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Abstract

Purpose. Substantiation of the possibility for expanding the modern Aerogas Control (AGC) systems functions when using
them to identify the processes of spontaneous heating, spontaneous ignition of coal and gas contamination at the mining site
of the coal mine.

Methods. This paper presents the dynamics study of selecting 15 air distribution gas samples from the specified places,
using the MATLAB system and Simulink extension packages. Gas samples have been selected in the 14th southern
longwall face of block No.10 at Mining Administration “Pokrovske” during March 23-27, 2019, where an emergency situa-
tion related to gas contamination occurred on March 15, 2019.

Findings. The experimental data has been processed on the carbon monoxide emission in mine workings of the extraction
area, longwall face, technological pipelines, and on air distribution. A carbon monoxide increase in mine workings has been
determined from 0.0000-0.0002% in the air jet, incoming the site, to 0.0001-0.0003% in the jet, outcoming from the site.
Moreover, maximal invasion of carbon monoxide to the stope mine working occurred during operations of breaking and
transporting coal within the extraction area, and when these activities were stopped and there was no fresh beaten material,
the invasion of carbon monoxide was reduced to the background content level. It has been proved that improvement of the
existing AGC systems by adding the sensors for measuring tracer gases and airflow rate, as well as the “artificial intelli-
gence” to information processing units, will make possible to determine absolute and relative readings for sources identifi-
cation of spontaneous coal heating at early stages.

Originality. For the seam d4 conditions, the nature and peculiarities have been revealed of the carbon monoxide emission
and the effects of ventilation during extraction operations at the mining site, while previous known studies were devoted to
the carbon monoxide emission from the seams ks, |1, m4? with a change in the granulometric composition.

Practical implications. Constant monitoring of aerological threats will make it possible to take appropriate measures for
limiting the ventilation and gas hazards effects, the danger of endogenous fires.
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1. Introduction

Endogenous fires in coal mines are one of the dangerous
and complex types of underground accidents in the world
mining industry. They arise slowly in hard-to-reach places,
such as mined-out space, geological disturbance zones of
seams, virgin areas, broken rock mass refuse, etc., and, when
reaching a critical temperature, a rapid ignition of a combus-
tible medium occurs [1]-[4].

In Ukraine, the situation has worsened significantly with
the war beginning. The main laboratory facilities for predict-
ing, operational control and preventing the sources formation
of spontaneous heating and spontaneous ignition of coal at
the mining site, together with coal institutes (DP DonVUHI,
MakNDI, NDIHD), have remained in the territory uncon-
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trolled by the state. Despite the efforts of manufacturers and
mine-rescuers, fires from spontaneous coal ignition [5], [6]
occur, and they are accompanied by significant labor costs to
eliminate them, demurrages of longwall faces and economic
losses (Table 1).

The problem of performing the operational control over
the fire situation state in the mine extraction areas is still
relevant. One of the fire monitoring methods, according to
the authors, is the use of continuous Automatic Gas Control
(AGC) means in mine workings.

Industrial security and labor safety of miners are in unsat-
isfactory condition. Detecting fires, gas contamination of
mine workings and extraction areas at the early stages will
give an ability to eliminate accidents in the early stages, as
well as to ensure the miners’ safety [7].
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Table 1. General indicators of the endogenous accidents rate in the
Donbass mines controlled by Ukraine from 2014 to 2017

Year The Duration of fire Labor Economic
number  extinguishing, intensity,  damage, min.
of fires hours man-hour UAH

2014 2 458.4 4829.0 2.200
2016 2 639.2 14199.6 5.931
2017 1 119.3 1620.3 0.479
2018 - — — -

2019 1 129.0 3934.0 1.634
Total 6 129 24582.9 10.244

One of the results of the spontaneous ignition process is
an increase in the fraction of carbon monoxide and hydro-
gen in the air, which is released from the source due to
oxidation and thermal degradation of coal. This process
occurs continuously, while the volume of gas release is
constantly growing . Therefore, in order to identify early
signs of coal spontaneous heating, it is necessary for each
extraction area to determine the background content of
carbon monoxide and hydrogen [8]. To identify the spon-
taneous heating and spontaneous ignition sources, the level
of gases background content should be continuously com-
pared with current indicators as the basis for identifying
negative processes [9].

The tracer gases (hydrogen and carbon monoxide) release
into ventilation air jets is caused not only by spontaneous
heating, but also as a result of the coal massif destruction by
rock pressure (the formation of technogenic fractures) and the
coal seam collapse by mining machines (combines, plows,
drilling rigs, chipping hammers, etc.). Therefore, the task of
distinguishing the tracer gases release as a result of thermal or
mechanical coal destruction is an urgent task [10], [11].

It should be noted that the gas-dynamic incompatibility of
measurements at different points to a certain extent may be
formed because of the gas wave propagation during its move-
ment over mine workings, the difficulty of determining the true
value of the average air velocity at the site between the measur-
ing points, as well as the other factors’ influence [12]-[16].

Predicting and identification of emergencies is largely fa-
cilitated by the use of means for continuous automatic con-
trol of situation in mine workings [17]. Today, automated
systems UTAS, KAGI, APSS, AKRD and others are used at
coal mining enterprises. The UTAS system measures the
carbon monoxide content and air velocity in the mine work-
ing by means of various sensors, which are usually located in
different ventilation system parts.

Modern methods of thermodynamic processes control in
mine workings of the extraction area provide for the simul-
taneous measurement of the dynamics of changes in the
tracer gases concentration, that is, as relative indicators, so
absolute ones — volumes of ingress per unit time [18]-[23].
Existing Ukrainian automatic gas control systems are not
designed for this purpose.

The closest to solving this problem are the systems for
controlling the ventilation jet velocity, measuring the gases
concentration at the mining site, of the Polish company
EMAG [22], [24]-[27]. he methane emission calculations
based on the sensor readings current values are implemented
in them. Figure 1, as an example, shows a window of a cer-
tain program part, which is responsible for determining me-
thane emissions in the extraction area, which can be calculat-
ed online or at the request of the operator.

36.158) mid/min 37.779) mdfmin

Figure 1. The window with the methane emission balance in the
extraction area [22]

The left part of the window comprises the current sensors
readings of air jet velocity, methane concentration, relative to
the permissible level of methane and other indicators, based on
which further calculations are made. The right side presents
daily graphs of the predicted calculated and real methane con-
tent (upper diagram), as well as indicators of methane emis-
sion into the air jet, both real and permissible. In the lower
right window part, the program presents the current and daily
values of methane emission and its permissible limits.

Performing such control, in addition to a good knowledge
of the ventilation system current state, requires the ability to
predict the level of gas release in the long-term [28] and
short-term prospects [29], [30].

2. Research methodology

The CO gas release has been analysed using the example
of an extraction area of the 14" southern longwall face of
block No. 10 at Mining Administration “Pokrovske” PJSC,
where a “gas contamination” emergency occurred on March
15, 2019. In block No. 10, the 14" southern longwall face is
located in the south-eastern part of the mine field. The design
length of the extraction panel is 1732 m with the longwall face
length of 290 m. Coal seam d4 over an area of the extraction
field has a simple structure. Geological thickness varies within
1.25-1.75 m, the average thickness along the panel — 1.47 m.

Longwall face is ventilated according to the scheme of
the reverse jet 1-M-N-v-pt ventilation type, where 1 — is the
type of sequential separate methane and other harmful gases
dilution according to the sources of emission; M — subtype,
direction of the outcoming jet release from the longwall face
to the coal massif; N — class, independent ventilation (single
longwall face); v — subclass, outcoming air movement along
the longwall face; pt — type, straight-jet direction of fresh and
outcoming air [31]. According to the calculation, for airing
the 14" southern longwall face 1666 m®min is necessary
(Fig. 2). Permissible load according to the gas factor is
4852 t/day. As a means of preventing gas release, an isolated
methane drainage (pipeline diameter of 1000 mm), degassing
of adjacent seams using wells drilled ahead of the stope face
through the ventilation drift of the 14" southern longwall
face (13" southern belt entry) to the surface vacuum-pump
station (VPS) (pipeline diameter of 426 mm), degassing of
the mined-out space with the help of a “candle” to the sur-
face VPS (pipeline diameter 325 mm) are used. The points
layout of gas sampling (numbering in triangles) in the extrac-
tion area is shown in Figure 2.
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Figure 2. Scheme of mine workings network and places (triangles)
for selecting gas-air samples in the extraction area of the
14" southern longwall face of block No. 10 at Mining
Administration “Pokrovske”: 1—upper entry; 2, 3 — de-
gassing columns @426 mm and @325 mm; 4 — pipeline
of the isolated methane drainage by fan VMTSG-7M;
5 — belt entry; 6 — longwall face; 7 — ventilation crosscut

In mine workings of the 14" southern longwall face, the
volumetric fraction of carbon monoxide and hydrogen content
was tested, according to the results of which the following gas
concentrations CO —0.0003%, H,—0.0004% have been ac-
cepted as background values of the volumetric fractions of
carbon monoxide and hydrogen in mine workings (Table 2).

Table 2. The content of CO and H: in mine workings of the 14"
southern longwall face of block No. 10

Carbon
monoxide
(CO), %

Hydrogen

Gas composition control points (Hz2), %

14" southern belt entry of the seam
ds—incoming jet—20m from the
ventilation crosscut of the 14" south-
ern longwall face

13" southern belt entry of the seam
ds—jet outcoming from the 14"
southern longwall face of the seam
ds—20m from the longwall face
window

13" southern belt entry of the seam
d4 — jet outcoming from the extraction
area — 20 m to the ventilation crosscut
with the 14" southern longwall face
pipeline of an isolated methane gas
drainage — in the pipeline near the
longwall face window

pipeline @426 mm of adjacent seams
degassing — 20 m to the 13" southern
belt entry

pipeline ©325 mm of the mined-out
space degassing with “candles”
20 m to the 13" southern belt entry

0.0000 0.0000

0.0000 0.0000

0.00010 0.00013

0.00020 0.00020

0.00063 0.00083

0.00026 0.00020

The rock mass is transported from the 14™ southern
longwall face using the SZK-260/852 dragconveyer, coal is
transloaded from the longwall face conveyor to the
PZF-260/852 beam stage loader unit, then to the 2LT100
type extensible belt conveyor, along the 14" southern belt
entry, conveyer passage of the southern panel.

At the time of arising emergency, the stope face receded
from the assembling passage at 946 m, the length of mine
working with a fresh air jet (14™ southern belt entry) was
1236 m, and the length of mine working with an outcoming
air jet was 1195 m (Fig. 3).
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Figure 3. Mining operations plan of the 14™ southern longwall
face of block No. 10 at the time of an emergency

On March 15, 2019, in the stope mine working of the 14"
southern longwall face in the area of sections No. 52-53, the
carbon monoxide (CO) concentration excess was identified in
the mine atmosphere. At the time of arising emergency, coal
mining operations were in progress at the site and 31 workers
were there. Mining operator of Mining Administration
“Pokrovske” called up an operative platoon of No. 10 Mine-
Rescue Squad of the State Militarized Rescue Service in the
coal industry according to the emergency situation of the “gas
contamination” nature in the 14" southern longwall face.

3. Results and discussion

According to the exploration results of the stope mine
working of the 14" southern longwall face, it was found that
there were no smoke content and visible combustion sources
in the stope mine working. The gas situation at the site, ac-
cording to the express analysis, was as follows, %:

— 14" southern longwall face (in sections No. 50-52):

H. - 0.0; CO - 0.0008;
— dead end of abandoning the 14" southern longwall face:
H. - 0.4; CO - 0.0007;

— 13" southern belt entry: CHs — 0.7; CO — 0.0008.

Because of the obvious fire signs absence and for preven-
tive purposes, it was decided to feed a water-foam solution
using “Pyrocool” cartridges to the mined-out space of the
14" southern longwall face in the area of No. 52-53 sections
using water-jet fire spears.

Since the roof rocks are represented mainly by high-
strength sandstone, it was not possible to hammer fire spears
into the collapsed rock massif, which resulted in the placing
fire peaks along fractures between the caved blocks. Simulta-
neously with these measures, water-foam solution was sup-
plied to the mined-out space of the extraction area behind the
powered support sections using the “Blizzard” foam generator
and the ULPP unit located in the dead end of the 13" southern
longwall face; gas and temperature measurements were taken
along the entire length of the stope face. According to the gas
surveys results, there were no excesses of the maximum per-
missible concentration (MPC) of mine gases; the temperature
in the stope mine working did not exceed 26°C.

On March 23, 2019, the mining operations were resumed
in the 14™ southern longwall face. To study the nature of the
carbon monoxide debit (Veo, I/min), the results of gas sam-
ples analysis, taken from March 23, 2019 to March 27, 19 in
the 14™ southern longwall face (Fig. 3.) were used at the end
of each repair shift and when mining coal on working shifts.
The dynamics of mine gases emission according to 15 samples
from each measurement point are presented in Tables 3-7.
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Table 3. The dynamics of the gas situation in the 13™ southern

belt entry

Table 6. The dynamics of the gas situation in the 13" southern belt entry
(pipeline of isolated methane drainage by fan VMTSG-7M)

Point 1. 13" southern belt entry of block No. 10

(jet outcoming from the site)

Point 4. 131 southern belt entry of block No. 10
(pipeline of the isolated methane drainage by fan VMTSG-7M)

. CO2, CHs, Oy, , T, . CO2, CHa, 02, ,
Date Time % % % CO, % mg(/?min oC Date Time % % % CO, % ma(/gmin
23.03.19 12:30 0.1 06 203 0.0001 1398 24 23.03.19 12:45 0.1 0.6 20.2 0.0001 210
23.03.19 1805 0.1 05 203 0.0002 1398 26 23.03.19 18:00 0.1 0.7 20.2 0.0001 210
23.03.19 23:30 0.1 06 203 0.0002 1398 26 23.03.19 23:00 0.1 0.9 20.2 0.0003 210
24.03.19 06:.00 0.1 0.7 203 0.0001 1398 25 24.03.19 06:15 0.1 0.7 20.3  0.0001 210
24.03.19 11:20 0.2 0.6 20.3 0.0002 1480 25 24.03.19 11:50 0.2 0.8 20.2 0.0004 210
24,03.19 19:115 01 09 20.2 0.0003 1480 26 24.03.19 19:05 0.1 0.7 20.2 0.0003 210
25.03.19 00:35 0.2 05 203 0.0002 1480 23 25.03.19 00:45 0.1 0.6 20.0 0.0003 210
25.03.19 07:25 0.1 09 20.2 0.0003 1480 24 25.03.19 07:20 0.1 0.8 20.1  0.0002 210
25.03.19 1255 0.1 0.7 203 0.0003 1465 23 25.03.19 12:40 0.1 0.5 20.3  0.0002 210
25.03.19 1800 0.1 0.7 203 0.0003 1465 25 25.03.19 18:30 0.1 0.8 20.1 0.0004 210
26.03.19 01:35 0.1 09 20.1 0.0003 1465 25 26.03.19 01:50 0.1 0.7 20.2  0.0003 210
26.03.19 06:20 0.2 06 203 0.0001 1465 27 26.03.19 06:45 0.1 0.7 20.3 0.0001 210
26.03.19 12:30 0.2 05 20.3 0.0002 1479 25 26.03.19 12:45 0.1 0.7 20.4  0.0002 210
26.03.19 1725 0.1 05 204 0.0002 1479 28 26.03.19 18:00 0.2 0.7 20.3  0.0003 210
27.03.19 0055 0.1 0.8 20.2 0.0002 1479 29 27.03.19 01:15 0.1 15 19.9 0.0002 210

Table 4. The dynamics of the gas situation in the 13" southern

belt entry (degassing pipeline @ 426 mm)

Table 7. The dynamics of the gas situation in the 14™ southern
belt entry (fresh jet incoming the longwall face)

Point 2. 13" southern belt entry of block No. 10
(degassing pipeline @ 426 mm)

Point 6. 14" southern belt entry of block No. 10
(fresh jet in-coming the longwall face)

Date Time C‘%‘ C‘;ﬁ“‘ ?/2 CO, % mg(/?r{]in Date Time C%’ Cg/{o“’ ?/i CO, % m3?rﬁin OTC
23.03.19 12:35 0.7 10.9 175 0.0006 37 23.03.19 12:30 0.1 00 204 0.0000 3060 22
23.03.19 17:50 0.5 12.0 17,5 0.0008 37 23.03.19 1845 0.1 0.0 204 0.0000 3060 22
23.03.19 23:20 0.4 16.0 16.9  0.0008 37 24.03.19 00:10 0.1 0.0 205 0.0000 3060 24
23.03.19 23:20 0.4 16.0 16.9 0.0008 37 24.03.19 05,00 0.1 0.0 205 0.0000 3060 22
24.03.19 06:05 0.9 18.0 16.1  0.0008 37 24.03.19 09:.00 0.1 0.0 205 0.0002 3121 25
24.03.19 11:30 0.8 14.0 16.8  0.0009 37 24.03.19 1710 0.1 0.0 205 0.0002 3121 24
24.03.19 18:50 1.0 22.0 15.2  0.0009 37 25.03.19 00:35 0.1 0.0 205 0.0002 3121 21
25.03.19 01:15 0.9 16.0 16.1  0.0008 37 25.03.19 0530 0.1 0.0 205 0.0002 3121 22
25.03.19 07:00 0.5 18.0 159 0.0008 37 25.03.19 13:30 0.1 00 205 0.0002 3116 21
25.03.19 12:20 1.1 19.0 16.0 0.0007 37 25.03.19 17.00 0.1 0.0 205 0.0002 3116 22
25.03.19 18:10 0.7 18.0 15.1  0.0009 37 26.03.19 00:30 0.1 0.0 205 0.0002 3116 22
26.03.19 01:40 0.5 16.0 16.7  0.0007 37 26.03.19 0640 0.1 0.0 205 0.0000 3116 25
26.03.19 06:25 0.9 17.0 16.1  0.0005 37 26.03.19 12:30 0.1 0.0 205 0.0001 3172 23
26.03.19 12:35 0.9 15.6 16.2  0.0007 37 26.03.19 16550 0.1 0.0 205 0.0000 3172 25
26.03.19 17:40 0.9 147 16.3  0.0007 37 27.03.19 00:30 0.1 00 205 0.0002 3172 22

Table 5. The dynamics of the gas situation in the 13" southern

belt entry (degassing pipeline @ 326 mm)

Point 3. 131" southern belt entry of block No. 10
(degassing pipeline @ 326 mm)

Date Time C(f/iz' Co}/i“' (02' CO, % mg?n’qin
230319 1240 1.3 755 17.7 0.0005 52
230319 1755 06 67 185 00002 52
230319 2310 07 64 183 0.0007 52
240319 0610 07 59 191 00005 52
240319 1140 06 82 182 00007 52
240319 1900 06 7.8 176 0.0006 52
250319 01:.00 10 7.8 175 0.0008 52
250319 07:10 08 7.7 177 0.007 52
250319 12:30 1.0 84  17.6 0.0008 52
250319 1820 08 7.7 167 0.0007 52
260319 0145 06 67 17.7 0.0005 52
260319 0635 08 92 181 00005 52
260319 1240 06 51 190 00005 52
260319 17550 08 88 182 0.0008 52
27.0319 01:10 05 81 178 00005 52

* the indicators obtained during the repair shifts are highlighted
in the Tables 3-7

The range of changes in the minimum and maximum con-
centrations of carbon monoxide (CO) and methane (CHa) is
shown in Table 8. The presented indicators did not exceed the
norms specified in the Safety Regulations for Coal Mines.

Table 8. The range of changes in the concentration (%) of CO
and CHs in the extraction area of the 14" southern
longwall face of block No. 10 at Mining Administration

“Pokrovske”
The name CO, CHa,
of the measuring point min + max min<=max

13 southern belt entry (jet
outcoming from the site)
Degassing pipeline @ 426 mm  0.0005 +0.0009  10.9 +22.0
Degassing pipeline @326 mm  0.0002 +0.0008 5.1+9.2
Pipeline of the isolated methane

drgin age by fan VMTSG-7M 0.0001 +0.0004 05+15
14 southern belt entry (fresh
jet incoming the longwall face)

0.0001 +0.0003 0.5+0.9

0.0000 +0.0002  0.0-+0.0
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The maximum carbon monoxide content during stope
works on the outcomig jet of the extraction area was
0.0003%, which is an increase by 3.0 times and confirms
the assumption about the carbon monoxide formation
during the coal destruction as by mining machines, so
by rock pressure.

Analyzing the results obtained, it can be stated that the air
incoming the stope face of this longwall face has a back-
ground level, %: CO = 0.0000-0.0002. After the passage of
air through the stope mine working and the mined-out space,
this indicator increases to the level, respectively,
CO =0.0001-0.0003, that is, it increases up to 3times. In
hard-to-reach places, namely in degassing wells and in the
collapsed area of the mined-out space, where air access is
limited and the gas mixture is not diluted, the minimum gas
level is greater and amounted to CO = 0.0005%.

European standards establish that to identify sources of
spontaneous heating and spontaneous ignition of coal, data
on the volume of tracer gases that are generated in the mine
working network are required. The emission of more than
10 I/min of CO in the extraction area indicates the beginning
of coal spontaneous heating, and more than 25 I/min — its
ignition [20]. Sensors of carbon monoxide and air velocity of
continuous automatic control by UTAS and KAGI systems
are distributed in different ventilation system branches, and
not alongside, and this fact does not allow to accurately cal-
culate the absolute emissions of methane |, m3/min and
carbon monoxide Vco, I/min.

To be more specific about the gas-dynamic processes
mechanism in mine workings of the extraction area of the
14™ southern longwall face, computer visualization of the
data in Tables 3-7 has been made using the MATLAB sys-
tem and Simulink extension packages [32]. The carbon mon-
oxide flowrate (Vco, I/min), when conducting the stope
works and during repair shifts, has been calculated. After
that, the difference has been obtained between the value of
Vco, I/min volume, which was incoming the extraction area
(data in Table 7) and the one that was outcoming from the
extraction area (data in Table 3-6). The calculation results
made it possible to visualize the data in Figure 4.

It has been set that the carbon monoxide formation was
of a peak character. The debit amplitude between peaks and
troughs more often reached up to 3 I/min, in the range from
1.5-4.5 I/min. The peculiarity is that the peak width did not
exceed several hours, and then there was a decrease to the
level of 1.5-3.0 I/min. It is noteworthy an increase in the
CO debit in the interval between the fifth and eleventh
samples, as well as between the thirteenth and fifteenth.
This can be explained by a temporary increase in the de-
pression applied to the stope mine working, as follows from
the data on the airflow rate in it during these periods (Ta-
ble 3), which contributed to the carry-over of gases from
the cavities of the extraction area.

Carbon monoxide invasion to the stope mine working
occurs during operations of breaking and transporting coal
within the extraction area. When these activities are
stopped and there is no fresh beaten material, the flow of
tracer gas is reduced to the background content level. This
is confirmed by the data obtained during the operation of
the 11" southern longwall face in March-April 2019 [33],
in which there was observed a tendency to a peak increase
in the CO debit during working shifts and the troughs for-
mation during repair ones (Fig. 5).
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Figure 4. The dynamics of the carbon monoxide (Vco, I/min)
formation in the 13t southern belt entry of block No. 10
at Mining Administration “Pokrovske”, jet outcoming
from the mining site (data in Table 3)

25V co, I/min
20
15
10
5
01 5 10 15 20 25 30 35 40 45

Gas sample number

Figure 5. The dynamics of the carbon monoxide (Vco, I/min)
formation in the extraction area of the of the 11" south-
ern longwall face at Mining Administration “Pokrovske”
from 04/03/2019 to 04/14/2019 [33]

For a more accurate refinement of this pattern, it is advi-
sable to compare the CO flow incoming the ventilation
stream with the feed current of the combined machine and
the conveying belt. Automated mine operation control sys-
tems provide such a possibility.

The results of measurements in a degassing pipeline
@ 426 mm located in the ventilation drift of the 14" southern
longwall face confirm that the main CO source is located in
the stope mine working (Fig. 6).

The gas dynamics in the pipeline is also of a peak charac-
ter, but the carbon monoxide debit in the gas flow did not
exceed Vco =0.34 I/min and averaged about 0.2-0.3 I/min,
which is an order of magnitude less than that in the ventila-
tion stream. Predominantly, peaks and troughs do not coin-
cide in time with those in Figure 4, indicating different
mechanisms of their formation.

When calculating the total dynamics of the tracer gas
in the 14" southern longwall face, it is taken into account
that some its part comes from the 14" southern belt entry
with a fresh jet. Hence, the corrected gas dynamics is
shown in Figure 7. The peaks and troughs in Figure 4 and 7
mostly coincide in time.
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Figure 6. The dynamics of the carbon monoxide (Vco, I/min)
formation in a degassing pipeline of the 14" southern
longwall face at Mining Administration “Pokrovske”
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Figure 7. The corrected carbon monoxide (Vco, I/min) debit of the
14" southern longwall face at Mining Administration
“Pokrovske”

It can be hypothesized that the unstable carbon mo-
noxide debit in a specified mine working is mainly condi-
tioned by the mechanical coal destruction, which occurs
when the seam is collapsed by the executive body of the
combined machine. The absence of a stable tendency toward
an increase in the CO content in the air flow with a simulta-
neous non-exceeding the debit level Vco = 10 I/min indicates
that the sources of spontaneous heating are not formed in the
extraction area of the 14" southern longwall face.

One of the reasons determining the danger of carbon
monoxide contamination at workplaces is the insufficient
level of knowledge about the mechanism of this gas for-
mation in the extraction area. In fact, its formation occurs not
only as a result of coal spontaneous heating, but also during
extraction operations. To identify gas contamination of mine
workings, both portable and stationary carbon monoxide
measuring instruments are used. However, not all mining
sites are equipped with stationary equipment for measuring
CO. This determines the problem of developing effective
operational solutions to provide protection against exceeding
carbon monoxide concentration standards, identifying tech-
nological and emergency gas contamination.

It can be assumed that the CO fluctuations in the air jet
outcoming from the site, were affected by the airflow rate in
the system, the coal breaking velocity, as well as the process-
es of collapsing the immediate roof and the main roof sub-
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sidence of the seam. The CO fluctuations in the flow of the
degassing jet are conditioned by the operating mode of the
vacuum-pump station, changes in the resistance of the suc-
tion part of the degassing pipelines, air jets incoming the
mined-out space, collapse of the immediate roof and the
main roof subsidence. Ventilation and degassing flows have
an indistinct relation in time and space. They allow at a first
approximation, the place of formation of coal spontaneous
heating sources, but this requires their separate control by
automatic means.

There is a need for appropriate modernization of systems
such as UTAS, KAGI type or other types. These systems
need to be improved in terms of configuration, measurement
accuracy and response time, as well as signal transmission
speed. Their development is also in the direction of expand-
ing functionality, adapting to the needs of the user. One of
the modern ways of complex systems improvement is to
apply mathematical modelling, for example, using Matlab
application software programs with the Simulink extension
packages. This will allow a continuous monitoring of extrac-
tion sites from the point of view of identifying and prevent-
ing aerological threats and the danger of endogenous fires.

Unfortunately, there is a problem in that the majority of
specialized companies-developers — Petrovskyi Coal Machine
Building Plant (Donetsk), Makiivka Research State Institute
for Mining Works Safety (Makiivka) and some others, have
remained in the territory uncontrolled by Ukraine. This slows
down the development and implementation in the industry of
modern means for mines fire safety.

4. Conclusions

Endogenous fires are one of the most dangerous types of
underground accidents in coal mines and they develop slow-
ly in hard-to-reach places. They result in the largest output
losses, the significant duration and complexity of emergency
rescue operations. Identifying the sources of spontaneous
heating and spontaneous ignition is still a challenge in all
coal-mining countries. As a result of the war, in mines con-
trolled by Ukraine, there are currently no means and methods
for the operational tracking the thermodynamic processes at
the mining sites of the coal mines. This has created a threat
to the state energy security.

The automatic gas control (AGC) systems operating in
mines are not designed to identify emergencies related to the
spontaneous heating of coal in mine workings, however,
there are technical possibilities for this. The sensors which
are mounted in mine workings, measure with sufficient accu-
racy the content of such a tracer gas as carbon monoxide, the
dynamics of which may indicate the emergence of spontane-
ous heating and spontaneous ignition sources.

It has been substantiated that improvement of the existing
AGC systems by adding the sensors for measuring tracer gases
and airflow rate, when incoming and outcoming from the
extraction site, as well as the “artificial intelligence” to infor-
mation processing units to determine the absolute and relative
readings, will make possible to determine the sources of spon-
taneous coal heating at early stages. The tracer gases release
occurs during spontaneous heating of coal, as well as during
mechanical seam destruction by mining tools. However, the
mechanisms of their formation are different, which makes it
possible to distinguish mechanical destruction from thermal
degradation by means of automatic gas protection of mines.
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At Mining Administration “Pokrovske”, in the absence
of spontaneous heating sources, the gas samples were se-
lected in the 14" southern longwall face of block No. 10 on
March 23-27, 2019. The results of laboratory tests have
shown an increase in carbon monoxide in mine workings
from 0.0000-0.0002% in the air jet, incoming the site, to
0.0001-0.0003% in the jet, outcoming from the site. The
maximal invasion of carbon monoxide to the stope mine
working occurred during operations of breaking and trans-
porting coal within the extraction area. And when these ac-
tivities were stopped and there was no fresh beaten material,
the flow of tracer gas was reduced to the background content
level. This indicates that, in contrast to the steadily increas-
ing during the spontaneous heating process, the tracer gas
was formed periodically during the process of breaking the
coal, and was an application to the background level.
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BusiBieHHsI 2Kepesi caMOHArpiBaHHS BYTiJLIsI Y BUPOOKax
3a JI0TIOMOTr 010 AaBTOMATHYHUX CHCTEM 2€pPOra3oBoro KOHTPOJII0

1O. T'amiii, B. Kocrenxko, O. 3aB’samnoBa, T. Kocrenko, /. XKypOuacekuit

Mera. [locnimxeHHs1 aepora3oBoi 00CTaHOBKM Ha BUAOOYBHIH JiMbHUILI BYTUIBHOI IIAXTH I OOIPYHTYBAaHHS MOKJINBOCTI PO3LIMPEHHS
GbyHKLiH CyyacHHX CHCTEM aBTOMAaTHYHOTO ra30oBoro KoHTpoiro (AT'K) mpu iX BUKOPHCTaHHI y BHSBIICHHI POIIECIB CaMOHArPiBaHHS, CaMo-
3aliMaHHS ByTLJUII Ta 3ara30BaHOCTI.

Metoanka. B po6oTi BHKOHAHO JOCII/DKEHHS ANMHAMIKHU BiOOpy 15 ra3oBHX mpo0 MOBITPsAPO3NOAUIEHHS 31 BCTAHOBIEHHUX MICIb, i3 BHKO-
pucranusaMm cuctreMd MATLAB i makeriB posmmpensst Simulink. Bin6ip raszoBux mpo6 3aiiicHeno B 14-i miBneHHiit nasi 6ioky Nel( mraxTo-
ynpasiinss “TlokpoBeske” mpoTsrom 23.03.2019-27.03.2019, me 15.03.2019 poky Tpamnunack aBapiiiHa cUTyallis, OB’ s13aHa i3 3ara30BaHICTIoO.

Pe3yapTaTu. BukoHaHo oOpoOKy IOCTIOHUX AaHUX BHUOUICHHS OKCHIY BYTJIELIO Y BUpOOKaX BHIMKOBOI IiNBHMII, JaBi, TEXHOJIOTIYHUX
TpyOOMpoBOAax MOBITPSIPO3MOAiIeHHs. BeTaHoBIeHO 30iblIeH S OKCuay Byrieio y Bupobdkax Bix 0.0000-0.0002% y ctpymeHi moBiTpsi, 1o
nocrynaino 1o aineauni, 1o 0.0001-0.0003% y cTpyMeHi, 110 BUXOAMB 3 JiIbHMI, IPH LBOMY MIKOMOAi0HA iHBa3is OKCHIY BYIJICLO 10 OYHC-
HOI BUPOOKH BiI0yBaach IPH ONEpaIlisaxX BiXOIMKY i TPAaHCIIOPTYBaHHS BYTUII B MEXaxX BHIMKOBOI IUIBHHUIL, & IIPY 3YNUHI IUX BHIIB poOiT
1 BIICYTHOCTI CBDKOTO BIIOMTOr0 MaTepially — ckopodyBasachk 110 (orHoBoro. JloBeneHo, mo ynockoHaneHHs icHytounx cucrteM AI'K mona-
BaHHSIM JaTYMKIB JUI BUMIPIOBaHHS IHIUKATOPHHX Ta3iB i BUTPAT IOBITPS, a TAaKOX JOJAaBaHHS “HITYYHOTO iHTENeKTy” OyiokaM oOpoOKH
iHdopmarii [y Bu3HaYeHHS aOCONIOTHHUX Ta BIJTHOCHHX IIOKa3aHb I03BOJIITH BISIBILITH HA PAaHHIX CTaIisfX JUKepesia caMOHArPiBaHHS BYT1JLIs.

HayxoBa noBu3Ha. i1 yMOB miacta 04 BUSBICHO XapakTep i 0COOIMBOCTI BUMIICHHS OKCHAY BYTJICLIO, BIUIUBY IPOBITPIOBAHHS, IPH
BHIMKOBHX po0OoTax Ha BUAOOYBHIM OUIPHHI, B TOW Yac SIK MOMEPEeTHI BiOMi JOCIHiKEHHS MPUCBSIYCHI BHIUICHHIO OKCHIY BYTJICHIO 3
tactis Ks, |1, M4? Ipu 3MiHi rpaHyTOMETPHYHOTO CKIALY.

MpakTnyHa 3HaYuMicTh. [I0CTIHHUI MOHITOPHHT aepOJIOTIYHHX 3arpo3 JO3BOJUTH BKUTH BiINOBIAHI 3aX0QH U1 OOMEKEHHA HACIIA-
KiB BEHTWILIHHO-Ta30B0i HeOe3MeKH, HeOe3NeKH eHAOTCHHUX MOXKEX.

Knrwuosi cnosa: cucmemu AIK, camonazpieanns ma camo3aumarnis 8y2iiis, 6UiMK0o8a OlbHUYS, eHOOEHHA NONCEHCA

BbisiB/IeHHE HCTOYHUKOB CaMoOHarpeBaHus yrjisa B BBIpaﬁOTKaX
C IIOMOIIBI0 ABTOMATUYECCKUX CUCTEM a3pPOra3oBoro KOHTpoOJIs

10. T'amuii, B. Koctenko, E. 3aBeanoBa, T. Koctenko, /1. XKypounckuit

Lenas. MccnenoBanne a3pora3oBoit 00CTaHOBKH Ha JOOBIBAIOIIEM yYacTKE YTOJBHOM MIaXThI 711 000CHOBAHMS BO3MOXHOCTH paclIupe-
HUS (YHKUMH COBPEMEHHBIX CHCTEM aBTOMATHYeCKOro ra3oBoro kKoHTpossi (AI'K) mpu uX HCHOJIB30BaHWH B BEUSIBICHHH IIPOLIECCOB CaMo-
HarpeBaHus, CaMOBO3TOPAHHUS YT M 3ara30BaHHOCTH.

Metoauka. B paboTe BBINOIHEHO HCCIIEJOBAHNE TMHAMUKH 0TOOpa 15 ra30BbIX MPOO BO3LyXOpACHPEIEICHHs C YCTaHOBICHHBIX MECT, €
ucnons3oBanueM cucteMbl MATLAB u maketoB pacmmpenust Simulink. OTGop ra3oBeix mpo0 ocymiecTBiieH B 14-i 10xHOI J1aBe O10Ka
Nel0 mraxtoymnpasnenus “TlokpoBckoe” B Teuenne 23.03.2019-27.03.2019, rae 15.03.2019 roxa mponsonuia aBapuiiHas CUTyanus, CBsS3aH-
Hasl C 3ara30BaHHOCTHIO.

Pe3yabTaThl. BeimonHeHO 00pabOTKy OMBITHBIX JaHHBIX BBIICICHUS] OKCHJIA YIiepoJa B BBIpaOOTKaX BBIEMOYHOTO Y4acTKa, JIaBe, TeX-
HOJIOTHYECKHX TPYOOIPOBOJAX BO34yXOpAacIpe/ieNieHHs. Y CTaHOBJICHO YBEIMUCHHE OKcUa yriaeposaa B Beipadorkax ot 0.0000-0.0002% B
TOCTYTAIOIIEH cTpye Bo3ayxa, Ha ydactok g0 0.0001-0.0003% B mcxopsmei cTpye, Ipy 3TOM MHUKOOOpa3Has MHBa3Hs OKCHAA yTJIEpoia B
OYHCTHOH BBIPaOOTKE MPOUCKO/IMIIA IPH OTIEPALMAX OTOOWKH M TPAHCTIOPTHPOBKH YIJIS B IIpEZieNiax BEIEMOYHOTO y4acTKa, a IPH OCTaHOBKE
9TUX BHJOB JCATEIBHOCTH U OTCYTCTBHS CBEXET0 OTOMTOTO MaTepHana — coKpaniaiack 10 GoHoBoro. J[okazaHo, YTO yCOBEPLICHCTBOBaHHE
cymectBytonx cucreM AT'K noGaBieHHeM AaTYMKOB AJIS M3MEPEHHs MHAMKATOPHBIX Ta30B M pacxoja BO3JIyXa, a Takke J00aBlIeHHE
“HCKYCCTBEHHOTO MHTEIUIEKTa” Oj0KkaM 00paboTkyu MHGOPMAIMK Ul OIpe/eleH s aOCOMIOTHEIX U OTHOCUTENBHBIX ITOKa3aHUH MO3BOJIST
BBISIBIISITH HAa PAaHHHUX CTaAUSX UCTOYHHKU CAMOHArPEBaHUs yIJIsl.

Hayunas HoBH3HA. J[y1s1 ycIoBUiA Iu1acTa d4 BBIBICH XapakTep M OCOOSHHOCTH BBIACICHHUS OKCHIA YIIIePOAa, BIUSHUS IPOBETPHBAHH,
NpU BBIEMOYHBIX paboTax Ha JOOBIBArOLIEH ydYacTOK, B TO BpeMs KakK MpeAbIAyIIHe H3BECTHBIE HCCIIEJOBAHMS MOCBSIIECHB! BBIIECICHHUIO
OKCHJIa yTIepo/ia u3 miactos ks, |1, M4? mpu M3MeHeHHH rpaHyITOMETPHYECKOTO COCTABA.

IIpakTHYecKkasi 3HAYMMOCTD. IIOCTOSHHBII MOHHMTOPHHI a3pOJIOTHYECKUX YIpO3 MO3BOJHUT HPHHATH COOTBETCTBYIOLIME MEPBI IS
OrpaHMYEHUS TOCIIEICTBHIl BEeHTHIIILIMOHHO-Ta30BOM OMACHOCTH, OMACHOCTH YHAOTCHHBIX M0XKapOB.

Kntouesvie cnosa: cucmemvt AI'K, camonazpesanue u camo8o3eopanue y2iis, 6bleMOYHbII YHACMOK, IHOOSEHHbII NOHCAP

Article info

Received: 22 August 2019
Accepted: 28 February 2020
Auvailable online: 5 March 2020

127



