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ABSTRACT. Á file containing severa! thousands of seisrnogTams of induced seismic 
events originating during black coal exploitation in the Mayrau deep mine, Czech 
Republic, was processed in order to detennine the value of absorption. A simple 
method utilizing the ratio of Pand S waves power spectra was tested. The total time 

period taken into considerat.ion exceeds one year. Significant temporal and spatial 

variations in absorption were detected. These variations are supposed to be caused 
by stress changes induced by nůning. The mean value of shear waves absorption was 
determined as Q S = 40. The method is recomrnended for the purpose of monitoring 

the stat.e of the rock massif being mined. 
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1. INTRODUCTION 
Absorption is an important factor signifieantly infiueneing the spreading of seis­

mic waves. lncorporation of absorption into the interpretation of seismic data or 
into the solution of theoretical seismological problems is encountered in many cases. 
Precise computation oť energy released in seismic focus is not meaningful without 
the compensation of maximum observed amplitudes due to unelastic effeets, e.g. 
[Hadzidimitriou et. al. 1993]. Some methods of automatie processing of seismo­
grams utilize reciprocal similari.ty of data recorcled by different stations; restitution 
algorithms which remove loeal conditions caused, among others, by absorption, im­
prove significantly the cross-eorrelation of wave fields. Local structures defined by 
anomalous absorption may be discovered in prospeetion seismology ;  such structures 

may be further interpreted by means of struetural Ol' engineering geology. Some 
theoretical computations performed for the purpose of engineering seismology show 
a significant infiuence of absorption on the response spectra of loeal structures. 

Herein, I describe the Il1.ethod and the results of long-time absorption monitor­
ing in the eonclitions of the Mayrau deep eoal mine (Czech Republic - see Fig. 1). 
Mining in this mine is followecl by the oceurrenee of a great number of induced 
seismic events, which generally increase the hazards for the mining activity. Many 
monitoring methods are applied in the mine with a common goal to develop a 
prognosis algorithm, whieh would improve the global safety of mining. The prog­
nosis algorithm will work like a suitable operator with suitable tirne series on its 
inputs . AU our experience shows that the reliability of prognosis depends also on 
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FIG. 1. Schematic map shawing the lacatian of the Mayrau Mine 
also called Kladno 2, the Czech Republic. The seismic net­
work consists of six seismic stations (see also Fig. 2); two 
underground and the remaining four at the surface. Ge­
ologic cross-section after [Ži vor 1994]: 1- U pper Protero­
zoic, 2 - Kladno Formation , 3 - coal seam, 4 - Týnec For­
rnation, 5 - Upper Cretaceous , 6 - Tertiary neovolcanites. 

the number of valid input series (channels) . One of such input channels may b e  
represented by the current value of absorption in the surrounding massif. The oc­
currence of induced seisrnic events is obviously connected with changes in the stress 
field , and it can be shown that absorption is much more sensitive to the common 
physical conditions than seismic wave velocities [Clymer, McEvilly 1981; Soloviev 
1993]. Sorne authors have observed temporal variations of coda-Q c which have 
been correlated with tectonic activity in regions with natural seismicity [Jin, Aki 
1986; 1989; Tsukuda 1988; Sato 1986]. 

The aim af this article is to recommend a suitable method ať the measurement 
of absorption, to determine the true values and to test potential tirne variations 
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of absorption. If the search for time dependence of absorption is successful, time 
anomalies will be ínterpreted if possible. 

2. GLOBAL CmcuMSTANCES 
The Mayrau deep mine is situated within the ro ckburst-prone area of the Kladno 

coal basin, about 20 km west of Prague in the Czech Republíc (see Fig.l). The 
sediment ary basin is bui1t of Carboniferous and Cretaceous seclímentary formations 
wít.h a total thiekness oť about 500 m. There is the only exploited seam of black eoal 
lying near the bottom of the basin. Hs average thiekness is about 7.5 m. The roeks 
overlying the seam are represented by alternating sandstone, conglomerate, siltstone 
and claystone beds. The min ing area ís crossed by twa major faults ať a general 
direction NvV-SE. Individual blocks are vertically shifted \vith the displacement 
magnitucle oť about 10 m. The safety pillar surrouncling the Mayrau mine is the 
maill object of aU excavating activity at present . The area of this safety pillar is 
about 300 x 300 m. 

Many induced seismic event s oeem as a. result oť mining. The number of events 
reaches several thousand per year. The strongest event.s are c1assified as roekbursts 
and their magnitude is evaluated as M == 2. Many monitoring methods are used 
in the mine: ultrasonic cross-hole sounding, seismoacoustics, seismology, dilatome­

try across faults, surface geodesy, monitoring the temperature ancl conductivity of 
grouncl water outfiows. 

Seismic network ís equippecl with six stations. Faur of them are loeated at the 
surface and the remaining two are underground stations. One underground statíon 
is locatecl on the 7th floor at a depth of about 400 m, the second one is located 
on the 10th floor at a depth of about 500 m. The surface stations are three­
eomponent, underground ones are vertical only. Registration is performed with a 
PC in the frequency range of 1- 50 Hz with the dynamic range corresponding to 
12-bit resolution and sampling rate of 250 Hz. 

The foci registerecl in June 1993 - December 1993 are shown in Figs.2 for the 
illustl'ation of the seismic activity character. No corresponclence can be observed 
between the lacations of foci and the tectonic lines . Most ať the faci originate in 

the overlying sa-nclstone layer, about 80 -100 m thick, ancl their locations in hor­

izontal plane correspond to the projections of maximum mining aetivity. Only a 
small number of foci lie below the seam. There ís a strong time eorrelation be­
tween mining activity ancl inducecl seismicity, too. Most events oeeur in working 
days (Monday - Friclay), while in weekend-clays (Saturclay - Sunday) one can obtain 
relative minimum in seismic activity. The apposíte relation is valid for mean mag­
nitudes, even though this effect is quite weak. The last statements are documented 
in Figs. 3 a,b. However, seismic activity is not determined only by the intensity and 
extent of rnining. The number oť events per week registered during the year 1993 
a-nd their mean magnitudes are shown in Fig.4. Substantial changes .are detected 
even iť the ehara.eter and intensity of mining remain almost unchanged. N atural 
circurnstances ancl environment variability cause such departures. 
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FIG. 2. Maps of1ocalized event s during 1994. Laeal Cartesian sys­
tem af eoordinates is used. The thin dosed eur ve in the 
upper m ap is eantaur af the eoal pillar now in excavation. 
Two thick broken lines are main faults. The thick full line 
in the b ottom part is the eoal seam. Altitude af the surfaee 
is 352 m. Most faci (clots) are dustered in the sandstone 
layer about 80 m above the seam. Triangles indicate sta­
tions (full-surface, open - underground ones) . Stars stand 

for 6 strongest seismic events. 
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FIG. 3. a) TotaI number of event s registered during the year 1993 
with respect to the day of the week. On Saturdays and 
Sundays there is no mining, eonsequently minimum num­
ber of indueed events is detected. b) The same for mean 
magnitude. The magnitude is not corrected for loeal eon­
ditions and has therefore only loeal meaning. 

3. DETERMINATION OF ABSORPTION 

43 

Many methods evaluating the absorption are known. The most popular method 
utilizes the coda amplitude decrease [Ah, Chouet 1975J. This method is used 
in many modifications for its simplicity, e.g. [Wennenberg 1993J. Interpretation 
of coda absorption Q c is rather di:fficult because both intrinsic attenuation and 
scattering e:ffeds take place. Dne to the back-scattering mechanism seems the 
resulting Oe to be frequency dependent, e.g. [Rhea 1984; Pulli 1984; Biswas, Ah 
1984]. The absorption determined in such way clefines globally some part of space 
surrouncling the sour ce ancl receiver, while the precise limitation of this volume is 
quite problematic. However, some stuclies discuss spatial distribution of coda Qc 
[Hayclar et.al. 1990]. 

Direct measurement of seismic amplitudes may serve for the determination of 
absorption in some cases [Nicolas et.al. 1982]. After the compensation for geomet­
rical spreading and possible conversions at boundaries the remaining effect may be 
explained by absorption. The precision af this method is strongly dependent on 
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FIG.4. Number of event s exhibits Srstantial changes, while mean 
magnítude remains much m re stable. Both graphs do not 
correlate reasonably. 

the suecess reaehed dming the elimínation of unwanted effects. 
A transfer funetion between the source ana the receiver or between two di:fferent 

receivers may be used for absorption evaluaťion, too [Reballar 1984; Haukssan et. 
al. 1987]. Ir a direct measurement of the �aurce time fundian lS not available, 
its shape can be estimated [Růžek, Málek I r' 92]. When eompared with the shape 
of the registered spectra, absorption ean be computed. Broadening of the initial 
pulse of P wave lS known as an input datuIf'for the absorption evaluation in the 
conditions of shallow engineering seismologYI [Mmphy, Rosenbaum 1989]. 

The method used in this article utilizes thf spedral ratio of Pand S waves . This 
method is similar to the approach of [ClousJr, Langston 1991]. It lS applicable on 
records from a single station with identifiab e Pand S waves. 

Let Po(w) and S'o(w) be the samce pawe I speetra of P and S waves radiated in 
the diredion from the foeus to the receiver. fhe corresponding power spectra P(w) 
and S(w) recorded by the seismie station arr 

(la) 
(lb) 

P(w) = Po(w) . Rp' rxp (-wtp/Qp) 

S(w) = So(w)· Rs' efP (-wts/Qs) 
or, registered spectrum = somce spectrum' geometrie spreading· absorption 

I 
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where Rp and Rs denote geometrical spreading and conversions at boundaries, tp 
and ts are times of spreading and Qp and Qs are quality factors, all expressed 
both for Pand S waves. ,,yithout any substantia1 shortcoming we may suppose a 
point source and identical rays for Pand S waves as 'Nell aS identical source time 
function. Under such simplification the following seems to be true : 

Po(w) = kl . 80(w) , (2a,b) 

The last statements (2a,b) express that bOnl the radiation paUeru of the focus 
and the combination of geometrical spreading � lus conversions are frequency inde­
penclent . P versus S conversions for supercri tictl angles are frequency dependent in 
fact but for almost vertical rays and for subhorifontal interfaces, such simplification 
is quite valid (moreover, homogeneous halfspace was considered in our case). For . I the ratio of po�er spectra o:e can obtain relatfons 

. , 
I\�w) = P(w)/o(w) = kl' kzexp �-w(tp/Qp - ts/Qs)) 

log(K (w ) )  = log (kl' k2) - (tp/�p - ts/Qs) . W 

(3a) 

(3b) 

Let us assume Qp/Qs = 3/4· cy'2/f32, where CY. = 2.l00m/s and f3 = 1000m/s 

are mean velocities of seismic wave spreading. The last mentioned assumption 

expresses the fact that no energy 10ss takes place during pure volume deformation 
of the medium. The slop e of (3b) is - (tp/Qp - ts/Qs), from which, utilizing 
only the above mentioned relation between Qp and Qs, either Qp or Qs can 
be easily evaluated. Another convenient and simple modification introduces time 
delay ts - tp ínstead of exact values oť times of spreading oť Pand S waves, so 
any mislocation and consequent wrong determination of origin time has no effect. 
Further, an event need not be localized at all. Correct picking of both seismic 
phases is sufficient. In this text, only Qs will be further discussed: 

where 

_1 = cl (log(K(w » )  . k/(ts _ tp) 
Qs dw 

k = 
3 

. (ajb)3 - (a/b)2 
3·(a/b)3_4 

(4) 

3295 10ca1 seismic events occurring in .June 1993 - July 1994 were used for the 
computation of absorption following eq.( 4). Power spectra were obtained as a 
sum of aU three spatial components N, E, Z. Power spectrum of seismic noise 
was computed in a window immediately preceding the onset of P wave, too. AH 
spectra were evaluated with the FFT algorithm in the windows of equal length and 
margins smoothed via cosine functions. The slope d (log(K(w »/ d w was determined 
numerically with RMS method, while only such frequency components were taken 
into consideration, where both P- and S-wave Ipower spectra exceeded at least three 
times the corresponding �evel of noise. . I · . 

Only two surface stabons BYT a:nd KRY were used for the analysls. Thís 1'e­
striction has two reasons. First, it is only at surface stations that Pand S waves can 
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FIC.5. Histograms of Qs obtained from stations KRY and BYT 

be reliably clistinguished from each other. This distinguishing is due to sufficient 
hypocentral distances ancl favorable character of polarization. On the other hand, 
underground seismic stations produce too complex seismograms. Secondly, only 
stations BYT and KRY were in operation during the whole time of investigation 
without any dropout, thus warranting perfect homogeneity of input data. Simple 
statistics of the resulting Qs values is illustrated in Figs. 5 a,b. Probability densities 
for both stations and for three cases are given there: all seismic events, only "weak" 
events and only "strong" events taken into consideration. As the mean magnitude 
is very dose to M = I, this is the magnitude level used for the discrimination 
between "weak" and "strong" events. No meaningful difference between "weak" 
event s absorption and "strong" events absorption is observed, which is in good 
agreement with our expectation. Mean valu es for both stations are about Q S = 40. 
The corresponding P-wave absorption would be approximately Qp = 240. The 
shapes of aH graphs imply logarithmic Poisson distribution but no further analyses 
Were performed in this dil'ection. 

4. TIME DEPENDENCE OF ABSORPTION 
Some smoothing of data must be performed in order to obtain reasonable time 

dependence of absorption. Logarithmic averaging in sliding time window ofvariable 
width was used. The current width of this window was chosen 80 that a con8tant 
number of data points wa8 present inside any tirne. 

The resulting graphs for the two surface stations are given in Fig. 6. Interest­
ing features can be seen in this figure. AH available data are taken into account 
now. Q s from the two stations differ significantly (even by more than 100 %) in 
the time period of June 93 - J anuary 94, while both graphs are nearly identical 
later. Such discovery implies both temporal and spatial variability of absorption. 
There are three remal'kable positive anomalies detected by station BYT between 
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labels correspond to the begi ning of each month. 

the last quarter of July and the beginning of �ctober 1993. The highest value of Qs reaches 110 at the end of September. N1tD correspondence with station KRY 
is visible. Another similar positive anomaly �Qs = 85) occurred at station BYT 
during December, also having no parallel at s�ation KRY. 

The explanation of such different, and maf�e suspicious, dependences seems to 
be topical now. There are several reasons co�kidered. 

aj Seasonal (external) sources oj variatio1�' It is well known that the increase 
in soil humidity results in better conditions for seismic wave spreading. Unfortu­
nately, a deeper analysis of precipitation vatiation clid not show any correlation 
with positive Qs anomalies. Moreover, bot.h �tations BYT and KRY are situated 
at the surface close to each other, ancl it is hot probable that. increasing precip­
itation would influence selectively ouly one station. Further, rays connectillg the 
foci with the stations are nearly vertical, ana only a small part of them (cca 1 % 
of their length) intersects the surface layer, i 1 which the water content may vary, 
so the potential effect would be very weak if ny, Finally, one can exclude seasonal 
sources from the responsibility for the obser ed absorption variations. The same 
conclusÍon may be drawn for freezing of the Sll face layer of soil, and, moreover, such 
mechanism is quite irrelevant dur ing autumnl ffionths when Qs changes occurred. 
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b) Focus changes. It was shown experimental1y that the computed values of Q s 
do not clepend on the magnitucle of events (see Figs. 5 a,b) . The properties of the 
source are fully excludecl fwm computations due to the use of the l'atio of P- and 
S-waves spectr a in eq. (3) . In order to do this, it was necessal'y to make some sim­
plifications of the seismic source, while it l'epresents a rather complex phenomenon 
in fact o A short study was therefore devoted to the focal mechanism of induced 
events. An ensemble containing 12 randomly selected events was pl'ocessed \'/vith 
l'espect to the determination of common foeal ehal'adel'isties. It was found [Sílený 
1994 - personal eommunication] that the fo cal mechanism of all investigated events 
is vel'y similar and thus no variations in source properties vvere Índicated. lnduced 
events are globally charaderized by a eombination of shear and implosion meeh­
anism; while lohe implosion contributes substantially. Hence, the foeal mechanism 
does not seem to generate the observed absorption val'iations either. 

The method used for the computation of absorption compensates the hypocenter 
distance via the ts - tp hrne delay (eq.4). Clustering of fo ci and time migl'ation af 
such clusters may be also consiclered a somce of false absorption variations due to 
the neglecting of co mp lex 3D geologie structure. Such mechanism of genel'ation of 
absorption anomalies can be fuUy excluded, too. Mean depth of foci remains the 
same during the whole period taken into investigation. Even though the horizontal 
positions of epicenters show a weak linear trend in the direction to tne south (sure 
due to the advance of mining) , the magnitude of such movement is only a few 
meters per year . 

Finally, no effeds connectecl with the focus seem to be able to explaÍn tne ob­
served time or space variations oť Q S. 

c) Changes in the medium. Temporal ehanges of the transfer function between 
the focus and a seismic station can be eonsidered the most probable anel quite 
natural explanation of the detecteel time functions describing absorption. Strong 
seismic events and/ol' mining activity itself are connected with loeal redistributions 
of stress. These s tress changes result either in wielening or in dosing of cracks 
present in the massif, possibly in generating of new cracks anel dislocations. Such 
proeess m.ay cause both temporal anel spatial changes in transfer function.  Due to 
the Iocal character of stress changes, rays connecting the focus with statíon BYT 
are influenced differently from the rays conneeting station KRY. Both rays dí:ffer 
sufficiently beeause the average angle at which they intersect in the foeus is about 
30 clegrees. In such way di:fferent shapes of both curves in Fig. 6 can be explained: 
Stress, and consequently transfer function changes occurred only in those parts of 
the massif which were mapped by the rays towards station BYT. 

Correlation of Q S with the numbel' Ol' mean magnitucle of events (Fig. 4) gi ves 
an equivocal explanation. A deeper analysis of mine documentation showed that 
the worst conditions fór min ing occurred after September 1 and after December l. 
In both cases strong seismic event s oceurred (M = 2.1 and M = 2.5). This is not 
so exceptional from the global point of view but some clestruction of gaUeries t ook 
place in the mine and neeessal'y restrictions of mining activities were introcluced 
then. If such event s are of prognostic interest, absorption itself seems to be rather 
a seismic postcursor than seismic precursor. 
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Correlation analysis between coda Qe; and b-ra1ue is suggested by [Jin, Aki 1989J 
in t he case of n atura.l earthquakes . This approach is impractical in our case because 
of the small range of t he observed magnitudes 0 . 5-2 . 5 )  precluding any comp arison 
up to now . 

Tinl€ variations  of  absor ,Hon for station BYT 
and for aU, weak a d strong events 
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Qs obta.ined sep arately for (' s t�ong" and " weak" regis­
tered with the station BYT. �ote ' the similarity of aH three 
curves. 

Time seTi es representing absorp tion classifie� selectively into » weak" and " strong" 
events are shown in Fig . 7. Both " weak" and j' st+ng" events give nearly the same 
curves , which is qui te accept able . The criti cal lvalue for the discrÍmination b etween 
" weak" and " strong" event s is the magnitu1e level M = 1 .  Small discrepancies 
b etween aH curves in Fig . 7 may be explained by the same mechanism as that re­
sp onsible for the differences between the two !curves in Fig . 6 :  spatial distributions 
of " weak" and " strong" events are slightly c1�fferent . Similar analysis of time se­
ries for " weak" ancl " strong" events recol'cled 

I
by s1;ation KRY pro ducecl graphs yet 

doser to each other . 
In order t o  test the inflllence of the seismic focus position on the absorption value ,  

source area was divided into four rect angular �ectors Al - B2. This division is quite 
arbitrary ancl has no physical meaning. Only a1ata associated with the foci localized 
to a particlllar sedal' were used .  Because of the low number of events originated 
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Tiule  vari ati o ns Ol ab sorption for station BYT 
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Qs from different source areas Al ,  A2, B2 (for sectors 
see also Fig. 2) for station BYT. Note the difference of aU 
graphs indicating the spatial inhomogeneity of the transfer 
fundion. 
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in sedor B l  only the remaining three sectors are presented graphically in Fig . 8 .  
Much higher variance of curves is obtained in comparison with the graphs from 
Fig . 7, indicating a stronger dependence of the computed absorption on the focus 
position . This fact may b e  advantageous in some cases b ecause the computation 
method used above gives results which are connected with cert ain rays . As a result , 
the absorption values can b e  potentially attributed to clearly de:fined volume . 

I 
5 .  CONCLUSIONS . 

The method of absorption determination fromtthe ratio of P- and S-wave spectra 
seems to be quite stable, simple and suitable for tfe purpose of continual monitoring 
of the state of the rock massif. The obtained results are realistic and exhibit both 
spatial and temporal variability. Due to the c9mplexity of mining processes it is 

. impossible to de:fine a straight deterministic dependence between the current values 
of absorption and some other attributes of mining. Instead , a more sophisticated 
approach is recommended to b e  further developed. First , the presented metho d 
provides results which are directly bound to distinct rays, unlike the well-known 
coda-Qe measurements .  This fad has to b e  utilized, and the values of absorption 
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should b e  differentially determined for separaL parts o f  t h e  massif by means of 
suitab le tomographic metho d .  Secondly, some �t atistics integrating b ot h  geophys­
ical and non-geophysical metho ds has to b e  inlcorp orated in order to increase the 
reliability of results . The obtained spatially-s!elected time series shouid b e  stud­
ied together with o ther attributes of mining. fener

.
auy, monitoring of ab sorp tion 

seems to b e p romising in connection with the evelopment of an algorithm solving 
the seismic activi ty prognosis. 
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