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a b s t r a c t

Underground longwall mining of coal seams in the Upper Silesian Coal Basin is currently

being carried out under increasingly difficult geological and mining conditions. Mining

depth, dislocations and mining remnants are the main factors responsible for the most

significant rockburst hazard, which can be minimized via the use of active and passive

rockburst prevention. Active rockburst prevention in longwalls is usually based on blast-

ing, in order to either destress local stress concentrations in the rock mass or to fracture

the thick layers of strong roof rocks to prevent or minimize the impact of high energy

tremors on excavations. The accurate estimation of active rockburst prevention effec-

tiveness is particularly important when mining under disadvantageous geological and

mining conditions, which are associated with high levels of this hazard. The efficiency of

blasting applied for this purpose is typically evaluated from the seismic effect, which is

calculated based on seismic monitoring data and the weight of the charged explosive. This

method, as used previously in the Czech Republic, was adopted in the present study to

analyze conditions occurring in a Polish hard coal mine in the Upper Silesian Coal Basin.

Parameters of long hole destress blastings in roof rocks (torpedo blastings) from the face of

the assigned longwall in coal seam no. 507 were correct a success according to the seismic

effect method and corresponded to observations made in situ. The analytical method

presented enables the rapid estimation of destress blasting effectiveness and could also be

useful when determining appropriate active rockburst prevention.

Copyright © 2016 Central Mining Institute in Katowice. Production and hosting by Elsevier

B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Rockburst has long been a dangerous phenomenon for miners

working in underground excavations in the Upper Silesian

Coal Basin (Pelnar, 1938; Straube et al. 1972; Holecko, Ptacek,

Takla, & Konecny, 1999; Budryk, 1938; Parysiewicz, 1966;

Konopko, 1984; Dubi�nski & Konopko, 2000, Drzewiecki &

Kabiesz, 2008). According to their origin and mechanism,

two main types of rockburst are typically encountered:
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rockburst with its focus in the coal seam or its vicinity; and

rockburst with its focus outside the coal seam, mostly in the

thick layer of sandstone in the roof of the coal seam.

Rockburst hazard during the underground mining of coal

seams has prompted the development of a range of rockburst

prevention techniques e both passive and active e in which

destress blasting plays an important role. Destress blasting is

performed either directly in the coal seam or in surrounding

rocks (mostly in the roof rocks). The main purpose of this

blasting is to reduce stress concentrations occurring in the

rock mass, although rock fracture is also important due to the

associated creation of a zone in which the dissipation of

tremor energy occurs. There are some other methods for the

destress of rock mass and making coal seam extraction safer,

for example destress drilling or hydraulic fracturing. However,

colliery destress blasting in roof rocks is the main form of

active rockburst prevention. The range of destress can be

determined through geophysical methods, for example the

seismic method. In practice it is important to get immediate

information about stress drop after blasting and whether the

rock mass has reached a new advantageous energy equili-

brium state.

The accurate estimation of destress blasting effectiveness

is of particular importance when mining under difficult

geological and mining conditions, which are both correlated

with seismic activity and a high probability of rockburst

occurrence. Such an estimation was performed for destress

blasting application in the roof rocks of coal seam no. 507,

during longwall mining in one of the hard coal mines in the

Polish part of the Upper Silesian Coal Basin (USCB). The depth

of exploitation, mining remnants in adjacent coal seams and

the presence of a thick layer of sandstone in the seam roof

were the main factors responsible for the high level of rock-

burst hazard. To estimate the effectiveness of the blastings

applied, the seismic effect method was used. This method,

previously developed for use in hard coal mines in the Czech

part of the USCB, was adapted to conditions occurring in one

of the coal mines in the Polish section.

2. Geological and mining conditions

The mining of coal seam no. 507 with the investigated long-

wall lasted from January 2011 to June 2012. In the area of the

longwall, seam no. 507 is deposited at a depth range from 870

to 910 m, with its thickness varying from 2.7 m to 3.8 m. The

direct roof of coal seamno. 507 consists of alternating layers of

shale, sandy shale and sandstone;most of these rocks possess

high compressive strength (maximum 80 MPa). At a distance

ofmore than 50m above the seam, a thick layer (up to 60m) of

sandstone is present. The floor of coal seam no. 507 is

composed of shale and sandy shale of small thickness (several

meters) and is underlain by the thicker seam no. 510 (up to

8 m) (Fig. 1).

The longwall began its run from the area of the flank drift

pillar. The longwall ran along the abandoned longwall goaf in

the upper stage, and crossed the mine filled drift at a level of

900 m. At its end, the longwall ran in to the protecting shaft

pillar and was approaching the main drift pillar. Mining edges

of seams no. 501 and 502 (approximately 150 m and 135 m

above seam no. 507, respectively) were presented in the

longwall field. The above-mentioned difficult geological and

mining conditions were reflected in the seismic activity

observed.

3. Seismic monitoring

A data set for the study site was obtained from a network of 16

seismic stations, located in underground excavations at a

depth range of 320e1000 m. The network consisted of a

combination of vertical-component sensors including SPI-70

seismometers and DLM-2001 geophones. The sampling rate

was equal to 5000 samples per second, with the timing of the

seismological system synchronized based on the Global

Positioning System. Seismic stations were distributed around

the investigated longwall. The error of epicenter location

ranged from about 20 to 35 m, while the error of hypocenter

Fig. 1 e Lithological structure of rock mass in the area of

the investigated longwall.
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