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the occurrence of rock burst hazard. It appeared during the exploitation in sectors G and S3 and 
particularly, during the exploitation of the longwall panel no. 729 in sector S1. Table 2 shows 
the number of events and their energy rates, which had occurred during the exploitation of seam 
207 in sectors G, S3 and S1 (Fig. 1).

TABLE 2

Number of seismic events which occurred during the exploitation of seam 207 in sectors G, S3 and S1

Seam 207 Number of events, N Sum 
N

Cumulative 
seismic energy

Sector Longwall no. 103 [J] 104 [J] 105 [J] 106 [J] 107 [J] 108 [J] 109 [J] [-] [J]

G
700 166 69 16 5 1 0 0 257 5.4·107

701 238 183 59 3 0 0 0 483 4.9 ·107

702 643 377 173 18 0 0 0 1211 1.45·108

S3
704 173 73 34 2 0 0 0 282 1.90·107

703 54 38 21 0 0 0 0 113 7.7·106

S1 729 498 299 105 6 2 2 1 913 2.62·109

Sum 1772 1039 408 34 3 2 1 3259 2.90·109

3. Analysis of the causes of large magnitude seismic events 
in longwall 729 in sector S1

The boundaries of sectors G, S3 and S1 are restricted by faults with large throws, as shown 
in Figure 1. Inside each sector, there are numerous faults with small throws which do not exceed 
a few meters. The direction of these faults is either parallel or perpendicular to the direction of 
the central fault with large throws. The exploitation of the longwall panel no. 729 in sector S1 was 
carried out along the fault with the throw of 40 m, hereby called the  “north” fault (Fig. 1). Dur-
ing the exploitation of the longwall 729 in the vicinity of the fault, a significant seismic activity, 
characterized by high seismic energy events (reaching 109 J) was recorded. For this reason, the 
decision was made to carry out a detailed analysis of the causes of this phenomenon.

3.1. Description of the geological and mining conditions 
of sector S1

The boundaries of sector S1, in which the longwall panel 729 is located, are restricted by 
the following faults:

• from the north – the “north” fault in approximately the W-E direction and throw 
h = 30÷50 m in the N direction,

• from the west – the fault “west” in the NNW-SSE direction and throw h ~ 100 m in the 
SWW direction, 

• from the east – the “central” fault in the NNW-SSE direction and throw h ~ 90÷200 m 
in the NEE direction, 

• from the south – the fault in the SW-NE direction and throw h ~ 1.4÷7.0 m in the NW 
direction. 
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In the overburden, apart from the layers of shale, mudstone, and thin layers of coal, four 
layers of coarse sandstone with a substantial thickness can be distinguished. Those layers are 
susceptible to energy accumulation:

a) layer I with thickness:  g1 = 24 m,  lying l1 = 4.5 m above seam 207,
b) layer II with thickness:  g2 = 51 m,  lying l2 = 30 m above seam 207,
c) layer III with thickness:  g3 = 62 m,  lying l3 = 90 m above seam 207,
d) layer IV with thickness:  g4 = 90 m,  lying l4 = 295 m above seam 207.

In addition to the above, two layers of sandstone can be distinguished, the thickness of 
which does not exceed 20 m. 

Therefore, starting at the roof of seam 207, up to depth of 250 m from the surface (i.e. on 
the distance 385 m) the overburden consists of 70% sandstone layers, which are responsible for 
the high-seismic energy events. Tertiary formations, in the form of impermeable Miocene rocks 
(mainly silt and shale) lie at a depth of a few meters, up to 85m below the surface. Quaternary 
formations, mainly composed of multi-grained sands and filled with local pockets of clay and 
silt, can be found near the surface. The thickness of the Quaternary layer in the exploited area is 
small and spans between 1.3 m and 5.0 m. Such a small thickness of the quaternary and tertiary 
layers has a significant influence on the propagation of elastic waves following seismic events.

4. Description of seismic event with energy 9.0 •108 J

Exploitation of the longwall panel 729 had caused six events of extremely large seismic 
energy, varying from 107 J to 109 J. The previous experience in the mining region indicated that 
such high energy events are very rare and regional in nature. The progress and consequences of 
all of these events were similar, therefore only one of them (9.0 ·108 J) is described in this paper. 
The above mentioned seismic event occurred on September 30th, 2015 at 11:13AM and its source 
was located 20 m behind the longwall panel 729 and 120 m to the north-west of the “north” fault 
(105 m from gallery S-763). This event did not cause any damage to the excavations in the area 
of the longwall 729, but generated ground vibrations, recorded by the AMAX-GSI instrument:

• at a distance of 1499 m from the epicentre, the measured velocity and accelerations were 
V = 0.0663 m/s and A = 1.635 m/s2 respectively, 

• at a distance of 4945 m from the epicentre the velocity and accelerations were 
V = 0.1420 m/s and A = 0.0066 m/s2 respectively.

The vibrations generated by this event have caused damage to buildings, which was promptly 
noted by the local population. Eighteen reports of damages and endangering buildings’ safety 
were submitted (damages to chimneys, collapse of front walls, damage to gas infrastructure) 
as well as around 40 reports of minor damages to building structure (wall cracks, damage to 
household appliances, etc.). The run of the longwall face was equal to 300 m until the seismic 
event appeared. The location of the epicentre is illustrated in Figure 2.

The causes of the rock burst were likely to be due to:
• a significant change in the initial state of stress arose from the neighborhood of large 

throws’ fault,
• the mining activity in the vicinity of the active “north” fault, as indicated by geophysical 

tests,
• the presence of thick layers of sandstones in the overburden.
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S-763 and tailgate S-712 in every 50m with the angle of 60°. They were drilled alternatively, one 
above the longwall panel and the other towards the fault or neighbouring longwall 728. Additional 
torpedo blasting was performed along the gallery S-770, corresponding to the already excavated 
panel 703, which is located in part S3, 60 m above. The length of each torpedo boreholes was 
60 m and from 45 kg to 60 kg of explosive materials was used in each blast. In total, there were 
109 torpedo blasts. The reduction of the longwall panel advance, together with the large number 
of the torpedo blasts, had resulted in a 130-fold decrease in the energy of seismic events and 
a significant rise in the number of low-energy events. The number of medium and large energy 
events diminished and extremely large energy events ceased. With an average excavation rate 
of 4.2 m/day, the average number of seismic events with low-energy (103 J, and 104 J) was 
0.9 per meter of the longwall panel and at an excavation rate of 2 m/day this number increased to 
2.1 per meter of the longwall. At the same time, the number of medium (105 J ) and high (106 J) 
energy events had diminished as well. At an average excavation rate of 4.2 m/day, this value was 
0.19 per meter of the longwall and at the speed of 2 m/day it was 0.13 per meter of the longwall. 

TABLE 5

List of all seismic activity which had occurred during the longwall panel no. 729 excavation 

Longwall panel 
advance no. 729

Number of events and seismic energy 
released [J]

Total number 
of events

Sum of seismic 
energy

103 104 105 106 107 108 109 [-] [J]
Up to 260 m 180 97 15 0 0 0 0 292 3.9·106 

From 260 m to 429 m 50 44 63 5 2 2 1 167 2.6 ·109 
From 429 m to 630 m 268 158 27 1 0 0 0 454 2.0·109 

Sum 498 299 105 6 2 2 1 913 4,6·109

* At an advance of 260 m, the first event of a large magnitude had occurred with the energy of 2 ·107 J and at 
the 429 m advance, the strongest event had the energy of 1·109 J. Until this event, the longwall was excavated 
at an average rate of 4.2 m/day and the maximal progression per day was 6.75 m. Since then, the speed was 
reduced to 2 m/day.

Table 6 contains data related to the torpedo blasting, performed in order to reduce the risk 
of rock bursts in the vicinity of the longwall 729. 

An analysis of Table 6 shows that:
a) Torpedo blasts performed in and around longwall panel 729 were very effective. After the 

detonation of 109 boreholes, the rock mass released a total seismic energy of 1.85·106J. 
This facts attests to the large stresses occurring in the longwall along the fault.

b) The face longwall blastings performed every 30 m were twice as effective as the blasts 
performed from the galleries adjoining the longwall. It is likely that this is because the 
area near the longwall face was under secondary stress influence as well, not only the 
initial stress. 

c) The energy released after the torpedo blasts executed along the ramp S-770 of the long-
wall 703 (reaching over 100 m over longwall 729) was 2.1·104J per a borehole, which is 
similar to what was obtained during the blasts along the longwall 729 and the adjacent 
galleries. Notwithstanding the fact that the blasts were made in the 3rd sandstone layer 
(laying 85 m above the longwall 729), the results were similar to the blasts carried out 
in the roof 50 m above the longwall 729. Therefore, the torpedo blasts did not affect the 
3rd layer of the sandstone (Fig. 4).
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TABLE 6

Information on torpedo blasting carried out in the region

Longwall panel advance Number of 
boreholes

Amount of 
explosives 

[kg]

Borehole 
length

Total seismic 
energy released* 

[J]

Total seismic energy 
released* per borehole

[J]
From the start to 430 m 51 2787.0 2927.5 4.6·105 9.0·103

430 m
Gallery 9 538.5 1140 1.3·105 1.4 ·104

Panel 7 373.5 420 1.9·105 2.7 ·104 

460 m
Gallery 7 366.0 360 1.3·105 1.9 ·104 
Panel 7 411.0 429 3.2·105 4.6 ·104 

487 m
Gallery 3 180.0 180 4.0·104 1.3·104 
Panel 6 378.0 366 2.2·105 3.7 ·104 

515 m
Gallery 4 240.0 240 0.3·105 8.0·103 
Panel 6 378.0 366 1.6·105 2.7 ·103 

541 m
Gallery 3 150.0 121 0.6·105 2.0 ·103 
Panel 6 378.0 366 1.1·105 1.8 ·104 

Sum 109 6180 6915.5 18.5·105 average 2.2·104 ·
*  Energy released as the result of torpedo blasting

Fig. 4. Location of the thick layers of sandstones overburden the longwall panel 729 
and the location of boreholes for torpedo blasts
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The remaining question is that of the cause of the seismic events of the extremely large 
energy. Taking under consideration the seismic energy released in these events, which manifests 
itself on the ground surface but not in the area of the exploited seam, it appears that the causes can 
be found in layer III and layer IV of the sandstone in the vicinity of the fault. It can be said with 
a high degree of probability, that the extreme seismic energy events are a result of the fracturing 
of one of the two layers of the sandstone (mainly layer IV) in the vicinity of the “north” fault, 
as well as the sudden displacements at the fault. Table 7 presents information on the location of 
the longwall at the time the high energy events took place.

TABLE 7

Location of the longwall panel at the time the high energy events took place

Longwall 
panel no./
Part name 

Seismic 
energy of 

events, 
[J]

Date Advance 
[m]

Distance 
from the 
previous 
event [m]

Distance from 
the gallery S-763

(Fig. 2), [m]

Distance from the 
longwall panel face, 

[m]

Panel 700/
Part G 3.0·107 21.03.2012 378 m —

Panel 729/
Part S1

2.0·107 18.09.2015 260 m — 105 m
25 m from the 

longwall front, above 
the mining works

Panel 729/
Part S1

9.0·108 30.09.2015 300 m 40 m 105 m
20 m from the 

longwall front, above 
the mining works

Panel 729/
Part S1

5.0·107 10.10.2015 335 m 35 m 100 m
40 m from the 

longwall front, above 
the mining works

Panel 729/
Part S1

6.0·108 20.10.2015 378 m 43 m –15 m
40 m from the 

longwall front (outside 
the wall)

Panel 729/
Part S1

1.0·109 18.11.2015 429 m 51 m 50 m 30 m from the long in 
the rock mass

The analysis of the results presented in Table 7 shows that the first event with the extremely 
large energy (with seismic energy 2 ·107 J) had occurred 260 m along the longwall, probably 
indicating the first fracture of the thick layer of the III and IV layer of the sandstone. Until then, 
only low and medium size events had taken place at this location of the longwall 729 (there 
were no events with seismic energy higher than 106 J) (Table 5): 180 events with the seismic 
energy of 103 J, 97 events with the seismic energy of 104 J, 15 events with the seismic energy 
of 105 J.

The cause of these events is probably due to the fracturing of layer I of the sandstone with 
the thickness of 24 m, laying 4.5 m above the seam 207, as well as the fracturing of layer II of 
the sandstone with the thickness of 51 m, lying 30 m above seam 207. These layers were frac-
tured periodically, due to a network of small faults with small throws, not exceeding 2.2 m and 
occurring in the longwall panel.

After the first event of the extremely large seismic energy had occurred (2·107 J), four such 
events with seismic energies: 9.0·108 J; 5.0·107 J; 6.0·108 J; 1.0·109 J, took place regularly, 
















