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Abstract 

Coal seams in the Upper Silesian Coal Basin are currently extracted under more and more disadvantageous geological and 
mining conditions. Mining depth, geological dislocations and mining remnants are factors which affect the rockburst hazard 
during underground mining to the greatest extent. This hazard can be minimized by employment of active rockburst prevention, 
where long-hole destress blasts in roof rocks (torpedo blasts) have an important role. The main goal of these blastings is to either 
destress local stress concentrations in rock mass and to fracture the thick layers of strong roof rocks to prevent or minimize the 
impact of high energy tremors on the excavations. Sometimes, these blastings are performed to make the roof rocks caving 
behind the longwall face easier. The efficiency of blasting is typically evaluated from the seismic effect, which is calculated 
based on seismic monitoring data (seismic energy) and the weight of the charged explosive. This method, as used previously in 
the Czech Republic, was adopted in a selected Polish hard coal mine in the Upper Silesian Coal Basin. This method enables rapid 
and easy estimation of destress blasting effectiveness, adjusted to conditions occurring in the designed colliery. Destress blasts 
effectiveness may be evaluated via the seismic source parameters analysis as well, as was carried out in the selected colliery in 
the Polish part of the Upper Silesian Coal Basin. These parameters provide information, for example, on its size, state of stress 
and occurrence of slip mechanism in the source of provoked tremors. Long-hole destress blasting effectiveness in selected 
colliery has been evaluated using the seismic effect method and seismic source parameters analysis. The results were compared 
with each other and conditions were observed in situ.  
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROCK 2017. 
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1. Introduction 

Rockburst is a dangerous phenomenon occurring during deep underground hard coal mining in the Upper 
Silesian Coal Basin (USCB). To minimize this hazard, special prevention techniques are applied. One of them are 
destress blasts in the rocks surrounding the coal seam, especially in roof rocks. The main purpose of such blasts is to 
reduce stress concentrations in these rocks, and to reach a new advantageous energy equilibrium state by the rock 
mass due to stress drop. Fracturing the thick layers of strong roof rocks to prevent or minimize the impact of high 
energy tremors on the excavations is important too. Sometimes blasts are performed to facilitate roof rocks caving 
and goaf formation. Hanging-up of strong roof rocks behind longwall face may be responsible for high-energy 
tremors occurrence in close distance from the longwall face, which is dangerous for the working crew.  

The registered provoked tremor may be related only to detonation of a special weight of explosives or to 
additional processes in rock mass activated by blasting. Sometimes, the energy of provoked tremors is much higher 
than it would appear from the weight of used explosives. Such an effect suggests that blasting is more effective and 
some energy accumulated in the rock mass has been released.  

Seismic energy of provoked tremors is at present the main parameter for estimation of blasting effectiveness in 
hard coal mines [1, 2, 3]. However, some attempts have been made to use the seismic source parameters for this 
purpose. Generally, these parameters characterize the focus of the tremor. Using these parameters, the size of tremor 
focus and state of stress in focus can be calculated. The type of process occurring in focus can be determined as 
well. 

In this paper presents estimation of effectiveness of destress blasts performed within active rockburst prevention 
during longwall mining of coal seam no. 504 in one of the hard coal mines in the Polish part of the Upper Silesian 
Coal Basin. These blasts were performed in various configurations, including location and number of blastholes and 
applied weight of explosives. The said destress blasts were also performed under variable geological and mining 
conditions. Provoked tremors have been analyzed with the use of their seismic parameters.  

2. Geological and mining conditions 

Coal seam no. 504 in the area of the selected longwall is deposited at the depth from 865 to 910 m. The stress 
level at such a depth, according to the weight of local blanket rock, exceeds 20 MPa. The thickness of coal seam no. 
504 varies from 3.2 m to 6.8 m. During presence of high-energy tremors, the floor heave couldn’t be excluded.  

The direct roof of coal seam no. 504 is composed of alternating layers of shale, sandy shale and sandstone, but 
sandy shales and sandstones dominate. These rocks manifest a tendency to hanging-up behind the longwall face. 
During fracturing of such tough rocks, a high-energy tremor might occur. Above the mentioned rocks, a layer of 
sandstones occurs, up to 60 m thick. The uniaxial comprehensive strength of these sandstones reaches maximum 
80 MPa. Potentially, fracturing of this layer was able to generate high-energy tremors.  

In the direct floor of coal seam no. 504, there are mostly shales. The floor of coal seam no. 504 is weak and able 
to heave.  

The selected longwall began its run from near the downthrow side of fault with throw of 50 m. Activation of this 
fault by longwall mining at a close distance was probable. Local faults with throws of 0.6-4 m were present at 
the longwall field, which might have affected local stress concentrations.  

The next longwall was running along the goaf made in the upper stage. The main gate was situated parallel to 
the field of the previous longwall, separated from the abandoned workings with five meters wide rib of coal or, 
additionally, by the gallery filled with filling.  

Two coal seams nos. 418 and 502. deposited approximately 128 m and 69 m above coal seam no. 504 had been 
extracted in this area earlier. It influenced partially the relaxation of rock mass in this part of the mining field and 
was an advantageous factor influencing the stress level. Mining with selected longwall had been designed mostly 
under the goaf in coal seams nos. 418 and 502. At the end of its run, the selected longwall was driving under mining 
edges in the coal seams mentioned above, quasi parallel to the longwall face. These mining remnants affected 
the stress level in the rock mass, which was correlated with the observed high seismic activity.  

High seismic activity was registered by the seismic network during mining of coal seam no. 504 with selected 
longwall under influence of mining edges in coal seams nos. 418 and 502 and where the destress exploitation of coal 
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seam no. 418 and 502 had not been performed. In this period there were 2200 events, with total released tremor 
energy of 1.2·107 J, including 11 high-energy tremors: 10 events with energy of 105 J (1.68 ≤ ML < 2.21) and 1 event 
with energy 2.0·106 J (ML = 2.37). Presented values of the local magnitude in brackets have been calculated 
according to formula given by [14]. In the area of the selected longwall, there were 3014 events registered in a total, 
with total released tremor energy of 1.6·107 J. When the longwall face was under the abandoned workings in coal 
seams nos. 418 and 502, only two high-energy tremors with energy of 105 J occurred.  

The factors mentioned above and the registered seismic activity determined the range of the applied active 
rockburst prevention. 

3. Active rockburst prevention  

Active rockburst prevention was based mainly on destress blasts in the roof rocks. These blasting stages were 
performed from longwall cross-cut, main gate, tail gate and, of course, longwall face, usually provoking immediate 
tremors, but in some cases also aftershocks. The inclinations of blastholes were determined with the use of 
the protractor and the diameter of each blasthole was 76 mm. The range of active rockburst prevention for 
the selected longwall and location of the epicenters of provoked tremors are shown in Fig. 1. Monthly longwall face 
advances are shown in Fig. 1. as well (grey broken lines).  

 

Fig. 1. Location of blastholes for destress blasts stages in roof rocks and provoked tremors. 

Destress blasting stages were first performed from the longwall cross-cut. Blastholes were drilled to the east, to 
the direction of mining edges in coal seams nos. 418 and 502 and fault with throw 50 m. The aim of these blastings 
was to create a fracture zone in which the dissipation of strong tremors energy would take place and to provoke 
the first formation of the goaf. Blastholes were 15 m long and were drilled perpendicularly to the longwall cross-cut. 
The distance between blastholes was ca. 15 m. These blastholes were inclined upwards at the angle of 60  to 
the horizon. For each blasting stage, there were 2 to 6 blastholes drilled. 21 kg of explosive material (Emulinit PM) 
was loaded to each blasthole. 4 blastings stages (with the use of 15 blastholes) were performed in total. Tremors of 
energy between 1·103 J to 7·103 J were provoked.  

When the longwall mining was in the start-up phase, two blasting stages from longwall face were performed, 
after 15 and 30 meters of longwall face advance. These blasting stages were performed to reduce stress 
concentrations in roof rocks ahead of the longwall face, and to make first goaf formation behind longwall face 
easier. During these two destress blasting stages, six blastholes with the length of 30 m (arranged in pairs: one pair 
in the middle of the longwall face, and the other pairs placed 40 m from main and tail gates) were performed every 
time. These blasthole orientations deviated from the longwall face to the north-west and south-west at an angle of 
ca. 70 , and were inclined upwards at the angle of 35  to the horizon. 48 kg of explosives were loaded into each 
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blasthole. Explosive material occupied ca. 10 m of each blasthole. The rest of each blasthole was filled with 
stemming. In total, 288 kg of Emulinit PM was detonated during each blasting. In both cases, these destress blasts 
provoked immediate tremors with the seismic energy of 5·104 J.  

Destress blasts from the longwall face were restored and intensified in the area of mining edges in coal seams 
nos. 418 and 502. At that time, the total of 10 blasting stages were performed. During the first three blasting stages, 
192 kg of explosives was detonated every time in 4 blastholes (48 kg per blasthole). Blastholes were arranged in 
pairs, drilled at a distance of ca. 70 m from the main and tail gate. In each pair, blastholes were deviated from 
longwall face to the north-west and south-west at an angle of ca. 70 . The length of each blasthole was 30 m. 
Blastholes were inclined upwards at the angle of 35  to the horizon. These blastings provoked tremors of energy 
3·104 J, 5·104 J and 3·104 J, adequately. The average longwall advance between these blasting stages was ca. 21 m.  

Because of the said high seismic activity and the correlated high level of rockburst hazard near mining edges in 
coal seam no. 418 and 502, the destress blasting stages were subsequently performed with increased amounts of 
blasted explosives. During four destress blasting stages from longwall face, 384 kg of explosives in four blastholes 
were detonated every time (96 kg per blasthole). During these blasting stages explosive material occupied nearly 
20 m of blasthole and the rest was filled with stemming (Fig. 2). Blastholes were still arranged in pairs, located 
about 70 m from main and tail gate. Deviation of blastholes from longwall face remained the same. The length of 
blastholes had been increased to 50 m. Blastholes inclination was increased to 50  in relation to the horizon, which 
was determined optimally to both geological conditions and technical capability. The explosive material occupied 
almost 20 m of each blasthole length and was located in the layer of sandstones (Fig. 2). These destress blasting 
stages provoked immediate tremors of energy of 3·104 J, 4·104 J, 3·104 J and 7·104 J, respectively. On average, 
the blasts were performed at 26-m intervals of longwall face advance.  

 

Fig. 2. Location of explosive material in roof rocks during blastings stages from longwall face. 

Between the above-mentioned blasting stages with increased weight of explosives, additional blasting stages 
were performed to destress the rock mass ahead of longwall face in a wider range. During first two blasting stages, 
192 kg of explosives were detonated in two blastholes (96 kg per blasthole) every time. The blastholes were drilled 
perpendicularly to the longwall face, at the distance of about 50 m from the main and tail gates and they were 50 m 
long. Blastholes inclination was 50  in relation to the horizon, so the explosive material was located in the layer of 
sandstones (Fig. 2). In the third additional blasting stage, one more blasthole in the middle of longwall face was 
drilled. Additional blasting stages adequately provoked immediate tremors of energy of 3·104 J, 2·104 J and 3·104 J.  

Destress blasting stages were performed from main gate and tail gate as well. These blasting stages were 
performed to create a fracture zone where the dissipation of strong tremors energy would take place. Blastholes from 
main gate were drilled every 25 m. These blastholes were deviated from the main gate to the south-east at an angle 
of 30 . Blastholes from tail gate were drilled every 15 m, deviated alternating to the south-east and north-east at an 
angle of 30 . These blastholes were inclined upwards at the angle of 35  to the horizon. The length of these 
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blastholes was 30 m. 48 kg of explosives were loaded to each blasthole. During each blasting stage, 1 to 6 blastholes 
were drilled. In total, 13 blasting stages (with the use of 31 blastholes) were performed from the main gate, and 17 
blastings stages (with the use of 52 blastholes) from the tail gate. Because of the diversified number of blastholes 
and the used weight of explosives, the energy of provoked tremors differed considerably. The tremors provoked by 
blastings from the main gate had the energy from 2·103 J to 9·103 J, and those from the tail gate - from 3·103 J to 
1·104 J.  

Some destress blasting stages were performed from the crossing of the longwall face with the main gate to 
prevent the hanging-up of roof rocks behind longwall face and to activate a process of goaf formation. Usually two 
blastholes in the direction of goaf were drilled, but in two cases there was only one blasthole. These blastholes had 
15 m and were inclined upwards at the angle of 45  to the horizon. Blastholes were parallel to the main gate or were 
deviated from the main gate to the north-east and south-east at an angle of about 10 . In total, 11 blasting stages 
were performed in the described configuration. During 7 blasting stages, 48 kg per blasthole were detonated and 
during 4 blastings – only 36 kg per blasthole. During these blasting stages, 10 immediate tremors of energy between 
2·103 J to 3·104 J were provoked. In one case tremor did not occur.  

The effectiveness of applied active rockburst prevention was estimated via both the seismic effect method and 
analysis of seismic source parameters. 

4. Seismic effect method 

The effectiveness of destress blasts is connected with the stress release in rock mass and can be evaluated using 
seismic effect SE [1, 2]. Seismic effect SE is defined as the ratio of seismic energy released in the rock mass when 
blasting to the considered energy of the particular detonated charge [2] and can be calculated according to 
the following formula:  

QK

E
SE

ICM

ICM [‒]  (1) 

where EICM is a seismic energy in [J] calculated by the seismic network in the investigated coal mine with the use of 
the numerical integration method, Q is a weight of the explosive charge in [kg] and KICM is a coefficient 
characterizing the conditions in the assigned mine [J/kg].  

Coefficient KICM must be determined for the conditions in which the seismic monitoring is carried out and 
the seismic energy of registered seismic events is calculated in the same way [2]. Generally, this method uses 
the statistical data analysis of this seismic energy and the weight of the explosive charge from in situ monitoring. 
Coefficient KICM was determined for selected colliery as KICM = 59.23 J/kg [3].  

The obtained value of the coefficient KICM was used to establish the classification system for the evaluation of SE. 
This classification was made according to the distribution of the data probability from calculated seismic effects 
according to equation (1). From the whole data set of seismic effect SE first quintile, median, third quintile and 
maximum were determined (1.4; 2.3; 3.5; 5.9, respectively). The outliers were determined as well. On the basis of 
the mentioned statistical parameters, the degrees of stress release due to destress blasting were distinguished. If 
the seismic effect SE was lower than first quintile, it meant that the effect of blasting was insignificant (registered 
energy released by blasting was less than 1.4 times the explosion energy). Seismic effect higher than maximum 
(outliers) was excellent (registered energy released by blasting was higher than 5.9 times the explosion energy). 
The classification system developed with which to evaluate SE values, based on criteria obtained from data 
distribution probabilities and according to equation (1), is presented in Table 1.  

Although seismic energy is fundamental to the stress release effect and the SE calculations, it represents only 
a small proportion of the total blasting energy, with a considerable amount of the seismic energy observed in rock 
mass stress release. It should be noted that an evaluation of destress blasting effectiveness according to SE 
calculation alone represents an evaluation of only one main goal of destress blasting, that goal being stress release. 
The seismic effect of tremors provoked immediately was calculated.  
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Table 1. Classification system for the evaluation of SE in assigned colliery [3]. 

Seismic Effect (SE) Evaluation of seismic effect Percentage of data set 
SE < 1.4 insignificant  20.7 

1.4 ≤ SE < 2.3 good  29.1 
2.3 ≤ SE < 3.5 very good  25.1 
3.5 ≤ SE < 5.9 extremely good  19.5 

SE ≥ 5.9 excellent  5.6 

5. Seismic source parameters 

Seismic source parameters characterize the focus of tremor. Seismic source parameters are calculated on the basis 
of records from seismic stations. The velocity and displacement spectra are considered. Based on these spectra, 
integrated in the frequency domain, the basic two independent seismic source parameters – the low-frequency 
spectral level Ωo and the corner frequency fo – can be determined [4, 5, 6]. With the use of these parameters 
the scalar seismic moment Mo can be calculated. It estimates the size of a tremor in the most reliable manner due to 
the assumed shear source mechanism. It can be calculated as follows [7]:  

ccc

oc
o SFR

RΩV
M

34
[Nm]  (2) 

where ρ is density in the source area, Vc is either the P or S-wave velocity in the source area (depending on 
the spectrum taken into consideration) and R is the distance between the source and the receiver. These three 
components in the denominator denote the correction for the radiation (Rc), free-surface (Fc) and site correction (Sc). 
The scalar seismic moment Mo allows for moment magnitude Mw calculation [8]:  

6log
3

2
10 ow MM [‒]  (3) 

The seismic energy can be determined with the use of mean radiation coefficient cR  and J parameter  
(multiplied by 2 integration of square of velocity spectrum in the frequency domain), according to the formula 
presented by [9]:  

J
RF

R
RVE

cc
cco

2
24 [J]  (4) 

This parameter characterizes the dynamics of the processes occurring in the focus of the tremor. The seismic 
energy can be calculated separately from P and S-waves. The Es/Ep ratio indicates the processes in the focal 
mechanism. In copper mines, the values of S to P wave energy ratio higher than 20 indicate that the DC (Double-
Couple) forces are dominant in the focal mechanism [10]. The value of the ratio lower than 20 indicates that there 
are also other components of the mechanism solution present [10].  

The source radius ro is calculated based on the S-wave velocity Vs and the corner frequency fo, applying 
the following formula [6]:  

o

s
o f

cV
r

2
[m]  (5) 

The value of constant c depends on the applied source model [11, 12]. In Madariaga’s source model adopted for 
calculations, constant c is 2.01 for the P-wave and 1.32 for the S-wave [6, 12]. Based on the calculated source radius 
ro, the stress drop Δσ can be determined using the following formula [6]:  
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316
7

o

o

r

MΔσ [Pa]  (6) 

This parameter informs about the difference between the stress level before and after tremor occurrence and, 
therefore, can be the measure of stress release. It strongly depends on the source radius related to the adopted source 
model. The last source parameter is apparent stress σa corresponding to radiated energy per unit area and per unit 
slip. This parameter does not reflect the real stress drop. It can be calculated using the following formula [6]:  

o
sa M

E
Vσ 2 [J/m3]  (7) 

The seismic source parameters were calculated separately from each seismogram, according to the formulas in 
the FOCI software shown above [13]. These parameters were then averaged for each tremors provoked by blasting. 
Only immediate tremors were taken into consideration.  

6. Results 

The seismic effects and seismic source parameters of destress blasting from longwall cross-cut (performed before 
the selected longwall began its run) are shown in Table 2.  

Table 2. Seismic effects and seismic source parameters of destress blasting stages performed from longwall cross-cut.  

No.  
EICM  
[J] 

Q  
[kg] 

Seismic  
Effect  
(SE) 

Ωo 
fo 

[Hz] 
Mo 

[Nm] 
Mw 

ro 
[m] 

Eo 

[J] 
Es/Ep 

Δσ 
[Pa] 

σa 

[J/m3] 

1. 7.0E+03 126 0,9 7.39E-09 38.17 2.22E+10 0,67 27.1 2.90E+04 0,6 1.89E+06 4.44E+04 
2. 3.0E+03 84 0,6 7.28E-09 35.81 1.55E+10 0,61 25.8 1.41E+04 0,5 1.09E+06 2.60E+04 
3. 1.0E+03 42 0,4 5.39E-09 29.38 9.95E+09 0,51 29.7 3.72E+03 0,7 4.84E+05 1.33E+04 

 
The energy EICM of provoked tremors is rather low, comparing with the amount of used explosives. In the light of 

the seismic effect method, these blastings are insignificant (SE < 1.4). Blasting stages from longwall cross-cut 
created a fracture zone and facilitated first goaf formation. However, configuration of blasting stages (used amount 
of explosives, number and length of blastholes) was not enough to provoke any additional processes in the rock 
mass.  

The seismic source parameters of these tremors are characterized as follows: the low-frequency spectral level Ωo 
is of the order of 10-9 (from 5.39∙10-9 to 7.39∙10-9. mean 6.69∙10-9), the corner frequency fo is close to or higher than 
30 Hz (from 29.38 to 38.17 Hz, mean 34.45 Hz), the source radius ro (according to Madariaga’s source model) is 
above twenty meters, but does not exceed 30 m (from 25.8 to 29.7 m, mean 27.53 m), the energy Eo calculated 
according to formula (4) is of the order of 103-104 J (from 3.72∙103 J to 2.90∙104 J, mean 1.56∙104 J), the scalar 
seismic moment Mo is of order of 109-1010 Nm (from 9.95∙109 to 2.22∙1010 Nm, mean 1.59∙1010 Nm) and the moment 
magnitude Mw varies from 0.51 to 0.67 (mean 0.6). Domination of non-shear mechanism is confirmed by the values 
of the ratio Es/Ep (for every blasting stages lower than 1). The stress drop Δσ in the focus, after blasting is of order of 
105-106 Pa (from 4.84∙105 to 1.89∙106 Pa, mean 1.15∙106 Pa), and the apparent stress σa is of 104 J/m3 (from 1.33∙104 
to 4.44∙104 J/m3. mean 2.79∙104 J/m3). For destress blasting stages from longwall cross-cut a clear dependence 
between values of seismic source parameters and amount of used explosives can be seen. In focus of provoked from 
longwall cross-cut tremors only explosion due to the detonation of explosives occurred. The values of seismic source 
parameters of these tremors will be then used as a reference point.  

The seismic effects and seismic source parameters of destress blasting stages, performed from longwall face, are 
shown in Table 3. The energy EICM of provoked tremors is higher than in case of the blasting stages from longwall 
cross-cut, but the weight of used explosives was also higher.  
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Table 3. Seismic effects and seismic source parameters of destress blasting stages performed from longwall face.  

No.  
EICM  
[J] 

Q  
[kg] 

Seismic  
Effect  
(SE) 

Ωo 
fo 

[Hz] 
Mo 

[Nm] 
Mw 

ro 
[m] 

Eo 

[J] 
Es/Ep 

Δσ 
[Pa] 

σa 

[J/m3] 

1. 5.0E+04 288 2.9 5.82E-08 19.84 2.27E+11 1.2 49.7 1.28E+05 1.4 1.68E+06 2.46E+04 
2. 5.0E+04 288 2.9 4.54E-08 17.4 1.56E+11 1.2 46.7 7.63E+04 1.7 8.61E+05 1.70E+04 
3. 3.0E+04 192 2.6 1.78E-08 24.45 4.37E+10 0,93 30,8 7.44E+04 0,6 1.63E+06 3.53E+04 
4. 5.0E+04 192 4.4 3.32E-08 18.06 1.25E+11 1.21 41.7 1.33E+05 1.3 1.04E+06 9.60E+03 
5. 3.0E+04 192 2.6 4.32E-08 24.75 9.84E+10 0,99 34.3 1.22E+05 0,6 1.53E+06 4.50E+04 
6. 3.0E+04 384 1.3 7.39E-08 19.31 2.65E+11 1.16 50,2 9.58E+04 0,6 1.06E+06 3.36E+04 
7. 3.0E+04 192 2.6 1.27E-07 17.9 3.00E+11 1.2 49.3 1.62E+05 0,8 8.19E+05 2.63E+04 
8. 4.0E+04 384 1.8 1.16E-07 15.74 2.04E+11 1.27 55.5 1.40E+05 1.2 6.56E+05 2.20E+04 
9. 2.0E+04 192 1.8 7.23E-08 16.81 1.76E+11 1.14 50,2 6.94E+04 0,7 5.45E+05 1.71E+04 
10. 3.0E+04 384 1.3 7.37E-08 17.54 1.24E+11 1.22 49.2 7.42E+04 0,6 8.16E+05 2.30E+04 
11. 3.0E+04 288 1.8 5.75E-08 18.97 9.26E+10 1.21 41.8 6.07E+04 0,6 9.72E+05 1.95E+04 
12. 7.0E+04 384 3.1 1.47E-07 12.41 3.14E+11 1.48 65.8 1.77E+05 3.9 7.73E+05 1.01E+04 

 
According to the seismic effect method, these destress blasting stages provoked mainly some additional 

processes, because of which the rock mass achieves a new advantageous energy equilibrium. Only the seismic effect 
of blasting stages nos. 6 and 10 was insignificant. In 6 cases the effect was very good (including the strongest 
provoked tremor no. 12 within active rockburst prevention for the selected longwall). In 3 cases the effect was good. 
The seismic effect of blasting stage no. 4 was extremely good.  

Seismic source parameters of tremors provoked by destress blasting stages from longwall face differ in many 
points from those provoked from the longwall cross-cut. The low-frequency spectral level Ωo varies from 1.78∙10-8 
to 1.47∙10-7 (mean 7.21∙10-8). The average low-frequency spectral level Ωo of tremors provoked from the longwall 
face is ca. 90% higher than of tremors provoked from the longwall cross-cut. The corner frequency ranges from 
12.41 to 24.75 Hz (mean 18.6 Hz). The average corner frequency fo of tremors provoked from the longwall face is 
ca. 85% lower than of those provoked from the longwall cross-cut. The strongest provoked tremor has the lowest 
corner frequency fo (12.41 Hz). The source radius ro (according to Madariaga’s source model) varies from 30.8 to 
65.8 m (mean 47.1 m). The foci of tremors provoked from longwall face are larger. The average source radius ro of 
these tremors is larger by ca. 40% in comparison to the average radius of tremors provoked from the longwall cross-
cut. The strongest provoked tremor no. 12 was of the largest size (ro equals 65.8 m). The energy Eo of tremors 
provoked from the longwall face is between 6.07∙104 J and 1.77∙105 J (mean 1.09∙105 J), the scalar seismic moment 
Mo varies from 4.37∙1010 to 3.14∙1011 Nm (mean 1.77∙1011 Nm), and the moment magnitude Mw is in range from 0.93 
to 1.48 (mean 1.19). Tremors provoked from the longwall face are stronger comparing with tremors provoked from 
the longwall cross-cut. The average energy Eo, average scalar seismic moment Mo and average moment magnitude 
Mw are, adequately, ca. 86%, 91% and 50% higher than the average of these parameters calculated for tremors 
provoked by the blasting stages from the longwall cross-cut. At large, it is an effect of the used weight of explosives, 
but concerning especially the strongest tremor no. 12 (the ratio Es/Ep equals 3.9), additional slip mechanism in rock 
mass had been initiated. Of course, non-shear mechanism still dominates. Only the values of two parameters: 
the stress drop Δσ and the apparent stress σa, are comparable with those calculated for the tremors provoked by 
the blasting stages from the cross-cut. The stress drop Δσ in the focus after blasting is of 105-106 Pa (from 5.45∙105 to 
1.68∙106 Pa, mean 1.03∙106 Pa), and the apparent stress σa, excluding one case (tremor no. 4), is of 104 J/m3 (from 
9.6∙103 to 4.5∙104 J/m3. mean 2.36∙104 J/m3). As a result of blasting stages from the longwall face, the stress drop Δσ 
occurred in larger areas comparing with blasting stages from the longwall cross-cut.  

Tables 4 and 5 show the seismic effects and seismic source parameters of destress blasting stages adequately from 
main gate and tail gate. These blasting stages were performed at least 100 m ahead of the longwall face.  

Generally, the seismic effect classifies destress blasting stages from main gate and tail gate as insignificant. Only 
one blasting stage from the tail gate (Table 5. tremor no. 13) is classified as very good. In general, despite the high 
weight of used explosives (in some cases comparable with blasting stages from the longwall face), blasting stages 
from the main gate and tail gate do not initiate any additional processes in the rock mass. These blasting stages 
created only a fracture zone due to detonation of the explosives.  
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Table 4. Seismic effects and seismic source parameters of destress blasting stages performed from main gate.  

No.  
EICM  
[J] 

Q  
[kg] 

Seismic  
Effect  
(SE) 

Ωo 
fo 

[Hz] 
Mo 

[Nm] 
Mw 

ro 
[m] 

Eo 

[J] 
Es/Ep 

Δσ 
[Pa] 

σa 

[J/m3] 

1. 6.0E+03 288 0,4 1.10E-08 28.23 1.83E+10 0,73 29.8 1.62E+04 0,7 9.30E+05 2.12E+04 
2. 3.0E+03 96 0,5 1.73E-08 29.84 1.57E+10 0,65 28.1 1.39E+04 0,4 8.75E+05 2.55E+04 
3. 2.0E+03 96 0,4 3.40E-09 31.58 9.40E+09 0,53 26.3 4.76E+03 0,7 6.65E+05 1.29E+04 
4. 4.0E+03 96 0,7 7.82E-09 26.73 2.11E+10 0,79 32.4 1.13E+04 0,5 8.14E+05 1.31E+04 
5. 3.0E+03 96 0,5 5.82E-09 27.33 1.31E+10 0,62 33.4 7.59E+03 0,3 5.67E+05 1.48E+04 
6. 2.0E+03 48 0,7 4.25E-09 34.31 7.57E+09 0,45 20,1 4.98E+03 0,5 5.32E+05 8.22E+03 
7. 7.0E+03 96 1.2 1.26E-08 26.46 1.94E+10 0,8 27.7 1.54E+04 0,3 7.06E+05 1.06E+04 
8. 6.0E+03 96 1.1 1.81E-08 23.62 1.99E+10 0,81 28.1 2.45E+04 0,2 6.08E+05 1.65E+04 
9. 2.0E+03 48 0,7 7.99E-09 27.64 7.83E+09 0,51 25.8 6.29E+03 0,2 4.75E+05 1.27E+04 
10. 6.0E+03 96 1.1 1.54E-08 25.02 1.93E+10 0,77 29.1 3.17E+04 0,2 8.09E+05 1.96E+04 
11. 4.0E+03 96 0,7 1.72E-08 23.49 1.99E+10 0,76 32.5 2.29E+04 0,2 7.84E+05 2.73E+04 
12. 9.0E+03 192 0,8 2.22E-08 22.34 2.29E+10 0,84 26.2 6.57E+04 0,2 8.16E+05 3.11E+04 
13. 6.0E+03 144 0,7 1.28E-08 23.49 2.27E+10 0,74 26.8 4.42E+04 0,2 8.79E+05 2.50E+04 

 

Table 5. Seismic effects and seismic source parameters of destress blasting stages performed from tail gate.  

No.  
EICM  
[J] 

Q  
[kg] 

Seismic  
Effect  
(SE) 

Ωo 
fo 

[Hz] 
Mo 

[Nm] 
Mw 

ro 
[m] 

Eo 

[J] 
Es/Ep 

Δσ 
[Pa] 

σa 

[J/m3] 

1. 4.0E+03 240 0,3 2.14E-08 24.99 4.05E+10 0,78 35.2 2.39E+04 0,2 7.98E+05 2.22E+04 
2. 3.0E+03 144 0,4 1.38E-08 28.79 1.50E+10 0,62 35 1.16E+04 0,2 8.03E+05 2.37E+04 
3. 7.0E+03 96 1.2 1.13E-08 32.39 2.41E+10 0,79 25.6 3.49E+04 0,4 1.54E+06 3.09E+04 
4. 7.0E+03 192 0,6 6.87E-08 28.03 4.51E+10 0,86 33.9 5.47E+04 0,1 1.50E+06 3.64E+04 
5. 4.0E+03 192 0,4 2.52E-08 24.43 2.57E+10 0,78 37.7 2.12E+04 0,3 9.39E+05 2.34E+04 
6. 3.0E+03 96 0,5 4.40E-09 31.61 1.33E+10 0,61 28.8 5.95E+03 0,3 8.54E+05 1.11E+04 
7. 9.0E+03 192 0,8 1.16E-08 24 2.07E+10 0,82 33 2.09E+04 0,3 8.49E+05 1.95E+04 
8. 7.0E+03 144 0,8 1.64E-08 25.6 2.37E+10 0,84 33 3.63E+04 0,2 1.09E+06 2.51E+04 
9. 4.0E+03 96 0,7 1.56E-08 24.81 4.10E+10 0,74 32.2 2.19E+04 0,1 6.33E+05 1.58E+04 

10. 4.0E+03 96 0,7 1.80E-08 28.99 5.33E+10 0,74 32.3 2.39E+04 0,3 9.44E+05 1.99E+04 
11. 5.0E+03 144 0,6 2.17E-08 25.59 6.20E+10 0,8 32.5 4.07E+04 0,2 1.00E+06 2.10E+04 
12. 9.0E+03 144 1.1 9.72E-09 30,09 1.83E+10 0,72 29 3.55E+04 0,1 1.41E+06 4.00E+04 
13. 8.0E+03 48 2.8 1.00E-08 27.08 1.33E+10 0,62 29.9 1.63E+04 0,3 6.34E+05 1.64E+04 
14. 1.0E+04 240 0,7 1.93E-08 23.15 4.44E+10 0,93 38 4.80E+04 0,2 1.14E+06 3.14E+04 
15. 1.0E+04 192 0,9 1.97E-08 23.91 3.61E+10 0,89 36.7 4.84E+04 0,7 1.26E+06 3.85E+04 
16. 6.0E+03 144 0,7 2.04E-08 22.79 2.67E+10 0,85 31.5 4.72E+04 0,4 1.07E+06 2.97E+04 
17. 4.0E+03 96 0,7 1.20E-08 27.32 1.57E+10 0,68 34.4 1.94E+04 0,7 1.11E+06 3.09E+04 

 
The values of the seismic source parameters of tremors provoked by blasting stages from main and tail gates do 

not differ much from each other. In case of destress blasting stages from the main gate: the low-frequency spectral 
level Ωo is of 10-8-10-9 (from 3.4∙10-9 to 2.22∙10-8. mean 1.2∙10-8), the corner frequency fo is between 22.34 and 
34.31 Hz (mean 26.93 Hz), the source radius ro varies from 20.1 to 33.4 m (mean 28.18 m), the energy Eo is of 103-
104 J (from 4.76∙103 J to 6.57∙104 J, mean 2.07∙104 J), the scalar seismic moment Mo is of 109-1010 Nm (from 
7.57∙109 to 2.29∙1010 Nm, mean 1.67∙1010 Nm), the moment magnitude Mw varies from 0.45 to 0.84 (mean 0.69), 
the ratio Es/Ep achieves maximum 0.7 (mean 0.36) – which indicates a non-share mechanism, the stress drop Δσ in 
the focus after blasting is of 105 Pa (from 4.75∙105 to 9.3∙105 Pa, mean 7.28∙105 Pa), and the apparent stress σa is of 
103-104 J/m3 (from 8.22∙103 to 3.11∙104 J/m3. mean 1.83∙104 J/m3). In case of destress blasting stages from the tail 
gate: the low-frequency spectral level Ωo is of 10-8-10-9 (from 4.4∙10-9 to 6.87∙10-8. mean 1.88∙10-8), the corner 
frequency fo varies from 22.79 to 32.39 Hz (mean 26.68 Hz), the source radius ro is between 25.6 to 38 m (mean 
32.86 m), the energy Eo is of 103-104 J (from 5.95∙103 J to 5.47∙104 J, mean 3∙104 J), the scalar seismic moment Mo is 
of order of 1010 Nm (from 1.33∙1010 to 6.2∙1010 Nm, mean 3.05∙1010 Nm), the moment magnitude Mw is between 0.61 
and 0.93 (mean 0.77), the ratio Es/Ep achieves maximum 0.7 (mean 0.3) – which indicates a non-share mechanism, 
the stress drop Δσ in the focus after blasting is of 105-106 Pa (from 6.33∙105 to 1.54∙106 Pa, mean 1.03∙106 Pa), and 
the apparent stress σa is of 104 J/m3 (from 1.11∙104 to 4∙104 J/m3. mean 2.56∙104 J/m3). During blasting stages from 
the tail gate, there were usually more explosives detonated in comparison to the blasting stages from the main gate. 
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When other parameters of the blasting stages and geological and mining conditions were similar, only the amount of 
detonated explosives affected the values of seismic source parameters. For example, the average energy Eo is higher 
by ca. 45%, average scalar seismic moment Mo is higher by ca. 83% and average moment magnitude Mw is higher by 
ca. 11% in comparison to these parameters of tremors provoked by the destress blasting stages from the main gate.  

Another destress blasting stages to goaf formation were performed from the main gate. The seismic effects and 
seismic source parameters of these blasting stages are shown in Table 6. In these blasting stages, there was usually 
a low amount of explosives used (from 48 to 96 kg). The explosive material occupied about 7 m of each blasthole. 
However, the location of blastholes during these blasting stages was of significance.  

Table 6. Seismic effects and seismic source parameters of blasting stages to goaf formation. 

No. 
EICM  
[J] 

Q  
[kg] 

Seismic 
Effect 
(SE) 

Ωo 
fo 

[Hz] 
Mo 

[Nm] 
Mw 

ro 
[m] 

Eo 

[J] 
Es/Ep Δσ 

[Pa] 
σa 

[J/m3] 

1. 2.0E+03 48 0,7 1.53E-08 23.41 1.59E+10 0,69 35.4 7.42E+03 0,1 3.67E+05 9.14E+03 
2. 2.0E+04 96 3.5 6.07E-08 16.33 6.71E+10 1.17 42.5 8.16E+04 0,2 6.78E+05 1.61E+04 
3. 2.0E+03 48 0,7 9.24E-09 24.63 1.44E+10 0,67 30,2 9.67E+03 0,1 4.65E+05 1.39E+04 
4. 2.0E+04 96 3.5 5.76E-08 18.59 7.11E+10 1.14 41.3 7.91E+04 0,2 8.66E+05 2.06E+04 
5. 2.0E+04 96 3.5 6.63E-08 21.35 6.94E+10 1.11 37.2 8.90E+04 0,3 1.19E+06 2.29E+04 
6. 3.0E+04 96 5.3 4.93E-08 19.88 5.76E+10 1.08 38.7 7.88E+04 0,4 1.02E+06 2.92E+04 
7. 9.0E+03 96 1.6 6.82E-08 17.49 7.89E+10 1.17 43.5 9.81E+04 0,1 8.69E+05 2.33E+04 
8. 1.0E+04 72 2.3 1.35E-07 21.82 1.12E+11 1.05 48.7 4.81E+04 0,3 9.34E+05 2.06E+04 
9. 9.0E+03 72 2.1 3.36E-08 21.41 3.69E+10 0,96 35.8 3.89E+04 0,2 7.55E+05 1.82E+04 
10. 7.0E+03 72 1.6 3.97E-08 23.52 3.21E+10 0,89 32.9 2.80E+04 0,2 7.20E+05 1.53E+04 

 
The energy EICM of provoked tremors is mostly higher than it would appear from the weight of used explosives. 

According to the seismic effect method, 80% of these blasting stages provoked additional processes in the rock 
mass, enabling achievement of a new advantageous energy equilibrium. Only in two cases (tremors nos. 1 and 3) 
the seismic effect is insignificant. In four cases the effect is extremely good, while in 3 cases it is good. In one 
blasting stage the effect is very good.  

The seismic source parameters of tremors provoked by blasting stages from the crossing of the longwall face with 
main gate are as follows: the low-frequency spectral level Ωo is of 10-7-10-9 (from 9.24∙10-9 to 1.35∙10-7. mean 
5.35∙10-8), the corner frequency fo is lower than 25 Hz (from 16.33 to 24.63 Hz, mean 20.84 Hz), the source radius ro 
(according to Madariaga’s source model) in all cases exceeds thirty meters (from 30.2 to 48.7 m, mean 38.62 m), 
the energy Eo is of 103-104 J (from 7.42∙103 J to 9.81∙104 J, mean 5.59∙104 J), the scalar seismic moment Mo is of 
1010-1011 Nm (from 1.44∙1010 to 1.12∙1011 Nm, mean 5.55∙1010 Nm), and the moment magnitude Mw varies from 0.67 
to 1.17 (mean equals 1). Domination of the non-shear mechanism is confirmed by the values of the ratio Es/Ep (lower 
than 0.5 for every blasting stage). In the foci of these tremors, there was probably an implosion. The stress drop Δσ 
in the focus after blasting is of 105-106 Pa (from 3.67∙105 to 1.19∙106 Pa, mean 7.86∙105 Pa), and the apparent stress 
σa is of 103-104 J/m3 (from 9.14∙103 to 2.92∙104 J/m3. mean 1.89∙104 J/m3). In comparison to the seismic source 
parameters of tremors provoked by destress blasting stages from the longwall cross-cut, the average low-frequency 
spectral level Ωois higher by ca. 700%, the average corner frequency fo is lower by ca. 40%, the average source 
radius ro is larger by ca. 40%, the average energy Eo is higher by ca. 258%, the average scalar seismic moment Mo is 
higher by ca. 259%, and the average moment magnitude Mw is higher by ca. 66%. The stress drop Δσ and the 
apparent stress σa are at comparable levels. However, the destress blasting stages to goaf formation covered larger 
areas cin comparison to the destress blasting stages performed from the longwall cross-cut. 

7. Conclusions 

Active rockburst prevention enables longwall mining under difficult geological and mining conditions. Destress 
blasts play a significant role in rockburst prevention. These blastings are usually performed from the longwall face 
and the main and tail gates, in various configurations. The main parameters of blasting stages include: number and 
length of blastholes, location of blastholes and their inclination to the horizon and, of course, weight of 
the explosives. Effectiveness of destress blasts is correlated with the destress range and with reaching of a new 
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advantageous energy equilibrium state by the rock mass due to the stress drop. Estimation of destress blasting 
effectiveness is particularly important for safe extraction of coal seams. Such a calculation has been performed for 
the assigned longwall in coal seam no. 504. in one of the hard coal mines in the Polish part of the USCB.  

This effectiveness can be estimated with the use of seismic parameters. The energy of provoked tremors is used 
in the seismic effect method. This primary method has been adapted to the local conditions (geology, mining 
system, blasting parameters, seismic network parameters etc.) [3]. According to this method, destress blasting stages 
from the longwall face, and especially destress blasting stages for the goaf formation performed from the crossing of 
the longwall face with the main gate provided better effects in comparison to the used weight of explosives. On 
the example of destress blasting stages for goaf formation, it has been shown that proper location of blastholes can 
provide incommensurable effects, despite detonation of a low amount of explosives. Destress blasting stages 
performed from the longwall cross-cut, main gate and tail gate did not activate any other processes in the rock mass. 
The values of seismic effects correspond to the weight of the used explosives.  

The seismic source parameters provide additional information about the foci of tremors and processes occurring 
in them. From this point of view, these parameters could be useful for the estimation of destress blasting 
effectiveness. These parameters have been calculated for tremors provoked by destress blasting stages within active 
rockburst prevention for the assigned longwall in coal seam no. 504. The differences between tremors provoked by 
destress blasting stages from the longwall face and crossing of longwall face with the main gate and the rest of 
the blasting stages in most cases can be seen clearly. These tremors are characterized mainly by lower corner 
frequency fo, larger source radius ro, higher energy Eo and higher moment magnitude Mw. On the basis of ratio Es/Ep 
in the focus of the strongest tremor (provoked by the blasting from longwall face), some share of slip mechanism 
occurred. In the foci of tremors provoked by the blasting stages from the crossing of the longwall face with the main 
gate, domination of the non-shear mechanism has been confirmed. According to the geological and mining 
conditions in the foci of these tremors, implosion was probably predominant. The stress drop Δσ and the apparent 
stress σa are comparable for all the analyzed tremors. However, in cases of blastings stages from the longwall face 
and the crossing of longwall face with the main gate, a larger area was destressed. 
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