OOGIpyHTOBAaHO NPHHINIIOBI METOANYHI TOJIOXKEHHS 3 Ha{OUIBII JOCTOBIPHOT OIIHKM CTAaHy BHPOOOK 3 ypaxyBaHHAM TPH-
BaJIOTO Iepioy iX ekcruryaTamii. HaBemneHo KpuTepiil Ut IPUIAHATTS PillICHHS MOTAIlIeHHS BUPOOOK a00 X MoJambInoi miATPUMKH.

HayxoBa HoBH3HA. OTpUMaHO CiM’I0 y3arajbHIOIUHX 3aIEKHOCTEH PO3BUTKY 3CYBY KOHTYPY BHPOOKH, SIKi BUALICHO B YOTHPU OCHOB-
Hi TPYIH 32 KPUTEPISIMH TEKCTYPH 1 MIIHICHAX BJIACTHBOCTEH JIITOTHUITIB MPHUJIETIIOTO MACHBY, & TAKOX BHIY iX PEOJIOTIYHMX MPOSIBIB: 3raca-
104a i He3racaroya moB3ydicTh Aeopmaiit. [{ist KOXKHOI TPyIH 3a JOIIOMOTOI0 METOIB KOpEsiHHO-ANCTIEPCIHHOTO aHai3y BCTaHOBICHO
eMmipuaHi GOPMYITH IS pO3paxyHKyY 30JMKEeHb MOKPIBII i MifoBH BUPOOOK, 1X GOKIB, 3aJIe)KHO BiJ reoMexaHiuHoro kpurepito H/R ymoB
HIiITPUMKH i TPUBAIIOCTI t 1bOTO Mepiony.

ITpakTHyHa 3HaYUMicTh. OTpHUMaHi KOPENALiiHI CiBBIAHOIICHHS JO3BOJISIOTH MPOTHO3YBaTH 3aJMIIKOBHI Hepepi3 BUPOOKU B Oy/b-
KA MOMEHT 4acy ii miaTpuMku. BoHH € reoMexaHIYHOIO CKJIAJIOBOIO OLIHKY €KCIUTyaTallifHOTO cTaHy BUpOOKH. Pe3synpraToM mux mocii-
JDKEHB CTaJIo CTBOPEHHS HOBOT METOAMKY OLIIHKH CTaHy BUPOOKH 110 3aKOHOMIPHOCTSIM IIPOTHO3Y 3MIIleHH ii KOHTYpY.

Knrwouosi cnoea: waxma, gyeinns, cipuuia 6upooxa, 3miwyens, nopoou
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TeXHUKO-TeXHOJIOrHYecKHe aCIeKThl MPeKpalleHHus 1esiTeIbHOCTH
YroJIbHOM 1IIAXThI HA 0a3e OLleHKH FeMeXaHM4YeCKOoil cocTaBJIsIIOLIeH

M. Bapabam, 1. Canees, I'. CumanoBI4

Henn. Co3gaTh KOMIUIEKCHYIO METOANKY OLIEHKH COCTOSIHHSA BBIPAaOOTOK Ha Oa3e aHanM3a 3aKOHOMEPHOCTEH CMEIEHHs ee KOHTYpa IpH
pelIeHn! 3a1a9 MUHIMH3AI[N PICKOB IIPH 3aKPBITHA YTOJIBHBIX IAXT YKPanHbI.

Metoanka. Ha 6a3e KOMIUIEKCHOTO aHAIIN3a MHPOBBIX M OTEUECTBEHHBIX TEHJCHIMH IIPU OIEHKE ITOCIEACTBHI 3aKpHITHS IMIaxT 000C-
HOBaHBI OCHOBHBIE TTOJIOXKEHHS MCIIOJIB30BAHMSI METO/Ia MHCTPYMEHTANIBHBIX MIAXTHEIX HaOmoneHni. [Ipy perieHny 3agaun yIUTHIBAIOTCS
MIOJIX0/1bl HOPMATUBHBIX JOKYMEHTOB IIPU pa3JeICHUN F€OMEXaHUYECKOH CUTYyaluH IO JBYM YCIIOBHUSAM: TEKCTypa U IPOYHOCTHBIE CBOIICTBA
JUTOTHIIOB ONU3NEKalIell yrieBMeIlaronell TOIIM 1 0COOEHHOCTH MPOSBICHNH PEOTOTHUECKUX TPOIIECCOB PA3BUTHUS €€ CABIKEHUH.

Pe3ynbTaThl. Beigenensl reoMexaHHUECKUE, TEXHOJIOTUYECKHE U THAPOTEO0NIOorndecKie (hakTophl, KOTOPbIe 0043aTeNbHBI K yUeTy Mpu
3aKPBITHH YTOJBHBIX IIaxT. OO0CHOBAaHBI MPHHIUITHATIBHBIE METOINYECKHE MONOXKEHHUS IO Hanbolee JOCTOBEPHON OLIEHKE COCTOSHHUS BBI-
paboTOK € yueTOM JUTUTENILHOTO NMEPHOa UX 3KCIUTyaTanuu. IIpencraiaeH Kputepuit 1uisl MPUHATHS PELIeHHs MOTalleHHs BhIpaO0TOK MIn
HX JaIbHEHINEro NoJAepKaHHUs.

Hayunas noBu3Ha. [TomydeHs! cemelicTBa 0000IaONIMX 3aBUCHMOCTEH pa3BUTHS CMENIEHUH KOHTYpa BBIPAOOTKH, BBIJCICHHEIEC B Ue-
TBIPE OCHOBHBIC TPYIIIHI 110 KPUTEPHSM TEKCTYPHI H IPOYHOCTHBIX CBOMCTB JINTOTHUITOB OJIM3JIEXKAIIEr0 MAacCHBa, a TAKXKe BUILY UX PEOJIOTH-
YEeCKUX MPOSBICHUH: 3aTyXarollasi ¥ He3aTyXaromas oyi3y4decTs aedopmanuii. s Kakgoi TPyIITs! C TOMOIIBI0 METOI0B KOPPEISIIHOHHO-
JHCTIEPCHOHHOTO aHAIM3a yCTAHOBJICHBI IMIUPHUIECKUe (GopMyIIsl AT pacueTa COMIKEHUH KPOBIH U MOYBBI BBIPAOOTOK, MX OOKOB, B 3aBH-
CHMOCTH OT TeOMeXaHmdIeckoro kpurepust H/R ycinoBuil moanepkanus 1 ITUTEIBHOCTH t 3TOTO meproa.

IIpakTnyeckasi 3HaYUMOCTb. [losTydeHHbIE KOPPETAHMOHHBIE COOTHOIICHHUS MO3BOJIIOT MIPOTHO3MPOBATh OCTATOUYHOE CEUECHHE BBIpa-
60Tk B 000 MOMEHT BpeMeHH ee nojaepkanns. OHH SBISIOTCS T€OMEXaHUIECKOI COCTABIAIOMIEH OIEHKH YKCILTyaTallHOHHOTO COCTOS-
HUS BBIPAOOTKH. Pe3ynpTaToM 3THX HMCCIeOBaHUH SBHJIOCH CO3J[aHNE HOBOI METOIUKH OLICHKH COCTOSHHMS BBIPAOOTKH IO 3aKOHOMEpPHO-
CTSIM IIPOTHO3a CMEILIEHH ee KOHTYpa.

Kniouesvie cnosa: waxma, y2ois, 20pHas ebipabomxa, cmewers, nopoobsl
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