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2. Geology and mining conditions of the mined longwall

The exploitation of longwall D-2 took place in the developed part of the deposit at the depth 
ranging from 888 to 1047 m, in seam 410 whose thickness varied between 1.2 and 2.2 m. The roof 
strata were the following: gray shale, laminated, solid (0.0-2.0 m), sandy shale, interlayered with 
fine-grained solid sandstone (0.0-9.7 m), unsorted sandstone, solid (0.0-25.0 m), with occasional 
layers of sandy shale, coal n/d (0.0-1.0 m), sandy shale turning into unsorted sandstone (~30 m), 
shale (~1 m), coal seam 409/5 (~0.0-0.5 m), shale (~0.5 m), sandy shale (~1.50-5.50 m), shale 
(~2 m), fine-grained sandstone (~3 m), and coal seam 409/4 (3.10-3.50 m).

The bottom of the seam consisted of the following strata: shale with sand and numerous 
imprints of Carboniferous plants (0.0-1.2 m), coal seam n/d (0.5 m), sandy shale, solid, turning 
into fine-grained sandstone (~10 m), very solid with occasional layers of sandy shale, and seam 
411/1 with a thickness of 0.25-0.50 m.

Figure 1 shows a map of seam 410, in which the localization of longwall D-2 is indicated. 
The longwall was extracted using a diagonal system from the boundaries of the field. The head-

Fig. 1. A map of seam 410 in the area of longwall D-2
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and is directed to the longwall front along the solid coal. Drainage boreholes are drilled from the 
overlying (ventilation) heading and are liquidated as the exploitation front moves on. 

After the headings had been drilled, drainage boreholes were made; their placement is shown 
in Figure 4. The boreholes were drilled in four bunches (KM 333, KM 353, KM 373, KM 400); 
their length ranged from 60 to 120 m and their diameter was 65 mm. At each station, there were 
five boreholes in each bunch, drilled into the roof strata and into the floor strata.

The technical parametres of drainage boreholes are presented in Table 1.

TABLE 1

The technical parametres of the drainage boreholes in the area of longwall D-2 in seam 410

Borehole no. Borehole Borehole 
diameter, mm

Borehole 
length, m

Deviation from 
the right angle, o Inclination, o

1 TM29/12 65 60 23 to the left 15
2 TM30/12 65 70 8 to the left 15
3 TM31/12 65 80 7 to the right 17
4 TM32/12 65 100 22 to the right 20
5 TM33/12 65 120 32 to the right 20
6 TM151/12 65 80 23 to the left -45
7 TM152/12 65 80 8 to the left -45
8 TM153/12 65 80 7 to the right -45
9 TM154/12 65 120 22 to the right -35
10 TM155/12 65 120 32 to the right -35
11 TM441/12 65 120 42 to the right 20

The drainage boreholes were then connected to a methane drainage pipeline with a diameter 
of 200 mm, installed in incline D-4 in seam 409/4. Despite creating negative pressure in the 
methane drainage station, no methane was collected as there was no decompression zone in seam 
410. Methane concentration in the drainage boreholes fluctuated between 3 to 9 percent. This 

Fig. 3. A U ventilation system 
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was caused by the absence of a decompression zone in the area where the boreholes were drilled. 
It had not been possible to capture methane from the boreholes drilled in incline D-4 in seam 
409/4 until the extraction in longwall D-2 in seam 410 started and the area around the boreholes 
became decompressed. In May 2013, the amount of captured methane fluctuated between 0.5 
and 3.0 m3CH4/min, while methane concentration was between 30 to 55 per cent.

The two drainage boreholes drilled from the upper entry D-2 in seam 410 did not yield 
the predicted amount of methane because the direction of ventilation in longwall D-2 had been 
reversed to prevent temperature hazard.

Fig. 4. The placement of drainage boreholes in the area of longwall D-2 in seam 410

After the ventilation system had been modified, drainage boreholes were designed and 
drilled in the bottom road D-2 (Fig. 5). The boreholes were drilled in bunches of four, separated 
by a distance of 18 m. During exploitation, four or five methane capture points operated at the 
face of longwall D-2, draining ca. 8 m3CH4/min, the value of methane concentration being above 
50 percent. The parametres of the boreholes are listed in Tables 2 and 3.
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TABLE 2

Technical parametres of the drainage boreholes to be drilled from the upper entry D-2 in seam 410

Bore-
hole 
no.

Deviation of the 
borehole from the axis 

of the heading onto 
the longwall face, °

Deviation of the 
borehole from the axis 
of the heading onto the 

longwall face (optimal), °

Inclination 
of the 

borehole, °

Optimal 
inclination 

of the 
borehole, °

Borehole 
length, 

m

Optimal 
borehole 
length, 

m

1 18÷22 20 +11÷+13 +12 85÷95 90*
2 22÷26 24 +15÷+17 +16 85÷95 90*
3 26÷30 28 +19÷+21 +20 85÷95 90*
4 30÷34 32 +25÷+27 +26 85÷95 90*
5 34÷38 36 +17÷+19 +18 85÷95 90*

* The optimal borehole length is 60 m (±5 m) in the first bunch and 75 m (±5 m) in the second

TABLE 3

Technical parametres of the drainage boreholes to be drilled from the bottom entry D-2 in seam 410

Bore-
hole 
no.

Deviation of the 
borehole from the axis 

of the heading onto 
the longwall face, °

Deviation of the 
borehole from the axis 
of the heading onto the 

longwall face (optimal), °

Inclination 
of the 

borehole, °

Optimal 
inclination 

of the 
borehole, °

Borehole 
length, 

m

Optimal 
borehole 
length, 

m
1 22÷26 24 +19÷+21 +20 85÷95 90*
2 26÷30 28 +23÷+25 +24 85÷95 90*
3 30÷34 32 +27÷+29 +28 85÷95 90*
4 34÷38 36 +31÷+33 +32 85÷95 90*

* The optimal borehole length is 60 m (±5 m) in the first bunch and 75 m (±5 m) in the second

Fig. 5. The placement of drainage boreholes in the area of longwall D-2 in seam 410 after 
the ventilation system had been changed
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4. The balance of methane release in the area 
of the mined longwall

At longwall D-2 in seam 410, a study was conducted in order to assess the methane release 
and the efficiency of the methane drainage system. The study consisted in measuring methane 
concentration, air velocity, absolute pressure and the amount of methane captured by the drainage 
system. The measurements were based on values recorded by sensors for measuring methane 
and air velocity placed at longwall D-2 in seam 410. The placement of the sensors is presented 
in Figure 6. Regardless of the efforts to gauge methane content and air velocity, the progression 
of mining works and daily output were documented. The sensors that served to assess methane 
concentration were checked at set time intervals by comparing their indications with reference 
mixtures, while the values indicated by the sensors of air velocity were checked periodically by 
comparing their indications with those obtained through instantaneous measurements carried out 
with manual anemometres at the places where air velocity sensors were installed.

The study was conducted in the period from April 2013 to the end of October 2013. The 
results made it possible to produce a balance of daily methane release in the mined area dur-
ing the period under analysis. At the same time, average daily values of coal output, longwall 
advance and longwall life were calculated. In addition, the changes in methane concentration, 
air velocity and absolute air pressure at the outlet from the area were identified for the period 
under analysis. The numbers and placement of the sensors whose recorded values were used in 
the analysis are listed in Table 4.

 

Fig. 6. The ventilation system of longwall D-2 in seam 410 with the location of the automated gas monitoring 
and the anemometric sensors
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The values indicated by the measuring devices and the measured amount of captured meth-
ane were used to trace the changes in the methane-bearing capacity of ventilation air, absolute 
methane-bearing capacity and the efficiency of methane drainage.

During the period under analysis, the longwall face advanced by ca. 620 m. During this time, 
a maximum daily output of 3019 Mg/d was reached, while the average value was 1655 Mg/d. 
The greatest recorded longwall advance was 7.5 m/d, while on average its value was 2.94 m/d.

The results of the measurements made it possible to produce a balance of daily methane 
release in the mined area for the period between April and October 2013. The daily fluctuations 
in absolute methane-bearing capacity, in the ventilation air methane as well as in the amount of 
captured methane and methane drainage efficiency were determined and compared with coal 
output and longwall life. The results are presented in Figure 7. 

TABLE 4

Numbers of automatic gas sensors and anemometric sensors used for calculations 
and their localization in longwall D-2

Sensor no. Sensor position

AS-307
An anemometric sensor situated in the upper entry D-2/410 (inlet) about 40-60 m behind 
the crossing with the test heading D-3/410, in the clear cross-section of the excavation at 
the height of 2 m above the ß oor

AS-309
An anemometric sensor situated in the bottom road D-2/410 (outlet) about 10-25 m before 
the crosscut pos. 900, in the clear cross-section of the excavation at the height of 2 m 
above the ß oor

MM-80 A methanometric sensor situated (not more than 10 cm) below the roof of the support in 
the upper entry D-2/410, at a distance from the face end not greater than 10 m

MM-93
A methanometric sensor situated (not more than 10 cm) below the roof in the upper entry 
D-2/410, about 40-60 m behind the crossing with the test heading D-3/410 (in the direction 
of longwall D-2 seam 410)

MM-100 A methanometric sensor situated (not more than 10 cm) below the roof in the bottom road 
D-2/410, about 10-15 m before the crosscut pos. 900 (outlet from the area)

MM-125 A methanometric sensor situated (not more than 10 cm) below the roof in the bottom road 
D-2/410, at a distance of 6-10 m from sensor no. 2

MM-621 A methanometric sensor situated in the bottom road D-2/410 about 10-15 m before the 
crosing with the crosscut pos. 900

The obtained methane balance for the area of mined longwall D-2 in seam 410 shows that 
absolute methane-bearing capacity ranged from 2.09 to 36.62 m3/min, whereas the average 
value was 24.07 m3/min. The methane-bearing capacity of ventilation air ranged from 2.09 to 
26.55 m3/min, whereas the average value was 15.8 m3/min.

Figures 8 to 10 show the variations in absolute methane-bearing capacity, the ventilation 
air methane and in the amount of captured methane, compared with coal output at particular 
100-metre sections of the longwall life. The analysis of the results presented in the diagrams 
allows for the following conclusions:

1. 0 to 100 m (Fig. 8). During the start-up phase of mining it was observed that the level 
of absolute methane-bearing capacity showed a high degree of fluctuation within the 
range from 2.09 to 27.10 m3/min. Drops in the value of absolute methane-bearing capac-
ity were recorded during non-mining periods and when daily coal output declined, its 
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average value during the period under analysis being 1278 Mg/d. Initially, the amount 
of captured methane was not recorded; then, its values increased gradually, their range 
being between 1.6 and 9.7 m3/min.

2. 100 to 200 m (Fig. 9). Absolute methane-bearing capacity was at a level from 11.84 to 
22.44 m3/min and dropped during non-mining periods. The amount of captured methane 
ranged from 6.9 to 11.2 m3/min. The coal output was around 1922 Mg/d.

3. 200 to 300 m (Fig. 10). Absolute methane-bearing capacity was at a fairly steady level 
from ca. 17 to 25.58 m3/min, but also dropped during non-mining periods. The amount 
of captured methane ranged from 7.5 to 8.8 m3/min and remained more or less constant. 
The average coal output was 2192 Mg/d.

During the entire analysed period, the greatest fluctuations of absolute methane-bearing 
capacity and coal output were detected during the start-up phase of mining until the longwall 
advanced to approx. 200 m. It was observed that despite an increase in the methane-bearing 
capacity of ventilation air, the amount of methane captured by the drainage system remained at 
a steady level, except for the start-up phase of mining the longwall (0 to 100 m). Therefore, it 
can be concluded that the adopted methane drainage system is an efficient preventive measure 
that reduces methane hazard during exploitation. 

During non-mining periods the release of methane into the working drops. Nevertheless, the 
amount of captured methane remains at the same level as when mining is in progress.

 

Fig. 7. Changes of absolute methane-bearing capacity, the ventilation air methane and the amount of drained 
methane compared with the coal output in the area of longwall D-2
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Fig. 8. Changes of absolute methane-bearing capacity, the ventilation air methane and the amount of drained 
methane compared with the coal output in the area of longwall D-2

 

Fig. 9. Changes of absolute methane-bearing capacity, the ventilation air methane and the amount of drained 
methane compared with the coal output in the area of longwall D-2
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Fig. 10. Changes of absolute methane-bearing capacity, the ventilation air methane and the amount of drained 
methane compared with the coal output in the area of longwall D-2 air and the amount of captured methane 

compared with the coal output in the area of longwall D-2 in seam 410

5. The evaluation of the influence of various factors 
on the methane-bearing capacity and the amount 
of captured methane during the life of longwall D-2 

In an attempt to evaluate the obtained results in statistical terms, box plots were created of 
the properties measured during the advance of longwall D-2. The results were organized accord-
ing to 50-metre sections of the longwall life. In the plots, points denote arithmetic means, boxes 
refer to 95 percent confidence intervals, while whiskers mark the smallest and the highest of the 
recorded values. The results are presented in Figures 11 to 14. Average methane-bearing capac-
ity varied from 14.37 to 30.96 m3/min (Fig. 11), but its increase was continuous throughout the 
longwall life (except for the stretch between 100 to 150 m). At the same time, the average amount 
of methane captured by the methane drainage system rose from 3.92 to 10.47 m3/min (Fig. 12). 

 During this time, the average efficiency of drainage initially increased from 20.45 to 51.36 
percent and then dropped to remain at a level of 40 percent between the 150th and 620th metre 
of the longwall life (Fig. 13). During the period under analysis, the daily coal output fluctuated 
considerably between 1212 and 2457 Mg/d, while the average value was 1665 Mg/d (Fig. 14).

In addition, the impact of coal output on methane-bearing capacity of the longwall was also 
assessed. The results obtained from longwall D-2 are presented in Figures 15 and 16. Figure 15 
presents the changes in the amount of captured methane compared with coal output. It can be 
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observed that as coal output increases, the amount of captured methane remains at a fairly steady 
level ranging from the average value of 7 m3/min to 9.2 m3/min when the output was smaller 
(ca. 1700 Mg/d). The analysis of data presented in Figure 16 leads to the conclusion that the 
average methane drainage efficiency remains at a steady level of 40 percent regardless of the 
value of daily coal output.

Figure 17 illustrates the changes in the amount of captured methane in relation to absolute 
methane-bearing capacity. It emerges that the increase in absolute methane-bearing capacity is cor-
related with a linear increase in the amount of methane obtained through drainage. Figure 18 shows 
the changes in the efficiency of drainage compared with absolute methane-bearing capacity. It can 
be observed that the efficiency of drainage dropped from 50.63 to 31 percent as absolute methane-
bearing capacity increased. Figure 20 shows how drainage efficiency dropped as the methane-
bearing capacity of the ventilation air increased. This relationship can be explained by the fact that 
the more methane is released at the longwall face, the less gas is captured by the drainage system.

Fig. 11. Changes in absolute methane-bearing 
capacity compared with the face advance 

of longwall D-2 in seam 410

Fig. 12. Changes in the amount of captured 
methane compared with the face advance 

of longwall D-2 in seam 410

Fig. 13. Changes in the efficiency of methane 
drainage compared with the face advance 

of longwall D-2 in seam 410

Fig. 14. Changes in coal output compared 
with the face advance of longwall D-2 

in seam 410
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Fig. 15. Changes in the amount of captured methane 
compared with coal output from longwall D-2 

in seam 410

Fig. 16. Changes in the efficiency of methane 
drainage compared with coal output from 

longwall D-2 in seam 410

Fig. 17. Changes in the amount of captured methane 
compared with absolute methane-bearing capacity 

in longwall D-2 in seam 410

Fig. 18. Changes in the efficiency of methane 
drainage compared with absolute methane-bearing 

capacity in longwall D-2 in seam 410

Fig. 19. Changes in the efficiency of methane 
drainage compared with the ventilation air methane 

in longwall D-2 in seam 410

Fig. 20. Changes in methane concentration 
in longwall D-2 compared with the amount 

of captured methane



633

Fig. 21. Changes in the amount of methane captured from longwall D-2 in seam 410 in relation to air pressure 
in the longwall area

Figure 20 presents the changes in methane concentration compared with the amount of 
methane captured by the drainage system. As the amount of captured methane increased, the 
average methane concentration at the face end fluctuated between 0.55 and 1.27 percent and 
had a tendency to rise.

Figure 21 shows changes in the amount of captured methane in relation to the fluctuations 
of air pressure measured in the excavations. It emerges that an increase in air pressure bears no 
influence on the amount of methane captured by the drainage system, which remained at a steady 
level throughout the period under analysis. The implemented methane drainage system is not 
vulnerable to changes in air pressure. The drainage boreholes are not connected directly with the 
area from which they collect mine air.

6. Conclusions

The observations made in the area of longwall D-2, in which a U ventilation system from 
the boundaries of the field is implemented, justify the following conclusions:

• As the face of the longwall advanced, the amount of captured methane and the efficiency 
of methane capture fluctuated. At the beginning of the progression, values were lower 
for both parametres. When the start-up phase was over, the values for both parametres 
increased and remained at a relatively stable level during mining. Also, an increase in 
the efficiency of methane drainage was observed.

• As the mining works at the longwall continued, it was noticed that the amount of captured 
methane increases along with the rise of absolute methane-bearing capacity in the area.

• Changes in coal output did not affect the amount of methane captured by the methane 
drainage system. 




