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SEISMOLOGY MONITORING 
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Institute of Rock Structure ane! Medwn.ics, Academy of Sciellces of Czech Hepublie 

V Holešovičkách 41, 182 09 Prague, Czech Republie 

ABSTH.ACT. l'vletllOds of iJlduced seismie events registratioll in the deep eoal mine 
Mayrau (near Kladno town 20 klll westwards frolll Prague ) by means of a loca.! seislnic 

lIet.work and cOllsecutive data processillg are cleseribecl. This network yields some 
t.hollsaJlds seislllograms per yeal'. Some results of data proeessillg are sublnitted iH 
this paper. 

K EY WO HDS: seiSlllic llet.work, illclllccd e vents, locatioll, magui t ude. 

1. INTRODUCTION 

The main pUJ'pose of the l'vlayl'ilu seisrnic network is monitoring of Ioeal seisrnic 
event.s. First of all t.hcl'e occur rockbul'sts indllced by excavation of eoal, of course, 

but also seisrnie waves excitecl by mine blasting are recorclecl. Explosions in near 
eal'l'iers anel Ioeal Ol' rcg ion al eart.!Jquakes are detected, too. The design of seismie 
network alld the interpretation methocls are chosen in such a manuel', that chal'
acter istics and p ararneters of inducecl seismic events rnay be obtained and further 
studied. This reseal'ch sball solve the following tasks: 

vclocity rnodcl cleterrninatiol1 
locatioll of foci 

determination of seismic energy 

continuous monitoring both space allcl tirne clistribution of seisrnic activity. 

Obtainecl results are savec! in a central database together with data oť another 
research rnethocls used in this mine (see anothel' chapters of this issue) . 

2. 1\'10RPlIOLOGY OF TBE SEISl\1IC NET\:VORK 

The network h as been built gl'aclually, but at present it may be consiclered as 
:finishecl. lt consists fro111 7 seisrnic stations. Three of them are underground, the. 
remain ing four are at the surf8�ce. Underground seismic stations occupies two verti
cal levels , w hile the vert.ical cool'clinates of all surface statiolls are practically eq ua!. 

The chal'a.cteristic inLer-sLa.tions distallces are about 200111. Two underground sta
tions at t.he 7th 11001' are about. 400 rn uncler the slll'face ancl one underground station 
is lo c ated at the 10th 11001' in the clepth about 500 ln. It is clear, that our network 
has quite srnall dirnensiolls, Exact. coorclinates of all seismic stations are given in 
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Tab. 1. 80th geographíc coordinaLes A, � and Cartesian orthogonal coorclinates X, 
Y (nationa.l system JTSK) are given there. The X eoorclinate goes fonn North to 
South and the Y coordinate ťrorn East to \Vest. 

TABLE 1 

Statíou lat.it.ude cP longitude A X Y altitude Z 
code 

DES 50.167 14.083 765663 1031013 -167 
SED 50.166 I 14.084 765548 1031095 -49 
KAM 50.165 14.084 765582 1031162 -48 
KRY 50.165 14.083 765675 1031139 352 I 
GAR 50.166 

I 

14.086 765438 1031126 348 
BYT 50.168 

I 
14.084 765578 1030927 358 

�EN 50.166 14.084 765539 1031079 350 I 

Tbe geographic coordillates are less convenient. because of srnall charaeterÍstic 
cli.stances of seisrnographs. 

3. INSTRUMENTAL EQuwrvrENT 

Standard seismorneters of SM-3 type are solely used at aU seisrnie stations. They 
are velocigraphs in faet alld have following pararneters: 

sensitivity 17 mV.s/mm 
durnping fador 0.7 
self period 1.5 s 

Al! surface stations record the NS, EvV ancl Z spatia! components of ground 
moLíoH but all underground ones record the Z component ouly. 

Cach seismorneter is supplíed by a low-pass amplíflel' in order to suppress the 
noise induced Oll cable traces. The chara,ct.eristics are Bessel's type of 6th order 
with the eut-off frequency 50 Hz anel the ga,in 100. The preamplified analog signals 
are leacl to tbe central l'ecording site via mine telephone cables. 

The final recording of seismic signals is enabled by a PC 386 completed wíth 
two 12 bit/16 channels ADC. The analog signa.ls coming from mine eables are con
nected through nasil fuses and a.llti-alias Bessel's filtel's with appropriate inputs 
of hoth ADCs. Correct sarnplillg a.nd all othe1' time services are supported by au 
additiona.l PC card cOIlt.aining DCF 77 receiver. In tbe ease of fading, time code is 

substitut-eel by int.ernal PC clock . Auti-alías fiIter enables splitting of selected input 
analog sign als iuto two correspollcling channels with two different gains. Registra
tion software autornatically selects on ly that cha,nnel, in which the data are well 
sa-mpled clue to the 12 bit resolution. In such a way, the effective dynamíc ra.nge is 
broadcneclncarly to lG bits using only 12 bit conversion. 

The recording software is writtcn in C++. It can be usecl in a residellt mode, 
because all s1.l hstantia! fllnc.tions are actívated by HW interrupts . Besicle the data 
recording itself it is also possiblc to run suitable applic.ation in the foreground. The 
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recording rnodule fo11ows continuously the state of all input signals ane! realizes 

necessary opel'at.ions : 

- reconstruction of channels 'rvith splitted c1ynarnics 
- rernovil1g offset by rneans of high-pass filtering 
-- STA/LTA refl'esh 
- trigger test aL seleded channels and tcsting the coincie!ence 
- gcneraLioll of data blocks \Vitll headers in cyclic buffers in memory 
- writ.illg of triggerecl data wit.h pre- and post-time on HD 

For the purposes of digitalfiltering, the 10w-pass recursive Hlters are used [Ka
llé1.sewich, 1975]. lf t.he input data are expressed by a vector Xi ane! their transform 
are clenotec! by Yi, i = . . . - 2, -1, 0,1,2, .. . the following relation holds 

(1) 

where CL is a weighting fador. It rnay be shown, that the simple one-point convolu
ti Oll ( 1) rnay be expressed in the frequen cy dornain as (w is angular frequency, 6.t 
sarnpling period) 

(2) 

K(w) is the frequency I'esponse of the fUter (1). DC componellt equals 1 and its 
high-freqllency asynlptotic is w-2. Thc comer frequency Je can be deterrninecl as 
follows: 

. Je = (l - a.)/(21í6.t) (3) 
The band pass of the Hlter cau be easily tuned by a suitable choice of t.he weight

ing facto!' a. UndeI' given cil'curnstanees, the value STA i8 generated as an output 
signal of a lb\\' pass fiIter (1) witli a. corner frequency JSTA = 0.25 Hz. The value 
L'T'A is generated by i:tnotber ftlter \Vith JLTA = 1/200 Hz. The offsets of aH channels 
are refreshed by fllters with the corner frequency equal also to JOFF = 1/200 Hz. 
The critical value of tbe shol't-tirne to long-tirne average has tbe optirnurn value 
STA/LTA = 4. The data are l'ecorcled in the case of coincident triggering at least 4 
seÍsrnic stations of the nctwol'k. 

The used cornputer PC 386/:3:3 J\tlHz ellables synchronous sampling of 18 analog 
channels (splittecl siglla.ls included) witb frequency 2,50 Hz. The system is exploited 
by tltis recorcling funcLion to about 65 %. In the periocls of writing to disk, the data 
Bow is so high that t.his system cannot be used as continllous recorder. It is possible 

to run programs not too exhaustive to conventional rnemory in the foreground (up to 
now, utilizing of j) l'ograms in protectec! mode or l'Unning programs HudeI' Vv'indows 
are not possible). 

4. r..1ETHODS OF' DATA PROCESSING 

Data stl'udures are in aceorclanee witl! the interna] 110rm of our institute. Bi
nary seisrllograms are savec! in dil'ectories whose nodes express time information of 

the event origin . Disk stmc.tUl'e for saving data conta i ns independent clirectories 
for every rnonth of t]le year and on a cleep er level fo]' every caJendar c1ay. Data 
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itself represe!1ting waveforrns are lľlllltiplexed in blocks 1 kB in length contaíníng 
srnall heacler holding status infol'mation ancl the tirne. A report about rneasurecl 
ane! evaluated data is kept in the database "Paradox". This clatabase involves 
corresponclin g files contaill ing : 

- list of recorclecl events 
- list of phase onsets and thei.l' arnplitudes 
- list of locatecl events 

commcnts 

The work with dat.a and witll the database is realized above all by means of an 
interactive progranl Seisbase [Fischer, 1992]. This program enables a preliminary 
víew of seismogr alľlS and their selection. Further step is usually rnal111al picking 
of P wave onsets (altematively also S waves onsets) . Events with defined onsets 
are located . Det.ermination of loeal magnitude follows the location. The catalog of 
located events ITlay be visualized like maps of foci, magnitude-frequency relations 
and bulletins rnay oe printed, too. 

Tbe location is realized by an algoritllľll which rninirnizes the differences be
tween calculated and rneasured onsets oť P a.nd-or S phases [Geiger, 1912; Klein, 
1978; Lee and Lahr, 1972; Lienert et.aI.198G]. The rninirnalisation uses the simplex 
method [Tarantola , 1987; Menke, 1989]. Up to now, theoretical onsets (the direct 
problern) are calcula,ted for a hornogeneolls velocity rnoclel or for the 1 D half-space 
withvertical gradient. Magnitucle lS determined alltomatically fro111 the maximum 
arnplitude Amax detected on the vertical component of ground motiOl1 velocity. The 
useel relation is 

(4) 

where l' is the hypoccntral distance in km. The factor 21r fo11ows frorn using velo city 
recorcls whi1e magnitude fonnllla supposes displacernent to oe rneasllrecL Resulting 
magnit.ude is averagecl for aIl available stations. 

5. PRACTICAL EXAMPLES 

Epicentres of induced seisrnic events which occul'l'ed lil the time period June 
- Decernber 199:3 are shown in Fig. 1. Corresponding vertical cross-section is in 
Fig.2. On the basis of obtainecl reslllts, the following statements can be cledllced: 

- foci do occur Inainly within a neal' top wall of the coal seam in the layers of 

total thickness about 80 ln. The overburclen af the sea,m is generally formed 
alternatively by sandstone , cong1ornerate Ol' mudstone in layers with various 
thicknesses. According to tbe results of geological investígatiol1, seisrnic 
event.s oeem in nearly pure sanclstone horizolls with negligible contribution 
of clayey elernen(.s. For more details , see the art.ide of Brož anet Živof, this 
lssue. 

- positians of faci appeal' no eviclent correlation witb tectonic fault.s passing 
tluough the investigatecl saJdy pilla,r. On the other hand, selsrnlC source 
ZOlles correlate with sites of instantaneous mining . 
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[i'lG. 1. Scbemat.ie l11,tp of inclllced seismic events origillat.ing during a 
II alf year period. Straiglit lines express rnine corridors, c10sed 

curves is c.ontour af safety pillar being currently exploit.ed. 

A convincillg evidellC(� about tbc induced rneehanism of seismic events gi ve Figs. :3 
ane! 4. Fig.:3 shows the lHlrnber or evellts occurring in variOLlS c!ays of a, \Veek. Deep 
mininmm on Saturday aIld Sunclay is eviclent, while a clear rnaXimlllTl of seismic 
activiŤ,Y bappens on \Vednesc1ay. Tbc minin g activity has similar periodicity. From 
Monclays to frjchtYs, the exploitation runs contiuuousiy L4 Ílours per clay, but on 
Sat.urclays alld Sundays it happens only exceptionally. The mea.n magnitudes of 
seísrnic evellts for various clays of a week are showl1 in Fig.4. This shape contra.sts 

with tlw,t of Fig. 3. As a rule, on Sat.urclays and Sunclays one can expect slightly 
stronger events as those in the micldle of the wei?k. 

Though this correlation bet\Veell rnining ancl seisrnic ac tiv i ty, the laUer has also 

its own regirne, cé\llsecl by natural collclitions. Me3011 number of events per day 
cluring the year 19�)3 is givcn in the Fig.5 a-s a fUllction oť tíme. The activity 
increases in periods froln tlle beginningof J�lly to tbe enci of September and then 
c1uring Decernber. This changes are very remarka.ble, even if the CIUlllity and extent 

of exploitat.ioll renJaillS pradically the sarne. Variabilit.y of the rnean number af 
event s in boLIl period::; is followecl by a weak increase of the rnean magnitu cle ,  too. 
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FW.2. The same as in Fig.l in vertieal eross-section. Note the 
eoal seam disturbed by a, fa,ult ane! seisrnic foci lying in the 
overburden of the seam. 

6. SUPPOSED F'URTHER DEVELOPMENT 

Further developrnent of interpl'etation rnethods is supposed , first of aU a C0111-
binecl search for P- aud-ol' S- waves Ol1sets sirnultalleously complemented with 
kinematic loeation . The irnprovemeut of the reliability of location is expeded from 
a complex application of both rnethods operating in automatic way [Roberts et al. 
1989; Ruud and Hosebye, 1992; Ciehowicz, 199:3; Baer and Kralclorfer, 1987]. Some 
knowll Ol' mocliflecl proceclures of onsets determination will be eontrolled by spatial 
geometry of seisrnie stations. 

lmprovement of t.he seismic model of the medium will be reached by parallel to
mographic location of seismic events [Jech, 1986; Pavlis and Booker, 1980; Spencer 
and Gubbinsj 1980; Šílený, 1987 ane! 1989; Scarpa, 1993; Mao ane! Suhadolc; 1992]. 
Implementation of some up to HOW less obvious optimalisation methods is supposed 
to be introcluced into tomographic 10catiol1 (e.g. the genetie algorithm of Sambridge 
and Drijkoningen 1991, Goldberg 1989). A clevelapment af a general tomographic 
locat.ion rnethod is eonsiclered in eonneetion with a grant application offering to the 
Grant Agency of Czech Republic. 
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FJG. :3. Sirnple statistie expl'essing time aeeurrence af inclueed events: 
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FIG.4. The sarne as in Fig. 3 for mean magnitucles: Strongest events 
are expeded in week-end clays. 
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FIC.5. Substantial changes in the seismic activity were obtainecl 
dm-ing the year 1993. 

Promising research of long term tempoml and spatial variations of the Q-factor 
show�d [Růžek, 1994] its correlation with the stress state of the rna-ssif and possibly 
with the destructive processes in the mine. Beside of the continuous monitoring of 
this parameter further irnprovernent of the computation rnethod is presumed. 

7. CONCLUSION 

Seisrnological rnethocls introduce a substantial cornponent of the complex moni
toring system. The contillllouS rnonitoring and its results are used for the operative 
managing of mining exploitation as well as aU other necessary works. Data describ
ing induced seisrnic events are stored in a centra} database and will be utilized ln 

the future as a time sequ ence in finding suitable prognosis algorithm. 

REFERENCES 
Baer M. allcl Kraedolfer U. (1987), An aulornatíe phas e píeker for loeal and teleseismic evenls, 

BSSA .77, no. 4, 1437-1+15. 
Cichowlcz A. (1993), An Automatíc S-phase picker, BSSA 83, IlO. 1, 180-189. 
Fischer T. (1992), SElSBA5'E - a PC p1'og1'am for semi-automatic analysis of loeal network data, 

Pl'OC. of XXIII. Gen.Assembly or ESC, Geophysical Institute AS CR, Prague. 
Geiger r. (1912), Prooaoility me/hod for the determínation of earthquakes epieentres from the 

a'lTival tirne only, Bull. St.LOUlS UUly. 8, 60-71. 
Goldberg D.E. (1989), Ot-nelie Algorithms in Seareh, Optimization and Maehine Learning, Addi

SOll-'vVesley, Readillg, MA. 
Jech J. (1986), Itemli'ue geophysical iomography, Studia geoph. et geod. 30, 242-256. 
Jech J. (1988), Seismie tomography in Oslrava-R arvíná Region, In : lnduced seismicity a,nd 

associated phellomena, Proceedings of COllference in Liblice, March 14-18, 1988, pp. 122-129. 
Kanasewich ( 1975) , Time seq1Lence analysis in Geophysícs, The University of Alberta Press 1975. 



SEISMOLOGY MON I TORING ]9 

Klein H..W. (1978), JJypocenter location program H VPOIN VERSE, Part I: Users Guide to Ver

sions 1,2,:3 and 4, U.S.GeoI.Smv.Open-File Hept., pp. 78-694. 
Lee W.H.lC and Lahl' J.C. (1972), JJYP07J: a comp1Ltcr pTogTam fOT deteTmining hypocenter, 

magnil-ude, a.nd ji-rst motion patlan oj loeal eaTlhquakes, U.S.Geol.Surv.Open-Fjlc Rept.. 
Lienert B.R., Berg K alld Frazer N. (1986), Hypocenter: An earthq-uake loeation method usinS 

eenlend, sea/ed anJ aJa.ptively damped leasi squaTes, BSSA 76, no. 3, 771-783. 
Mao VY.J. and Suhado1c P. (1992), Sim'ultaneous ln-version of Ve/oeity Structures and Hypocentral 

Locations: App/ication 10 the FTiu/í Seísmíc Al·ca NE Italy, Pageoph 138, no. 2, 267-285. 
Menke 'vY. (1989), G'eophysica/ Data Ana/ysis: Discrcte InveTse Theory, Academie Press, INC. 

Harcourt Brace .Jovallovich, Pllblishers, San Diego. 
Pavli s G.L. aud Booker J.R. (1980), The mixed discTete-eonlinuous inverse PToblem: App/i

calion to the simu/taneous detennination oj earlhqua.ke hypocenlres and ve/ocity structure, 

J.Geophys.Res. 85, 4801-4810. 
Roberts H.G., Christoffersson A. alld Cassidy F. (1989), Real-time event detection, phase iden

tification and S01o·ce lowtion estimalion using single station thrce-component s eismic data, 
Geopl!ysical Joumal 97, 471-480. 

Ruud B.O. ancl Husebye KS. (1992), A new three-component detcelor and automatže sing/c

slation bul/etin pToductíon, BSSA 82, no. 1, 221-237. 
Růžek B. (1994), Tíllle varilllions oj absorbtion, Proceedings of COllference Engilleering Seismol

ogy, Ostrava, pp. 128-140. (in Czech) 
Sambridge M. alle! Drijkoniugen G. (1991), G enetžc a/gorithms in seismie waveform inversíon, 

Geoph. Journa1 luternational. 
Scarpa H. (1993), Seismic tomography and model/ing of eomp/ex geological struct'ures, JOlU·nal of 

Applied Geophysics 30, 119-130. 
Spell cer C. and GubbillS D. (1980), l'ravel-time inversion for simultaneous earthquake location 

and ve/oeity stTuctuTe detcnninalion in laterally va1"ying media, Geophys.J.R.Astr.Soc. 63, 
95-116. 

Šílený .1. (1987), Tomogmphic melhod oJ Tockbu.Tst location in Kladno Region, Acta Montana 75, 
65-82. (in Czech) 

Šílený J. (1989), The influence of the medium parametTizalion on thc tomographic location, Acta 

Mont.ana 81, 71-86. (ill Czech) 
Tarantola A. (1987), Inverse Proble7n Theory, Elsevier, Amst.erdam. 


