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Abstract

Purpose. Study the movement of waste rock flows in the coal mine technological system and determine the balance of rocks
and underground cavities formation from the perspective of the current mining operations development in order to assess the
possibility of leaving the rock in the underground area.

Methods. Based on the rank order of the Western Donbass mines, a coal mine has been chosen as the object of research in
terms of maximum output and ash content. An algorithm is proposed for analytical studies of determining the rock outcrop
in the course of stope, drifting and repair operations, as well as the prospective volumes of underground cavities for placing
the formed waste rocks per a calendar year. The algorithm is based on the actual state of mining operations and the indica-
tors of the stope and drifting faces of the mine, as well as the achieved modern mining-engineering parameters of the coal
seams mining.

Findings. It has been revealed that the main supply of waste rocks to the surface occurs as a result of stope operations with
rock undercut — 39% and underground mine workings — 33%. It is proposed to differentiate all waste rock outcropped after
mining operations into 2 categories: difficult to dispose of and prospective for disposal. It has been found that underground
cavities have enormous potential for stockpiling of all waste rocks, the volume of which is by 2.8-4.8 times higher than the
rock volume. It has been revealed that the most rational balance of waste rocks and cavities for leaving the rock in the mine
is formed along the Cio' seam. It has been determined that the full-fledged placement of rocks is limited by the scheduling
peculiarities of mining the reserves along the seams, which are made for the complete cave-in technology of coal mining.

Originality. For the first time, for one of the Western Donbass mines, the balance of formed waste rocks and potential un-
derground cavities, dynamically changing in time and space, has been determined.

Practical implications. The results obtained are useful for engineering new spatial planning solutions for the optimal
development of mining operations with the maximum possible rocks stockpiling in the underground area of mines.

Keywords: waste rocks, ash content, underground cavities, undercut, stope and drifting face, backfill, scheduling

1. Introduction

Ukraine is among the countries where a significant part
of the economy is based on the mineral-raw resources deve-
lopment [1]-[3]. The iron ore and coal industries are of great
importance to the country [4]-[6]. The iron ore industry,
through taxes and exports, provides revenues to the budget in
the amount of 2.9 billion dollars, the coal industry plays an
important role in ensuring energy independence — 1/3 of all
the generated energy is provided by burning coal at thermal
power plants (TPP). Most of the Ukrainian TPPs are
equipped with everything necessary for energy generation
using the G grade (gas) coal, which indicates the priority of
this type of coal for society and the economy. Despite the
current priority of generating electricity from renewable
sources, the share of coal in the global energy balance
remains significant — 36% [7]-[10] and, according to ex-
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perts [11]-[13], it will occupy this key position for a long
period of time. Development of alternative energy sources is
also considered in the future [14]-[16].

Potentially mined bituminous coal reserves amount to
over 33 billion tonnes, but 27 billion tons, or 80% of coal
reserves, are concentrated in seams less than 1.0 m
thick [17]-[19]. The development of thin coal seams is
accompanied by significant operating expenditures in the
mining process, as a result of which high production cost
figures are formed. Therefore, for the development of these
reservoirs in the world, in addition to traditional technolo-
gies, geotechnological mining methods are also used, such
as underground gasification [20], [21]. Otherwise, these
seams are referred to unpromising and are not subject to
commercial development.

When mining the medium-thickness seams and high-
thickness seams, to prevent the earth's surface deformations
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after the valuable reserves development (especially under
protected objects), as well as to improve the ecological situa-
tion, mining technologies with backfilling of mined-out area
are used [22]-[24]. At the same time, in the world, the seams
with a geological thickness of less than 1.0 m are not com-
mercially developed due to the classification of such seams
as non-commercial, and in Ukraine such seams are devel-
oped commercially, but there are no backfilling technologies
under given conditions [25]. Backfilling of the mined-out
area leads to reducing the stress in the rock mass and mini-
mizes the surface subsidence [26]-[28].

Forced waste rocks undercutting in the process of stope
operations forms an unproductive waste rock movement in
the mining flowsheet. Thus, instead of transporting coal with
a minimum natural ash content (10-15%), there is a techno-
logical need to transport these rocks along the conveyor
system of a coal mine: to load additionally the mine skip
winding, transport this rock mass to the processing plant and,
after the beneficiation process, supplement the existing mine
waste dumps with separated coarse rocks, which leads to new
automobile transport costs.

Significant waste generation is also formed as a result of
underground mining operations. As a result, waste accumula-
tions in the form of waste rock dumps, which occupy about
7 thousand hectares, are formed on the surface [29], [30].
Today, when mining 1000 tons of coal, the waste rock yield
is 500 tons. Along with the negative consequences of stock-
piling the rock on the surface, its delivery from the mine
requires the diversion of certain lifting equipment capacity.
The waste rock accumulation occupies valuable agricultural
lands, leading to environmental pollution, and requires the
owner to pay an environmental tax for the storage of each
1 ton of waste [31], [32]. When mining ore deposits, backfill-
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ing technologies are used [33], [34] in which rocks are suc-
cessfully utilized from the surface rock dump, and when
mining coal deposits, surface rock dumps are replenished
annually [35], [36].

The problematic aspects of mining the coal seams raise
the urgent issue of a radical revision of traditional technol-
ogies and existing approaches to coal mining, as well as
creation of new low-waste technologies, having a higher
level of economic and environmental mining efficiency.
However, for this purpose, the balance of the formed rocks
and underground cavities in the coal mine flowsheet should
be studied in detail.

2. Methods

A significant contribution to the total coal production in
Ukraine is made by the coal-mining region of the Western
Donbass (60%), where 10 coal mines operate [37] (Fig. 1).
The Western Donbass mines in terms of output, technical-
and-economic indicators and investments in production sig-
nificantly exceed the level of state-owned mines. Despite the
more productive performance of mines compared to the state
sector, the geological conditions of mining have deteriorated
significantly, and the total costs of coal extraction have in-
creased. This is caused by the small geological thickness of
the coal seams and the associated dilution of mined coal with
waste rocks (ash content).

The conditions of the Western Donbass, as well as of
Ukraine as a whole, are characterized by a significant pre-
dominance of coal reserves concentrated in thin seams. Not
less than 87.7% of the coal reserves are concentrated in the
seams less than 0.9 m thick, which leads to a decrease in the
mined coal quality.
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Figure 1. Layout of mine fields of PJSC “DTEK Pavlohradvuhillia” coal mines in the Western Donbass
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For example, in 2018, the average geological thickness of
coal seams in the Western Donbass mines reached 0.83 m with
an average ash content of 43%. The achieved ash content level
provides an additional supply of rocks to the surface in the
amount of 4.0-4.5 million tons per year, in addition to rocks
from mine workings. To this date, 11 waste dumps have been
accumulated on the surface, where about 100 million tons of
waste rock are concentrated on an area of 200 hectares [31].

The main reason for the ash content formation of coal dur-
ing mining is as follows. Most of the stope faces in the PJSC
“DTEK Pavlohradvuhillia” mines are equipped with domestic
complexes KD-80 and KD-90, foreign powered roof supports
OSTROJ and shearer-loaders UKD-200-250, UKD-200-400,
UKD-200-500, UKD-300, KA-200, and MB-410E [17], [37].
These measures for the mechanization of stope operation do
not allow mining of seams with a thickness of less than
1.05 m without undercutting the side rocks. This is condi-
tioned by the dimensions of the mechanized complexes and
the observance of the required height of free passage along
the longwall face for the service personnel. Thus, for exam-
ple, with an equal adopted extracting seam thickness of
1.05 m, the value of undercutting the rocks in the stope faces
when mining the Cio' seam (Zakhidno-Donbaska mine, shear-
er UKD 200-250) is 0.06 m, and during mining of the Ci;
seam (Heroiv Cosmosu mine, shearer KA-200) — 0.2 m.

Based on statistical data, the average undercutting value
in the faces is 0.24 m or 22.8% of the extracting seam thick-
ness, and in some cases in mines it reaches 0.3-0.4 m. High
undercutting value (0.32 m) is demonstrated in Figure 2,
which shows a section drawing of one of the stope faces in
the Blahodatna mine. Undercutting of the host rocks leads to
mixing the broken coal with the rock and deterioration of its
quality characteristics [38]-[40].
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Figure 2. Cross-section of the stope face in the Blahodatna mine

Also, a significant problem of the coal reserves mining is
the earth's surface subsidence, which occurs due to the for-
mation of shift troughs [41], [42], especially when mining
without backfilling the mined-out area. In the Pavlohrad
Region in the vicinity of the Bohdanivka village and the
town of Ternivka, as a result of undermining the territory of
the Ternivska, Samarska, Zakhidno-Donbaska mines, a
flooding zone with an area of about 17 km? has been formed.
Due to the subsidence of the undermined territories, the
groundwater level rose, which has led to waterlogging. The
depth of the groundwater level in the flooded areas ranges
from 1.1 to 3.0 m. The annual monitoring of the level of the
earth surface and groundwater shows that, in comparison
with 2018, the surface subsidence has increased by 0.15 m,
while there are no measures to prevent flooding [43]. Ac-
cording to some data, the earth's surface subsidence in the
flood-plain of the Samara River reaches 7.5 m. Similar pro-
cesses tend to occur also in the course of reserves mining in
other 7 mines of the Western Donbass.
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To develop a progressive low-waste technology for
mining the coal seams with the waste rocks stockpiled in the
underground mined-out area, the following scientific objec-
tives should be solved:

— identify the sources of formation and volumes of rock
flows movement in the technological system of a coal mine;

—assess the volumes of formed underground cavities
suitable for waste rock placement.

3. Research method

3.1. Substantiation and selection of the research object

To conduct a scientific-technical analysis of the rock flows
movement and certain underground space areas formation, it is
necessary to select a coal mine as an object of research. As a
criterion, it is proposed to use a specific indicator based on the
most important quantitative parameter of a mine — annual
capacity. As known, a coal mine produces rock mass (Arm),
which is a mixture of coal and waste rock. The indicator char-
acterizing the presence of waste rocks is called ash content. If
to know the values of the mine annual capacity and the value of
the mined coal ash content, a specific indicator is determined,
which shows the ratio of mined cleaned coal (A4ceal) O its ash
content (4ash), that is, to the content of waste rock. On the basis
of generalization and systematization of the performance indi-
cators from 10 coal mines of the PJSC “DTEK Pavlohradvuhil-
lia”, their rank order is given according to the ratio of mined
coal to its ash content or the content of waste rocks for a stable
period of their operation in recent years (Fig. 3).
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Figure 3. Rank order of the PJSC “DTEK Pavlohradvuhillia” mines
according to the ratio of mined coal to its ash content

As can be seen from Figure 3, the most favourable speci-
fic indicator Acca/Aash = 1.8 is observed in the Yuvileina
mine, which indicates that the coal content in the mined rock
mass is by 1.8 times higher than that of waste rocks. The
worst specific indicator Acoa/Aash = 1.0 is in the Heroiv Cos-
mosu mine, which indicates the equal content of both coal
and rocks in the mined rock mass (2.6 million tons were
mined with an ash content of 50%, of which 1.3 million tons
is coal, 1.3 million tons — rock). After the technological cycle
of coal beneficiation in Pavlohradska CPP to an indicator of
25% (according to the TPP requirements), the separated 25%
of rocks are supplied to waste dumps and tailing dumps on
the surface. Also, based on the maximum annual capacity of
all mines, it should be noted that the volume of underground
mine workings and the outcrop of these rocks to the mine
surface will also be the maximum due to the need to prepare
a significant part of the reserves for extraction.
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3.2. Analysis of mining-geological and mining-
engineering parameters of the mine development
with a high volume of waste rock outcrop

The highest volume of rock outcrop is observed during op-
eration of the Heroiv Cosmosu mine, which is located in the
Pavlohradsko-Petropavlivskyi coal-mining region of the Wes-
tern Donbass. Administratively, the mine is located on the
territory of the Pavlohrad region, the village of Verbky, 15 km
north-east of Pavlohrad city, Dnipropetrovsk oblast (Fig. 4).
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Figure 4. Heroiv Cosmosu mine location

Commercial reserves of the Heroiv Cosmosu mine field ac-
count for 68%, and non-commercial reserves — 32% of total
reserves. The mine has 14 coal seams on its balance sheet. Coal
reserves in seams less than 0.80 m thick are almost 190 million
tons, of which in seams: 0.50-0.59 m — 5.1%; 0.60-0.80 m —
39.8% (Fig.5). Seven coal seams, namely Ci, Cio, Co, Cs®,
C7®, Cs, Cy are of commercial significance. Mining operations
in the mine are conducted across the seams Cy1, C1o' and Co.
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Figure 5. Structural columns of coal seams development in the
Heroiv Cosmosu mine: (a) seam Cu1; (b) seam Cuo;
(c) seam Co

The main roof is represented by interlaying of argillite, silt-
stones and sandstones with the same physical and mechanical
characteristics as the immediate roof. The false roof, when
mining the seam, extends over the entire area with a thickness
of up to 0.15 m. The seam bottom is represented by argillite, up
to 0.5-2.0 m thick, with a compressive resistance of up to
10 MPa. Siltstones and sandstones occur below the argillite.
The compressive resistance ocompr Of argillite averages 18 MPa,
siltstones ocompr — 18.5 MPa, and sandstone oeompr — 32 MPa.
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Scheme of a mine field exposure. The mine field is exposed
through two centrally doubled vertical shafts. Ventilation
scheme is central. A method of ventilation is suction. The
length of the longwall face is 220-250 m. The preparation of
the mine field is horizon-oriented. The seams Cio' and Cy; are
prepared using the grouping main mine workings, a similar one
is designed for seams Co and Cg°. Extraction panels are mined
in a staggered ordering through the pillar and with extraction
drifts driven by undercutting, as well as sequential or repeated
use of mine workings. The extraction panel length reaches 800-
1600 m, parameters of stope operations are given in Table 1.

Table 1. Parameters of stope operations on the seams

Sea Geological thickness Mining Daily rate of
Extracting thickness equipment mining, t/day
Cu % support KD-90,
0 83' 110 shearer KA-200,
t V.0o"L..lU _
C1o 105 conveyor SP-251 2000-2500
) support KD-99,
Co % shearer KA-200,

conveyor SP-251

Tunnelling machines of the 1GPKS type, such as KSP-32,
KSP-35 and EBZ-16, are used for driving the main and ex-
traction mine workings. In the mine, to ensure the main cargo
flow, a complete conveyerisation system with belt conveyers
of 2LT-80, 1LT-80, 1L-80, 2LTP-1000KSP, 1L-100K,
2LB-120, 2LT1000U, 1L.1000-01 type is used, starting from
the stope faces to the loading device of the main shaft. Main
and extraction mine workings are fastened by frame and
frame-roof-bolting support.

The conditions of the mine field exploitation are com-
plex, a complicating factor is the occurrence of soft rocks,
which sharply lose their strength when are watered. The
seams Cy, C1o' and Cy3, which are the main commercial ones,
are relatively sustained in terms of thickness and area of
distribution among the 14 coal seams that are on the mine’s
balance sheet.

3.3. Algorithm for analytical studies of rock
volumes and mined-out area in mines

The purpose set has been achieved using analytical tools,
based on the actual state and position of mining operations,
actual performance indicators, as well as the achieved mo-
dern mining-engineering parameters of the coal seams min-
ing in the Heroiv Cosmosu mine. An analytical assessment
of the volume of waste rock outcropping and formed under-
ground cavities is given for a calendar year at a stable level
of the planned mine production capacity of 2.6 million tons.
A detailed analysis of the mine’s flowsheet leads to conclu-
sion that the waste rock movement from the mine to its sur-
face occurs as a result of functioning the production process-
es during underground mining — stope operations, mine
workings and mine workings repair.

3.3.1. Determining the volume of rocks
outcrop from stope operations

To determine the volume of waste rock outcrop in the
course of stope operations, the following parameters are
analysed: quantity of mined longwall faces (pcs); longwall
face length (m); stope face advance (m/year); structural col-
umn of the seam and rocks of each longwall face; geological
thickness of the seam (m); extracting thickness of the seam
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(m); parent ash content of the seam (%); thickness of under-
cut bottom rocks (m); stope face advance (m/month); coal
density with account of the seam ash content (t/m3); density
of undercut bottom rocks (t/m?3); false roof thickness (m),
density of roof rocks caved (t/md). The actual data of the
mine on mining operations and stope faces advance on a
monthly basis are used in the research.

The volume of rocks formation, taking into account the
specified mining-engineering parameters, is studied in the
stope faces on the working seams Cy — 913, 952, 961; Cio' —
1026, 1054, 1071, 1086; Cu1 — 1160, 1158. The waste rock
movement from the stope faces occurs due to the presence of
natural parent ash content in the seam, the need to undercut the
host rocks, as well as the false roof caving during coal mining.
The coal seam of the extraction site contains rock inclusions
and waste rock interlayers called parent ash. The computation-
al scheme for determining the volumes of waste rock for-
mation during the stope operations is shown in Figure 6.
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Figure 6. Computational scheme for determining the volume of
rocks outcropping from the stope face of the extraction
site: me — extracting seam thickness, m; A4 — parent ash
content, %; ms— caved rocks layer of the false roof, m;
Li - longwall face length, m; mu — thickness of undercut
bottom rocks, m; Vi — longwall face advance per year, m

The total rock outcrop from the extraction site Qo is
determined:

Qot =Q+Q+Qs, 1, 1)
where:

Qi1 —natural rock inclusions in the seam (parent ash
content), t;

Q2 — caved rocks of the false roof, t;

Qs — rocks of undercutting, t.

The volume of rock outcrop as natural inclusions of the
seam Q is determined:

Aﬁ Acr

’ tl
100

)
where:

Aq — parent ash content of the coal seam, %;

Acr.— commercial coal reserves of the extraction site, t.

The volume of rock outcrop due to caving of the false
roof Q; is determined:

Q=m¢-L-Vypysot,

where:
ms — thickness of the caved rock layer after the shearer
operating member passage, m;

®3)

70

L — longwall face length, m;

Vi — longwall face advance per year, m;

7t — false roof rocks density, t/m?3.

The volume of rocks from the bottom rocks Qs undercut-
ting is determined:

Q=my-4V 7t

where:

m, — thickness of undercut bottom rocks, m;

L — longwall face length, m;

Vi — longwall face advance per year, m;

yun — Undercut rocks density, t/md.

Taking into account all the sources of rock formation
from the stope faces, it is possible to quite objectively assess
the ash content, close to the actual one, and, accordingly, the
formation of waste rock flow onto the surface, with a high
probability corresponding to the fact.

(4)

3.3.2. Determining the volume of rocks
outcrop from mine workings

To determine the waste rock outcrop during the process
of mining operations, the following parameters are analysed:
excavated cross-sectional area of a mine working (m?); coal
face area (m?); density of roof and bottom rocks (t/mq); mine
working length (m).

The volume of rocks formed, taking into account the
specified mining-engineering parameters, is studied in drif-
ting faces across the working seams Cq: 911, 917, 954, 961,
967 haulage and ventilation drifts and 919 ventilation drift;
Ciot — 1026 haulage and ventilation drifts, 1086; C1; — 1160
haulage drift and by-pass. The waste rocks movement from
the drifting faces occurs mainly due to the total extraction of
the coal seam and rocks by the operating member of the
tunnelling machine. Broken rock with coal from the drifting
face is delivered to the surface in a single traffic flow and is
stockpiled in a rock dump. In the course of work, only the
rock flow from the drifting face is determined, since coal is a
valuable component in the dump and can be recovered in the
near future [44]. The computational scheme for determining
the volumes of waste rock formed during the mine working
is shown in Figure 7.

} W

Figure 7. Computational scheme for determining the volume of
rocks outcrop from the drifting face: Sr—rock face area
of roof, m?; yr—density of rocks of roof, t/m3; Sc — coal
face area, m?; yc —density of coal seam, t/m?; Sp—rock
face area of bottom, m?; y» — density of rocks of bottom,
t/m3; m — coal seam thickness, m; Wuw — excavated mine
working width, m; Lw—length of mine working with
rocks heaving, m
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The volume of rocks outcrop from mine workings con-
ducted across the seam, is determined:

Qus. :(SW_SC)'L'% t,

where:
S — excavated cross-sectional area of mine working, m?;
S — coal face area of mine working, m?;
Sw—Sc = Srock — rock face area of mine working, m?;
L — longwall face advance per year, m;
y — density of roof and bottom rocks of mine working, t/m3.
The volume of rocks outcrop from mine workings con-
ducted on the waste rocks is determined:

Quws. =Smw. L7t (6)

Taking into account all the mine workings conducted dur-
ing the calendar year according to the mining plan, it is pos-
sible to most accurately determine the volume of rocks out-
crop from the drifting.

Q)

3.3.3. Determining the volume of rocks outcrop
in case of ripping the bottom of mine workings

As a consequence of the intense rock pressure manifesta-
tion caused by the great mining depth (300-600 m) and the
occurrence of soft host rocks of argillite and siltstones, capa-
ble of losing strength when exposed to water, the bottom
rocks of mine workings can heave. With the value of bottom
heaving in the mine working of 0.5 m, there is a technological
need for ripping the heaven bottom, which is also supplied to
the dump on the surface. The rocks heaving is especially
active in the mine workings used repeatedly, intensifying
ahead and behind the stope face. In the extraction mine work-
ings, which are abandoned behind the longwall face, the in-
tensity of bottom heaving is less, and there is no need in rip-
ping the bottom. The greatest rock pressure manifestations in
the Western Donbass are observed in the Zakhidno-Donbaska
mine, Stepova mine, Heroiv Cosmosu mine. The value of
heaving in the extraction mine workings is within 1.0-1.5 m.

The research is focused on the heaving of bottom in the
extraction mine workings only, since 80% of the repair work
accounts for bottom ripping of the extraction mine workings,
which are used repeatedly [45], [46]. The stability of the
main in-seam workings is much higher. Based on the analy-
sis of the mining plan for studied calendar year, the extrac-
tion drifts were repeatedly used only in the 1054 and 1160
longwall faces, in the rest they are abandoned.

The volume of rocks outcrop after ripping the bottom of
mine workings over its entire width is determined:

Qus. =Wy -hy Ly 75, &,

where:

W,, — excavated mine working width, m?;

h, — height of bottom rocks ripping, m;

Lw —length of mine working with rocks heaving, m;

7 — density of bottom rocks of mine working, t/m?.

When expressing analytically, it is possible to quite ac-
curately determine the volume of rock outcrop after ripping
the bottom. It should be noted that, in comparison with the
rock outcrop in the process of stope and drifting operations,
the volume of rock outcrop after ripping is an order of
magnitude lower.

()

71

3.3.4. Determination of prospective underground cavities
volumes for the possibility of placing the waste rocks

To plan the maximum capability of stockpiling the rock
in the mined-out area of a mine through its filling or placing,
it is necessary to know about potentially promising volumes
of formed underground cavities. A peculiarity is that the
volumes of cavities are constantly changing in time and
space with the development of mining operations in the mine
field. Therefore, to achieve a complete balance “formation —
disposal of rocks”, it is necessary to foresee certain spatial
planning transformations when preparing the mine field.
However, first of all, a practical task should be set — to find
out the physical ability of the maximum possible placement
of the formed waste rocks in the formed underground cavi-
ties of the mine per a calendar year.

The volume of the formed mined-out area Q,1 during the
stope operations is determined:
inz(me"'mf )'LI Vi, m?, (8)
where:

m. — extracting seam thickness, m;

m; — caved rocks layer of the false roof, m;

L — longwall face length, m;

V,, — longwall face advance per year, m.

There are technologies for mining the seams with back-
filling and new ones are being developed that allow to form a
rock pack under the protection of the reverse cantilever to the
width of the shearer gripping, that is, to the full thickness of
the seam, without the immediate roof rocks subsidence and
reducing the volume of cavities for backfilling.

A promising direction for the possibility of waste rock ac-
cumulation is its placement in the cavities of abandoned mine
workings, especially the extracted mine workings, following
the longwall face advance. A peculiarity is that behind the
longwall face, a section of the mine working decreases due to
the destroyed rocks pressure in the massif behind the longwall
face. It has been determined that behind the longwall face in
the conditions of the Western Donbass mines [47], [48], the
cross-sectional area of mine working decreases to 60-70% of
the initial design state, which should be taken into account
when placing the rocks in these abandoned mine workings.

The volume of cavities of the abandoned mine working
behind the longwall face Q. when conducting mine work-
ings, is determined:

Qup =0.7-S,,- Ly, , M3,

where:

Sw— excavated cross-sectional area of mine working, m?;

Lw — mine working length, m.

To determine the preliminary possibility of placing the
formed waste rocks in the formed underground cavities of
the mine, it is necessary to take into account the coeffi-
cient of loosening the rocks broken by shearers and tun-
nelling machines, which require a larger volume of cavi-
ties. For shearer-loaders, the coefficient of loosening is
taken as 1.2-1.3, for tunnelling machines 1.4-1.6 [49]. To
determine more accurately, it is necessary to perform a
series of experimental studies of the particle-size distribu-
tion of the broken rocks by specific models of shearers
and tunnelling machines.

©)
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4, Research results and discussion

4.1. Assessing the volumes of waste rock flows movement
and identifying the sources of their formation

During the analysed calendar year of the mine operation
along three working seams Co, Cio!, Ci1, Stope operations
were conducted in 9 stope faces — 5 extraction panels were
fully mined-out, and 4 — incompletely mined-out, which is
explained by the calendar year changeover. The mine pro-
duction capacity amounted to 2.55 million tons of rock mass,
of which 2.25 million tons were mined from the stope faces,
and almost 300 thousand tons from the drifting faces. A
peculiarity of the mine is that the rock mass from the stope
faces and the faces of preparatory mine workings is trans-
ported by sectional conveyors to one main conveyor. Here it
is mixed and moves through the complete conveying system
to the mine shafts, and from the drifting faces of the mine
openings — separately, by locomotive transport. The rock
mass from the drifting faces significantly increases the ash
content of the mined rock mass (from 37 to 42.5%), which in
the perspective requires the separation of traffic flows. Nev-
ertheless, in further research, the waste rock flows are differ-

entiated in terms of different specifications of the stope and
drifting operations.

Shearer-loaders KA-200 in the faces perform the bulk
mining along the entire extracting thickness of the coal seam
of 1.05 m. In the studied stope faces, undercutting of bottom
rocks by a shearer-loader to a value of up to 0.33 m was
noted, as well as constant caving of the false roof rocks of
the seam (soft argillite) into broken coal with a thickness of
0.06-0.09 m. The most important sources are studied of
waste rock supply from stope faces as part of the transported
mined rock mass, namely, the rocks of seam ash content,
caved rocks of the false roof and bottom rocks of the seam,
undercut by a shearer. Table 2 presents the results of detailed
analytical studies on identifying the volumes of waste rocks
and the sources of their formation in the composition of the
mined rock mass per a calendar year in the Heroiv Cosmosu
mine. It should be noted the high convergence of the ash
content value of the rock mass from the stope faces when
comparing the actual data of the mine (36.5%) with analyti-
cal calculations (37.7%), which indicates an adequate task
setting and a methodological apparatus used.

Table 2. Research results of waste rock formed as a result of stope operations conducted for a calendar year

LOI’]g Acr, Arm., Ql, Q2, Q3,
Seam wall mem M 4% Lym Vam mpm msm yeoaly - Vb Nt ths. ths. ths. ths.
face m tm®  Um® - tm tons tons tons tons tons
913 0.78 270 561 0.06 0.27 127 231 236 1504 2742 135 2099 96.5
Co 952 1.0 90 196 840 0.07 005 127 233 237 2091 2466 188 26.85 195
961 0.91 250 651 0.07 01 127 235 237 188.1 276 169 26.77 38.6
1026 0.89 250 499 0.06 016 125 233 235 1381 2108 111.0 1744 46.9
Cuot 1054 1.05 0.90 8.0 250 929 0.07 0415 125 238 234 2613 3905 209 38.7 81.5
1071 0.87 270 59 009 018 125 235 234 1732 26.4 1.4 3.36 6.7
1085 0.92 250 1346 0.07 013 124 235 235 3839 5445 30.7 5535 102.8
Cuy 1158 0.72 13.0 250 147 0.06 033 129 232 238 341 69.0 41 51 28.9
1160 0.72 250 447 0.06 033 129 233 238 1038 2118 124 15.6 87.7
Rock outcrop volume by category 129.9 2101 509.1
Total rock outcrop volume 849.1

"Q1 — rock outcrop volume from parent ash content of the seam, thousand tons; Q2 — rock outcrop volume from caving, thousand tons;

Qs —rock outcrop volume from undercutting, thousand tons

A comprehensive study of the most important technical
and geometrical stope faces parameters for a calendar year,
their advance velocities, physical-chemical characteristics of
rocks and the seam make it possible to determine the amount
of waste rocks formed during stope operations — 850 thou-
sand tons, which is 37.7% of mined coal ash content. Waste
rocks in the composition of mined coal perform an indicator
of operational ash content and, with its high values, prede-
termine the need to use technological processes of beneficia-
tion, which affects the cost of coal mining. Based on the
Table 2 data analysis, it is possible to conclude that the larg-
est waste rock volume in the process of conducting the stope
operations accounts for the forced undercutting of bottom
rocks by a shearer-loader (60%). It has also been revealed
that 24.7% accounts for the false roof caving after the pas-
sage of the shearer operating member along the entire length
of the stope face and 15.3% is the natural ash content of the
coal seam. The structure of rock outcrop from the stope faces
is shown in Figure 8.

It should be noted that the rock outcrop structure is sig-
nificantly influenced by the geological thickness of the seam,
as well as the host rock structure of the roof and bottom.
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= Seam ash content
" Roof rocks caving

= Bottom rocks undercutting

Figure 8. Structure of the waste rock outcrop distribution when
conducting the stope operations

Thus, with an increase in the coal seam geological thick-
ness and the absence of a false roof, the mined coal ash con-
tent will be an order of magnitude lower. Therefore, the
research results are valid only for the mine field of the stu-
died mine, which contains the seams Cy, Cio!, Cu1.

There are various methods to reduce the waste rock move-
ment in the mined rock mass. It is possible to reduce the mined
coal ash content by creating underground coal beneficiation
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systems with leaving or backfilling the rocks in the mined-out
area. Also, a promising method is chemical strengthening or
undercutting by a shearer-loader of the seam roof rocks (instead
of bottom rocks) with the extraction of the false roof, followed
by a more stable roof — immediate. However, it is possible to
fundamentally reduce the waste rocks proportion in the rock
mass by using new options for selective mining technology
with backfilling of the mined-out area [50], [51]. This will
make it possible to extract coal with an ash content sufficient
for the technological requirements of TPPs.

The basis for performing the stope operations is the time-
ly preparation of new coal reserves by creating a front for
drifting operations for mine openings and preparatory mine
workings, as a result of which there is a constant formation
of waste rocks. So, for the studied calendar year, 17000 m of
mine workings were driven, of which 13300 m were prepara-
tory mine workings, 3700 m — mine openings. The parame-
ters of all mine workings of the mine have been studied, taken
into account that the mine working was conducted across the
seam or waste rocks with the introduction of the hard heading
coefficient. Table 3 presents the results of detailed analytical
studies to identify the waste rock volumes and the sources of
their formation as a result of drifting operations across the
seams. The largest volume of preparatory mine workings was
conducted along the Cq seam, where it is also noted its higher
share in the coal output distribution in the mine.

According to Table 3, it has been determined that about
430 thousand tons of waste rock, formed in the drifting faces,
is supplied to the surface through the mine transport systems.
The waste rock from drifting operations moves as follows.
From the faces of the preparatory mine workings, a mixture
of waste rock with coal (70/30) is transported by a sectional
conveyor to the main conveyor, where the rocks after drifting
are mixed with the mined rock mass and delivered to the
shafts. When lifted by coal skips, the mined rock mass with
an ash content of 42.5% is transported to the processing
plant, where waste rock is separated: large fractions return to
the waste dump, small fractions — to the tailing dump. From
the faces of mine openings, clean waste rock in trolleys is
delivered by locomotives to the shafts into rock skips, after
unloading to the surface, they are transported directly to the
rock dump. The structure of rock outcrop from drifting faces
is shown in Figure 9.

= Seam ash content
= Roof rocks caving

= Bottom rocks undercutting

Figure 9. Structure of the waste rock outcrop distribution when
conducting the drifting operations

It follows from Figure 9 that when conducting mine
workings, the volume of waste rock outcrop is represented
by 63% from the faces of the preparatory extraction work-
ings, and 37% — from the faces of the mine openings (cross-
cuts, slopes, main drifts).
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Table 3. Research results of waste rock formed from drifting
operations per a calendar year

. . Sw, Lw, b2 Srock, Qex, ths.
Seam Mine working M omumt % tons
Preparatory mine workings
911 haulage road 170 100  5.23
911 ventilation drift 80 100 246
917 haulage road + raise 1720 65  34.40
917 ventilation drift 320 65 6.40
919 ventilation drift 180 100 554
954 haulage road 500 65 10.00
Co 954 ventilation drift 750 235 65 15.00
961 haulage road + raise 700 65 14.00
96_1 ventilation drift + 970 65 19.40
raise 131
963 haulage road + raise 1370 65  27.40
963 ventilation drift 1050 65  21.01
967 haulage road + raise 1070 65 2141
967 ventilation drift 900 65 18.00
1026 haulage road 315 60 5.79
Cul 1Q26 ventilation drift + 556 234 60 1022
raise
1056 haulage road 1480 60  27.22
1160 haulage road + raise 960 57 16.98
Cu 2.37
1160 by-pass 260 100 8.070
Total by preparation 268.50
Mine openings
2 Western main haulage
drift horizon 370 m 19.55%0 2520
Northern haulage cross-
cut (NHC) horizon 470 m 19.5 1010 46.30
incline at NHC horizon 131 190 584
470 m
1 Western main belt entry 195 380 17.40
horizon 370 m
2 Western main drift
chi horizon 350 m 195 515 - 23.60
le1, Northern belt incline 195 140 T 640
Haulage cross-cut #6
horizon 470 m 19.5 400 18.30
2 Western main belt entry 195 205 9.40
horizon 470 m
6 Western main haulage
drift (WMHD) horizon 19.5 60 2.75
470 m
incline at 6 WMHD
horizon 470 m 131 65 2.00
Total by uncovering 157.20

It should be noted that in modern coal mines, where there
are 4 stope faces in simultaneous operation, at least 8 drifting
faces of preparatory mine workings should function in order
to timely prepare a new front of stope operations (with re-
peated use — 4 pcs). Thus, if there are 2-3 stope faces, then
the required number of drifting faces also decreases propor-
tionally, hence, the volume of rock outcrop from the prepara-
tory faces decreases and the structure shown in Figure 9 may
change significantly.

The production process, resulting in an additional volume
of rock outcrop, is the repair of mine workings, namely, the
bottom rocks ripping. The bottom rocks ripping is conducted
mainly in repeatedly used extraction mine workings, which are
exploited when mining two longwall faces. If the extraction
mine workings are abandoned immediately after the longwall
face advance, then in this case heaving ahead of the longwall
face does not exceed the critical value due to its rapid mining
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(the panel length is 800-1000 m). Thus, during the studied
calendar year, the bottom ripping with a length of 1360 m was
performed in 1054 and 1160 haulage roads to a height of
1.0 m, along the width 4.3 m of mine workings, and also par-
tially in other main mine workings. The volume of waste rocks
outcrop from bottom ripping amounted to 25.0 thousand tons.

A comprehensive analysis of the waste rock flows
movement in the coal mine technological system made it
possible to identify the sources of their formation and quanti-
fy their influence on the waste rock accumulation on the
surface, which is represented in Figure 10.

Analysis of Figure 10 provides an important concept of
the isolated movement of waste rock flows in the Heroiv
Cosmosu mine. It has been determined that the greatest sup-

ply of all waste rocks to the surface occurs due to the stope
operations with the bottom rocks undercutting — 39% and
underground mine workings to prepare new coal reserves for
extraction — 33%, other sources in comparison have a small
specific weight within the range of 2-6%. This evidences that
in order to solve the problem of achieving low-waste in coal
mining technology, it is first of all necessary to improve and
modernize the flowsheets of stope and drifting operations
with the waste rock placement in underground cavities. To
assess the possibility of reducing the volume of rock out-
cropping to the surface, the waste rock flows should be con-
sidered in detail separately, since, it is possible, using a num-
ber of technical solutions, to influence directly in under-
ground conditions on their amount.

Waste rocks outcrop
on the daylight surface
1.3 mln.t/year

Bottom rocks undercutting

coal seam

39%

draw
e

16%

10%

ash-content coal seam

Driving of underground
mine workings

Bottom rocks ripping
~of'mine workings

|
|
|
|

Figure 10. Sources of waste rock supply to the surface from the mine flowsheet

By the nature and complexity of implementing the potential
technical solutions, which are related to the rocks placement in
the underground space, the entire volume of waste rock outcrop
from the mine can be differentiated into 2 categories:

—rocks which are difficult to dispose of — they also in-
clude waste rocks from the roof rocks caving and seam ash
content rocks. Their placement in the underground cavities
leads to technological difficulties and economic expenditures
associated with the designing and construction of under-
ground coal processing complexes, as well as technologies
for chemical roof management. This also will not fundamen-
tally solve the problem of leaving the rock in the mine, since
their volume does not exceed 26% of the total amount of
waste rocks supplied to the surface. It is also technologically
easier to leave the waste rocks in the face immediately after
their extraction than to return it to the mined-out area of the
longwall face after underground beneficiation;

—rocks prospective for disposal — they include undercut rocks
in the stope faces, rocks after bottom ripping in mine workings,
the proportion of which in the total rock flow is 74%. They are
proposed to be considered as prospective for disposal. In addi-
tion, their disposal has economic and ecological significance.
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4.2. Assessing the volumes of the formed underground
cavities prospective for the rocks placement

Technological solutions for the disposal of waste rock of
undercutting should be based on the selective breaking-out
by a shearer. When supplying from the longwall face through
special simplified equipment, the waste rock should be used
for backfilling the cavities of the mined-out area behind the
longwall face. Disposal of the rocks from mine workings
should involve technological solutions for the rational
movement of these rocks and their placement in the cavities
of the nearest extraction mine workings behind the longwall
face, which, according to the mining plan, should be decom-
missioned. These solutions should largely be based on the
improvement of the coal reserves preparation scheme and the
new location of mine workings in the area. The rocks after
the bottom rocks ripping, mainly from extraction mine work-
ings, with the help of new devices can be directed and added
to the rocks of the rock flow from the longwall face, which
are used for backfilling of its mined-out space. To develop
these technologies, it is necessary to know the balance of the
formed underground cavities in the mine to assess the possibi-
lity of maximum complete placement of waste rocks in them.
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Based on the results of analytical studies according to the
methodology, the potential volumes of mined-out space have
been determined, in which it is theoretically possible to place
waste rock (Table 4). Underground cavities were formed after
stope operations in 8 longwall faces with the simultaneous
formation of mined-out space and 16 extraction mine work-
ings, which were abandoned following the longwall face
advance. As can be seen from Table 4, the volume of cavities
in the mined-out space of longwall faces is by 19 times high-
er than the volume of cavities of abandoned mine workings.

Table 4. Research results of the underground cavities formed after
mining operations

. Volume
Seam Type Obj ect of cavities,
of cavities of formation 3
ths. m
mined-out space 613, 952, 961
536.4
of longwall faces longwall faces
Co abandoned mine 913, 952, 961
workings behind haulage roads and 33.6
the longwall face ventilation drifts
mined-out space 1026, 1054, 1071, 796.0
of longwall faces 1085 longwall faces '
Ciot abandoned mine 1026, 1071, 1085
- . haulage roads and
workings behind A - 38.8
the lonawall face ventilation drifts;
g 1054 ventilation drift
mined-out space 1158, 1160
165.3
of longwall faces longwall face
Cu abandoned mine 1158 haulage road
workings behind and ventilation drift; 6.0
the longwall face 1160 haulage road
Total volume of cavities in the mined-out space
1497.7
of longwall faces
Total volume of cavities in the abandoned mine 78.4
workings behind the longwall face )
Total mine volume of cavities 1576.1

The main peculiarity of the formed underground cavities
resulting from mining the coal deposits is their constant dy-
namic change in space and time. When mining, for example,
ore deposits, the cavities formed from the mined stope cham-
bers are static, and the solidifying backfill can be fed into
them after 1-1.5 months, therefore, the stope and backfilling
operations are separated in time and space [52]-[54].

When mining a coal seam, after a cycle of extraction to
the width of gripping by the shearer operating member, the
powered roof support sections move to the newly formed
face plane, and the rocks of the immediate roof at once col-
lapse into the mined-out space. Thus, the cavities of the
mined-out space of the longwall faces are potential for plac-
ing the waste rocks. To do this, it is necessary to have time to
place the selectively separated rock in the face immediately
into the mined-out space of the longwall face before per-
forming a new cycle of seam extraction. The number of ex-
traction cycles per day can reach from 4 to 8 pcs, depending
on the length of the longwall face and the equipment used. If
the undercut rocks from the stope operations can potentially
be immediately backfilled into the mined-out space, then the
rocks from the drifting face must be moved to mine working
that is to be abandoned behind the longwall face. As for the
cavities of the abandoned haulage roads and ventilation drifts
behind the longwall face, the mine working is abandoned
once a day at a distance equal to the daily longwall face
advance. In this case, a new flowsheet for the delivery and
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placement of waste rocks after mine workings, which can
potentially be stockpiled in the abandoned mine workings,
should take this aspect into account.

4.3. Research into balance of formed rocks
and underground cavities in relation
to mining operations development

To assess the possibility of placing the waste rocks pro-
spective for disposal (backfilling) into prospective under-
ground cavities, the formed volume of waste rocks is conver-
ted from (t) to (m®), taking into account the coefficient of loo-
sening. Due to the fact that mining operations in the mine are
intensively changing in space and in time, a balance has been
drawn up of the simultaneous formation of prospective waste
rocks and cavities for each calendar month of the year (Fig. 11).
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Calendar month
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m Total volume of rocks promising for backfilling
® Total volume of cavities promising for backfilling

Figure 11. Dynamics of the formed total rock volume and under-
ground cavities, promising for backfilling

From Figure 11 analysis, it can be seen that the volume of
waste rocks promising for placing in cavities varied monthly
within 22.9-44.1 thousand m?, and prospective underground
cavities — within 111.4-141.6 thousand m®. The values varia-
tion is primarily caused by commissioning into operation and
decommissioning of longwall faces with different parame-
ters, idle time during commissioning of new longwall faces,
the difference in the rate of stope and drifting faces advance.
It has been determined that underground cavities have a
colossal potential for the placement of waste rocks from
stope, drifting and repair works, the volume of formation of
which is by 2.8-4.8 times higher than the volume of rocks
formation. Thus, during each month of the year there will not
be a lack of underground cavities, and given the indicators of
the “cavities-rock” balance difference, it would be more
correct to leave the rocks in the mine instead of backfilling.

Based on the fact that the formed rocks, prospective to be
left in the underground space of mines, have varied source of
formation (stope and drifting works), and they are supposed
to be placed in different types of underground cavities. Con-
sequently, different variants of the balance change dynamics
have been drawn up (Fig. 12).

From Figure 12 a analysis, it can be seen that with ac-
count of the volume of waste rocks formed from undercut-
ting the bottom rocks, the cavities of the mined-out longwall
faces have a significant reserve for their placement. With an
averaged value of bottom rocks undercutting of 0.2 m over
8 mined longwall faces, the volume of their cavities for-
mation exceeds the waste rock outcrop by 3.8-10.0 times.
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Figure 12. Dynamics of forming the volume of undercut rocks of
and cavities of the mined-out longwall faces (a) and the
volume of rocks from extraction mine workings and
cavities for the existing extraction mine workings (sup-
posed to be abandoned) behind the longwall face (b)

This indicates that with the improvement of the selective
technology of mining the reserves with backfilling, it be-
comes possible to involve into operation the coal seams with
a lower geological thickness of 0.5-0.8 m. In this case, even
with the value of undercutting of 0.5 m, it is possible to place
all the rock in the cavities of the mined-out space.

From Figure 12b analysis, it can be seen that the volume
of rocks formed when conducting 18 new extraction mine
workings per a calendar year is by 2.1-3.0 times higher than
the volume of cavities formed when decommissioning
14 extraction mine workings following the longwall face
advance. The noted imbalance is caused by the significant
influence of the coefficient of rocks loosening (ki = 1.5) on
the increase in their volume in the destroyed state after the
destruction of the face by the tunnelling machine. From this
it follows that the cavities of the abandoned extraction mine
workings do not allow to place the entire volume of waste
rock outcrop from the drifting faces, which requires new
technical solutions. To solve this issue, it is necessary to
develop a technical solution for the placement of excess
volume of rocks from drifting operations in the cavities of
the mined-out longwall faces, along with the placed waste
rocks from the bottom rocks undercutting.
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For a detailed qualitative and quantitative analysis of the
cavities and waste rocks movement, their balance has been
compiled separately for the simultaneously mined seams Cs,
Cit, C11 (Fig. 13a-c). A specificity of the technology for coal
mining in the mine is that 3 coal seams are mined simultane-
ously, on which 4 stope faces and 8 drifting faces of extrac-
tion mine workings operate at the same time.
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Figure 13. Dynamics of forming the volumes of rocks and cavities
for a calendar month across the coal seams: (a) seam
Co; (b) seam Cid; (€) seam Cu
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Their position is constantly changing over the area of the
mined seam, or the faces completely move to another seam
in order to comply with the geomechanical safety associated
with the influence of undermining and overworking of
longwall faces. Since the research is made per a calendar
year, the advance of some stope and drifting faces was start-
ed last year (transitional), and some are being advanced in
the current year.

When analysing the dynamics of a change in the “rock-
cavities” balance (Fig. 13a), it can be seen that there is a
tendency across the seam Cg of reserved volume of accumu-
lated cavities from the stope operations, which are supposed
for the placement of the waste rocks formed from undercut-
ting. At the beginning of the year, 1 longwall face was in
operation, in the middle of the year — 2 of them, at the end —
1 longwall face, which is clearly observed in the dynamics of
the cavities variation from the stope operations. A decrease
in the volume of formed undercut rocks is noted, which is
caused by an increase in the geological thickness of the seam
to 1.0 m. All the extraction mine workings were abandoned
following the longwall face advance. Due to the fact that 6
extraction mine workings (from 3 longwall faces) were de-
commissioned during the year, and 13 extraction mine wor-
kings of different lengths were driven during the year, the
volume of rock outcrop from mine workings has exceeded
the volume of cavities formed when the mine workings were
abandoned. In the case of the studied seam, it is possible only
uninterrupted placement of undercut rocks in the cavities of
the mined-out space.

The dynamics of a change in the “rock-cavities” balance
(Fig. 13b) also indicates the tendency in the seam Cio' of
reserved volume of accumulated cavities from the stope
operations for the possibility of placing the rocks from bot-
tom undercutting in them. During the year at different times,
3 longwall faces were mined on the seam, and 2 longwall
faces were always in the simultaneous operation, which is
explained in the graph, if compared (Fig. 13a) with the uni-
form formation of cavities and undercut rocks from the stope
operations. It should be noted a decrease in the volume of
rocks formed from mine workings, which makes it possible
to place it in the cavities of abandoned extraction mine work-
ings. This is explained by the fact that during the calendar
year 3 new mine workings were conducted on 2 of 3 longwall
faces mined-out this year (1 of them was used repeatedly).
Moreover, 5 extraction mine workings have been abandoned

Longwall
961
Longwall
913

from the 3 longwall faces operated per year. New extraction
mine workings across the Cio' seam for new longwall faces
are planned to be conducted in the next calendar year.

The dynamics of a change in the “rock-cavities” balance
(Fig. 13c) shows the difference in the data compared to
seams Cg and Cio', namely, there is an increase in the propor-
tion of undercut rocks and, as a consequence of the potential
completeness of filling, which is associated with a decrease
in the geological thickness of the seam to 0.7 m and an in-
crease in the value of rock undercutting to 0.33 m. Stope and
drifting operations were conducted unevenly across the seam.
In the 2" month of the year, the longwall face was mined,
put into operation in the previous year. In the 5" month, the
driving of the 1% extraction drift for the new longwall face
was completed (repeated use), and in the 8" month, the min-
ing of the new longwall face was begun. From 2" to 7%
months, coal was mined only in longwall faces of seams Cqg
and Cio, and, therefore, the volume of rock outcrop was
formed only from mine working. Next year it is planned to
drive an extraction mine working for the new longwall face.
The cavities formed from the stope operations allow to place
the entire volume of undercut rocks, and the cavities of mine
workings abandoned do not allow this. From the 3 to 6%
months, mine workings were not abandoned at all due to the
absence of mining on the seam.

From the general analysis of graphs (Fig. 13a-c), it fol-
lows that the possibility of full rocks placement is limited by
the peculiarities of scheduling the mining of reserves across
the seams, drawn up for a complete cave-in technology of
coal mining. The Cio' seam is most suitable for rocks to be
left in underground cavities, where there is a potential for
full-fledged placement of undercut rocks in the cavities of
the mined-out space, as well as rocks from abandoned mine
workings. On the seam Cs, there is a potential for all under-
cut rocks placement in the stope area and partially in the
abandoned cavities. On the seam Cu1, there is a potential only
for placement of all undercut rocks in the stope area. Howev-
er, it is problematic to place in the cavities the rocks from the
conducted mine workings due to the absence of abandoned
mine working during the period of drifting operations.

For visual clarity, the complex relationship in time and
space is graphically represented of the stope and drifting faces
positions across the Cq seam, where there is their high concen-
tration: during the calendar year, stope operations were con-
ducted in 3 longwall faces, and in 13 drifting faces (Fig. 14).
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haulage drift horizon First western main 952
haulage drift horizon
First eastern main ° .
haulage drift horizon | Service Second western main
shaft haulage drift horizon % &
& &
e >
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\ Second western main

belt entr
y belt entry
B B v I X HD - haulage drift
g
I [ RY B X VD - ventilation drift
T B Vi I xi
/= v CIvin X

Figure 14. Schematic visualization of the relationship in time and space of the stope and drifting faces positions across the seam Co:

I — X1 — calendar months of operation
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It follows from the pattern that there is a potential of
leaving all the undercut rocks behind the longwall face, since
the cavities of the mined-out area significantly exceed the
rock volume. However, there is a problem with the place-
ment of rocks in the abandoned mine workings. Moreover,
this is connected not only with the insufficient volume of
cavities of abandoned mine workings for rocks formed from
the drifting, as noted in Figure 13a, but due to the dispersion
of mining operations across the seam. For example, in the
wing of the western mine, stope operations in the
952 longwall face and drifting operations in two 954 drifts
are driven at different times and, accordingly, the rock from
their operation cannot be placed in the cavities of the aban-
doned mine workings of the 952 longwall face. Moreover, its
transportation for placement in the abandoned mine workings
of the longwall faces of the eastern wing is economically
unjustified and most likely the rock will be supplied to the
surface through the shaft. The interaction of stope operations
of the 961 longwall face and drifting operations of the
967 longwall face on placing the rocks into cavities looks
promising, since, firstly, they are conducted next to each
other, and secondly, at the same calendar time. It should also
be noted the optimal predictive interaction of the
913 longwall face and 917 haulage road.

Thus, in terms of today’s mining planning, as seen from
Figure 13a-c and 14, it is problematic, without changing the
plan of mining operations, to maximize the placement of
waste rock from stope and drifting operations in the formed
underground cavities. It is confirmed by the high concentra-
tion of mining operations and their dispersion across the
seam Co, as with a large number of drifting faces, it is diffi-
cult to backfill their rocks in the cavities of the abandoned
mine workings. On the other hand, as seen from Figure 13b,
on a seam where virtually the same number of drifting and
stope operations is conducted, an acceptable balance of
formed rocks and cavities is formed. This allows to prospec-
tively consider the placing of all rocks over the mined seam.
It is recommended for increasing the efficiency of placing
the rocks in underground cavities to increase the proportion
of mine workings used repeatedly, which is the smallest in
comparison with other mines on the basis of the use of relia-
ble frame-roof bolting support systems of mine working
fastening. Repeated use enables consistent mining of the
extraction panels, thereby reducing the dispersion of drifting.
It will give an ability to simultaneously conduct stope and
drifting operations, which makes possible to place the rocks
from drifting in the abandoned mine workings, to create a
straight-through arrangement of ventilation with the possibil-
ity of additional rock flows movement through the drainage
workings, as well as a number of other technical advantages.

With the existing schemes for preparing the reserves and
the planning of mine workings, it is unlikely that it will be
possible to completely place rocks in the mined-out space of
mines. It is promising to leave in the mine only 20-30% of
the entire waste rock flow supplied to the surface, and with
the optimization of preparation schemes and spatial planning
solutions, this indicator can be increased to 70%.

5. Conclusions

In this paper, the movement of all waste rock flows has
been studied in detail, the sources of their formation have
been identified, and the balance of formed rocks and under-

78

ground cavities has been studied in relation to the current
development of mining operations in the mine field using the
example of one of the Western Donbass mines operation for
a calendar year. The prospects and possibilities are assessed
for leaving the rocks in the underground space both for the
mine as a whole and for the mined seams separately. The
following results have been obtained:

1. The scientific problem has been substantiated of mi-
ning the reserves of thin coal seams in the Western Donbass,
which is conditioned by the high operational ash content of
the mined coal (43-50%), the loss of a promising part of coal
reserves in seams less than 0.7 m with the possibility of ex-
tending the operating life of mines, accumulation in rock
surface dumps of more than 100 million tons of rocks over a
significant area, subsidence of the earth’s surface and floo-
ding of 17.0 km? of valuable agricultural land.

2. Based on the rank order of the Western Donbass
mines, the Heroiv Cosmosu coal mine has been chosen as the
object of research in terms of maximum production and ash
content. An algorithm is proposed for analytical studies of
determining the volume of rock outcrop in the course of stope
and drifting operations, the bottom rocks ripping of mine
workings, as well as the prospective underground cavities
volumes for placing the formed waste rock per a calendar year.

3. It has been determined that the greatest supply of all
waste rock to the surface occurs due to the stope operations
with the bottom rocks undercutting — 39% and from under-
ground mine workings preparing new coal reserves for ex-
traction — 33%, other sources in comparison have a small
specific weight within the range of 2-6%.

4. According to the nature and complexity of implemen-
ting the potential technical solutions, which are related to the
rocks placement in the underground space, it is proposed to
differentiate the entire waste rocks outcropping from the
mine into 2 categories: difficult to dispose of and prospective
for disposal. The first category should include waste rocks
from the roof rocks caving and seam ash content rocks. The
second category should include the rocks of undercutting in
the stope faces, rocks after bottom ripping in mine workings.

5. It has been determined that the volume of prospective
waste rocks to be placed in cavities varied monthly within
22.9-44.1 thousand m?3, and prospective underground cavities —
within 111.4-141.6 thousand m3. It has been found that un-
derground cavities have enormous potential for placing all
the waste rocks from stope, drifting and repair operations, the
volume of which by 2.8-4.8 times exceeds the rock volume.
It has been determined that the volume of rocks formed when
conducting all extraction mine workings per a calendar year
is by 2.1-3.0 times higher than the volume of cavities formed
from decommissioning all the extraction mine workings
following the longwall face advance. The noted imbalance is
caused by the significant influence of the coefficient of rocks
loosening on the increase in their volume in the destroyed state
after the destruction of the face by the tunnelling machine.

6. It has been determined that the possibility of perfor-
ming full-fledged placement of rocks is limited by the
scheduling peculiarities of mining the reserves over seams,
which are made for the technology of complete cave-in
mining of coal. The Cyo' seam is the most suitable for rocks
to be left in underground cavities, where there is a potential
for full-fledged placing the rocks of undercutting in the
cavities of the mined-out space, as well as rocks from
abandoned mine workings.
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7.1t is recommended to intensively develop a program
for repeated use of extraction mine workings, which will
allow: to consistently mine the extraction panels, thereby
reducing the dispersion of drifting; to simultaneously con-
duct stope and drifting operations, which will make it possi-
ble to place the rocks from drifting in the abandoned mine
workings; to create a straight-through arrangement of venti-
lation with the possibility of additional rock flows movement
through the drainage workings, as well as a number of other
technical advantages.

8. It is noted that with the existing schemes for preparing
the reserves and the planning of mine workings, it is promis-
ing to leave in the mine only 20-30% of the entire waste rock
flow supplied to the surface. However, with the optimization
of preparation schemes and spatial planning solutions, it is
possible to increase this indicator to 70% by the designing of
special backfilling mine workings or giving such a function
to existing mine workings.
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HocaixxeHHs: 6anaHcy YTBOPeHHs NOpiA i mia3eMHUX MyCTOT y TeXHOJIOTTYHI
cxeMi BYIiIbHOT IIAXTH NMPH PO3podLi MAJIONOTYKHUX IJIACTIB

M. TletnboBanuii, /[. Manamkesuy, K. Caii, C. 3y0xo

Mera. [lociimKkeHH pyXy HOTOKIB ITyCTHX HOPiJ Y TEXHOJOTIUHIN CHCTeMI BYTUIbHOT IIaXTH Ta BU3HAYEHHS OalaHCy YTBOPEHHX MOPiJ 1 mi-
3eMHHX ITyCTOT Y B3a€MO3B’S13KY 3 TOTOYHUM PO3BUTKOM TIPHHYUX POOIT TS OIIHKA MOYKIIMBOCTEH 3TUIIICHHS O] y MiA3EMHOMY IIPOCTOPI.

MeTtoauka. SIk 06’exT mocmimpKeHHs Oy10 00paHO BYTUIbHY IIAXTy HA MiJCTaBl pamXHUpyBaHHS maxT 3axigHoro JlonOacy 3a MakcuMa-
JIBHUM BUIOOYTKOM 1 30JIbHICTIO. 3allpOIIOHOBAHO alTOPUTM aHAJITUYHHUX JOCIIDKEHb BU3HAUYEHHS BHXOAY MODIA IPU BEIECHHI OYHCHHUX,
MIPOXITHHIBKHUX 1 PEMOHTHHX POOIT, a TaKOX IEPCIEeKTHBHUX OOCATIB MiA3eMHUX MYCTOT JUIS PO3MILIEHHS YTBOPEHUX IyCTHX IOpiJ 3a
KaJICHIAPHUHA PiK. AJNTOPUTM IPyHTYBaBcs Ha (paKTHYHOMY TOJIOKEHHI TIpHUYHMX POOIT i MOKAa3HMKAaX OYMCHUX Ta MPOXiAHUIBKUX BHOOTB
IAXTH, @ TAKOXK JOCATHYTHX Cy4aCHUX TiPHUYOTEXHIUHUX MapaMeTpax po3poOKH BYTiIbHUX IIACTIB.

PesyabTaTn. BctanoBiieHo, 10 OCHOBHE HAIXO/KEHHS IyCTUX MOPiJ Ha IOBEPXHIO BiOYBa€ThCsl BHACTIJOK BUKOHAHHS OYHCHUX POOIT
3 npucikanaaM nopin (39%) i mpoBeaeHHs MiA3eMHUX TipHUYHX BHPoOOK (33%). 3amponoHOBaHO BCi IMyCTi MOPOJH, IO BUXOATH 3 IIAXTH,
pO3IUTATH Ha 2 KaTeropii: Ti, MO BaXXKO YTHII3YIOThCS, Ta MEPCIEKTUBHI A0 yTUiizaii. BcraHOBIeHO, O MiA3eMHI MYCTOTH MalOTh KOJIO-
CANbHUI MOTEHIIAI A0 PO3MIMIEHHs BCIX IMyCTHX MOpid, oOcsr skux B 2.8-4.8 pasu mepeBepurye obcsr mopin. BusHaveHo, 1mo mo miacty
C10® popmyeTbest HalOLIBII parfioHanbEHU OanaHc GOPMOBAHMX MOPIT 1 MyCTOT JUIs IX 3aJIMIIEHHS B IIaXTi. BcTaHOBIEHO, 10 TOBHOLIHHE
PO3MIIIEHHS TTOpil 0OMeXeHe 0COOIMBOCTIMU KAJICHIAPHOTO IUIAHYBAHHS BIANPANIOBaHHS 3alaciB 0 IUIACTaX, sIKi CKIIaJeHi i TEXHOJIO-
Tito BUI0OYTKY BYTiJIIs 3 TOBHUM OOBaJICHHSM.

HaykoBa HoBH3Ha. Briepiue uist oaniei 3 maxt 3axigHoro [lon6acy Bu3HadeHo OanaHc (OpMOBAaHUX MyCTUX MOPIA i MOTSHIIHHUX Mij-
3€MHUX ITyCTOT, [0 AWHAMIYHO 3MIiHIOIOTECS y Yaci Ta POCTOPI.

IpakTnyHa 3HaYuMicTh. OTpUMaHi pe3yJIbTaTH KOPHCHI ISI TPOEKTYBAHHS HOBHX MPOCTOPOBO-TUIAHYBAIBHUX PIIICHb 3 ONTUMAIBHO-
r'0 PO3BUTKY TPHUYUX POOIT 3 MAKCHMATbHO MOKIMBHM PO3MIIIEHHSM MOPiA y MiA3€MHOMY IPOCTOPI LIaXT.

Knrwouosi cnosa: nopoosicni nopoou, 301vHicmy, nio3eMHi nycmomu, NPUCIKaHHA, OYUCHUT Ma NPOXIOHUYbKULL UL, 3aK1A0Kd, KAleHOapHe
NIAHYBAHHS

Hccaenosanne 6ananca 00pa3oBaHus NOPOJ U NMOJ3eMHBIX IyCTOT B TEXHOJOTHYeCKOMH
cxeMe YroJbHOM IAXTHI NPH pa3padoTKe MAJOMOIIHBIX IJIACTOB

M. ITertnéBansii, []. Manamkeswy, E. Cait, C. 3yOko

Hens. UccnenoBanue qBMKEHHS OTOKOB MyCTBIX MOPOJ B TEXHOJNIOTMYECKOI CHCTEME YroIbHON IIaXThl U OMpejieNienne 6anaHca obpa-
30BaHHBIX MOPOJ U MOA3EMHBIX IyCTOT BO B3aUMOCBSI3M C TEKYLIMM Pa3BUTUEM TOPHBIX PabOT s OLIEHKH BO3MOXKHOCTEH OCTaBJICHHUS
MOPOJI B MOA3EMHOM IIPOCTPAHCTBE.

Metoauka. B xagecTBe 0ObekTa Mccie10BaHNs OblIa BRIOpaHa YroibHAs IIaXTa HA OCHOBAHWH PaHXHMPOBAHMS IIAaxT 3amagHoro JloH-
Oacca 10 MakCHMaJbHON JOOBIYE M 30JIBHOCTH. IIpe/ioxkeH aJrOpuTM aHATUTHYECKUX HCCIECHOBAHHN ONPENENEHHS BBIXOAA MOPOJ HpH
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BE/ICHUH OYUCTHBIX, IPOXOTYECKUX H PEMOHTHBIX paboT, a TAKXKe MEPCIEKTUBHBIX 00bEMOB OI3EMHBIX ITyCTOT I pa3MelleHus: oopaso-
BaHHBIX MyCTHIX MOPOJ 38 KaJICHIAPHBIN ro/1. AJITOPUTM OCHOBBIBAJICS Ha (hAKTHYSCKOM IOJIOKSHUH TOPHBIX pabOT U MOKAa3aTesIX OYHCT-
HBIX M IPOXOTYECKHUX 3a00€B MIAXTHI, & TAK)KE JOCTUTHYTHIX COBPEMEHHBIX TOPHOTEXHUYECKUX TapaMeTpax pa3paboTKH YrOJIbHBIX [LIACTOB.

Pe3ynbTaThl. YCTaHOBIIEHO, YTO OCHOBHOE MOCTYIUICHUE ITYCTHIX MOPOJ HA MOBEPXHOCTH MIPOUCXOAUT BCIICACTBUE BBIMOIHEHHS OYHCT-
HBIX paboT ¢ mpuceukoi mopos (39%) u npoBeaeHMs MOJ3EMHBIX FOPHBIX BBIPab0TOK (33%). IIpe/ioskeHO BCe BBIXOASAIINE U3 IHAXTHI ITy-
CTBIC TIOPOJABI PA3TPAaHUYHTh HA 2 KATETOPHH: TPYAHO YTHIM3HPYEMbIE U MEPCIICKTUBHBIC K YTHUIIM3AIMU. Y CTAHOBJICHO, YTO ITOJ3EMHBIC
ITyCTOTHI UMEIOT KOJIOCCAJIBHBIN MOTEHIHAN K Pa3MEIEHHIO BCeX ITyCTHIX MTOpoA, 00beM KOTOphIX B 2.8-4.8 paza nmpeBocxoauT 00beM Mopo.
OmnpenenenHo, uro mo miacty Ci0® ¢popMupyercss Hanboiee pallMoOHaNbHBINA 0amaHc (HOPMUPYEMBIX MOPOA U MYCTOT IUIS UX OCTABJICHHS B
mraxrte. Y CTaHOBICHO, YTO MOJNHOLGHHOE pa3MelleHHe MOPO/ OrPaHUIEHO 0COOCHHOCTSMH KaJeHAAPHOTO INIAHUPOBAHUS OTPaOOTKH 3ama-
COB TIO [UIaCTaM, KOTOPBIE COCTABIICHBI IOJI TEXHOJIOTHIO TOOBIYH YIIISI C MOJIHBIM O0PYIICHHEM.

Hayunasi HoBu3HA. BriepBsie uist oquoit n3 maxt 3amagHoro Jorbacca ompezneneH 6amanc (pOPMHPYEMBIX MTYCTHIX IIOPOA U MOTEH-
LUATBHBIX TTOJ3EMHBIX IIyCTOT, AHHAMHYIECKH HU3MEHSFOLINXCS BO BPEMEHH U [IPOCTPAHCTBE.

IIpakTHyeckas 3HAYNMOCTB. [[oTydeHHBIC PE3yNBTATHI TIOJE3HBI JUTS MPOSKTHPOBAHKS HOBBIX MPOCTPAHCTBCHHO-TUIAHUPOBOYHBIX pe-
MICHUH IO ONTUMAaIBHOMY Pa3BHTHIO TOPHBIX pabOT ¢ MAKCHMAIEHO BO3MOYKHBIM Pa3MEICHAEM MTOPOJI B TIOJ3EMHOM IPOCTPAHCTBE MIAXT.

Knrwuesvle cnosa: nycmovle nopoovl, 301bHOCHb, NOO3EMHbIE HYCMOMbL, NPUCEUKA, OYUCHHOU U NPoxXooyecKuu 3aOoi, 3aKiadka,
KaneHoapHoe NianuposaHue
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