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ABSTRACT. Rockbursts and rockburst -lik phenomena occurring in the Ostrava­
Karviná Coalfield are usually recorded at s ismic stations of the Frenštát Network 

which is a part of the Regional SeisnUc p�ygon. Implemented software for data 

processing of this statiollS enables foci locati n and further investigation of the wave 
trains, e. g. polarization and/ol" spedral a ·. alyses etc. However, no energy and/or 

magnitude classification of the recorded seisrnic events have not been carried out yet. 
The present paper reports on the first step in derivation of basic relations for the 

released seismic energy determination of individual seismie events, j. e. investigation 
of P - waves attenuation within the approxirr.ate interval of epicentral distances 20-
4.5 km. The law of attenuation of P - waves 1íth distance depends on the wave front, 
on its geOlnetrícal spreading as well as on tle absorption in geologie medium. Data 
set approximation was perforrned using the following power as well as exponential 
functíons, i. e. 

A = Aor-m. and A = Aor-ne-ar . 

KEYWORDS; induced seismicity, seismie waves �ttenuation , Ostrava-Karviná Coa1 

Basin I 
1. INTRODfCTION 

Based on the extent geologieal explorati n in the broader region of the Ostrava­
Karviná Basin, there was fonnd a new h rd coal deposit in the vicinity of the 
town Frenštát under Radhošť, recently. 'onsidering this faet, there was made 
more detailed geological and geophysieal xploration a,nd a1so construdion of a 
new mine has been started, i.e. of the M'ne IFrenštát-'Nest. The appl'Oved coal 
reserves are relatively high. Nevertheless, t e hard eoal mining in the deposit has 
been evaluated as the very eomplieated one due to its natural conditions (depth of 
seams in the range of 1 000 up to 1200 m, t1ctonie disturbanees, complex structure 
of the overlying strata, etc.) . Some deal of �he overall complexity has been created 

a180 by the unfavourable primary stress fi�ld. The presently deteeted teetonieal 
movements in the broader area of the mine have been deteded also by repeatedly 
performed preeise levelling and triangulation, made by [Vyskočil 1986]. 

There should be commonly stated that rre and/or coal mining is aeeompanied 
with induced seismicity in the given mininm region. Considering the long-term ex­
perience with monitoring of the inclueed seil smicity in the Ostrava-Karviná Basin, 
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there has been confirmed the mutual linkage between the seismic and mining adivi­
ties and, therefore, it was presupposed that the same increase of the seismic activity 
will be present also after starting of mining works in the min ing field of the Mine 
Frenštát-West. Due to this presupposition, there was included seismic monitoring 
of this region in frame of the designed s.c. Regional Seismic Polygon (RSP). For 
the seismic activity monitoring prior the mining operation start, there was erected 
Frenštát N etwork of the RSP [Knejzlík, Zamazal 1992]. Recently, due to dramatic 
hard coal mining reduction, the further operation of the mine was stopped after 
dipping of aH both main shafts and the mine has been conserved. Nevertheless, the 
operation of the Frenštát Network is going-on and rockbursts-like events (tren'lors) 
from Ostrava-Karviná Basin as well as from Polish mines and blasting operations in 
clo se quarries and/or natural earthquakes from the town Opava region or the ones 
originated in the tectonic contad of the Bohemian Massif and \IVestern Carpathians 
are detected in the running manner. 

The present kind of data processing is oriented mainly on detection and/or 10-
cation of recorded seismic event s and on various particular analyses described e.g. 
in [Kaláb 1992; Kaláb, Knejzlík 1996], as well. Temporarily, there is not made 
any energetic classification of these events. In the presented paper, preliminary 
results of methodical procedures aimed at testing of various approaches in deter­
mination of attenuation charaderistics of P - waves in the area of interest using 
records of mining induced events in the Eastern part of the Ostrava-Karviná Basin 
are presented. 

2. OBSERVATIONS 

2.1. The Frenštát Network oj the RSP 

The above mentioned network consists of five three-component seismic stations, 
the location of them is in the broader area of the town Frenštát under Radhošť 
ancl coulcl be seen in Fig. 1. AU stations, equipped with seismometers WDS-
202, have the frequency rallge of about 2 up to 30 Hz, the sampling frequency of 
125 Hz alld the dynamic rallge of 120 clB (MSB/LSB); the illstrumentatioll was 
described by [Knejzlík, Zamazal 1992]. During the lletwork constructioll, the basic 
a.im was oriellted as well as a.t other sta.tions of the Regional Seismic N etwork 
(RSP) at suppression of the noise background in:fluence on the quality of the very 
records. Considering the necessity of filtration of the 10w-velocity layer situated 
close to the surface, in which the seismic noise is mostly propa.ga.ted, seismometers 
were located in shallow boreholes (h = 30 m). Tťe present experiellce from the 
network operation conn.rms suppression of the noise background, which guarantees 
the llecessary quality of seismic recorcls. 
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FIG. 1. The layout of seismic stations included into the Regional 
Seismic Polygon OKD surrounding the Ostrava-Karviná 
eoal Basin and Frenštát Network. 

Seismic Polygon OKD: 

Frenštát Network: 

2.2. Data Processing 
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For the data processing in the given time period, the mining induced seismic 
events from the Eastern part of the Ostrava-Karviná Basin for the time period 
1993 -1996 mostly within the energy order of E = 105 J were chosen . Only fOUT 
events were energetically weaker (6 . 104 < E < 105J) and seven events had have 
an energy of E 2: 106 J. A1together, 48 event s were processed. Their frequency 
distribution within the range of energies coulel be seen in Fig. 2. From wave pattern 
of these events, for each of :five statians af the Frenštát Network of the RSP of 
the Ostrava-Karviná District, there were detected on aU three components particle 
velo city of the P - waves and accordiilg to these values, the camplex particle velo city 
was determined. The found va,lues af particle velo city and calculated epicentral 
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FIG. 2. Frequency-energy [J] distribution of seismic events used 
for interpretation. 
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distances of registratian sites were graphically processed by means of the worksheet 
processor Microsoft Excel. 

2.3. Wave traíns 

The basic information for determination of seismic waves attenuation were gained 
from records of rockburst-like events (tremors) particle velo city from the Ostrava­
Karviná Basin, registered at seismic stations of the Frenštát N etwork af the RSP. 
Times af origin, co-ordinates of fa ci and values of seismic energy of chosen event s 
were gained from the database of the seismic centre in the Mine ČSA. Based on 

known co-ordinates not only of seismic stations, but also of foci of individual 
tremol'S was deducted that the data set consists of event s occurring approximately 
at the epicentral distance 20 up to 45 km. In course of detailed a nalysis of wave 
patterns oť various seismic evellts, there was frequentIy presented a good coinci­
dence af theirs character, i.e. a good reproducibility has been confirmed. This 
fad could be seen in the Fig. 3. SimuItaneously, also some complexity of these 
wave patterns has been pronounced , ma inly in the area of the first onsets of S­
waves which couId cause same traubles with their identi:ficatian. Therefare, we paid 
our attention mainly to methodical issues joined with determination of attenuation 
characteristics of P - waves in the first stage of the solution. In the initial phase af 

recorcls, these waves are featured by some stability of the wave paUern character, 

primarily at the location Pstruží (Pst), Čeladná (Čel) and Trojanovice (Tro), where 
the maximum particle ve10city oť P - waves aTe present within the time periad ať 



A NOTE ON INVESTIGATION OF THE SEfSMIC 'vVAVES ATTENVATION 

f ! 
f f -z }!; 

r 
o o 
o .. 
CI' N >-

��� 
.. > :;:: � 

� 
� � 

ř 
o <> 
o .. 
o '" >-
'" "' r-.... '" '" 
li ,:; 

J 
I 
{ 
3,. 
� -.\ 

) 
J � 

5, 
� �� 

� ,2-' 

f 
�,i 
l' �-r 
Jb 
'� � $ � 
4: 

t 
<> o 
g N ;; 
\O � o ... " .... 

o.. 
li .. 

'" 

1 
! 
�� 5> 
� 
') ? 
J, [ <;:'" 

} 

I 
� 
\, 
� 

1 R 

f 
t 
� i 

I 

t 
o o 
o .. 
o '" >-
'" M"" ... " 
.. -<-1 
1: .. 

'" 

I 
1 
--\. 

� �. 1 
o o 
o .. 
o N >-
� s .� 

.. E-< 
l!: .. 

'" 

FIG. 3. Mutual comparison of wave patterns oftwo seismic events 

recorcled at stations oť the Frenštát N etwork. 
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the first cyde of the ground motion. In the contrary, the wave pattern of P - waves 
at locations situated at smaller epicentral distances, i .e. Vyšní Lhoty (Vyš) and 
Palkovické Hůrky (Pal), corresponds in a better way to the wave group of the inter­
ference character; the l'ecol'ded pal'ticle velo city are lowel' in compal'ison to partícle 
velo city detected at more distant sites of observations. In course of the qualitative 

evaluation of the wave pattern, there shoulcl be taken into account, at least , two 
important factors , which are affecting tne wave pattern character, i.e. the seismo­
geological conditions of the environment site of measurement and the mechanism 
of the given seismic event origin . While the seismogeological conditions or seismic 

wave propagation through the medium between the focus ancl the site of observa­
tion, but also in the vicinity of the site could be considered from the viewpoint 
oť their effects as nearly ínvariable, the seismic waves SOUl' ce character should be 
estimated as a variable pararneter which co1ltld affect the record character. 

In order to satisfactory identification of fhe wave group, the charaderistics oť 

which shoulcl be cleterminecl , there has been macle a photomontage of seismic recorcls 

with normalized particle velo city on the v�rtical component in the reduced time 
scale, as you can see in Fig. 4. In course of introduction of the reclucecl tirne scale, 
the seisrnic waves velo city of Vr = 5.5 km1s was used in the calculation. From 
Fig. 4 follows that nrst interpreted onsets are arrayed into the line nearly parallel 
to the horizontal axis displaying epicentral distance. Therefore, there should be 
anticipated tha.t P - wa.ves velo city in the gi en region should be very close to the 

va.lue of Vr . 
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FIG.4. Wave patterns recorded at different seisrnic stations dis­
played in the reduced tirne scale within the interval of 
epicentral distances r = 20 �p to 45 km. 

During the wave patteru analysis , there �as evident thal besides lhc good con­
fidence of wave pattern chara.der, sometirnes the intercha.nge of pha.ses in case of 
seismic events with foci located in various plrts of the Ostrava-Karviná Basin was I 
observed probably due to different rnechanilm of the focus origin. Therefore, the 
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measured-up particle velocity could cause some further inaccuracies in the seismic 
waves attenuation calculation. 

3. ApPROACHES ApPLIED IN THE ESTIMATION 
OF THE SEISMIC WAVES ATTENUATION 

During investigation of the seismic waves attenuation as a function of the epicen­
tral distance, various approaches in calculating amplitude decrease could be applied. 
In case of an approxi.mate solutionJ the power function A(r) = Aor-m has been 
often usedJ where rn achieved values of 1.5 up to 3.1 as was reported by [Kuzmina 
et all. 1962; Eutler, van Aswegen 1993]. On the other hand, it is generally known, 
that the process of the amplitudes attenuation is a very complicated one. In prin­
ciple, there should be taken into account that this attenuation is denned essentially 
by two prime parameters, i.e. by absorption and by geometri cal spreading of the 
wa.ve front. The la.ter mentioned factor characterizes the decrease of seismic wave 
particIe velo city with regard to increasing distance (hypocentral and/or epicentral) 
due to geometrical spreading which does not depend on the frequency content of 
the seismic wave and could be commonly described by the function J( r) den.ned by 
the type of the investigated seismic wave, medium properties and the source char­
acter. Except for this factor, which is indépendent on the frequency, a.bsorption 
coeffi.cient ex (distance-1) depends on the frequency and the complex phenomenon 
of the particIe velo city decrease should be described by the exponential function 
having the following form: 

(1) 

where Al and A2 are the amplitudes observed in epicentral distances rl and 1'2. 
The approa.ches applied for simultaneous determina.tion of n and a (distance -1 ) 

are based on the approxima.tion of measured-up data. A = J(r) using the exponen­
tial function A = Aor-ne-ar, similar approaches in solving of the particle velo city 
attenuation were described by [Riznitchenko 1956; Khalturin, Urusova (Mrs.) 1962; 

Dubinsk i , Wierzchowska (Mrs.) 1973]. This method relies upon the assumption 

that there are at disposal pairs of measurements, i.e. measurements of particIe 

velo city at two different epi central distances. This function could be written in the 
form of equations 

A A -n -ar2 2 = O ·  1'2 . e 

and their ratio could be expressed by equation 

Al 

which get after taking the logarithm the form 

log(A I fA2) 0.43· (1'2 - 1'1) 

( 
=n+a (/ . 

log 1'2 /r1) log 1'2 7'1) 

(2) 

(3) 

(4) 
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In the case af greater number af measurements, there is passible to create from 
these pairs af values a graph af linear relation 

ip = n + Cl!'!j; , (5) 
where o: is the slope af the regression straight line and n is the point of its inter­

section on the vertical axis Ip. AH both transformed co-ordinates are defined by 

following relations 

and (6) 

4. GRAPHS OF THE PARTICLE VELO CITY ATTENUATION 
The results interpretation comes out from the solution of the problem 01' partic1e 

velo city attenuation as a function of the increasing epicentral distance described 

in the Chapter 3. The sets af analysed relations af experimental values are, for 
better conceptian, showed in relevant graphs along with equations of l'egression 
lines, which were calculated accOl'ding to given data sets. 

a) particle velocity vs. epicentra] distance 
In Fig. 5, the dependence of complex particle velo city prepared on basís of mea­

surements on aH five sites ofmeasurements is depicted. Measurements on individual 
sites are mutually distinguished by relevant symbols. With regard to epicentral dis­

tances of sites from the foci of analysed seismic events, these measurements are for 
individual sites grouped appraximately in the distance interval of 5 up to 6 km with 
resp eet to the fact that as a whole, the measurements (observations) cove!' the epi­
central distances interval of 20 up to 45 km. T he graph indudes aH measurements 
without any distinguishing of the wave pattern type and value of released seismic 
energy of individual events. This fact simultaneo usly affects in a specified manner 
also the scatter of values of particle velo city depicted in Fig. 5. In Fig. 6, there 

could be seen the differentiation of aH measurements into two subgroups of exper­
imental values of measured particle velocíty. At sites Palkovické Hůrky (Pal) and 
Vyšní Lhoty (Vyš), which are lacated in shorter epicentral distances, the measured 

particle velo city are relatively smaller. In the contrary, at sites Pstruží (Pst) , Ce­
ladná (Cel) and Trojanovice (Tra) being situated in greater epicentral distances, 
the measured values are relatively greater. In aU both cases, the data sets are fea­
tured by the decreasing trends with mutual ratio of particle velo city level at doser 
sites being approximately of one order lower. As was mentianed in the Chapter 2.3, 
the reduction of particle velo city at sites Palkovické Hůrky and Vyšní Lhoty could 
be caused by various factors, but some explicit explanation which of them is the 

dominant one, could be defined from the experimental document only in a very dif­
ficult way. In this case, only wave patterns oť the same type were introduced inta 
the processed data set and also events in the energy interval 1 . 105 up to 4 . 105 J 
were chosen. In all both subgroups given in Fig. 6, the trends of particle velo city 
decrease are described by power functions. 
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FIG. 5. Dependence of complex particle velo city vs. epicentral 
distance of individual seismic stations. 
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b) graphs of dependence !.p vs. 1/; 
In correspondence with the selected method of simultaneous determination of 

parameters n and CL, there was solved the equation set of the type (4). Aimed at the 

solution, the measured values of particle velo city in given epicentral distances were 

transformed into the co-ordinate system !.p and 1/;, defined by equations (5). In the 
given case, as the reference site, the most distant one was chosen, i.e. Trojanovice 
(Tro) station. The solution results in the transformed co-ordinate system !.p and 1P 
for individual sites are graphically clepicted in Figs. 7 ancl 8 along with equations 

of relevant regression straight lines. vVhile cornplex particle velo city of the same 
Wéwe paUeru type are considered in Fig. 7, in Fig. 8, the data sets of amplitudes 
derived only from the vertical component of the seismic l'ecords are analyzecl. 
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FIG.7. Graph of values 1/; and !.p calculated for individual seismic 
stations using complex values of particle velo city deter­
mined for one type of wave patteru only. The sequence of 
aH equations corresponds to the legend . 

In aH both figur es mentioned above, the considerable scatter of observed values 
is obvious. This scatter is chal'aderized by relatively small values of squares of cor­

relation coefficients R2• The diagra.ms are also characterized by different slopes of 
regression straight lines in the system of co-ordinates !.p and 1j;. The l'esulting values 
of coefficients of particle velo city attenuation and squares of correlation coefficients 
are given in Table l. 

5. CONCLUSIONS 

Based Oll interpretation of seismograms, recorded at selsmlC stations of the 
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FIG. 8. Graph of values '1jJ and t.p ealculated for individual seis­
mie stations using values of vertieal component of seismic 
records. The sequence of aH equations eorresponds to the 
legend. 

TABLE 1. The parameters tY [km- I ] and n calculated using Eq. (4). 

c omplex amplitudes Z - component amplitudes 

a [km-I] n R2 a [km-I] n R2 
VYŠ-TRO -0.3 -8.5 0.1 0.1 3.2 0.04 
PAL-TRO -0.1 -1 0.2 

-
0.4 16.1 0.1 

PST-TRO 0.4 11.4 0.3 0.2 5.8 0.2 
ČEL-TRO 0.6 17.8 0.1 0.4 7.5 0.05 

Frenštát Network of the RSP, and also after some mathematical analysis of these 
data, partial conclusÍons which could be briefly characterized as follows, were de­
rived: 

- The set oť particle velo city values measured at aU five seismie stations with epi­
central distance within the interval of 20 up to 45 km (see Fig. 5), could not be 
approximated by unique function. With regard to the investigated values, the 
original data set could be divided into two partial subsets, each of them being 
in bílogarithmic scale approximated by the power function having different ex­
ponent m. At sites Palkovické Hůrky (Pal) and Vyšní Lhoty (Vyš) which are 
located in smaller epicentral distances from seismic events foci, the relatively 
smaller particle velo city were deteded and their deerease trend could be charac­
terized by the equation of the form given in Fig. 6. Measurements at sites Pstruží 
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(Pst), Celadná (Cel) and Trojanovice (Tro) create the second partial subset of 
data enabling approximation by means of a function given also in F ig. 6. In aH 
both above mentioned cases, the m values are in relatively good agreement with 
the results described by [Kuzmina et aH. 1962] (m = l.5 - 2.2) and [Butler, van 
Aswegen 1993] (m = 3.1), 
the utilization of the method of simultaneous determination of the parameter 
n characterizing geometrical spreading of the wave front and attenuation coef­
ficient Q according to the Eq. (4) could not bring us any reasonable valu es of 
all both parameters due to large scatter of values. In Tab. 1 there are given the 
resulting values of coefficients which are quite different from results reported, e.g. 
by [Berzon et aH. 1962] (n = 2-4, O:' = 1.10-4-1.10-1 m-1) and [Knotek 1991] 
(Q = 0.006 km-I). The input data after transformatíon into the co-ordinate sys­
tem cp and 'lj.;, regression straight lines ancl the resulting equations for individual 
sites of observation are given in Figs. 7 and 8. From above mentioned facts 
follows that determination of parametel's cp ancl 1jJ is in a substantial manner af­
fected by small extent of epicentral clistances, in which these measurements were 
made. Therefore, the method of simultaneous determination of para.meters cp 
and 'lj.; could not be used dming processing of our measurements. There has been 
left as not solved the problem, if the primary data pl'ocessing in the frequency 
domain could contribute by some more pronounced manner to the solution of the 
problem, because as had been presented in the Fig . 3, the selected wave patterns 
of individual seismic events are very similar ones and could be allticipated that 
also results of the spectral analysis should be alsa very similar, too, 

- in accordance with our results of data interpretation, it seems, that for the energy 
classi:fication of the mining induced seismic events recorded at seismic stations 
of the Frenštát Network only one of more clistant stations could be applied as a 
reference one, e. g. site of observation Trojanovice. 
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