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Abstract: Abstract: Mining practice shows that in methane coal mines, methane is often the basic
limitation for modern and high-efficiency longwall complexes. The paper reports on selected obser-
vations and tests carried out in the Cw-4 longwall in seam 364/2 of the Budryk mine belonging to
JSW SA. In observation of the methane level in the Cw-4 longwall, additional sensors installed in
the end part of the longwall from the side of the gobs and registration of air velocity and methane
concentration in the multipoint system built in the selected longwall cross-section were used, re-
gardless of the air parameters recorded in the monitoring system.

The data from the extended system was recorded on-going basis in the archives of the monitoring
system, and the multipoint system was directly stored in the methane-anemometers, which allows
one to perform a comparative analysis of the obtained records from many methane detectors. An
important element of the analyses was the simultaneous registration of the methane concentration
in the longwall, together with information on operating time, direction of shearer operation and
type of work: mining/cleaning.

Keywords: monitoring of methane concentration, ventilation of mines, measurements of ventilation param-
eters

1. Introduction

Methane hazard is an important factor in the case of mining coal seams saturated with
methane [1]. Research conducted in Polish and international mining indicates that me-
thane hazard not only influences the security of longwall operation but also imposes lim-
itations on output, as the continuity of operation of longwall complexes is disturbed [2,
3]. In very gassy mines, methane often poses the main limitation for the functioning of
modern and highly efficient longwall complexes [4], [3]. In contemporary mining, efforts
aiming at automation of longwall complexes, taking into account safety conditions, are
extensive [4-6]. The development of methods for automatic data processing and analysis
with the use of “data mining” presently include the identification of the influence of win-
ning upon ventilation conditions, particularly in gassy mines where methane is present
[7-9].

Studies concerning the influence of shearer mining upon ventilation conditions in a
longwall and the development of air velocity and methane concentration transient states
have been conducted in Poland in the Budryk [10] and Bielszowice [11] coal mines. These
studies revealed strong disturbances of air parameters in the longwall during shearer op-
eration. These resulted from the large dimensions of the shearer, which, when operating
in the longwall, is a movable obstacle narrowing down the cross-section of the longwall
drift and increasing the mixing of air with methane, as well as intensifying the inflow of
methane from gobs. The observations carried out [12], which were measurement experi-
ments carried out over a few hours along with periodic experiments “in-situ”, confirmed
the existence of a strong dependence between disturbances of air parameters in the
longwall upon the direction of shearer operation in relation to air flow direction.
Longwall Cw-4 in seam 364/2 in the Budryk mine has been selected as the site of observa-
tions and studies. In the study, besides the traditionally used methane sensors included
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in the mine monitoring system, eight additional sensors were used, which were installed
on powered support units (sections) in the end part of the longwall between sections No.
5and 75 (Figure 1) from the gob side. Moreover, in the area of longwall Cw-4, observations
and recording of air parameters were performed in the course of “in-situ” experiments.
The aim of these experiments was to determine local methane concentrations along the
longwall face using a scattered methanometric system equipped with an increased num-
ber of sensors. In the experiments, which lasted a few hours each, a multi-point system
was also used with methane-anemometers installed on a truss installed in selected cross-
sections of longwall Cw-4 (Figure 6). A part of the recorded data was used in the study by
Jamroz and Wasilewski [12]. In the course of long-term studies and numerous experi-
ments [12], extensive experimental material was obtained, which has extended the
knowledge concerning changes in methane concentration and volume of the methane
stream in a longwall during shearer operation in such a longwall. The collected data al-
lowed for the development of numeric models of the longwall area [14], as well as their
identification and model validation, taking into account the methane inflow in the course
of shearer operation cycles [15].

The main aim of the studies described in this paper was to conduct analyses of methane
concentration distribution and methane volume stream in the cross-section of a longwall
drift during cutting with the use of a shearer. An interesting result of data recording was
also the opportunity to compare the methane concentration distribution in the longwall
cross-section with point recording of the methane concentration along the longwall face
in the extended monitoring system [12], as point measurements constitute the basic
method of measuring methane concentration in mines.

2. Description of the object of research - longwall Cw-4, seam 364/2

In longwall Cw-4, seam 364/2, having a length of up to 243 metres and digging height of
1.5 to 2.0 metres, 156 powered support sections were installed and numbered consecu-
tively, starting from gate Cw-4. The technical equipment in the longwall face consisted of
a shearer, armoured face conveyor (AFC), beam stage loader (BSL) with crusher and belt
conveyors as haulage system of the gotten.

Longwall ventilation

Longwall Cw-4 in seam 364/2 was ventilated by means of a reversed “Y” type ventilation
system (Figure 1), with return air transport along gobs to return shaft V. Intake of air to
longwall Cw-4 was along gate Cw-3. After ventilating longwall Cw-4, the air flowed along
gate Cw-4, east of the longwall. Return air from longwall Cw-4 was supplemented with
air flowing along gate Cw-4.

Monitoring of air parameters for longwall area

Longwall Cw-4 in seam 364/2 was protected in the monitoring system, in compliance with
mining safety regulations in place, with an additional methanometer located in the middle
of the longwall (Figurel). Furthermore, the longwall area was provided with additional
methane detectors

(MB638-MB619, marked in blue) installed at the end segment of the longwall (Figure 1).
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Figure 1. Diagram of the gas measurement explosion prevention system of longwall Cw-
4 seam 364/2, location of additional methane detecting sensors in powered roof support
sections from the gobs side

In the end segment of the longwall face, between powered roof support section No. 5 and
No. 75, from the gob side, additional methane detecting sensors (MB638-MB619) were
installed. Traditional methane sensors of the mine monitoring system registered methane
concentration in 5-second cycles, with a resolution of 0.1% CHs, whereas additional me-
thane sensors (MB638-MB619) registered methane concentration in 1-second cycles, with
a resolution of 0.01% CHa. Data from the extended system was recorded on a regular basis
in the archives of the monitoring systems. Irrespective of the long-term observations in
the drift of longwall Cw-4, as well as in the longwall area, a number of “in-situ” measure-
ment experiments was performed, the aim of which was to carry out observations of me-
thane concentration distribution in the longwall drift cross-section during cutting with a
shearer [12]. For this purpose, the multi-point system for measuring air velocity and me-
thane concentration was used, in which methane-anemometers located in the longwall
drift cross-section, close to the 7t section of powered roof supports (Figurel., marked in
red), recorded local air velocities and methane concentrations. The location of methane-
anemometers in the longwall drift cross-section is shown in Figure6. Additionally, for the
purpose of the study, the records of shearer and AFC operations in longwall Cw-4 in the
respective monitoring system were used, as well as records indicating the direction of
working (up/down) with the type of operation (cutting/cleaning), which enabled perfor-
mance of analysis and assessment of the influence of cutting and operations of machinery
upon methane concentration distribution along the longwall face.

3. Testing in the mine on 14.01.2014

The testing was performed, in the form of “in-situ” experiments, on 14.01.2014 during the
production shift between 7:00 — 12:00. During this time, in longwall Cw-4, the shearer
executed three cutting cycles, with an advance of 1.6 m (Figure 2). The shearer started
from the bottom of the longwall face at 7:30 and reached the top at 8:00 in cleaning mode.
Subsequently, between 8:00 and 9:00, it performed cutting from top to bottom. It then
went up again in cleaning mode and went from top to bottom to support section 80, cut-
ting until 11:35, when the shearer broke down.

During the experiment [12] in the area of longwall Cw-4, air velocity and methane con-
centration were measured in 1-second cycles by the mine monitoring system. In parallel,
also in 1-second cycles, methane concentration levels were registered by additional wire-
less methane sensors installed in the drift of longwall Cw—4 (Figure 1). In the multi-point
system installed in the cross-section of the longwall drift, at the 7t powered support sec-
tion (Figure 1), methane concentration and air velocity were also recorded by means of
methane-anemometers. Synchronous recording of equipment operation time in longwall
Cw-4 on 14.01.2014 between 7:00 to 12:00, revealed one longer technical break in the
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operation of longwall equipment, between 9:20 and 10:20, when operation of the shearer
and conveyors was halted. In further considerations, the analysis focused on the time be-
fore interruption, i.e. from 7:40 to 9:20.

Longwall Cw-4 14.01.2014
shift I 6:00-13:30 Face advance 1.6 m
' T #
I I cleaning
I I
I I
I
" cutting/mining

Figure 2. Shearer operations in longwall Cw-4, recorded by operation controller
3.1. Recording of air velocity in the area of longwall Cw-4 in the monitoring system

Air velocity in the area of longwall Cw-4 was recorded by the monitoring system (Figure
1): by three anemometers and two anemometers at the intake/inlet and outlet outside the
area. The recorded air velocities revealed very significant fluctuations of instantaneous
values. Fluctuations of instantaneous values of air velocity make the records of that pa-
rameter illegible, and the changes in air velocity in the longwall area are thus not indicated
correctly. Only after the application of signal smoothing by means of the moving average
method have the air velocity curves been shown in a legible manner (Figure 3), together
with changes. Figure 3 provides the registered air velocities in the analysed period, i.e.

from 7:40 to 9:20.
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Figure 3. Smoothed air velocity data curves for the area of longwall Cw-4 on 14.01.2914


https://doi.org/10.20944/preprints202106.0054.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 June 2021 d0i:10.20944/preprints202106.0054.v1

3.2. Recording of methane concentration in the area of longwall Cw-4 using the monitoring sys-
tem

Methane concentration in the area of longwall Cw-4 was tracked by means of eight me-
thane sensors in the monitoring system, of which three were located in the longwall. Me-
thane concentrations recorded in the system after smoothing show the nature of changes
in methane concentration in various points of the longwall area (Figure 4), together with
changes caused by shearer operation in the longwall face. Figure 4 also provides the rec-
orded methane concentrations in the analysed period, i.e. from 7:40 to 9:20 on 14.01.2014.
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Figure 4. Smoothed methane concentration data for the area of longwall Cw-4
3.3. Recording of methane concentration in longwall Cw-4 in the wireless system

Shearer operation and standstill cycles significantly influenced changes in methane con-
centration registered in the monitoring system by additional wireless methane sensors
(MB638+MB619) in the longwall end segment between 7:00 and 9:00. It can be noted (Fig-
ure 5) that in the first part of the period, additional methane sensors registered a system-
atic/steady increase of methane concentration, up to a value of over 1.4% CHas, with the
highest concentrations measured by methane sensor MB638, installed close to the middle
of longwall face near powered support section 35. Only after 8:40 were the highest con-
centrations measured by methane sensor MB621, installed near powered support section
15, and the methane concentration readings in all sensors followed a downward trend.
Uniform fluctuations of methane concentration values measured by all additional me-
thane sensors could also be noted. Changes in methane concentration recorded by me-
thane sensors (MB638+MB619) installed in the drift of the longwall were connected with
the changes in shearer operation direction and change of operation mode from cutting to
cleaning (Figure 5).
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Figure 5. Recording of methane concentration in the area of longwall Cw-4 by means of
wireless methane sensors (MB638+MB619), on 14.01.2014 between 7:40 and 9:00,
in relation to equipment operation

3.4. Recording of air parameters in the cross-section of longwall Cw-4 in the multi-point system

Experiments “in-situ” were conducted in longwall Cw-4 [12], the purpose of which was
to follow the distribution of methane concentrations in the longwall drift cross-section
during cutting with a shearer. A multi-point measurement system was used for measur-
ing methane distribution in these experiments, with methane-anemometers located in the
cross-section of the longwall drift near powered roof support section 7 (Figure 6), as well
as by recording local air velocities and methane concentration directly in the memory of
these measuring devices.

Figure 6. Location of additional sensors and the multi-point system in longwall Cw-4

The recorded air velocities measured by the multi-point system in the cross-section of
longwall Cw-4, recorded locally by methane-anemometers near powered roof support
section are shown in Figure 7. Due to substantial fluctuation of instantaneous values reg-
istered by the methane-anemometers in 1-second cycles, the curves were smoothed ap-
plying the moving average method. Slight changes in air velocity can be noted during
shearer operation, as registered locally by anemometers in the cross-section where they
were installed.
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Figure 7. Smoothed air velocity curves in the multi-point system in longwall Cw-4

The recorded methane concentrations obtained using the multi-point system in the cross-
section of longwall Cw-4, measured locally by methane-anemometers near powered roof
support section 7, in relation to equipment operation, measured from 7:40 to 9:00, are
shown in Figure 8.
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Figure 8. Recording of methane concentration in the cross-section of longwall Cw-4 in
the multi-point system, on 14.01.2014 between 7:40-9:00, in relation to equipment opera-
tion

Two cycles of shearer operation can clearly be distinguished (mining-cutting/cleaning).
Fluctuations of instantaneous values of methane concentration recorded in the cross-sec-
tion by means of the multi-point system revealed an upward tendency in cutting (mining)
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cycles. The cyclic nature of changes in methane concentration can also be noted for the
cleaning mode, as the shearer, when going up, moved away from the installed methane-
anemometers, whereas in cutting mode, the shearer travelled down, approaching the in-
stalled methane-anemometers. Furthermore, significant differences in recorded methane
concentration values can be noted in the longwall cross-section, as the values reached 0.8%
CHas in cutting mode and approx. 0.4% CHa in cleaning cycles. This fact also confirms the
importance of the location of methane sensor installation for reliable assessment of me-
thane release depending on shearer operation mode, which is also important for preven-
tion of methane threats in the longwall.

A comparison was also made between methane concentration recorded by means of me-
thane sensors located along the longwall face in the wireless system (Figure 2), as well as
local recordings of methane concentration in the longwall cross-section, using methane-
anemometers in the multi-point system installed close to section 7 of the powered roof
supports (Figure 7).

The comparison of methane concentration recorded in both measurement systems is
presented in Figure 9.
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Figure 9. Comparison of recorded methane concentrations, measured by means of wire-
less sensors with the multi-point system in longwall Cw-4, between 7:40-9:00, in relation
to equipment operation

The methane concentration values recorded along the longwall face (MB638+MB619),
marked in blue, and values recorded in the longwall cross-section in the multi-point sys-
tem (red lines) have a similar curve shape and correctly reflect the changes in methane
concentration resulting from the functioning of mining equipment, although methane
concentration values recorded in the cross-section are higher than those recorded along
the longwall face.

Additionally, Figure 9 contains a black line which reflects the averaged methane concen-
tration values recorded by methane-anemometers, constituting the multi-point system in
the longwall cross-section, which confirms the significant convergence between methane
concentration values recorded by methane sensors installed along the longwall face and
the average concentration in the cross-section.
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It is also of interest to make a comparison between methane concentration values recorded
by wireless sensor MB619 (section 5) located between the powered support sections (Fig-
urel0, blue line) and average methane concentration in the cross-section of longwall Cw-
4, recorded by means of the multi-point system installed at section 7 (Figurel0, red line).
This comparison addresses the issue of whether methane concentration measurements
made using a single sensor located between powered support sections reflect the actual
changes in average methane concentration in the air stream flowing through the longwall.
On the basis of a comparison between the recorded values (Figure 10), it is possible to
confirm the good compatibility of both.
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Figure 10. Comparison of the recorded methane concentration for wireless sensor
MB619 (section 5) and average methane concentration in the cross-section of longwall
Cw-4, recorded by the multi-point system (section 7)

4. Determination of air flow velocity and methane concentration in the Cw-4 longwall
drift

One of the aims of the research conducted by means of a multi-point system

(Figure 6) was to find out about the nature of changes in velocity field and methane con-
centration through visualisation of the longwall ventilation process. This aim has been
achieved by determination and observation of changes of flow velocity in time, for each
anemometric sensor in the system, which shows the level of flow fluctuations in a given
location of the works. Momentary velocity fields are represented on the 2D charts as lines
of equal velocity (isotachs) [16].

The authors IZO-VM computer program [16] was extended with the possibility of visual-
ising distributions of air velocity and methane concentrations in the cross-section of the
coal mine. The IZO-VM software enables the calculation of working (longwall) cross-sec-
tion and air volume and methane stream using the method of velocity field for the time
of making measurements [19]. In longwall Cw-4, “in-situ” experiments were carried out
[12], the purpose of which was to follow methane concentration distribution in the
longwall drift cross-sections during mining with the use of a shearer. In these studies, the
multi-point system discussed earlier (Figure 6) was used, with distribution of methane-
anemometers in the longwall drift cross-section close to section 7 of the powered roof
supports recording local air velocities (Figure 7) and methane concentrations (Figure 8).
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On the basis of recording local air velocities and methane concentrations by means of the
multi-point system, via the IZO-VM software, air flow lines of equal velocity (isotachs)
(Figure 11) and methane concentration isolines in the longwall cross-section (Figure 12)
were determined.
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Figure 11. Velocity profile in the Cw-4 longwall cross-section, at 8:00

The chart of the 2D velocity field (Figure 11) shows the evolved velocity profile, with the
highest value of air velocity in the works in the vicinity of methane-anemometer No. 1
located 0.44 m from the mined solid coal and 1.28 m above the floor of longwall Cw-4.

Moreover, using the IZO-VM software, the following have been determined: the surface
area of the cross-section of the measurement site in longwall Cw-4 and the stream of flow-
ing air and methane. The obtained results are shown in Figures 12 and 13. The isolines of
methane concentration that developed (Figure 12) indicate that the area with highest me-
thane concentration is located in the area of maximum velocity (methane-anemometer No.
1), which suggests that most of the methane flowing to the longwall space during shearer
operation comes from the uncovered solid coal. Analysing the velocity profile for the
flowing mixture of air and methane, shown in Figure 11, as well as the methane concen-
tration profile, shown in Fig 12, the highest methane concentrations have also been noted
in the area between solid coal and the face conveyor (AFC), in the upper part of the cross-
section.
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Figure 12. Methane concentration profile in the Cw-4 longwall cross-section, at 8:00

Figure 13 shows a screen-shot from the IZO-VM software, which contains changes in air
volume stream (blue line, upper graph), as well as changes in methane volume stream
(blue line, lower graph), between 7:40 and 8:50. The average stream of air has amounted
to 6.46 m3/s (388 m3/min), while the average methane stream was 0.0706 m3CHa/s (4.23
m3CHs/min), and the cross-section surface area amounted to 6 m2. The graphs provided
indicate substantial fluctuations of the air flowing through the cross-section of longwall
Cw-4. A similar nature of flow, with marked differences in momentary values of air ve-

locity, can be noted in Figure 7.

£} Determination of the air and methane volume flow using the velocity field method

Calculations
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Figure 13. Air and methane volume flow in longwall CW-4, section 7
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Figure 13 shows that from 8:10, an increase of methane volume stream could be observed,
as well as methane concentration levels (Figure 8), which is a result of shearer cutting
operation in the longwall face.The observation of methane velocity and concentration
measured by means of methane-anemometer No. 1 (Figure 14) in longwall CW-4 reveals
a substantial variability of flow velocity. The average air flow velocity recorded by me-
thane-anemometer No. 1 of the system amounted to 1.74 m/s, while the average methane
concentration amounted to 1.30%CHa.
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Figure 14. Changes in air velocity and methane concentration for sensor No 1,
between 7:40 and 8:50

Table 1 shows the average velocities and average methane concentrations between 7:40
and 8:50 for all methane-anemometers of the multi-point system located in the cross-sec-
tion of the longwall drift close to the 7t section of supports, as indicated in Figure 6. The
coordinate system X,y origin for the sensor is located at the bottom, close to the solid (Fig-
ure 11, Figure 12).
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Table 1. Average air velocities and methane concentrations

Sensors Location of sensors Velocity Methane

[m/s] [%]
X [m] Y [m] \Y% C

No. 1 0.44 1.28 1.74 1.30
No. 7 1.04 1.27 1.33 1.23
No. 6 1.64 1.29 1.2 1.11
No. 12 2.21 1.29 1.18 1.09
No. 3 1.61 0.92 1.54 1.03
No. 10 2.23 0.9 1.39 1.13
No. 16 2.41 0.89 1.36 1.09
No. 8 2.95 0.84 1.24 1.04
No. 15 3.36 0.89 0.85 0.96

5. Discussion

Recording of air parameters in the mine monitoring system and experiments “in-situ” en-
abled us to obtain interesting study material, extending the knowledge about methane
distribution in a longwall drift during shearer operation. The research demonstrated that
sensors located behind hydraulic supports in the area where the headboard of powered
supports connects with the shield structure capable of withstanding a cave-in correctly
registered changes in methane concentration caused by shearer operation in the longwall
face.

An important element of the studies conducted was simultaneous recording of methane
concentration along the longwall face with registration of shearer and armoured face con-
veyor (AFC) operation in longwall Cw-4 and information about the direction of working
(up/down), as well as its type (cutting/cleaning). From the perspective of research con-
ducted so far, the study was unique and allowed for analysis and assessment of the influ-
ence of longwall mining operations upon distribution of methane concentration along the
longwall face.

An important element of the research was recording the methane concentration in the
working thickness of the seam, obtained in a multi-point system, which demonstrated that
methane concentrations recorded along the longwall face properly reflect the changes in
methane concentration in seam working thickness during shearer operation in the
longwall face. Moreover, the comparison of methane concentration for sensors located
along the longwall in relation to average concentration (Figure 10) in the multi-point sys-
tem in longwall Cw-4 demonstrated a similar character of sequences, particularly for the
sensor located at the closest location in relation to multi-point system installation. The
results confirmed that a sensor located close to the place of installation of a multi-point
system truly captures the nature of changes in methane in the overall cross-section. More-
over, the studies concerning distribution of methane concentration and air volume in the
working thickness of the seam performed using a multi-point system revealed a much
higher emission of methane from the sidewall than from the goaf.

Author contributions: S. W. provided a general idea and registration of the monitoring
system, T.P. and A.K. developed, tested, and described the IZO-VM software, W.D.
developed velocity and methane profile analysis, S.W., W.D. and A.K. wrote the article.
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