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METHODOLOGY FOR DETERMINING METHANE DISTRIBUTION IN A LONGWALL DISTRICT

METODYKA WYZNACZANIA ROZKEADU WYDZIELANIA METANU W REJONIE SCIANY

This paper presents mathematical models enabling the calculation of the distribution and patterns of
methane inflow to the air stream in a longwall seam being exploited and spoil on a longwall conveyor,
taking into account the variability of shearer and conveyor operation and simulation results of the min-
ing team using the Ventgraph-Plus software. In the research, an experiment was employed to observe
changes in air parameters, in particular air velocity and methane concentration in the Cw-4 longwall area
in seam 364/2 at KWK Budryk, during different phases of shearer operation in the area of the mining
wall in methane hazard conditions. Presented is the method of data recording during the experiment
which included records from the mine’s system for automatic gasometry, records from a wireless system
of eight methane sensors installed in the end part of the longwall and additionally from nine methane
anemometers located across the longwall on a grid. Synchronous data records obtained from these three
independent sources were compared against the recording the operating condition of the shearer and
haulage machines at the longwall in various phases of their operation (cleaning, cutting). The results of
the multipoint system measurements made it possible to determine the volume of air and methane flow
across the longwall working, and, consequently, to calculate the correction coefficients for determining
the volume of air and methane from measurements of local air velocity and methane concentration. An
attempt was made to determine the methane inflow from a unit of the longwall body area and the unit of
spoil length on conveyors depending on the mining rate. The Cw-4 longwall ventilation was simulated
using the data measured and calculated from measurements and the simulation results were discussed.

Keywords: methane hazard, monitoring system, Mine ventilation, sources of methane inflow at the
longwall

W artykule przedstawiono modele matematyczne pozwalajace obliczy¢ rozktad i przebieg doptywu
metanu do strumienia powietrza w $cianie z urabianego poktadu i urobku na przeno$niku $cianowym
z uwzglednieniem zmiennosci pracy kombajnu i przenos$nika oraz wyniki symulacji pracy zespotu wydo-
bywczego z zastosowaniem programu Ventgraph-Plus. W badaniach wykorzystano eksperyment obser-
wacji zmian parametrow powietrza, a w szczegolnosci predkosci powietrza i stgzenia metanu w rejonie
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$ciany Cw-4 w poktadzie 364/2 KWK Budryk w czasie roznych faz pracy kombajnu w rejonie $ciany
wydobywczej w warunkach zagrozenia metanowego. Przedstawiono sposob rejestracji danych w czasie
eksperymentu, ktory obejmowat zapisy z kopalnianego systemu gazometrii automatycznej, rejestracje
w systemie bezprzewodowych w liczbie 8 sztuk czujnikow metanu zabudowanych w koncowej czgsci
$ciany oraz dodatkowo 9 sztuk meta-anemometrow zabudowanych w przekroju poprzecznym $ciany na
kratownicy. Synchroniczne zapisy danych pozyskane z tych trzech niezaleznych zrodet poréwnano na tle
zapisu stanu pracy kombajnu oraz maszyn odstawy w $cianie w réznych fazach ich pracy (czyszczenie,
cigeie). Wyniki pomiaréw systemem wielopunktowym pozwolity wyznaczy¢ strumien objgtosci powie-
trza i metanu w przekroju wyrobiska $cianowego i w nastgpstwie obliczy¢ wspotczynniki korekcyjne
dla wyznaczania strumienia objgto$ci powietrza i metanu z pomiaréw miejscowych predkosci powietrza
istgzenia metanu. Podjgto probg wyznaczenia wielkosci doptywu metanu z jednostki powierzchni calizny
Sciany oraz z jednostki dtugosci urobku na przenosnikach w zaleznosci od predkosci urabiania. Wykonano
symulacjg przewietrzania $ciany Cw-4 z wykorzystaniem zmierzonych i obliczonych z pomiaréw danych
oraz omowiono wyniki symulacji.

Stowa kluczowe: wentylacja kopaln, zagrozenie metanowe, system monitoringu, zréodta doptywu metanu
w $cianie

1. Introduction

To ensure correct results of the computer-aided simulation of ventilation in the longwall
district with a running shearer, it is of essence to make a correct choice of the input quantities
for the mathematical models used in the simulation software. These models describe relation-
ships between such parameters of air venting the longwall as the volume streams and the volume
percentage of methane in these streams. The Ventgraph-Plus Ventilation Engineer Software
(Pritchard, 2010; Dziurzynski et al., 2013) enables calculation of air and methane distribution
in the mine ventilation network using a database covering the ventilation network topology and
parameters of its components, such as aerodynamic resistance and geometric dimensions of
ventilation siding and gob, network nodes and air density in sidings, as well as the distribution
of methane inflow sources. The sources of methane inflow at the longwall, with the shearer run-
ning, include the seam being exploited, spoil on conveyors, inflows from the gob of the longwall
and adjacent gobs as well as from the seams located above and below. Ventgraph-Plus provides
mathematical models enabling the calculation of the distribution and pattern of methane inflow
to the air stream in a longwall seam being exploited and spoil on a longwall conveyor, taking
into account the variability of shearer and conveyor operation. The distribution and pattern of
methane inflow from the spoil on the conveyor in the main gate can also be calculated. Calculated
streams of incoming methane make it possible determine time-varying distributions of methane
concentration in the adjacent longwalls and headings. For those calculations, it is necessary to
enter the input data into the software. That includes:

* methane content of the seam being exploited,;

* trajectory of the shearer movement at the longwall taking into account the mining periods;

+ the web and height of the seam being mined;

» conveyor speeds.

In order to establish the mentioned values, it is necessary to perform in situ measurements
which are possible to perform during continued operation at the longwall (Schatzel et al., 2017).
The paper presents the results of measurements of methane concentration and air velocity in the
area of CW-4 longwall in the 364/2 seam at KWK Budryk. The recorded concentration patterns
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were obtained from methane detectors of the mine gasometry system and additional eight precise
wireless methane detectors installed in the longwall. Furthermore, air velocities measured by
mine anemometers were recorded along with air velocities and methane concentrations from by
the multipoint system of air flow through nine meta-anemometers set in the end portion of the
longwall, as shown in Figure 6 (Dziurzynski et al., 2014).

The results of the multipoint system measurements made it possible to determine the volume
of air and methane flow across the longwall working, and, consequently, to calculate the cor-
rection coefficients for determining the volume of air and methane from measurements of local
air velocity and methane concentration. For the selected period of time, methane concentrations
measured in the longwall were correlated with the work schedule of the shearer. An attempt was
made to determine the methane inflow from a unit of the longwall body area and the unit of spoil
length on conveyors depending on the mining rate. The Cw-4 longwall ventilation process was
simulated using the data measured and calculated from measurements and the simulation results
obtained were discussed.

2. Modification of the Ventgraph-Plus software

In 2001, at the Mine Ventilation Laboratory IMG PAN, works were initiated to modify the
Ventgraph software (Blecharz et al., 2003; Dziurzynski et al., 2013) to enable numerical model-
ling of the longwall with a running shearer. These works included the creation of a model of
methane outflow from the longwall being mined and spoil removed (Dziurzynski et al., 2001).
In the longwall model created then, the shearer worked at a constant speed and in one direction
(Blecharz et al., 2003). In the following years, the model was expanded to include the operation
of the shearer according to the saved schedule, with mining in both directions and with the shearer
stops and the face and longwall conveyor. (Dziurzynski et al., 2008). Another version of the model
allowed simulation of the shearer operation at a rate depending on the concentration of methane,
measured in the air current flowing out of the longwall (Dziurzynski et al., 2018). Said model,
after a few changes adapting it to the simulation of shearer operation and conveyors according
to the saved schedule, was implemented in the Ventgraph-Plus software and used to simulate
the measurement of changes in air parameters, in particular the measurement of air velocity and
methane concentration in the area of the CW-4 longwall in the 364/2 seam at KWK Budryk
(Wasilewski & Branny, 2008; Dziurzynski et al., 2014) during various phases of the shearer op-
eration in the area of the longwall in conditions of methane hazard. The model described allows
for simulating the movement of the shearer across the longwall and the operation of the face and
longwall conveyors based on traffic parameters saved in a table. The common parameter for the
shearer and conveyors is the time of changing the value of any of the other parameters, counted
in minutes from the beginning of the simulation. The other parameters include:

* shearer position at the longwall, measured in meters from the longwall beginning;

* the speed of the shearer movement in m/min, where the sign of the speed value determines
the direction of the shearer movement, the positive sign means the movement from the
beginning to the end, while the negative sign means the movement in the opposite direc-
tion;

* mining indicator, value 1 means that the shearer cutting, 0 — not cutting;

» conveyor operation indicator, value 1 means that conveyors work, 0 — conveyors stopped.
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The mining with a longwall shearer involves the phenomena of methane separation from
the fracture zone, which forms in front of the shearer and the surface of the newly exposed face
behind the shearer (Tarasow & Kolmakow, 1978; Schatzel et al., 2008). For numerical modelling
of such phenomena, a simplified triangular shape of the relationship of methane emission volume
per unit area was assumed in the models mentioned, as shown in Fig. 1, (Dziurzynski et al., 2018).

Gmax + l{o(y)

. Ok + Sk 1)
y

Fig. 1. Spatio-temporal relationship of methane release rate from the longwall cut with a shearer.
Designation: y; — location of the shearer at the longwall at time #; S; — length of the fracture zone in front of
the shearer; 7, — methane emission stabilisation time after opening new face surface; go(y) — distribution of
the initial value of the methane volume flow per area unit of the longwall, taking into account the variable gas
distribution of the seam; ¢,,,, — increase of methane density of the volume stream at the mining site

Such a spatio-temporal relationship of methane release rate from the longwall cut with
a shearer makes it possible to determine the distribution of methane release along the longwall at
any time ¢, in which the shearer is located at a distance y; from the longwall beginning (Fig. 2). In
Fig. 2, an exemplary trajectory of the shearer movement is plotted in a solid bold line, and sections
of the shearer’s trajectory without mining are shown with a dotted bold line. The distribution of
the methane release rate from the wall face gcy, (v, ) is shown (dotted line) for the time z, when
the shearer is located at a distance y; from the beginning of the longwall with the length of L,.
This distribution shows examples of two methane velocity values at the distances of y; and y,
from the beginning of the longwall. As shown, determining the velocity of methane release at the
point (yy, #) requires knowledge of the time #,, in which the shearer was located at a distance y,
from the beginning of the longwall. To determine the value of the methane release velocity at
the point (35, £), it is necessary to know the distance of the point (y,, #) from the shearer position
in the longwall y, at the moment ¢. These relationships can be presented as follows:

t—t
qen, (1) =90 (1) + Gmax [1— Tkp] (1)

u

qCH4 (yZ):qO (y2)+Qmax [l_yzs;y,{j (2)
k
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Fig. 2. Distribution of the methane volume stream density from the longwall face mined
with a shearer with variable speed of movement and stops.
Continuous bold line — sections of the trajectory of the shearer, dotted bold line
— sections of the shearer trajectory that is not cutting at the time #; + ¢, and ¢ > #;.

Apart from methane released from the face of the longwall, methane from the extracted
coal flows into the stream of air flowing through the longwall working. A model of coal degas-
sing with exponential decrease of methane volume flow, presented in the article of Dziurzynski
and Krach (2001), based on the work of Airuni (1987), and the relationship between the mass
of spoil on the unitary conveyor section and shearer cutting parameters and the conveyor speed,
based on the results of the work of Drze¢zla and Badura (1980) was used to describe this inflow.

The linear density of spoil on a longwall conveyor equals:

s = PyzH 3
g&=p vt () 3)
where
p,, — density of coal being mined;
z — shearer web;
H — web height;
vi(t,) — shearer speed at the time ¢;
v, — longwall conveyor speed.
The linear density of spoil on conveyor in the gate road:
VY
& =8 4)
12

t

where v, — conveyor speed in the gate road.
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Knowing the times of transport delays for spoil on a longwall conveyor 7, and on the trans-
port conveyor 1, it is possible to calculate the volume flow of methane from the mass unit of
the spoil, and then, knowing the linear density of the spoil, from the unit of the spoil length on
the conveyors.

Methane volume flow from the unit of the spoil length with a linear density g; on a longwall
CONVEYOT gy, 5 and 0N a transport CONVeyor gey, ,; €quals:

3
Tsit
qCH4 psipt = 8t ZGI exp[_s_] (5)
i=0 7
where:
V.
G=—+, i=0,1,2,3,
7
Vo, To volume of the desorbed gas and desorption time constant from the volume of sorp-
tion particles;
V1,71 — volume of the sorbed gas and desorption time constant for gas accumulated on the
surface of sorption particles;
V,, 7, — volume of the sorbed gas and desorption time constant for the supersorption par-
ticles;
V3, 13 volume of the sorbed gas and desorption time constant from the volume of filtra-

tion and sorption particles;
whereby: 7, > 17, > 1, > 13.

The volumes mentioned above refer to the unit of coal mass.
The summarised mass stream of methane flowing into the air per the longwall length unit
equals:

9y cH, s = PcH, (‘JCH4 ks TdcH, ps) (6)
where
pcu, — methane density;
dcu,ks — methane volume stream flowing from a length unit of the face of longwall being
worked;
dcu,ps — methane volume stream coming from the unit of spoil length on the longwall
conveyor.

The methane volume stream flowing from a length unit of the face of longwall at a distance y
from its beginning equals

qCHyks — 4CH, 0nH (7
where H — web height.

In order to simulate a specific case of shearer operation in the area of the CW-4 long wall in
the 364/2 seam at KWK Budryk, it is necessary to enter, in the software, the parameters values
as close as possible to the real ones. This is a major difficulty, because most of them are not
measured directly. The measurements of methane concentration and air velocity recorded by the
gasometry system can be utilised, remembering, however, that these are local measurements,
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requiring usually adjustments to obtain the average values in the section of the working. The
results of manual measurements and multi-point measurements, performed as part of a measure-
ment experiment can also be used.

3. Measurement data processing

From the measurement experiment in the area of the Cw-4 longwall in the 364/2 seam at
KWK Budryk (Dziurzynski et al., 2014), performed during various phases of shearer operation,
a series of methane concentrations and air velocities were obtained from the mine gasometry
system, from wireless methane sensors additionally arranged along walls and from the multi-
point methane anemometer system located at the bottom of the longwall. Furthermore, power
supply records of the shearer and conveyors were available along with maintenance records of
the shearer position at the longwall at a given time and working condition (cutting, not cutting)
at that time. Based on that data, an attempt was made to reconstruct the trajectory and work
schedule of the shearer at the longwall.

Recording of the shearer and longwall conveyor power supply status from 7:00 to 12:00 is
shown in Fig. 3.

shearer

conveyor

\

0 60 120 180 240 300
time [min]

I i

Fig. 3. Recorded work schedule of the shearer and longwall conveyor.
Rectangles indicate sections of the shearer working time according to the maintenance records.
Dashed rectangles — shearer cutting

The above figure shows a discrepancy, since the shearer power supply is switched off in the
270th minute (at 11:30) and that of the conveyor already in the 264th minute (at 11:24), which is
in contradiction with the data from the service records (dashed rectangle). Using the above data,
the trajectory of the shearer in the longwall and the work schedule of the shearer and conveyors,
recorded in table 1, were assumed for simulation purposes.

The trajectory of the shearer recorded in this way is shown in Fig. 4.

In order to estimate the value of the density of the methane stream flowing from the long-
wall face and from the extracted coal, methane concentration patterns recorded by mine methane
meters, placed 2 m from the inlet to the longwall (MM 120), halfway the longwall (MM 129) and
10 m from the longwall outlet (MM118) were used, in the time from 7:00 to 12:00, as shown
in Figure 5.

The values of methane concentration are marked with points, measured every 1 minute. The
continuous line shows the methane concentration patterns filtered with a symmetrical FIR 5th
order FIR filter with weights of 0.2. Dashed rectangles mean sections of time when the shearer
was cutting.
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TABLE 1
Trajectory and work schedule of the shearer and conveyors
Number Time Shearer Velocity Shearer Conveyors
of value changes position on of shearer cutting/ run/
change the longwall movement not cutting stopped
No. KT, min. KY, m KV, m/min KU PS
0 0 15 0 0 0
1 38 15 10.227 0 1
2 60 240 -3.897 1 1
3 120 14 0 0 0
4 126 14 0 0 1
5 135 14 0 0 0
6 200 14 -14 1 1
7 210 0 0 0 0
8 224 0 10.0 0 0
9 235 110 9.286 0 0
10 249 240 0 0 1
11 255 240 —6.667 1 1
12 264 180 —6.429 0 0
13 271 135 0 0 0
Remarks: The change in the values of the shearer conveyors’ movement parameters is marked in bold.
250
200 II \ II -\\
£ 150 = ! \ I \
© 3 / ! S ——-
§a 100 —| ,’ \ : /I
A \ ;
————— 1 \ -------- - !
0 I B I — L B \ YT R B
0 60 120 180 240 300

time [min]

Fig. 4. The shearer path on the longwall with sections when it cuts marked with continuous lines

The volume stream of methane in the section distant by y from the beginning of the longwall
and at the moment ¢ can be calculated from the following equation:

where:

L
9cn, (y’t):-[[gk (yp’t_t0)+g5 (yp’t_to)JdJ’p +

y

+qCH4 wi (L7t _tnL)

®)

8k(vp, t —1,) — linear density of the methane stream flowing in from the wall in the distan-
ce y, from the beginning;
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Fig. 5. Methane concentration patterns recorded by mine methane detectors, placed 2 m
from the inlet to the longwall (MM120), halfway the longwall (MM129) and 10 m
from the longwall outlet (MM 118), in the time from 7:00 to 12:00
gs(Vp» t—1,) — linear density of the incoming methane volume stream from spoil on

a longwall conveyor;
t, — transport delay at the section (, y,);
qcn,wi (L, t,1) — methane volume stream at the inlet of the longwall;
t,; — transport delay at the section (y, L);
L — wall length.

The integration limits result from the fact that, in this exemplary simulation of a longwall
with a shearer, the beginning of the y axis (along the wall) at the longwall outlet is assumed, i.e.
the y axis is directed opposite to the direction of air flow at the longwall.

The transport delay is related to the lifting of methane with the air current at the longwall
and is equal to:

to = b to L= (9)

where v, — air velocity at the longwall.

Further on, the index 1 was adopted for the values related to the MM 120 methane detector
at the longwall inlet, index 2 for the MM 129 methane detector halfway the longwall and index 3
for the MM 118 methane detector on the 10th meter from the longwall outlet. The methane stream
at the inlet to the longwall can be calculated from the methane detector MM120. From Fig. 5, it
can be concluded that the average value of methane concentration in 5 hours is equal to 0.3%.
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Therefore, the methane stream at the inlet to the longwall is equal to:
gen, wit = Ceny 19p1 (10)
where: 0, | — air volume stream at the longwall inlet (in the y; section).

From the KWK Budryk model implemented in the Ventgraph-Plus software, the following
air volume streams were obtained:

0,,=1018.5m’min, Q,,=950 m’/min,  Q,;=874.2 m*/min

Decreasing values of air stream flow in the wall result from air escapes to the gob. For the
longwall cross-sectional area of 9 m? wall, the following air velocity figures are obtained:

v, 1= 113.2 m/min, »=105.6 m/min, v, =97.1 m/min

Vp
Therefore:
qcn,wi1 = 3-06 m*/min, qcywiz = 2-85 m*/min, qcn, wiz = 2.62 m®/min

To estimate the stream density of methane flowing in from the longwall face which is not
being mined, for g(s) in the equations (1) and (2), it was assumed that during the first 20 minutes
there were not transient patterns associated with the settling time 7, and the exponential decrease
of the methane stream from the spoil (Fig. 5), and the average values of methane concentration
and the corresponding methane volume streams are equal to:

CCH4 2= 0.6%,4 qCH4 2= 5.70 m3/min, CCH4 3= 1%, qCH4 3= 8.74 m3/min
Therefore, the equation (8) is simplified to the form:
L
qon,i = | 8 (v, ), +dcn i Wherei=23 (11)
Vi
The linear density of the methane volume flow is given by:
8kp) = qovp)H (12)
where: H — longwall height (H = 2 m here).

Assuming that densities of the methane stream from the face g, at the section of the wall
from y; =10 m to y, = 120 m and from y, to L = 240 m are constant, the following relationships
are obtained:

L
dcw, 2 =H.[ 9024V, +4cu, w2 = 902 (L= 1)+ dcu, win (13)
Y2

L Y
dch, 3 :H{f do2dy, + ,[ q03dpr+qCH4wl3
Y2 »3

=42 H (L=y2)+4q03H (¥, = 3) + e, wis (14)
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Thus, the initial density of methane volume stream for the longwall wall section (y,, L) equals:

_9cu,2 ~49cH, wi2

do2 = (15)
H (L - )
and for the longwall section (3, ¥»)
q. —4q wi3 — 4 +4q w
dos = cH, 3 ~49cH, wi3 ~9cH, 2 T dcH, w2 (16)

H(J’z‘)@)

By substituting the above-mentioned to those equations, the following values are obtained:
40> = 0.012 m/min, qo3 = 0.015 m/min

It is more difficult to estimate the value of methane stream density increase during mining.
From Fig. 4 and Table 1, it is concluded that the shearer begins cutting in the 60th minute from
the position y = L in the longwall, at a speed v, = 3.897 m/min. It will reach the position y; at
the longwall, after the time:

L-y,
Vi

At = (17)

The mining ends in the 120th minute, i.e. after 60 minutes, at the position y;; = 14 m at the
longwall.

From Fig. 5 and relationships (1) and (2) it follows that the highest value of methane vol-
ume stream at the longwall section at a distance of y; = 10 m from its beginning can be expected
when the shearer is at the distance S;, from y3, i.e. in the position y, = y; + S; at the longwall. For
Vi =3, the passage time of the shearer is 59 minutes, while the transport delay for this section is
about 2 minutes. Thus, it is possible to ignore such delay in equation (8). In the methane stream
coming into the air flowing in the wall, also the component originating from the spoil can be
ignored, since, in this case, the transport of spoil takes place in the direction of the shearer min-
ing, so the conveyor behind the shearer is empty. Stream of methane in the cross section of the
longwall y;, when y; = y3 + S} is equal to:

Y38, —
Yp = W3
den,s = H j |:q03+qmax pS }dyp+
V3 k
L
Yy = V3 =Sk
+H J' |:q03+qmax(1_p—TJ:|dyp+qCH4w[3 (18)

Y38 Vichu

If L — y3 — S < 2v; T, the volume methane stream gy, 3 equals

Sy (5103+qr;axj+(L_J’3_Sk)X

9cH, (J’s):H ﬂ +dqcu, wi3 (19)

L-—y,-S
><|:qO3 *+ Gmax (l_#
k*tu
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From here, the increase in the density of the methane volume stream at the time of mining
can be calculated

dcu,3 ~94cH,wi3

H 5103(L_y3) 20)
qmax:
(L—y -S ) 1_L—y73—Sk +Si
3Ok 2,7, 2

If L —y3 — 8> 2v; T, the volume methane stream gy, 3 equals

S, +v, T,

qCH43 = H|:q03 (Lu _y3)+qmax +:|+qCH4wl3 (21)

The increase in the density of the methane volume stream while mining g,,,,, can now be
calculated as follows:

dcn,3 —49cH,wi3

%—%3 (L—J’3)

=2 (22)
Sk +Vk7;4

qmax

As it can be concluded from the above equations, the calculation of ¢,,,, is difficult, because,
apart from the measured values of methane flow streams in the longwall cross-section, it is also
necessary to know the length of the fracture zone in front of shearer S; and the methane release
stabilisation time from the opened body of coal behind the shearer 7,,. That time can be estimated
on the basis of the recorded drop in the methane concentration after mining is stopped.

From the pattern of methane concentration registered by the MM 118 methane detector
(Fig. 5), for the time after stopping mining in the 120th minute, the stabilisation time can be
estimated with high uncertainty to be about 30 minutes.

Assuming also that for the fracture zone length S, = 10 m, an attempt can be made to esti-
mate the value of g,y

At first, the values L — y; — Sy, and 2v, T, have to be calculated.

L—yy—S8,=240 - 10— 10 =220 m and 2v; T, = 2 x 3.897 x 30 = 233.8 m

The L — y3 — S, < 2v, T, condition is met, SO g, 1S calculated using the equation (19).
From Fig. 5, the concentration of methane Cey, = 1.6% is determined, and the volume
stream of methane is calculated

qen, s = Con, X Qp3 = 1.6 x 874.2/100 = 14 m*/min

Now, gmax can be calculated:

14-2.62
BE202_0.015(240-10) 5 69548 ‘
Tmex = 220 ) 10~ 220.0,050 _ 17 m/min
(240-10-10)[ 1- 220 |, 10 :
233.8) " 2
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There are also model parameters associated with degassing of the spoil, i.e. volume streams
of methane from a unit weight of spoil ;G, and decay time constants of these streams z,,, left
to be determined. The data available in the literature (Airuni, 1987) can be used, or desorption
measurements on carbon samples can be made.

4. An example of simulation of the ventilation process
while mining with a shearer in the Cw-4 wall

The basis for the simulation is to develop of a numerical model adequate to the actual condi-
tions for the considered case (Dziurzynski, 2009). The essential parameters can be obtained from
ventilation measurements during the experiment (Dziurzynski et al., 2014), and they relate to air
and methane flow in the wall and longwall workings as well the data which should be obtained
based on the analysis of mining and geological conditions and theoretical considerations). With
information on mining and geological conditions, a number of physical values were adopted,
which constitute input data for the development of the numerical model.

Based on the data compiled, a numerical model of the longwall district was developed,
which is shown in Figure 6. The Cw-4 longwall in the 364/2 seam, length 240 m, exploited
longitudinally with fall of roof, ventilated to “Y”, ensuring the discharge of used air from the
longwall along the gob, average wall height 2.0 m, wall web 480 m. Methane hazard category IV,
for the simulation, the calculated ventilation methane content in the amount of 38.4 [m*/min] for
the extraction of 1700 [Mg / day] was adopted.

The KSW-460NE shearer with electric feed drive operates at the longwall. The shearer
harvester is designed for bi-directional mechanical cutting and loading of coal in a longwall
pocketless system of, the web of the shearer 0.75-0.8 m, the speed of the shearer during cutting
can change from 2.0 m/min to 20.0 m/min. Haulage at the wall is carried out with the Rybnik
850E260 scraper conveyor and PZP-KOBRA scraper conveyor. The speed of scraper conveyors
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Fig. 6. Spatial layout of the Cw-4 longwall district, distribution of methane concentration in gob methane
monitoring sensors, in rectangles — air volume m*/min; — numerical model
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is 91.8 m/min. Further haulage is carried out by Gwarek-1200 belt conveyor at speeds of up to
192 m/min.

The example under consideration refers to a shearer working at the Cw-4 longwall and
taking away the spoil in methane inflow conditions, the schedule of which has been established
on the basis of an analysis of shearer operation and information obtained from mine supervi-
sion staff and information on gas sensor records. The methodology of analysis and processing
of measurement data is presented in section 3. In Fig. 7, with a bold violet line, the path of the
shearer movement is shown at the Cw-4 longwall from 7:00 to 12:00.
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Fig. 7. Methane concentrations and shearer path — axonometry

Based on the experiment carried out in the mine and the patterns shown in Figure 7, in
accordance with the requirements of the VentGraph-Plus simulation software, the schedule of
the shearer operation and of the longwall and transport conveyors was established, which was
adopted for further calculations.

Example:

Based on the information obtained, analyses carried out and the scheduling of the shearer’s
work, a numerical model of the Cw-4 longwall area was developed. For the purpose of this
example, data files recorded by the MM gasometer system and the mobile sensor system MB
were used, which were included in the VentGraph-Plus software procedures. This enables current
comparison of the simulation results with the results of measurements during the experiment at
Budryk mine. Table 2 presents the arbitrarily determined and adopted parameters of the math-
ematical model of methane emission, shearer operation and conveyors.
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Y% Parameters for cutter-loader and conveyors

Loader-cutter web [m]

Longwall height [m]

Length of cutter-loader impact zone [m]
Initial speed of cutter-loader [m/min]

Speed of face conveyor [m/min]

Speed of conveyor in carrying gangway [m/min]
Stabilisation time of methane emission [min]
Initial speed of methane release [m/min]
Highest speed of methane release [m/min]
Coal density [kg/m3]

Resistance in front of cutter-loader [kg/m7]
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7.80E-03
2.100E-02]
1300

0.2

Change the cross-section on section with cutter-loader (lower by %) (25

Positive param. for f.conv |2.0 Positive param. for tr.conv.. |4.2

481

TABLE 2

Results of of air distribution calculations in the district and temporal changes of methane
concentration at the Cw-4 longwall are shown in the following figures from 8 to 13, obtained
by calculations (solid blue line), which were compared with the data recorded in the gasometer
system (orange continuous line).
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Fig. 8. Sensors of the gasometer system:

* 10 m from the inlet to the Cw-4 longwall; * 121 m from the inlet to the Cw-4 longwall
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Fig. 9. Sensors of the gasometer system:
* 2 m from the outlet from the Cw-4 longwall; « 10 m in the Cw-4 heading behind the longwall line
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Fig. 10. Sensors of the gasometer system in the Cw-4 heading:
¢ 10 m from the Cw-4 heading; * 10 m from the ventilation cut
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Figure 8 presents the changes in methane concentration at a distance of 10 m from the
longwall inlet and at 121st metre at the Cw-4 longwall.

Figure 9 presents the changes in methane concentration at a distance of 2 m from the Cw-4
longwall outlet and at 10 m in the Cw-4 heading behind the longwall line. The chart shows
a significant discrepancy between the simulation results and methane concentration changes
recorded by the MM 130 sensor. Presumably, at that point, a stream of air and methane mixture
flowing out of the wall and a refreshing current exiting the wall outlet did not cause the methane
streams to mix with the flowing air.

Figure 10 shows the changes in methane concentration in the Cw-4 heading that discharges
the used air at a distance of 10 m from the CW-4 heading and 10m from the ventilation cut.
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Fig. 11. Changes in methane concentration as detected by a mobile system sensor in the Cw-4 longwall;
orange line — monitoring, blue line — simulation

Figure 11 shows changes in the methane concentration as detected by the mobile system
sensor in the Cw-4 longwall at a distance of 22.5 m from the longwall outlet.
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Fig. 12. Changes in methane concentration as detected by a mobile system sensor in the Cw-4 longwall;
orange line — monitoring, blue line — simulation

Figure 12 shows changes in the methane concentration as detected by the mobile system
sensor in the Cw-4 longwall at a distance of 7.5 m from the longwall outlet. Good consistency
of time patterns of methane changes is observed.
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Fig. 13. Methane inflow in the Cw-4 longwall, gasometric system sensors

Figure 13 shows the changes in the amount of methane flowing at selected points at the
Cw-4 longwall. The charts presented above confirm the possibility of determining both, changes
in methane concentration and the flow of methane. Achieving good consistency of time patterns
proves the correctness of algorithms and calculation procedures adopted in the VentGraph-Plus
software.

5. Summary and conclusions

The results of the research showed the difficulties that occur when determining the param-
eters of the numerical model of the longwall and workings and gobs. The data obtained from the
sensors of the mine’s automatic gasometry mine system and experiments carried out are useful.
The lack of reliable data on the shearer movement at the longwall (path, speed, mining condi-
tion) is quite noticeable. This can lead to significant differences between the registered methane
concentration patters and concentration values obtained from simulations.

The ongoing development of the VentGraph-Plus software gives positive results as it
takes into account further complex scenarios of the ventilation process analysis in the operating
conditions of the mining set (shearer, conveyors, powered supports) during the exploitation of
high-methane seams.

A numerical model of the Cw-4 longwall ventilated to “Y” with refreshment was built, the
model parameters were selected, and the results obtained were compared with measurements
of the monitoring system and measured parameters obtained during the methane concentration
distribution experiment in the selected Cw-4 longwall section.

Acknowledgments

The research was conducted as part of the statutory works of the Strata Mechanics Research Institute,
Polish Academy of Sciences in 2018, financed by the Ministry of Science and Higher Education.



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

References

Airuni A.T., 1987. Prognozirowanie i priedotwraszczienie gazodynamiczieskich jawlienij w ugolnych szachtach. Moskwa,
,,Nauka”.

Blecharz B., Dziurzynski W., Krach A., Patka T., 2003. Symulacja przeplywu mieszaniny powietrza i metanu w rejonie
Sciany, z uwzglednieniem procesu urabiania i odstawy wegla. Mechanizacja i Automatyzacja Gornictwa 3-4, 55-67.

Drzgzla B., Badura H., 1980. Przyblizony rozkiad stgzenia metanu emitowanego z urobku. Archiwum Gornictwa 25, 2.

Dziurzynski W., Krach A., 2001. Mathematical model of methane emission caused by a collapse of rock mass crump.
Archiwum Goérnictwa 46, 4.

Dziurzynski W., 2009. Badania modelowania przeplywu mieszania powietrza i gazow w rejonie Sciany w aspekcie
walidacji wynikéw komputerowej symulacji. Przeglad Gorniczy 11-12, 61-71.

Dziurzynski W., Krach A., Patka T., 2001. Prognozowanie rozktadu stgzenia metanu w sieci wentylacyjnej z uwzglednieniem
systemu monitoringu. Prace IMG PAN 3, 1-2.

Dziurzynski W., Krach A., Patka T., Wasilewski St., 2008. Walidacja programu VentZroby z wykorzystaniem wynikow

eksperymentu ,,in situ” i z zastosowaniem nowych algorytmow przygotowania danych wejsciowych. Prace IMG
PAN 10, 1-4, 67-102.

Dziurzynski W., Patka T., Krawczyk J., 2013. Ventgraph for Windows, Ventilation Engineer’s Program System for
Analyzing the Ventilation Network under Normal and Emergency Conditions — Simulation of Transient Flow of Air
and Fire Gases. Transactions of The Strata Mechanics Research Institute, Series: User Guides, ISSN 1509-2593,
Cracow, June 2013.

Dziurzynski W., Krawczyk J., Kruczkowski J., Krach A., Patka T., Skotniczny P., Janus J., Ostrogorski P., Wasilewski
St., 2014. Badania eksperymentalne rozszerzonego systemu wraz z weryfikacjq metodami symulacji komputerowych,
w tym z wykorzystaniem modeli 3D. Sprawozdanie z realizacji etapu nr 8 projektu strategicznego pt. ,,Opracowanie
systemu gazometrycznego powodujacego natychmiastowe wylaczenie energii zasilajacej maszyny i urzadzenia
w przypadku nagtego wyptywu metanu ze zrobow do wyrobisk eksploatacyjnych, Raport z projektu PS-8, Biblioteka
Pracowni Wentylacji IMG PAN.

Dziurzynski W., Krach A., Patka T., 2015. dirflow sensitivity assessment based on the underground mine ventilation
systems modeling. Energies 2017, 10, 1451; doi:10.3390/en10101451.

Dziurzynski W., Krach A., Patka T., 2018. Shearer control algorithm and identification of control parameters. Arch.
Min. Sci. 63, 3, 537-552.

Pritchard C.J., 2010. Validation of the Ventgraph program for use in metal/non-metal mines. Proceedings of the 13th US
Mine Ventilation Symposium, Sudbury, Canada.

Schatzel J., Karacan C.O., Krog R.B., Esterhuizen G.S., Goodman V.R., 2008. Guidelines for the Prediction and Control
of Methane Emissions on Longwalls. NIOSH, Circular 9502, Pittsburgh.

Schatzel J., Dougherty H., Krog R.B., 2017. Methane emissions and airflow patterns on a longwall face: Potential
influences from longwall gob permeability distributions on a bleederless longwall. Trans. Soc. Min. Metall. Explor.
Inc. 342 (1), 51-61. doi:10.19150/trans.8108.

Tarasow B.G., Kotmakow W.A., 1978. Gazowyj barjer ugolnych szacht. Moskwa ,,Niedra”, (1978).

Wasilewski S., Branny M., 2008. 4 preliminary study of the unsteady states of the ventilation parameters at the longwall
face during the shearer operation. Proceedings of 12th U.S./North American Mine Ventilation Symposium, June,
2008, Reno, Nevada, USA, 107-114.



