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Absl.racl:
Exploita.lion o f coal face 13933 on ČSA Colliery (C2echos'lovakia)

was slarLed on lhe end of 1989. This is area vhere was rockbursts viLh
eat..aslrophe consequences. In Lhis paper ve are presenled resulLs of
qeophysical int..erpret..a.t..ion of the fift..een st..rongesl. rockbursLs in

period sinee January to June 1991. Primary data come from digilal
Basin. Th1snel.vork eailed Seismlc Polygon o~ Ostrava-Karvíná Coal

nelvork consisls of ten of t..hree-componenL digll.al regisl.ered sl.al.ions.
For deLerminat..ion of fault..plane solulion is used meLhod of inverting
P-'W'3ve fírsL amplitudes; for deLerminaLion Df geometrie and physical
souree parameLers 19 used speclral analysis (Brune s and Nadariaga s

models). Numerical resu1ls are presented in lables.
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1. INTRODUCTION

AL obLaining of mineral raw maLerfals by underground exploiLallon
exisl real danger of roekbursL rises, ",haL 15 consequence of rock
maaeif failure proeess. Il is espec1ally in dlfficulL mlne-geological
condiLions. Such siLuallon 1s a1so in OsLrava-Karviná Coal Basin (OKR) ,
where aL coal exploiLal!on arise very much rockbursLs. The sLrongesL
roekbursL (Narch 27lh, 1983) vith 10eal magniLude 5.1 - according
deLerminaLion of NEIS - comes from area of eSA Colliery. ExploiLaLion
vas aqain slarled in lhis area {eoa1 face 139331 f~om Lhe end of 1989.

IL is documenled by research lhaL for complele evaluation of
minlng situation is necessary to confront geologica1, geomechanical and
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geophyslcal knovledge. Seismic research has
ImporLanee as in sphere of 10eal. and
deLerrninaLlon of physlcal processes passlng
violaLion and for objeet!ve eiassificalion
1986/.

There is inleresled in lal of counLries of whole vorld by
Inlerprelalion of seismiclty induced by miníng actlvily. In sphere of
basic research vas inleresled by lhls questlons especlally for example
COOK /1976/, KISSLINGER /1976/, McGARR sl al. /1981/, GIBOWICZ /1985/.
GIBOWICZ /1989/, HASAGAWA st al. /1989/, KUHNT et al. /1989/, and from

ln thls evaluatlon basic
llme prognoses, dS for

in roek massif [oci of
of roekbursLs /RUDAJEV,

Lheir resulLs ve come ouL.

2. APPARATUSES

InLerprelaLion of rockbursls in OKR enlered from 1988 to nev
sLage. because vas sLarled operallon of d1gilal seismlc neLvork cal led
Selsmic Polygon of Lhe OKR (SP). This neLvork gives Lo OKR qualit~tive
nev data - lhree-component digilal recorded seismlc 81gnal. Netvork Ís
composed from 7 surface and 3 underground sLaLions, from v~ere are daLa
telemetric transfer to the cenlral recording sLaLion. DescripLion of
Lasks and apparatus equipmenL of the SP is for example in KONE~Ni,
1988 and KALÁB. 1991.

The digital regi5LraLion by Lhe SP gave a150 possibíliLy for
development of meLhods for rockbursL source mechanism determ1nation.

3. STARTING NETHODOLOGICAL CONDITIONS

On base of prov1ded analysis of rockburst source mechanism
deLsrminaLion ln ~orld and - geomeehanie inLerpreLaLion of condiLions in
OKR ws can sLaLe:

for deLerminaLion of faull plane soluL!on ts necessary Lo come from
models. which enable consideraLion of superposilion of shear and
non-shear componenL (shear forces wilh implosion or exploslon
eomponents) ;

for deLerminaLion of rockbursL specLral pararneters ve can use
Fourier LransformaLton (FFT) for ealeulaLions of specLra. In case
af shorL disLance beLween some sLaLions from foeua is necessary
very careful application of FFT;
for deLermlnaLion of geomeLrie and physleal parameLers ve can come
from relalions conscripL for dislocaLion models. With poinL of viev
lo facl. lhal sou~ce dimensions deLerminaled according Brune s
relaLions Lhere are maximum estimates of possible dimensions, Lhere
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1s used Madarlaga's model for inLerpreLaLion of geomet.rie foeu!,?
paramelers.

Reeordings
slnce are not

oE digilal
finished

dala ln OKR pas
for

only for
prlmary

shorl lime and
interprelattonSOMe melhods

(delermlnalions of roekbursL orig!n LimB, localisaLion and radiale
energy) Geologieal and lecLonic pat.lerns of OKR are very eomplicaled.
DelerminaLlon of roek environmenl paramelers (espeeially seismic
velociLy model and damping of selsmic wave) a190 in not. prov!de \ljt.h
needful qualily. These facts have direcl ínfluence for qualit.y of
rockbursl liIechanism lnlerpretat.ion. Thal 1s vhy 1s nov suffieienl to
develop for this sphere of inLerprelalion only the simplest melhods.
vhich give good resulls a1so al 19norance of aecurat.e basic paramet.ers
af rockbursls and rock environMenl.

4. DATA

Seieclive sel for InLerpreLalion 15 composed from lhe mosl sLrong
rockbursls, which were localised lo are a of eoal faee surroundíng
13933 ln ČSA Coll1ery (OKR) in period from January t.oJune 1991. On
beqinning of folloved period lhere vae explo1t. about. 320 ID of direct.
lenglh of coa1 face, on end of period abouL 490 m. Dimension of coal
face vas 220 m. Aboul 18% rockbursls from ",hole OKR-area. were recorded
in above IDentioned period from area of coal face 13933, bul by energy
about 69% of energy radiated from whole OKR-area IVESELÝ el al.,
1991/. That are rnenlioned in Tab. I. Lhe resulls of primary
inlerpreLaLion for rockbursLs from seleclive sel.

5. FAULT PLANE SOLUTION

For deLermínaLion oí íaull plane solulion oí rockbursls lhaL vas
s",lecL",dmet.hod Dí inverLlnq P-wave íirsl ampliLudes \.IiLhpossib! liLy

IŠÍLENÝ, 1987/. Melhodicalaf non-shear eomponenl ratio delerminat.ion
process and new developed software enable olher research inlo solulion
problem /STAŠ, 1991/. Faull plane solulion (strike, dip and rake angles
oí shear sl i P and rat.io of non-shear and shear dtslocalionsl for
selecLive set. is menLioned in Tab. II. Rellable resulls we oblained
afler accuraey of entrance calculalion parameters ( 1oca 1 i sa L i on .
seismic velociLy model and damping of seismic vava).

We provide complele evalualion of inlerprelalion resulls of faulL
r' 1 .~ ne soluLion fl'om selecLive set. aft.ar Lhal are essenLial L'.J0

(:'Ctne 1 us i ons :
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Tab. I. Priroary
CenÍ-re daLabase)

InLerpreLaLlon data (from ČSA Colllery Selsmlc

I
I

Number Origin Lil!!e Locaiisation Energy I

I a001 4. 1 . 1991 18:22:42 0-61 9.0e5
I

I a002 I 12.1.1991 20:53:22 0-61 1.0e5

I I
JI a003 18. 1. 1991 20:53:27 0-61 1.1e5

I a004 21. 1 . 1991 21:01:37 Q-61 4.2e5
I I i 7: iO: 42 II ",005 30.1.199í Q-61 I 5.le5

I !
a006 7.2.1991 03:46:37 0-61 i.3e5

I . Ia007 16.2.1991 01: 25: 40 Q-61 1.1e5

a008 27.2.1991 08: 16 :06 I Q-61 i.5e5

a009 5.3.1991 10:39:55 Q-61 • 3.8e5I
a010 I 13.3. 1991 15:25:49 Q-61 4.4e5

I a011 I 16.3.1991 14: 18: 08 Q-61 2.2e5
I II a012 20.3.1991 20: 17:20 P-61 4.2e5

I a013 I 28.3.1991 04:37: 12 P-61 1.5e5

I a014
i

4.5.1991 01 :26:22 Q-61 i 1.1e6

I a015 I 16.5.1991 21 : 15:27 Q-61 2.0e5

Origin lime - Lime from DCF signal
LocalisaLíon - mine localisalion
Energy - mine scale oC ~SA Colliery Seismic Cenlra

The firsL ls t.he fact, lhal Is posslble to divide rockbursls of
selecLive sel to four basic t.ypes according Lhelr fault plane
solulion. These lypes are not delerminale ooly on base of sLaLteLtc
evaluation of geophysical inlerpretation resul t.s, bul is
possible t.o include geologic-geophyslcal interprelaLion. Fo!:"this
interprelaLion there were use Mine maps of separaLe seams, tectonic
maps (including smal1 tecton ic map), evaluation of coal mlning
intensity and consultations vith geomechanlcs. Result.s of this
inLerpreLation are also presented in Lhls Proceedtngs /KONEČN~/.
The second conclusion ls ahout evaluaLlon of rat.lo of non-shear and
shear dls10cations. Thts ratio maximum ts 30 % and from Lhis arlses
I..h-"lt main cause of rockburst generat.ion is shear díslocalion. That.
Is why we can come from relations. vhich are connected vlt.h
presumptlon of this facto (dislocalion models).
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Tab. II. FaulL plane soluLion

INumber I DIP ISTRIKE I RJ\KE V.C. I Type
I I (<> ) I [0] I [oJ [%J

I I I 1102.7 I! a001 53.2 57.0 -11.6 I
I I 38.6 i 216.3 I 73.6I I

I a002 I 83.3 I 240.2 -12.4 -2.6 IV
I I 77.7 331.6 -173.
I I II a003 18. 1 252.4 133.4 -17.9 I III
I i 77.0 ! 27.6 77.3 i,

I
I
I a004 40.4 202.6 71.7 -10.2 I
I 52.1 46.1 105.0

r-- a005 I 80.2 20.6 -62.3 -30.0 III
I I 29.2 128.6 -159.I

I
a006 50.6 47.6 105.5 -10. 1 I

41.9 203.9 71.9
, aOG7 42.6 212.3 I 83.4 -4.8 II
I I 47.7 41.2 96.0 I I
I I !102.3I a008 I 53.7 50.0 -10.8 I
I , 38.1 I 209.7 i 73.8

! a009 I 28.4 I 152.1 1-124. -0.5 III
I 66.8 9.8 1-73.1 I

I II, aOl0 83.0 345.0 -82.6 -16.9 III
I I 9.9 117.1 -138.

I aOí 1 I 44.7 80.2 81.O -16.9 II

i I 46.0 272.8 98.8 I

I a012 I 64.2 98.9 80.9 -11.4 II

I 27.2 I 299.2 108.2 I
~I 88.0 I 223.2 30.5 1- 11 .9 IV
I I 59.5 132.0 177.6 I I

I 1 I 1-10.6 Ia014 I 39.8 204.5 69.8 I

II I 53.1 I 50.0 106.0 I, I I

a015 -19.0
41.0

273.7
90.9

91.8 1-12.7
87.9 .

II

6. GEOMETRICAL AND PHYSICAL SOURCE PARAHETERS

For deLerminalion of geomelrical and physical source paramelers ~e
come from speclral analysis of vave paLLerns of Madariaga s model
rec0plion. There vas use for anaJysls a non-inlerference P-vave parL.
;';PGcLracalculaLed for Z-componenls of separale slalions by algorilhm
FFT are correcl for disLance and damping of signal on vay
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~L~Ljon-focus and for fr.ee sur.face. There are afLer. Lhal specLr.a
are sublracled speclralapproximale by l~o slraighl l1nes and there

paramelers. Calculated qeomelrlcal and physical source paramelers for
rockbursls of selecllve sel are menlioned in Tab. III. Achleved besulls
by lhelY.' values correspond vilh dala presented ln lileralure Ifor
example GIBOWICZ. 19891 and Lo ideas of geomechanics about..course of
aclivily in rockbursl foci.

Tab. III. GeomeLrícal and physical source paramelers

ro
!
I Ho
Irin121J

I tG"" o
1 I r 1()6p

I Do
I(10 3i m c • ~ ..~m..• _ a_ - m I.- -

aOO1 I 144 4.27 0.622 4.70

a002 I 144 ! 2.57 0.375 2.83

a003 147 t.57 0.216 1.66

a004 137 5.21 0.893 6.39

a005 156 I 3.83 0.443 I 3.61

<1006 150 2.32 0.302 2.37

a007 139 2.32 0.378 2.75

I a008 I 142 I 2.26 0.348 2.60

4009 I 156 2.76 0.320 I 2.61

aOl0 142 3.07 0.474 3.51
IaOll 137 3.83 0.657 4.70

a012 162 5.02 0.514 4.37

a013 139 1.44 0.235 1.71

a014 139 6.90 1.120 8.17

a015 I 134 1.76 0.318 2.23

ro source radius fro= Hadariaga s model
Mo seismic moment

~o stress drop
Do average displacement.. across lhe faull plane

We can avait more accurat..e results after elaboratlon o~ methods
for int..erprelallon of" ot..herlypes of" vaves. especially of" S-vave. Also
analysls of slgnals in transformed co-ordinate system (lurn of
coordinale syslem to geometry of ray) and/or analysis of complex
amplitude of sfqnal (lhal means not of" separale componenls) vilI be
qood for more objective delermlnaLion of source parameters.
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7. CONCLUSION

On base oí achieved resulLs ve can maka following evaluaLion:

for focus mechanism inlerprelaLion was delerminale on base of
provided testa these calculalion methods

- delerminalion of [aull plane solullon by method of inverLtng
P-wdve firsl amplitude

- deLerminaLlon of geometrícal and physical source parameters by
speclral analysis al presump~ion of Nadariaga's model

ínterpretation of rockbursls from selective seL proved passtbility
of using achieved resulls for complele evalualion of rockbursl and
for evalualion of developmenl of seismic activity (results of
inLerpreLaLion are good for more objeclive evaluaLion of rock
massif fallure process)

fault plane solution of rockbursts from selective set we can
sort to four types, vhich have geomechanicaI lnterpretatlon

- calculated qeometrical and physical source parameters have
values corresponding vith presupposed mechanisms in foci.

Relations, according which WB are calculaLed pararneLers of
dislocaled surface and geomelrical and physícal parameters, are
deducted for ideal elastic surrounding. Because surroundlng of aKR has
features ralher differenl from lhis approxlmalion, was lnlroduced
corrects af non-elastic surrounding. But these above mentioned corrects
come only from experiments not from special selsmic measurements, vhich
are necessary for determinatíon of feaLures of surrounding. IL Is also
reason why are not used some prepared methods, vhich are developed for
rockbursls.

By delail sLudy of rockbursts according lheir activiLy by
radiaLion seismic enerqy aÍLer their rise, Is achieved qualíLaLively
nev informatlon abouL presupposed acLivilies, which pass in foci. These
resulLs are part of complete vlev on rockburst, vhat enable not only
lts complete Interpretation from polnt of viev of geomechanlcs, but
also compleLe inLerpreLaLion of developmenL of seismic acLivíLy.

Achieved resulLs proved lmportance of next basic research, and
vith this also application research on digital seismic data from aKR.
One af the direcLions ís analysis of rockburst as phenomenon, vhích
firsL methodical processes and resulLs ve presented in Lhis paper.
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