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A8STRACT. During the year 1994, seismic station Vinařice recorded a total of 3201

rockburst events (brittle fracturing) with Ioci located in the volume of the safety
shaft-pillar Kladno-2. Liquidat.ion of this pill ar continued by n ew drifts and by
coal extraction at several stopes. Evaluation of the site, size and time of rockburst
events result.ed in: a) seismic energy flow (seismic powcr) does correlat.e wit h drifting
rat.e of new galleries and with t.lie coal extracting rat e, b) clistribution of Ioci depths
sliows maximum in the overlying sanclstone becl, c) estimate of seismic source zone
diruensions being wi thin tens to one hundred ruet.ers.

KSYWORDS: rockburst, rock fracturing, clistribution, precliction, safety shaft pillar,
covariance , mine drift, coal extraction.

1. INTRODUCTION

Having started exploitation in the safety shaft pillar the local seismic station
Vinařice 1300 roekbursts were recorded during the year 1993. Evaluation of data
obtained resulted in statistically significant covariauce between rockburst frequency,
rate ef coal extraction, aud arnount of exploit ation blasts. Variations in rockburst
oceurrenee (frequency and seisrnic power) has ShOW11 both trend as well as periodieal
char acter. Such correlatious are valicl for the W hole pillar area.

An increase in daily frequeney of very weak rockburst events, which was reg-
isterecl at 10eaI seismic network Kladno-2 only, could have been a precursor for
the three of the strongest roekbursts reeorclecl on the seisrnograph station Vinařiee
[Brož, Buben 1995; Růžek 1995].

Liquiclation of the shaft safety pillar e011tinued ciuring the year 1994 by extraction
as well as by driving new galler ies at several separate working places. There were
variations in intensity of the work .at different places and time periocls. In contrast
to the year 1993, data about clriving ancl extraction rates specific to individual
working plaees, eoule! be ie!entifiecl. An improvecl mine seismic array allowecl for
a more reliable location of rockburst foci ancl their delirnitation to sour ce zones
around individual mine galleries ancI stopes. The who1e area of the shaft-pillar
coulcl have been cliviclecl into , where mining activities were concentratecI. Such
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data were used to investigate specifiecl rela.tions between rockburst occurrence and
min ing activity,

The correlation of blasting and rockburst occurrence , which came out of 1993
data, was not investigated any more, as the evidence of blasts was no more available.

2. INPUT DATA

During the year 1994, station Vinařice (50.158° N 14.095° E) registered 3201
rockburst events with foci within the safety shaft pillar , i.e. at epicentral distances
of 1500 ± 200 m.

Lookíng at the stope distribution, the shaft pillar was diviclecl into three zanes,
marked No 1, No 2, ancl No 3. (Fig. 1).

FIC. 1. Schernatic map of the safety sliaft pillar and clelimitation
the zones of mining activity concentration

The input data are specified for the zones No 1, No 2 and No 3, see Figs 2, 3
ancl 4. The data are given in graphs marked A, D, C:

Graphs A show cumulative increments in length of all driven galleries per month.
Graphs B show cumulative volume of extraction per rnonth.
Graphs C show daily cumulative trace amplitudes of maximum seismic ground

mot ion 2Y, recorded by the vertical - component seisrnograph in the Vinařice sta-

tion.
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FIG. 2, Presentation of data observed wi thin Zone 1. A - cumula-
tive length of newly clriven galleries, B - cumulative vol-
urne of excavation, C - cumulative amplitucles od seismic
recorcls of rockbursts

Data about tirne and size of rockbursts located in the Zone No 1 are given In
Tab. 1. Each event in a day is clefinecl by maximum peak to peak trace amplitude
2Y followecl by the values of time (hour, minute).

Depths of rockburst foci are given in F'ig. 5A (Zone No 1), Fig. 5B (Zane No 2),
and Fig. se (Zone No 3). Horizontál axis bears the seria! number of rockburst,
vertical axis gives the vertical coorclinates of foci in meters above sea level. The
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FIG.3. Presentation of data observecl within Zone 2. A - cu-
mulative length of newly clriven galleries, B - cumulative
volurne of excavation, C - curnulative arnplitucles of seis-
mic recorcls of rockbursts

coal searn, clepicted by a dash line, lies in t.he clepth of - 160 m a.s.l. The level of
the pit bank of Kladno-2 shafts (Mayrau an d Robert) is 353 m a.s.l. Vertical lines
separate events in individual rnonths of the year 1994.
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FIG, 4, Presentation of data observed rithin Zone 3, A - cu-
mulative length of newly driven galleries, B - cumulative
volume of excavation , C - cumulative arnplitudes of seis-
mic records of rockbursts
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TABLE 4. Rockbursts within the ZONE 1 in the year 1994.

J'ariu ary

1 25[4 22],
2 14[14 55],
3 90[1417],
4
5 58[7 O], 85[11 39], 20[12 27), 25[1227], 13[1235], 20[12 59], 375[1259),11[13 O], 16[17 22],

15[1845), 11[194), 22[19 12], 20[20 16], 15[2040], 15[2041),
6 50[01 36], 15[722], 30[8 52), 36[8 52), 31[1039], 100[15 1), 15[15 39], [16 59], 65[1747],

. 15[21 4],
7 26[033], 10[04], 19[2 39], 15[458], 23[8 G],33[8 35], 5.5[172], 43[17 21), 10[1759),

12[1942],
8
9

10 60[12 48],
11 80[033], 20[2 1], 36[8 20), 50[925], 29[1727], 30[17 28), 20[18 53], 100[18.53], 32[2326],
12 190[47], 20[9 20], 20[9 20), 72[9 20),
13 20[126], 25[1 35], 28[124], 49[12 53], 12[15 27], 31[1719], 43[17 28], 18[18 58), 67[19 2],
14 8[1709],30[2150],
15 21[32), 390[2059],
16 30[17 56],
17
18
19 12[1654], 50[173],
20 5[346], 14[6 20], 14[15 49], 20[1.s49], 10[1712], 25[1739],
21 20[1 5], 190[46], 62[1349], 15[1350],
22 110[3 19], 20[19 24],
23 15[638],
24
25 31[030], 50[15024], 43[20 14),
26 52(01), 35[2 27], 21[2 49),
27 100[5 12],35[729], GO[l154), 55[17 2],
28 770[12 18], 30[22 47],
29 30[11 34],
30 90[1 22], 12[1 51], 25[832],
31 18[1031], 25[17 9], 46[22 28],

February

32 52[029], 25[1 32], 5.5[342], 14[5 6], 31[1048], 29[16 51], 80[22 38],
33 210[146], 8[336], 10[3 41], 15[9 4], 43[10 7), 24[14 O], 150[17 22],
3,1 9[1 12], 8[1 42], 12[1 59], 15[39], 43[11 33], 30[19 O], 28[20 5], 63[23 43], 14[23 50],
35 20[057], 15[257], 38[5 27], 30[10 20],29[137],
36 4.5[913], 35[9 19], 25[203],
37 30[16 27],
38 32[14 59], 42[15 29], 35[23 48],
39 1.5[257], 15[3 ,12],49[4 42], 53[7 19],60[1623], 210[1859],
40 10[2 27],
41 60[8 30], 15[21 49],
42 35[2 28], 11[2 59], 41[2 59], 110[3 8], 32[15 13],
43 100[5 59], 55[1616],
44
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45 43 [1713],
46 22[1 21], 4.5[1 21], 22[1 Zl], 10[15 2.5], 80[15 25],
47 23[9 6], 56[9 24], 21 [9 24], 73[18 55],
48 15[034], 45[0 59], 30[1 23], 8[1 44],
49 10[032], 9[3 21], 48[3 35], 310[13 51], 85[17 34],
50 5[0 58], 5.5[8 6], 10[14 42],
51 10[3 57], 9[21 39],
52 50[1 11], 42[1646], 40[18 25], 25[23 47],
53 12[039], 25[0 52], 1100[657], 70[17 22], 11[18 0],10[1827], 12[1827],
54 15[022], 10(040),17[1 26), 16[1 47], 13[3 47], 22[6 29), 15[11 2.5), 15[20 52],
55 9[2042],
56 58[059], 18[422], 13[4 22], 20[6 44], 75[14 12],
57 14[1247], 180[1430],
58 15[13 15], 10[19 53],
59 130[9 38],

Marcli

60 10[1 59), 20[24], 27[Z 35], 100[7 28], 30[7 44], 200[1540], 19[1556], 16[1719],
61 20[0 54], 6[1 38], 400[5 5], 62[10 43], 630[10 43], 11 [19 45), 20[21 5), 20[22 5],
62 100[2 44), 12[641], 48[16 24), 62[17 S],
63 85[024], 8[1 5], 16[26], 19[2 50], 120[1233], 90[16 21],
64 20[04], 7[3 3),
65 55[184],
66 15[1613],
67
68 8[173], 75[17 47],
69 140[3 47],
70 73[22 24],
71
72 36[749],
73
74 55[176], 14[21 7],
75 6[2 28], 7[4 14], 58(1844), 55[2338],
76 11 [332],
77 48[342],65[161], 16[ZO 52],
78 20[0 49], 20[2 54],
79 40[219),
80 12[1 O], 20[15 22),
81 10[354), 21 [9 59), 23[1946],
82 68[829), 40[1336], 180[2214),
83 14[3 28), 10[1750],
84 90[1939], 9[2042], 18[22 54],
85 53[10 22], 20[13 28), 26[21 7], 48[21 7],

86
87 79[7 4], 22[13 53), 7[20 17], 8[23 50],
88 17[428], 33[64], 13[7 1],
89 55[435], 11[953], 32[12 49], 41[22 25],
90 12[028], 10[758], 22[1813), 35[23 2],

April

91 30[240], 22[436], 22[15 12], 15[2037],
92 23[43],
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93 10[19 25],
94 9[2 19], 21 [7 19], 52[15 34], 50[20 53],
95
96 5.S[13 48],
97 24[18 8), 39[23 23],
98 160[9 20), 29[15 53),
99 5[1 44), 14[228], 4[3 2], 6[3 20], 11[1838),

100 28[15 55],
101 19[1744],
102 6[234], 11[1711], 17[1711], 22[2357],
103 30[019], 21[11 18], 90[1412], 42[20 55], 10[21 39], 13[2056], 75[2645],
104 29[31], 100[1340), 15[1855],
105 9[1 26), 35[251], 30[13 8), 11[14 28], 70[15 30],
106 7[1 56], 5[443], 6[1840], 14[22 53],
107 21 [2 11], 42[9 35],
108 31 [7 42], 10[16 4], 61 [18 4], 13[18 52),
109 270[142], 27(443), 21[12 9], 14[1828],
110 9[055],12(348),18[2047],
111 22[2 53], 12[9 O), 14[21 53],
112 11[127], 22[3 15], 8[9 21], 14[1116),15[1227], 22[215],
113 100[4 39],
114 19[17 34],
115 22[02]], 7[0 53), 40[13 52], .55[20 43), 160[2043], 330[21 50]

. 116 14[11 29],
117 17[10 8], 140[12 44),
118 12[93], 12[14 8], 14[21 7], 36[22 20],
119 6[350], 7[811), 26[12 27),150[1323), 22[1537), 10(1617),
120 15[245],

May

121 5[1 51], 135(834),
122 250[1050], 10[14 54), 14(1631), 22[21 54),
123 22[10 34],
124 13 [716], 9[20 23),
125 22[642], 37[184],
12G 160[14 26], 7[18 4),
127
128
129 8[5 9], 9[8 44), 33[11 40], 33[15 57],
130 28[840], 105(1541),
131 25[9 46], 8[18 13],
132 180[5 11), 850[6 4G), 500[18 29],
133 10[8 48], 9[22 22],
134 120(751), 130[20 17], 23[22 2],
135 10[528], 31[1425], 48[20 26],
136 145[1448],
137 15[1217], 11[1810),22[2028], 15[2034],
138 70[332], 11[643], 12[1038],355[2040], 9[23 16),
139 GG[]6 2],
140 19[G 28), 90[13 G], 25[1830], 340[22 57),
141 27[6 25],
142 9[4 43], 6[8 17], 5[23 54),
143 8[14 29], 17[21 5],
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144 90(049), 12[238],
145 37(218), 11[354), 1.3.5[1227), 16[12 43),
146
147 60[20 H], 8[20 16], :38[23 29],
148 21 [5 3], 7[21 25),
149 12(042), 6[5 4), 14[1116],
150 8[1925], 10[21 49],
151 31[138), 41[449], 7[2.3 43],

JUlle

152 9(042), 8[18 9],
153 65[21 5,1], 10[22 14),
154 15 [O 49), 50[5 53], 42[9 9], 22[18 32], 110[19 34], 11 (20 26], 11 [21 59),
155 140[812), 20[13 5], 150[15 2],
156 480[2 1], 50[949],
157 35[617],24[1717],
158
159 24[7 12], 190[20 36], 38[21 37],
160
161 15[77), 43[18 21],
162
163
164 31 [21 39],
165 14[233], 16[942], 10[1829], 300[21 37],
166 15[711], 49[18 11],
167 22[1 42], 43[162],43[2020],
168 16[11 43],
169 8[1 46],
170 9[2 5),
171 290[2 11], 260[17 40],
172 35[436], 14[748],
17.'3 20[11 3], 11[1357],
174 30[17 22],
175 62[12 34], 18[22 28],
176 19[351], 12[66], 18[641],
177 12[151], 35[246),12[742),
178 12[15 4], 6[1545),7[2021],
179 13[16 38], 10[18 59],
180 10[740], 30[1343], 110[1854),
181 5[1(27),11[2218],

July

182 11 [15 57], 16[22 22], 76[22 27],
183 270[21],30[20 S], 155[2039], 11[23 37),
184 55[735], 13[14 45],

185 100[4 16], 15[15 21],
186 14[35), 18[632],
187 1-5[15 20], 16[19 16],
188 7[1840], 14[2659],

189
190 20[10 12],
191 30[18 51],
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192 160(737),
193 11[1651],
194 31[737],10[957],13[21 15],
195 21[033], 730[453], 14[67], 21[15 21],
196
197 31[244], 200[21 26],
198 90[1235], 11[136],360[1955],
199 32[18 16),
200 90[814], 12[1355], 220[2043],
201 13[4 48],
202 16[10 54], 22[12 46], 90[15 38], 310[18 42], 5[19 4], 13[20 56], 10[21 9],
203 120[5 21], 38[12 30],
204 90[444],
205 140[1047], 340[12 29],
206 25[21 51],
207
208 10[10 54],
209 30[75],
210 42[451],
211 25[12 13),
212

August

213 12[250],
214 12[439],4[1759], 17[1829],
215
216
217
218
219 26[7 9], 13[8 20],
220 10[17 58],
221 14[1544],
222
223 21[350], 9[1238], 21[1926],
224 6[14 38], 11[1623], 13[17 52],
225 10[053], 35[1721],
226 34[1 27],
227 6[13 10],
228 115[3 44], 8[8 51],
229
230 40[16 38),
231 19[11 12], 17[2353],
232 58[14 21],
233 13[16 41],
234
235
2:36 10[1 25], :32[741],
237 34[15 20],
238
239
240
241 90[1547],
242
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243 19[15 50],

September

244 62[657),
24.5 14[8 28],
246 30[8 49], 170[13 20], 320[19 24],
247 41[1911],
248
249 35[15 29],
250
251 240[1247],
252
253 ,54[12 13], 6,5[16 56],
254
255 14[017],
2.56 27[5 59],
257
258
259 18[04], 62[1 9],
260
261 31[95], 95[11 13],
262
263
264 43[1739],
265 14[047],
266 14[65], 15[22 57],
267 78[21 3],
268
269
270
271
272
273 17[17 59],

October

274 44[430], 16[1622],
275 10[546],
276 63[447],
277 14[626],
278 25 [7 52],
279 11 [O33],
280
281 49[214], 110[1654], 18[21 48],
282 16[6 58],
283
284 6[1436],
285 85[457], 180[457],
286 170[011], 150[4 48], 4[22 53],
287 150[1053),
288 22[20 52],

289
290 15[1958],
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291
292 240[73],
293
294 41[915], 17[128], 67[176],
295 43[5 45], 14[12 3],
296 23[10 15],
297
298
299 6[0 19],
300 22[11 47],
301
302 25[11 41], 17[1743],
303
304

November

305
306
307
308
309
310
311 90[5 54],
312
313 43[11 5], 10[16 25],
314
315
316
317 210[2048],
318
319 23[21 48],
320 18[717],
321 110[8 19),
322 18[78], 185[1035],
323
324 20[.5 59),
325
326 11[11 54],
327 7[1611], 8[181],
328 10(938),
329
330
331
332
333
334

D'ac ern b e r

335 210(428], 110[1752],

336
337 12[18 29],
338 15[1 35],
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339 18[1 36],
340 11(650),
341 56[234], 43[5 52],
342 120[7 38],
343 12[19 49],
344 6[171],

345 6[6 13),
346 820[614],
347 26[11 56],
348
349 8[1 28], 8[1 28], 7[6 7], 19[16 17],
350
351 9[1341], 7[16 28],
352 9[1 3], 11[103], 85[2334], 60[23 34],
353 68[8 39],
354 12 [10 56],
355 27[3 47], 7[11 22], 20[12 25],
356 6[6 18], 23[17 14],
357 11 [2 4], 11 [23 2],
358 9[20 23], .
359 15[10 7],
360 11[639], 10[957], 51[15 59],
361 31[14 57],
362 10[5 55], 17[5 56], 12[16 48],
363 31[327], 15[81], 9[132],
364
365

3. RELATIONS BETWEEN MINING AND ROCKBURST ACTIVITIES

3.1. Depth o] Foci

In the Z011e NO.1 (Fig.5A) appears an effect of a time change in the clepth
distribution. In initial months there is a larger scattering in dep th , ancl relatively
large number offoci is locatecl under the coal seam. During later months the activity
is concentratecl in higher levels of the hanging wall. At levels up to 50 m above the
seam there is very small number of events. Their maximum concentration at the
level of about 70 m above the seam coincides with the location of a sandstone bed
having relatively high strength [Živor 1995].

In the Zone No 2 (Fig.5B) there is no evidence of changes in the distribution
of foci with time. The concentration in the strong sanclstone hanging bed is also
eviclent, although a significant number of foci appears also at higher levels up
to 200 m above the seam. Migration of foci with time cannot be noticecl at this
reviewing graph, but coulcl not be noticecl even at graphs of higher resolution.
Similarly, no significant correlations between depth and magnitucle of events was
noticed. Foci clo not show any tenclency to cluster around a tectonic fault cutting
through the shaft-pillar. Their time ancl space distribution seems to be ranclom.

lil the Zone No 3 (Fig. 5e) the scattering of clepth distribution is even higher
than in the Zone No 2. There are much more foci lying under the seam up to depths
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FIG.5. Distribution of rockbursts foci with depth. A - within
Zone 1, B - within Zone 2, C - within Zone 3

of about 50 m, where a contact between Carboniferous and Algonkian bedrock can
be founcl.

3.2. Seismic Pouier

Seismic power can be characterizcd by the course of cumulative amplitude graphs
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2Y in time [Brož, Buben 1995]. The meau value of seismic power for a source zone
is given by tlie slope of regression lines of these graphs.

In tlie Zone No 1 (Fig. 2C) there app ears to be three tirne segments of stationary
seisrnic power. Thefirst segment with the highest power covers first 60 days of the
year. The seconcl time period with relatively lower power ends by the 130th day,
ancl the thircl period, where the seisrnic p ower is at the lowest level, covers the rest
of the year 1994.

In the Zone No 2 (Fig.3C) there are no eviclent segments of stationary seismic
power. One can see rather mocleraLe ancl continuous fíuctuations of the flow. The
segments between days No 10, 90, 160,230, ancl320 show relatively constant power.

In the Zone No 3 (Fig. 4C) variations of the seismic power are very conspicuous.
Frorn the 70th clay on, appears alteration of relatively short periods of rather in-
creased seismic power wi th longer periods of low p ower. There is a general tendency
of the power decrease with time.

Cornparing the graphs, one can ob serve that seismic p ower variations in the
individual zones are mutually independent. This is why any presence of external
geodynamical processes (i.e. beyond the safety shaft -p ill ar) , which could obvious
by affect the rockburst activity, cannot be assumed. The mutual inclependence of
activity in iridividual zones where the cleformation energy is cumulated ancl releasecl,
implies th at their dimensions can be assessed as tens to one hundrecl meters, which
follows from the distances between foci loca.1izecl in adjacent zones.

3.3. Seismic Power an d Mining Intensity

Covariance between seismic power and mining intensity variations in specified
zones can be followed on a comparison between Graph A (tbe length of drifts driven
per month) 01' Graph B (monthly volume of extraction) and Graph C (cumulative
amplitude per month), given in Figs 1, 2 and :3. Unfor tunately, daily reports about
mining activities for individual mining places (drifts, stopes) are not at hand ancl
therefore it is impossible to use shorter than monthly intervals. Conclusions are
following:

Zone No 1. During first two months the drifting rate is high, while coal excava-
tion is relatively low. Seismic power of the ZODe is high. From the second to the
sixth months, the seismic power is high as well, however, it is counected with very
great coal extraction rate, while clrifting is a.t the minimum. The seconcl half of
the year sliows low seismic power, which can be relatecl to practically zero extrac-
tion and to very lirnited drifting. It is difficult to clecide which of the two mining
activit.ies may have higher impact on the rockburst activity.

Zone No 2. Stationary seismic power during thefirst half of the year can be
correlated with fast drifting bu t practica.lly zero extraction rate. The situation in
the second half of the year is více versa: high extraction, a.nd very limited clrift.ing.
Both mining activities seem therefore to be effective for the ro ckburst activity. A
slight decrease of seismic power during .July ancl August can be caused by minimum
mining activities in the vacation period. Evaluation of tirne lags using monthly
intervals does not allow tofincl shorter time delay in reaction of seismic to min ing
activiti es. It only can be concluclecl that it is shorter than ODe month. .
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FIG. 6. Cornparison of variations of the dri ving velocity and fre-
quency of rockbursts within united zones 1 and 2, A -
length of newly driven galleries per month , B - frequency
of rockbursts

Zone No 3. In coritrast with Zone No 1 ancl No 2, the correlation between seismic
power ancl drifting rate is more pronounced. This can be mostly observed in the
first half of the year, when the extraction was at a very low level. High increase of
the extraction rate in the seconcl half of the year did not affect the value of seismic
power.

Covariation between drifting rates in new drifts (the monthly length of drifting)
ancl the number of rockbursts com es frorn Fig. 6 ancl Tab. 2-4. In the Zanes No 1
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TAB. 2: Covariance length - frequency per month , Vin. 1994
~ LX; = 4514, ~ LY? = 5313.

k Fxy(k) _1_ ?(X . y' k \n-k .c.....<\ z z+·)

-3 0.12 623
-2 0.19 964 I
-1 0.60 2976

O 0.86 4228
1 0.28 1396
2 0.33 1620
3 0.31 1529

TAB. 3: Covariance length - arnplitudes per month, Vin. 1994
1.. '\' x2 = 4514 1.. '\' y? = 2195.
1101. '71.01.

k Fxy(k) n~k 2:(Xi . Yi+k)
-3 0.32 1020
-2 0.25 802
-1 0.55 1748

O 0.90 2813
1 0.52 1647
2 0.36 1146
3 0.15 498

TAB.4: Covariance frequency-cumul. arnplitucles per month,
Vin. 1994; ~ I:(xl) = 5313, ~ L(Y[) = 2159

k F,r;y(k) n~k I:(Xi . Yi+k)

-3 0.34 1175
-2 0.34 1174
-1 0.36 1239

O 0.86 2940
1 0.55 1878
2 0.39 1336
3 0.17 592

and No 2 new drifts are driven 100111ta 250 rn apart , which can result in rnutual
influence of corresponding seisrnic source zanes. This is why the totallength of new
drifts (Graph A) ancl the total numb er of rcckbursts (Graph B) is surnrnarizecl in
Fig. 6. The horizontal axis is clivided into rnonthly intervals. Signi:ficant correlation
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between both graphs is very apparent. Drifting rate in mine design must therefore
be eonsiderecl as very important input clata for roekburst preclíetion when usíng the
optimum extrapoiation of multichannel time series [Rudajev, Fučík 1982].

4. DISCUSSION

Foei of roekbursts are distributed at levels from 200 m above the seam to 100
m below it. Regarcling the classification by [Knoll 1990], these roekburst events
belong to the first type, being very dosely eonneetecl with the mining face.

Tlie mechanical model of the rockbursts is shear-Implosional. The rockburst
foeus eonsists of a linear shear disloeation ancl of an implosive eomponent assuming
the case of mine openings subjected to compressive stress concentrations [Rudajev,
Šílený 1985].

It is the operational sliort+time precliction of strong roekbursts which is most
important regarcling the safety in mining operations. Because of that , quite a time
has been devotecl to the exp erimental registration of seismoacoustic foreshocks in
the operational mine drifts of Klaclno mines. Up to now, simple ancl reliable enough
preeursors were not founcl.

Such a negative result rnay be partially due to the geophone location on the drift
walls, i.e. at a distauce ofup to 200 m from rockburst foci, whieh occur in underlying
as wel! as overlying beds of the drifts. Due to the attenuation of seismoacoustic
waves (frequeney about GOO Hz), the seismoacoustic emissions (frorn clo se vicinity
of future rockburst foci) were probably covered by disturbing impulses of technical
origin (loacling of eoal ancl muck , transport, clrilling ancl blasting, ventilation buzz ,
etc.).

The main problem comes frorn the rnethocl of using seismoacoustic impulses as
foreshocks. Generally it is known that foreshocks of naturel tectonic earth quakes
were not proved to be reliable precursors. On tbe other hand, it was provecl that
local stress concentrat.ions in rockrnass (reaching a level necessary for brittle frac-
turing) lead to the occurrence of aftershock sequences. They are caused by stress
reclistribution, that comes from the foregoing brittle fraeturing in rockmass. A reli-
able precursor of strong rockbursts can therefore be expected to be the oecurrence
of seismoacoustic irnpulses (aftershocks) indueecl also by standard mine blasting
works usecl for drifting 01' coal extraction. An irnportant impact of such blasting
(which can be easy cliaracterized by proposed frequency of blasts 01' by the whole
consumption of prepared explosives) on rockburst o ccurr en ce was newly proved in
[Brož, Buben 1995].

The practical use of this prediction method neecls the progress in developing
a robust seisrnoacoustic equipment for cornputerized monitoring an d automatic
interpretation of seismoaeoustie sequences in the overburden of coal seam inducecl
by standard mining blasting. The solution of problem consists of the following
steps:

1) High frequency geophones to be installed into the near+to vertieal boreholes
(length about 5 m) being boreel near the faee of a progressing drift 01' stope, In

mutual dist ances of about 10 m.
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2) Output signals from at least two geophones to be arnplified , filterecl and trans-
mittecl to the pithead mine observatory using current mine telephone lines.

3) Digital equiprnent for monitoring seismoacoustic impulses to be developecl (e.g.
on the basis of MARK GMA-15 KALENDA) complete witli software for au-
tornat ic triggering ancl evaluation of the characteristics of inducecl aftershock
sequences. The monitoring period shoulcl last several tens of minutes after each
blast, when the mining crew is not presentecl an d the signal-to-noise level reaches
its maximum possible value. Autornatic evaluation of the sequence record must
immeclia.tely provide the prediction of instantaneous rock burst hazard (warning
message) before the crew comes back to its working place in the mine.
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