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ABSTF\ACT. Tlw »;" .. "IlW( ... .. "hallg/o, ol' Il wort°ti/,;t1 di,t .. illllliol" (1'''''''111>. VV/iIJ/lU) 
an" oftt-'n u:-.ed for :-.hol"l tf"l'Il1 pn-'didio n ol' :-.tl'Ollg Illillf-' tn�lIlnl':-' (Li1:--cwki. I�Hr)a). 

The .... "I nbs ..... worl rlalaof "lw"!;.I'-f noqllf'llr.l' (E-P) rli,t .. il>lItioll an° illl"rI ... ;"· ... ,, ",ilh 

t lH·:-.ť' t hf'()n�t ica1 dj:-.! l'ilJllf ion!'">. Such !-ol at i:-.t ical prc·djct iOIl pnn"idt-':-. g,ood n-':-.uJt:-. iJl 
�ilnple condi tion:-.. blit in t Iw IlIuli ila,Vf'" t'IIVinHI1IlC-'tli ",ji II all t�r;d iOIl nf :-.1 rOllb illld 
\\'f-'ak layp r:-. in t ht-' hanging wh lL t hp:-.p 1"(-':-.11lt:-. an" II Ilhllll)j,L!,lIl 111:-.. 

AU paranwl ..... , ol' E P di,l .. i l llllioll ", ..... ,. alud-",,'d ill liti, "," .. k: III<' 11>\\· ..... allll 

l1»p(-,1' lÚl1it;dioIl:-. nlld E F dj:-.lril.Jlllioll :-.Iop'''. II wa:-. :-.I'OWII tllid tlH' 111\\'('1' :LilII 

lIpper Ijllůt fit ion:-. nf E - F' di:-..I ri 1>11 t iOIl havc" ilO! :tlly pn'di," if)ll 'll Iilit y fl ll' �, I'Clllg III iHI' 

t J't"lIlOI'S, !Jut t ht"y a)'f-" I" OllllC'ctl .. d wit II tlH'" itppal'at 1I� :-'f-'Il�il i\'ity alld Illi("kllt-'��t-':-. (jf 
( hl' I I fl.n gi lig \VaU IrtYf.>!"!,,> !"P:-'pf-'I'j iV'-.J,V, TJ-lf-' df-'vf-' lo pllll' l lI o,. r. F di:-.I l'ilJlItillll �Iopl' \\'it:-. 

Lllnd (-'IIt-'d ill ("a�t' nf l'oa1l'a.Cf· a.d\'fllll'I'IIII-'lIt ill t Iw �t 1'i1ill 11011111;';1'11'>1111:-' ar,"'a i-Llld il "','1:-' 

:-. l IOWII tbal tlw p�J'inds ol' i lH 'l'f.>:l, .... i lig alld dl'ITI'H:-.illf!; :-.Inpt-' \'idlll'� WI'j'(' illtf>ITllřlllgf-'(1. 

SHdl řl dt-'vt-'lopIlWllt CIť E F' di:-.tl'ib lltiC lll :-oloPI'> n-':-Oldl,·d ill Ilw Ht'liv;-Lti('lIld'illdividllttl 
la,vt-'I':-'. Tht' inAtwun" ol' illdi vidu;-u Ii-L'y"r� dl-'P(-'llClf-,(l lIlI tl H' p!"opol'tioll ]H'tWf't-'1l tlwir 

:-,('>i:-'Inic activity řllld that nf t III' w!Joll'" ('oalrh,",'> řU'přl, 

I. INTHOIlUCTIO:\ 

Sta(,istical predidioll is hased Oll stat,isticall.\' sigllific;1Il1 cllřlllgps ill I Iw o!ts"I'\'pd 

parallwt,ers of seiSlllic act.ivily. Tll<'sP cllallges rerJ('cl (1)(' sl r('�s dl;llIg(�S ill Ilw 

ohserved IlIrtssif arert. wb!'r!' Ilw seislllic e\'('lIls Me regisl('!'('d. TIVO or I lil' IIIOS( 

freqllelltly IIsec! IMrrtlll('I,NS of sei'i1I1ic artivit.,\· for stal isl ical predirtioll ar!' 111e 
ellerg�'-freqlJellcy (E- P) disl rihlll iOll slope (CiholVicz. I Dil)) <illd IIIP seislllic ;1('1 i\'

it,y. 8011t llle parrtllwlers cau 1)(' ohser\'(:,d silllltllalwollsl.\i ill S11Cll ;1111>1111]('1' 111;11 Ille 

rertl dala of E- F dist,rihlll iOIl are illlerlea\'ed lI'il II SOlilI' ol' I Ile I Iworel ical di,,1 rihll

lious (Weibull. expollelllial. f'ar<'llo, F'arello 's Inlllcal('d. polYllolllial '1IId LIs()cki. 

199:1a; ]99:lb). 

Statistical precliclioll is hased Oll illterprelrtl iOIl of tll(' r1lallges ill p;lralllPtf'rS �lIclt 

as fl'rtclal dillWlISioll (l\lorlillwr. Il)!)i; Lasocki 'Illd f\lorlilller. 1\)%). s[lati;1! 11011-

ral1dOllllless. spat,ial cOlTelal i011 dilllellsioll. sp;lIial clllslprillg (EII(-'\·'l. \'iIIPIIC'II\'P, 

1997), llI<ixi1111l111 Ol' IIIt'c1illlll Ileiglll of \.lit' pveltl.s ,I!IO \'(' I lIP co;l! spalll (1\:;lIPII<la. 

1999a.), t,he velocily codficipll( drop of aftersllOck SPqIWIIC}. I ll(' slope of aflersllock 
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sequency after blasting Ol' cOill pxlrildioll ilctivilies (Kal('lldil. I!:HJ'2: KOrI101rski. 

Wasko. 1 998) witl! tiJe rockbmsl OCCIIITellce. 

Itl this pilper we will deal willl Ille E- F distriblllioll pilralllf'lers ill real ('11\'1-

rOlllllent. af the Ostrava-Karvil1<Í ('oal Bilsiu (01"'::C:8 ) . which han' SOIIIP iIIHII('IICe 

Oll s(.a(.istical preclict.ion of strollg IlIille trelllors. \Vp will illso desnihe tllP dpv('lop

IlIent. of E - F clist.ri bll bon frolll t iJe start to t.l!e elld of t Ij(' coa I filce pxl rřlct iOIl řil t Ij(' 
ilSSlIlllptioll of hOlllogpneous prilllilry straiu slale alld IliP IIlllitilřlypr pllvirOlllliPllt. 

:2. ANALYSIS OF C F DISTRIHI'TIO ' I',\IL\\IETEHS 

IN C'O:'l1DITIONS OF r-IULTILAYEH Rocl, \IASS 

Tlle sinlple E- F disl.riblltioll rol' 011P 1IOIIIOgpIIPOIIS lay!'r ill 111(' 111C1ssir rall IJP 
described by four ilJclppendelll. paralllPt.prs (sp(> Fig. 1): 

low euergy Iilllil.atioll Ed 
- l!igb (,lIergy liJllitatiolJ E,"", 
- slope b of linear part ol' E F dis(ribllliolJ 

- ahsolute terllJ CI ol' dist.rihlltioll lilie 
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lu tlj(' case of E- F distrihlllioll IllPre IIl1lst ť'xist SOlilI' low lilllitiltiolJ. hprall;w 

ill tbe opposite case tiJe hulk of <)ccllllll1la('<I PlIprgy \Volli<l 11i'l\,(, 10 he illfillitp ill 

a bulk uuit of t.he Illilssif'. (lilI' SUIII ol' intiuilt' SIICC('ssioll ol' posit irp IlulJI\wrs is 

i nfi II it.e). 

The low limitat.i ou of E- F dislrihutioll call Iw  es(illJ;lt.ed Oll liJe hasis ol' tlJ(' 

Collow illg cousiderat.i()Jj: 'vVe kllow i.lw E - F d ist.ri hlll.ioll slope or IliP p\'eu I s rrolll 

iI eOrt! sealll (b = 1.5) alld we kllolV tlj(' Illaxillllllll ol' t.lJ(' ohspn'pd seislllie lo;]dillg 
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III i'I :1111 t.hick cořtl Seřtlll ill i'I sqll i'l re s iz('d 20 x 20 III, wlticlt is i'lhOIlI 200(h/J. TIIf' 

seislllic lořtuing is defined i'lS i'I Slllll ol' sqll<ue mol ol' elle rg.\· ol' seislllic  evel"s in 

deriued i'lrea. This Ilig!Jesl. seislllic loa.dillg Wi'lS ohserved ill I IIf' casp 01' a cOlllplel {'ly 

refornwd coal sealll in hOllt. ol' tlw a d v řtuciug co'1 lf;)c(', ill I Itl' zoue \\' il It tlw illcr('a�·wd 

sl ress occlII'riug in frollt of tllis co,·t1 face. Seislllic loadiug \\'as delenllilwd for se islllic 

eveuts iu the sensit.ivily I'řtuge 01' Ilw seisllloacol]sl ic (SA) IlIl'řtsllrillg appřtral liS. i.e. 
for the seislllic events with energies ltig!Jer I hall 2.1. Based Oll I Itis prf'sulllpl iOIl I lIP 
i'lbsolule t.eml ill tlH' E F dis1 rihlltiou lilie f'qllatio u  (,;IU Iw (,ilICld'1led: 

log N = (/ - b log E 
so thi'lt I b is teno ('řtU be i'lcceplpd 

.)'Z = 2000 Vl , 
{ O 

SZ = Sll I I I ( 
Ni JE;) 

Ni < 

,Vi :::: 

( 1 ) 

(2) 

",!Jere E Iies Iwtweeu c1řtsses E"",, = 2.J ilud E"I"-' = IOG.J. T IIP \·řtllle of I Ite 

a.bso lllte I.erlll of dist.rihul,iou l ilw \\'i'lS eSlilllřttt'd accordiug 1 0  le rlllS (l)-(:l) 1 0  :l.:l 
(see Fig.2). 
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Plc;. 2. Evi'tllli'tl iOIl of lo\\'er euergy lilllil 'll iOIl of b F' d i,,1 r i h l ll iOll 

Next we seare!Jed sllcll rllow lilllilalioll ol' llte d ist r ib l l l ioll lilI(> tltal cOllld fil llle 

(,ol,řtl seiSlllic euergy ill i\. block s izpd 20 X 20 X :1111. r('!<-as(,d hy ('\'pu l s  witll ('ll(>rgies 

ri'tllg i ug fl'oul low euergy level ; lhO\'e tll(> tllresllOld elwrgy IÓ'ri l ip to Ille IIlaxillJ l I III 

energy E"" iu wll ie!J rllll1lldH'r of ('\'ell\.S ill tiJis euerg)' class is less I hau ' I, eq'lalliug 
l'IJe energy of elast.icity. Accordi llg to Petroš (I DD7) olle ell h ic Illelre or eoal cau 

řtCClllllulat.e up t .o �{M.] of t.hc> ('Ilergy of elast,icit,v, i . c>, IIIe hloek or 20 X 20 X :1111 
can accul llulat.e up t.o ;U) ( ; .) or 1,llis ellergy or elasl. ie il .}'. Hy rclpasillg ;,11 tllE' PIIť'I'gy 
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of elasticit,y ilJ t.lte fOJ"llI ol' seislIlic plIergy (lte low lilui(a(iolJ for 8 F' distrihlll iOIl 

straight. line will IlP 
10gN = :U-1.5IogE (4) 

the 101V t.hresllOld ellel'gy Ed = 2.G ·10-1:.1.1. Ry Pélrtial relpasp of t.lw plaslicity 
energy in t.be fonll of seislllic ťllergy t!Je lOl\" I i I lIi(éltiol I for E - F dist ri blil iOll lVi II 
ha.ve ét bigllPr vétllle. 

Tbe low lilllit.étt.ioll of E- F dislrihlltioll ill I/w PII ergy rallgp a 1"011 lid 1O-1:1.J is 
cOllllectf'c1 wit.1I c1ilJlf'lIsiol1s of tlw sllIétllesl sl ructlll"étl pMls. w/lich a 111;.(S;;if is COIII
posecl oL 

ln t.!Jf' Célse of sf'isllloétcol.Ist.ic or sf'islllologic Illollit.orillg of s('islllic f'\·PIIIs. i.p. 
ill tbe pwgf' of about 1-1000.J. or ill Ilig/wr lhali GO J .  rpsppcli\"f>/y. tlw Ic)\\"(']" 
lilllit.éttion of E- F dislrihlll'ioll is oll/y gi\'PII hy I/w spllsil i\'ily ol" IIIC' approprialp 
élpparét(us (l\a/pue/a, 199Gh). Oll I/w basis of lhis 1011' lilllit atioll Ill<'rp is IlO \\"'1.\' 

how (.0 pl'edic( t.hp a/teruatiolls ilJ E- F dislribulioll slopp ,,1Ie/ IIIC' IIJatlJť'lllalic,d 
IllOcle/ describing t.he seisluic étcli\'il,y sholtle/ I10t. e/ppPI](1 Ilp011 I his parl of � F' 
C/is(,ribut.ioll. That is wlty it. is IIO( rpétscJlJah/p 10 cOlIsidn, P.g. 1';lJ"(' I 10 1I'IIIIn11ed 
dist.ribut. ion, hecause it Illay brillp; SOllle JIlistakps IVhell pvallln.ting liJ(> cOllrsp ol" E
F c1ist.ributioll abovp its 10IVpr lilllil.al iOll. Howevn, il is lleCPSS;HY 10 desnillP Illp 
E- F c1istriblltioll Illoe/els i1bo\"(' tllC-'ir low lilllilMiolls. prf'fprahly h.\· III(' 1l'Illlc;l1pu 
fllllctions, which Illprge ill(,O linear fuuctiolJS ill tlwir lo\V!'r parls. 

2.2. ffiqh Limita/ion ol E-F Dis!J'ihll/ioll 

Tlte bigh lilllit, étt, ioll of t.llp E F' dislrihllliou is 1101 all"('ctpd ll\" tllP apparallls, 
!Jowpver, il reflect.s t.IJp liJllitf'e/ dilllpllSiollS of tll(' r('al c'llvirOllllWlll ill lllP illl1IWI]('P 
zolJe of t.lte coalface. TIJis IJig11 lilllital.ioll lVas ohspn'('d hotll ill tlw casp ol" ;111 

eart.llqua,kP (J(ijko, Sellpvoll. 1911D) ;tild also lIlldc'l' colJdil iOlls of illdllcec! sei";lllicitv 
(l(ijko, Drzezla" Meuuecki, 198G). 

vVbeu Illonit.ol'ing cO<l/fétcp No.l:HJ:l3 a VNy distiIJct Iligll lillliléttioll IVas observed. 
ll. resulted in invest.igatiug the sl".J"ata tlJickllpssps tll<1,(, aff"prt Ibis Iliglt lilllil<llioll ol' 

E- F c1istrihuhon. Tbis lilllit. was tra.cpd IIp for saIJe/sto!J(-,s ;111(1 cOllglolllel·,ll.es 
(the bétrdest, COlllpotJPllts ill t.ltp OI\C'B Illassif) for t,lticklJ('sscos rallgillg frolll :1111 10 
:200 III. TIJť strougest. eVf'ut witl! IIIP (-'Itergy ol' 10111] (ML = 4.:2). wlliell Ilad nlll,.;pd 
tl!e rockhurst. in eSA Illiue iIJ 1 (Jil:\' COITf'spollded to tllP 1l,IlIgillg lVall t.llickllpss of 
approx. '200 III betwef'n the :17tll alld :rlrd S(''1IIIS abov(' llw coalfncc' No. J :17:1:l. Tltis 
deppndellc(, can bf' c1pscribecl by t.11(' pqlléllioll (I(alpnda. UJU:2) 

log EII'"' = 4.:2�) log" - O.GCi . (:J) 

As it, is shown, tllis c1epelJdelJce C<lU Iw pxtrapola.lpd IIJl 10 lij(-' nrpa lVil It I Itp 
st.rollgest. inc/ucecl evpnt.s, i.e. for tlJP evellt ill WPITét (1\\1011. lD8D) or for n. leclclIIic 
eétrt,ltqllétkc' as well, wltpl'P IIJP IllPclJ,wisll1 of f'llprgy étCClllllltlatiol1 is (juil,f' difft'l'elJl 
frolll illc/llced seislllicity. I I) hotll casps tlw J"(lIIglt l;lhltlar strllrt.IJrc 'S Me clr'sl J" llclecl 
a,ud tbe lellgtlt (Jf frMlllres C<lll 1)(-' correlatc'd lVillt tllP plétlp tbicklwsses. TOlI'ards 
the weaker euergy r<lnge equat,iotJ (5) WétS IlOt. ext.rapolatpd. hlll silllilal' PllPl'gy 
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I'éllues were also fouucl wit, h grélius of isolltelric shéllW (HlldajPI', Loki-ljířpk. C'íŽ. 
1996: Lokajíček, Přikryl, RlIdéljPI, 1996). wIIPj'(' dOllJiuitut puergié's. illclllelpel ill E;
F c1ist.ribut.iou. previiil. lf we sppn"řltpd aholll Ihe Illosl sIrlfistin111y frpqllPld ratio 
1)pt.weplI t.he lengt,h of fractures ill IIlet, res řlllcl IIIP I hickllPSSPS (I hosp ol' fracl Ilrps ) 
raugillg frolll 5 - 10, \Ve couJd I rallscri bp Pqllél t.iOll ('i) as follolVs: 

logE'lIax = 4.29 Iog/- 1.4 1, (6) 

IVhpre I [III] is t.he lellgt.h of a fracl IIrp Ol' řl fallll. 
TIlP wavp-Ipngths wpre thporptically vprifipd ill I lit, I'icillily ol' Iwak PVPlli foei 

by lueallS of t,IIPir eOl'llPr ťreqllellcips a,nd il \\'as sllOlI'u I hal ill I lIP di;;t,ituCP;; arolllld 
500 III the t.bporet.ical coruer IVavp-lellgt, lls conpspolld 10 tlIP IP11l-!;th of fracl III'PS 
řl,ecorcling to equat.ioll (6) <ts IVell as fo IVI<tdarial-!;a 's 1110c!cl ol' foci (h:alplldřl, VesplA, 
1999). 

TJIP correlat, ioll Iwt.wpell t,he frrlclllrp IPlll-!;tl1 aud IIIP slrollgpsl el'pul ohs('r\'(,d iu 
I !Je giVPll arf'a was iilso foulld witll 11lf' f'r1rl,hqllakes (Danal-!;I! rllld Bolt. ] 9I)i). 

Tbe hígll lilllitatiotl of E-F clist,ribnlioll is IIIPII iudepelldf'ltI Ol' ollly Ilřll'tly 
depeucleut. of t.lle stress ill tlw ohserv('d iirea. II rpflecls lilllited c1illtellSiollS ol' Ii-Iyers 
iu t.he areii uucler t,JH' illfiuellce ol' t.JIP cOitlface. Thal, is IVII)' a Iligll lilllil al iou 
paralllet.er is not. suit,able for tlw prediet.ioll of spislllic pvellls. [I III'\Y ollly S('I'\'p as 
a parrllllet.er t.o lilllit energy vallle 10 Illaxillllllll evelll, cllprg.\' ill Ille giveu slrallllll. 

On ly t!Je liuerlr part of E -F cl isf,ri bll t,ioll ea11 1)(' Ilsed i u order to prpd i cl Ille sl ress 
st, ate and thlls 1,lw OCCllrrellce prohahilit.y ol' SOIIIe strollg seiSlllic ('vellls ahov(' I heir 
1011' alld below t.llPi r Iligh li Illitřlf iOlls. Except for IrllllCitle<l P,ud t,o cl ist ri I JIl I i(JII. i t 

is not necessary t.o speclllat.e <lbout \tVeihllll distrilllllioll. II is slIfliciclIt to illlpr
leave wit.h t.his líllear part, ol' tllP E- F clistribul,ioll hy a sl raigl!t lill(' (expolwlltial 
fllllet.ion) by tlte least sqllare Ilwl IJOcI, Ol' hy Ill('allS of tlJe likelilJOod 111(,tllod. 

Li. E - F D 1st r-Ib u1toll .'J'I o Ji r 

The t.hircl paralllel',er - b - ol' t,lle E- F distribul, ioll slopf' wilhill flJe lillear 
parl. ol' E-F clist.ribut.ion ill t,IIf' log-log scaJf' is parl,ly cOllllect,ed lVitll tllP it\'Prage 
sl,rf'ngt.!t of 1I1assif in t,IIP ZOIW of illflllenep ol' tlw cOrllface, aud parl 1.\ wiLl1 I'IIP sll'ess 
iu t11is area ol' tlle Illassif (Scholz, HJ68). Baspd Oll Illodel IlleasmellJPuts. tlIP slopp 
l'rl,llIe slIollltl go dowll wit.11 t, llf' illneasillg strpss f'('rlcllilll-!; il.s Illillillllllll valllf's. II'llicll 
are r10se t.o the lllaxilllLIIII st.ress (ScIJOlz, 1(8). 

ll! t.be case of lpcl.ouic earl hqlli-lkes il, is jlossible to t"illk of SOllle (1'1i1.sistal ic 
bf'haviolll' ol' t/tis paralllPt,er, blit, ill tlte (';'lS(, of ilHlllced ('I·ellls. Illis jlrlra.lllelt'r "as 
clYllautic belJa.violll'. C'ltallges ill I "is parallwtn cOI1I<1 1)(, looked Oll as eballl-!;!'s of 
t!Je st.ress in tlJe ohservNJ a.rea ((;iholViez, IU7U: Lasocki, 1!)�J:\a ). 

ReslJ!t.s ohl'aillPc! frolll SOll1e sl "t/ies all(l ill sil.1I ohserval iOllS sllol\' Illal liJ[' he
IIa-viour of E- F' dist.riblltioll slope lVas COllfOl'lllahl(, witl! Ihp IIlodellillg dOlle Oll lIJe 
rock sa-lIlpJes (Lrlsocki, 199�)b: Holllh, 1995: l\:alt'llda, ]DOGa), hul Oll 1"f'ol,I]('r hrtllCl. 
cOlllpletf'ly fUlldalllent.al cleviat, iolls were fOlllld Ollt ill IIIP hpllal'iolll' of I Ilis parallle
t.er (Kalf'llda, 1999a). Tltese dcviatiollS wpre ohsel'\'ed esppcially ill I,!J(' Illllltisl 1';11 a 
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enviroUlllent wit, h řl c1istiuct. strallllll of less solid rocks (siltstones Ol' clřlysl01lPs) in 
l.he hanging wall of the cořllfřlep. 

2.4. Maltimodal E- F Distribatirm 

Mřljorit.y of t.lle střlt,ist.icřll IIwl,ltod of seislllic pveuls prpdicliol' is Imspd Oll II10re 
Ol' less eXřlct, upscriptioll of rpal E- F dislrihlllioll, As I lIP lot,al E F' distrihlltiolJ 
111 t.he observed area CřlU bl" cOlllposed of 1IIIIIIPrOllS parl iřll dist,rihut,iolls ol' variolls 
seglllent.s of t.he IIlřl,Ssif (lIolub. 1995; I\:řllpllclřl, 1999h), 1,lll' SUllllllřlry di,.;trihlllioll 

Cřlll bl" of va. riolls fonlls: frol1l silllple oIJes. řlppřlrellt.ly lilllit.less řlhove sa,id fonlls, 
silllple řlbove said lilllit.ed dist,rihutions řllld hillloda,1 oues. IVhiell \Vel'P descrihed. 
for example by Ki.iko, Drzezlřl, i\!pudeeki (1986) Ol' by l\i.iko, Drzezla, Slřlukip\Vicz 
(1987) up t.o 1Ilult,illlOdřll c1istrihlltiolls (Sppidlpr. Mattsoll: 19D:l) I Itat are kllOlVII 
even fIOl1I Hle cOlllplicřlled cOlldil iOllS ill tllP :l'il!J strr,l.il ol' I lIP eSA IIlille. 

By Tll I" řl II S of reřll ill sit,u IIlpaSllrelllellts il. is 1I0t possible 1.0 seJlřlratp iudil'idllřll 
part.iřll dist.Iibut.iolls frOlll ('<\.e11 otltl'l' řI,lId I, hřlt is \Vity it is possiblp 10 deterlllillP 
only t,he llleřlll slope of t,he t, ot, al E F dislrihlll.ioll. 111 order 10 ;.;eparal.p pMticltlřlr 
distribllt,ious it would bl" lIecessa.ry 1,0 locřllize a.ll 1.1Ie seislllic evelJls wil lIill I lIP 
individuřll layprs Ol' strřlt,r, (Křllplldřl, 19991». 

Developllleul of t,IIP llleřlll E F dist,riblltioll slopl' is cOllller(,ed wit II hoth lij(' de
veloplJ1ent of t,lw eoalface řllld tlte sl ress challges ill (,lil" ohserved a. rea. T1IP ('ollowillg 
E- F clist.ributioll developllteut, lllodel descrihcs t,he Silllpler rase of t,lw coalfacp de
veloplllent. iu t.be IIlult.ilayer ellviroullleut. IVitltill t.IIC pl'illlal'y stress-llolllog(,lI('OUS 
řlreřl. 

3. DESCf{IPTION Ol" THE STHr\TlrIED i\,1AssIF MODEL 
AND CHr\NGES Cr\USED IN TOTAL E- F DISTHIBlITION 

Frolll SA llleasurelllellt.s we kllow 1,111" advallcPlllellt, 0(' seislllic aclivil�' ilJ10 IIJP 
baugiug wřlll řlucI tbe depellclellcP or IIIr1xillllllll observed Iwigbt ol' seislllic PI'('ut,s 
[oei ou Beuioff's grapll slope hy I lIP develoPlllPlll ol' a coalfClce. TIIP I illlP illcr('as(' of 
Bellioff's graplt slope aud t,lIe daily incrPllteut 0(' Bpllio[t"s grapll slopp. depelldiug 
Oll prilllary st.ress before ext.ractioll ill t.lte ohservecl al'ť'a, is knowlI as IVe]1. Tbe 
seislllic aetivity in incliviuuřll lřlyers IVas ('valllalpd hy 1,11P rollowillg slpps: 

(1) Bellioff"s gmplt slope ol' tlte elll,irp obsel'ved are;] wa;; c;lintlaled fI'OIII tlte 
tinle wben t,be exeřlvřltioll of tlte co;liface llřld IWglllJ. 

(2 )  FrOll1 t.he Bellioff's grapll sl ope. tlle lllClXillllllll llPigltl oľseislllir eVPllh ahov(> 
t,he eOřllface WřlS crt.!clllaled. 

(:.\) Baspcl ou t.he I lIa.xiJl IlllI I lIeiglll ol' foei ol' seislllic eVPltI,s ahovp tlle cor,lfare 
t.he seislIlir act.ivit.y coetficiPlI1 for t1te giveu st.rata. IVClS calc ltla!,ed. 

(4) Basecl on t.hirkness řlnel st.orřlge cřlparit.y of t.he givell Iřlyer Ilw ellPrgy lilllit 
which t.his layer is able t.o acclllllltlalp was ralcltlřltpd. 

(5) Frolll t.lle st.reugth of t.lw givpu layer tllP E- F distrihlll,ioll slope \VřlS ralcll-

lřlt,ed. 
(6) Based ou 1,IIP Beuioff's gnlplt slope alld tllal of E- F disll' ihlll,iol1 For I liP 

given lřI. yer !lle absollltp t,('rlll iu E- F dislrilllltioll e<i 1l řil iOIl l\'řlf; calclllalpd. 
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( 7 )  Thf' abso l u t,f' t,e l' l l l  iu E - F d ist.r i h u t i c) J j  II'ClS cOJ' l'Pc t e d  I l s i u g  I hp I l l řlX i l l l l l l l 1  
height. seisrn i c  itc t i v i t y  itbovp t hf' cort l f'rt c(' ( s l rpss Ci t  l e l l l l ;;.1 i o u  ř1grt i l ls l  l ! p ig l i l ) 
i nc l u d i ng t.he  l i l l l i ted itct i v i l y  of t l lf' g i ve l l  st ri'lt l l l l l . 

B itsed ou seis l l l i c  l f lo u i t o r i l lg a ner s t itr l i u g  up a l l  t l lf' coa l fa c('s i l l  tllf' O I\ (' B  
bits i l l  the  fol lowi u g  e l l l p i r icitl  rf' l itt iou b f't,weeu t ll e  w it l  ľace s l  rt rt - I l p  l i l l le it u d  l' l te  
Benioffs s lape h its beel l  fou n e l :  

( 7 ) 

w bere B [Jl/elitY] rpp rf'Sf'nt s 1 1 1 P  RplI i o rr 's  grit p l l  s l o p p  f'ro l l l  wpp k l .v d ;;. t a  lI' i n d olVs . 
B ased on SA l o c a l i zitl.ion of evel l t.s occ l l rr i ug above t. l Jf'  coa l facp I he f'o l lolV i l l g  (' 1 1 1_ 

p i r i citl re l ation oetweell  t,he I l I itxi l l l l l l l l 1 1P i g h t  i u  I l Iel  rps o l' p\'p l l tS a l ) O\'e t l l P  co;df'i1 Cp 

an d Ben i off 's  g ritp b  s lope IVrtS deri ved :  

/, ' "  'hX = P X I I ( ( l og li - ( U  G )  . l u  ( 1 O ) ) . ( H )  

SeisI l l i c  act. i v i t y  coeffi c i ent  .A i s  defined lI' i l l l i l l  a s p a l l  (Jf' 0 -1 as 1 , 1 1< '  [';1 1 i o  o l' 1 1 ] (' 

gi veu s t r a t a  t.b i ckuess i l lfl ueuced hy t llf' coal f'i1 cP /' i - /' '1 - 1  IVIH-'rp /' ; - 1 a l J d  /1 ; a rp 
1 01'11 a.u d  b igb l i 1 1 1 1 t.S of the l aypr ah o\'e t,be  wi1 I f'; ) ce  fool - lV a l l .  { �I "",x - /' ; - 1  A =  

h ;  - /l i _ 1 
1 

( !:J )  

TI1 P l l l itxi l t l l l l l l  l i l l l i t  enprgy w l l i c l l  ( l I P  g i v P I I  l řl.ver c a u  řtccl l l l l l t la (.e l\'řl"; n 1 1 c l t l rl l ec l  

IVi t l l  regitrel to t. l l e  l ayer I b i rk upss . S i l i c e  pl/ I l a t iou ( G )  IVa,.; uol dpr i \'pd 1'0 1' cml i  S(Orl I I l S 

h u l, fo r sol i l i  Sitl 1 dSt,o l lp  aud cOll g lol l I (' r a.l e s t r a l, 'l .  I l le l i l l l i t  pl l Prg.\· I\' ClS cO J' l 'p c l t' d  hv  
cOI1:o; i d er i n g  t be acc ll l l l u l ac iou c a p a c i t,y EA [k.J / I I I :l] f'o r I I If' g i \'(, l I  ro cks . w i t l l  t l lP 
average accUl J l u l at. io l l  capac i ty for sa.u elstoue s l ra l a,  pq l l i1 l 1 i l lg LG U / l l l :l 

log E",ax = ( 4 . L 9  l og li - O .G ri ) + log EA/'l.G . ( I D ) 

By cOl l l p a r i J l g  t h e  E - F d i slri h l l l i o u  s lopes i l l  I I I P  O I\ (' B  IVi l h  t l l p  s l rp l l g t l l  ol' 
stra.t.a i n  P p reSS l l rp , i n ft l l pl lcpd hy ('ort l frt ('(" t. IH> fo l lo w i l l g  Pl l l p i r i c il l  eq l l rt t io l l  lVas 

c 1er ivecl : 
b = L . G  - O.O:l2L.'i . P [ 1\'1 Pa] . ( I I  ) 

"Vi t, 1 !  seisl J l i c  act. i v i t.y B t. l l e  f'o / lo\\l i u g  re l a t i o l l  b! ' I .\\IP(olJ , t ! ) so l l l l p  ( P !' I J I  O l )  řU l d  ,., l o j l P  
b i l l  E - F d is t. r i b u t i o lJ i s :  

O [ J  = b ·  ( I . na + O . OOr l !) · B )  + ( (J:lG(j + O OOO K H D · B ) . ( 1  L )  

Dec l in i l l g  sei s l l l i c  acti v i t.'y t.owarl ls  (, be I l řtUg i l l g  w a / l  C<l l l  j l oss i b l y  1 ) (' des c r i h ed . l\' i (, 1 t  
respect. t.o ( 9 ) ,  b y  equat.i oll 

( " "IRX ) 
Cl = rl . 00 . exp I - l og -4-
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F l C i . :L r>. l l I l l i l l lo d ;. d  e l l e rg.\" freq l lC l l ry d i s l r i h l J 1 i o l l  

8 

13ased Otl equat ious ( l l )  a u d  ( I :l ) .  lI' i I ! J  resl wrl  t o  ( 1 0 ) .  I l l ! ' o r C l l lTe l l CPS ol' S(,iS I I I  i r  

eve u t s  i n  i n di vi d u a l  c 1 asses lV('re r ak l l l a l ť' C 1  i n  a l l  l ay('rs ( sp(' P i g .  :l ) .  

4 .  I ) I S C U S S I ON O N  H ES U LTS O H T.\ I N E D F I W i\ 1  

M OD E L L I N C ;  T I I E  r>. I U LT I I\ I OD A L  I� F I ) I ST H I I:I U T I Oi\ 

A I I  eveut.s i n  i n d i v i d l l it l  e l l ergel i (" r l asses for a l l  l ay( ' J"s 1\'P I"!' S l l l l l l l IPd l i p  1 0  gel a 

t ot.a l  E F d ist. r i b l l t. i o u  ( see F i g .  :\ ) .  T ll(' v a l i l( '  of I I I <' s l o p "  o l' I l l e  l i l lP ;U p a r l  o l' E F 

d ist. r i b u t. i o l l  was C3lc l l l a Je d  i l l  1 1 1 1'('(' rO I I I I I IO u l .l· I lspd (' 1 1 ('rg.'· i l l l (' I' \ 'a l s  ( see F i g .  :\ ) :  

.1 ) - ( 2 1 - 2 1 54 .J )  - 1'01' l ol\' J' l l !'rgy ('vp u t s  - 1 1 1 ;l i l l l .,· 1'1'0 1 1 1  I l i P  roal  Sl'a l l l  

'2 )  - ( '2 1 5 - 1 0000 J )  - for 1 1](' p ro J lor l i o l J  o1' c o a l  1 0  h a l l g i l l ).'; \Va l l  spisl l l i c  a r l i ,' i l i es 
:l ) ( 1 000 - 2 1 540 .1 ) - 1 0 I l l o l l i l o r  I l I P  I l a l l g i l l g  I\' a l l  ('1·(' l l h .  

T h e  I I let. h o d  of i n l er l ea v i l l g  1 . l w  d is l r i b l l t. i o l l  l i l l es d o('s 1 1 0 1 ! J a v!' a l ly s i g l l i h r a l l t  
i n l p act. O I J  l ! J e res u l t. i n g  relat i ve va l l l ps o f  I lw d i s l . r i b l l l  i 0 1 1  l i l i !' s l o p !'s ú .  TllP fO l' l l lS 

ol' E - F c 1 istr i b u t. i o n  l i ups i l l  i l l d i v i d l l itl s l ages :2 G ,  řlc rOl'd i l l g  1 0  F i g . -! . IV l l P l l  I l i g ! Jer 
a.l l d  h igher s t.rata IW("OI I IP a r l , i ,'(" a re sholV l l  i l l  F i ).'; .  Ga d .  T I J('s(' f i g l l l'ť'S s l I Ol\' d i l ['p r

pni  t Y J les of E- F d is t r i h l l l i o l l s  i l l  I l w way I h py \\'ere d pscri l ) ( 'd i 1 (' cord i ng 1 0  i l l  ,.,i t l l  

I l l e a s u re l l l ellts i u  l ! Je 0 1\. ( ' 13  a l l d  J' lsPlV llerp  i l l  l i j (' 1I'0r l d  ( ";('t' a I J ( )\· (' ) .  1'1'0 1 1 1  t l w S i l l l 
pie  l i u ear d ist r i b u t i o l l s .  a l l d  si l l l p lp l i l l li t ed O l l PS ,  1 0  h i l l lod a l  l i l l l i l pd d i,.;l r i h l l l i o l l s  

a l l a  1 I I I l I l  i p le oues. 

vV i t. 1 t  gradual 3 ct i val i o l l  o l' I I I P  I t rt l l g i l l g  \Va l l  ,.; I rat.a  l i p  10 t l l l '  I l I a x i l l l l l l l ! .  \I· i l l l 

1. 11(' ('o l l cl i t i o l l  o l' ('onsl rt l l l  p r i l l l a ry s l rpss . I\'p rOI J l d  SPI' I l l a l  I I I!' l ol a l  E F d i �l r i h l l

t io l l  \VrtS rOl l l i l l l lous ly  r l l a u g i l l i!, .  \V l l i (' ! J  s ! Jo l l l d  rpsl ) ( l I l d  1 0  I l iP sl J'('ss d l a l l gps. T I I{' 

c h an ges i n  E - F dist r i h u l i o l l  s loJ l!' i l l  a l l  i t s  sp('1 i O l l S  ( fro l l l  lol\' 1.0 I l i g I J  P l w rg.v ; l I'J'rts ) 
are 1 1 01. I I IO l l o t.0I10 I l S .  T l l ey rps J l o l l d  1 0  I. I I P  i"l d i o l l S  ol' i l l d i l' i d l l a l  I ,l�'er,; evp l l  d l l r i l lg 
t.he r e r i o c l  w h en p r i l l l ary sl rpss a rol l l l d  I l t e  roa.l face is 1 1 0 1  c l l a l l g i l l g .  \VI IP I I  sol i d  

st.rat.a b eco l l l e  <,d i ve . t. l le  t o l a l  E F d i s l  r i h l l t i o l l  s lo [ 1('  gops d 0 1l' 1 1  h l l l . cOI l \·prsel .\ ' .  
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20 40 60 
time [day] 

80 1 00 

P l ti . 4 . DC'Vf>lo p l l lc l I t  of el l ergy- I"rl '<! I J( ' l l c y  d is t r i h u t. i o l l  s lope  

:n 

120 

w llf' l J I pss so l i d  st,rit l a I)(OCOI I I P  a c l  i l·e .  I l l i s s lope gC) ( '" I I I ) .  \V l l i e l l  I l l i gh l I l L i s l e i \d  1 0  a 

p resu l l l p l io l l  t,b a t  t.11f' p l' i l l l a ry s l' ress i l l  l Ij (-' o h",e l'vpd a l'PCI go('s dOIl' I I .  

Beca l l se  t. he adva, l I e e u l P u l, o l" ;) c f i v i l',y ) 'OII' r l l 'dS 1 1l f' I J :t l l g i l l g  w;t l l  i "  p roporl  i ou i\.1 

1,0 <t 10gar i t. I J l I l  of t. l l e  Sen iolf "s  g l' C l p b  s lopI ' .  i l  I JO l d s  f J' l l e  I b al I I H' a d l'a IJCe l l l l' ll t, 

of l I lax i  I l J I  l I J  I hei g l l t. o f' PV(' u ts ohservr'J a hOl'e coa l face  l ow;l l ·ds I l i P  I J ;t l J g i ll g  lI'a l l  i s  

graJ u a l l y  dece lerat. i u g  to t. l l e  sl ,age I l l l t, i l  I I I I' l op I l e i g l l ts gel ,  over  t l l i '  Iwxl l a,l't'r 

hO l l l l d a,ry-l i up . I I I  l l l is C<1se lVI' c a l l  I r1 1 k  a l ) o l l l  J'("rl rl l i l lg I I I I' l i l l l i l  ; ) e l  i v i t y  o f' r l l e  

l ayers i l J  I , h e  m a l face b il l Jg i l lg II'a.I I ,  A I I  l i l i' I l ig l J ( 'r l a .I· ( 'rs lV i l l  ( l l l ly ge l  llex l l l'ed .  h l l l  

l l l f'y lV i l l  1 101 .  I H '  d i s r u p t,ed a l l d  SI, i S l l l i c  eVI ' I I I "  CO l l l i l l g  1"1'0 1 1 1  I I J esl' I ;I ,\ ' I ' I'S lI' i l l  l lo l  1)(> 
observe d ,  BClsed Oll t. l J e  O J\.C S ·s expel' ie l l c e  I lJI' I l la,x i l l l l l l l l  I l e ig l J l ,s ol "  I 've l l t s  II'PI'e 

observecl a b o u t  200 1 1 1  a bove t. l l e  coalfac(' , I II (' I I W;W 1 1 1 i1 x i l l l l l l l l  I w i g l J l s  of pVP I I I's  

a n ov e  t l l f' coa, lface ,  \V i t. l !  , 1bout :1 1 1 1  ( Jr ex l  I'a c l t'd I b i ck l Jess .  l'řl l l!!,1' 1"1'0 1 1 1 :20 :W I I I .  
A s i l t l i l ar s i t, l l a l', i o l J  i s  i l l  t. l l e  I l o r i ;l,( l I I I ,al  d i rpe l io l l  w lwrp i l  i s  p o"s i l ) l t, 1 0  t a l k  ; l h O I I I'  

reřl c b i u g  I , b e  l l l řlX i u ll l l l l  d i l l 1 (" I I S io I I S  of I l l e  a re;; o l' i l dl l l P lJce CiI I I Sf'd hy a coa I L l u' .  

VV l I f'u  cOl l l par i l l g  1. !Je se is l l l i c  ;1 c l  i v i l , i es ol" i l l d i l· i d l l al l a .I · I ' I 'S of' ! . I J(-' I l lo c ! e l  ťO l l l l d  i ll 

( . I te s(.age of CI d eveloped cmtl face ( i ,P .  w l w l l  t l J ( '  a ct i v i t .y !Jr lS J ' ( ' a, r l J ed  i ts IW IX i l l l l l l l l ) 

i t  wa:,; s!JOWIJ  t. l l a t, I l ig l J e r  l '1y(,' rs w i l, ! J  1 0lV�'r sl re l lg l l l  lJa d rl I l i gl !p l' s(' i s l l l i c  r) c l i v i l y  

IV i t. 1 1  cO l J l pariso l! t,o t.lIe l ow(-'r l ayers IV i l . I J  h ig l l ! 'r  s l  rengl l l .  Th a l  II'as '1 lso o hsp l ' I'pd  

by  l i J(' p l lysical  1 I 1odc l l i l lg ",i I, 1 1  el pl i va l ( 'u l . I I I Cl tf'r i a l s  ( l\ I '1 c l l ií l t'k .  1 01' 1 1 :  l $ Jtj .í ) .  
PrOl i l  1 . 1 1 1' I l l odf' l I i ug ( Jf 1 1 1 1 1 I 1 . i la ve r f' I I V i ro l l l l w l J I  i l l  sp ( 'c i l i c  C ; ISI'S o l' I . h l' O I\. ( ' H  Il'e 

Ul i l  see t. l lat, t, 11!' i l l ne;' ISp ( J I ' I ! p i g l l l  o l" ( 'O;t l fr lce i l d l l l l' I I U' .  ,1'; ;1 r('s l d l o l' "I ; \ 1' 1  i l lg  I q )  1 1 ! p  

('oal fa c p  a,nd i ucJ'('a,sed s t ress i l l  l i l i " p řtl'l. o l" I l l r lss i ľ. ( , rl I IS " S l i l i '  i I I C l 'P ; I SI' i l l  l i J ( '  I' ; d l l (' 

of E- F c 1 i s t, r i b l l t i ou s lopf'  i u  i t s  l i l l t''11' pa r t  . . T h i "  p a r;l dox rp,t l l y 1 1 1 ;1 d l ' i l l l p oss i h l , '  1,0 

pred i ('t. t. he st. ress s t.al.e i u  t, be  case o l" a l l l 'Ort l ľ;)('l's i l l I I I ( '  tl t . l l  coa l  h lock  of I I i ( '  ( 'S A  
I J l i l l f'  ;l 1 l l 1  i t  was I W(,PSS r1 l'y t,o I I S(' I lw P;U;1 1 1 J ( ' l ns dep I ' l l d i l l g  ( ) J I l y  O l l  I I I I '  s , ' i s l l l i c  

act . i l· i l y  w l l i (' 1J respolJd e d  p ropor t i o lJ;l l Iy 1 0  r ll (-'  sl r('ss ( l\. a l l ' l I d ;) .  1 $ ) D ( ) '1 ) .  

W i !. 1 1  I I J P  s l  ress i l J ( ' J'f''1s i l l g  a,ro l l l l d  !.ll(-' ( ' ( )a  I ľrl ( ' ( ' ,  I l w " Iop ('s o l' ; t l l  i l l d i v i d l l ,t I  I� F 
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F l u . 5u . E l l e rgy-freC ] l le l l c .\· e1 is( r i h l l l io l l  1 1 0 d rlys a fl .er  I lep; i ll l l i l l g 
of pxca V <1 t. i O l l  

d i s t,r i h l l t. i O l lS g o  e10 w l l  t,ogpt,b er w i l l I ( . h e  I I l eř\Sl I re I I l PI I I .s per f'o l' l l wd O l l  1, l l e  S ;l l 1 l p les 
( S c h o l z ,  1 96 8 ) ,  h l l t, t. l w i r d pc l i l l e  i s  1 101  s i g l l i f ical l l  P I I O l l g l 1  t o  o l l t, h a l al l c l' t lw c l l ř\ l I ges 
i l l  E - F d is t. r i b ll t, i ons cř\ lIsed by I I I P  ř\rt. i v i l ,v of t l lP  I I [1 j l P r  l a,\'prs of H 1 00ver sl , I'(' I I I-\ I , 1 1 . 

M o cl e l l i llg t l l (' r l I a l l ges i l l  E - P d i s l . r i h l l l i o l l s  1 1 ; \vp brol l p; l t I  t, l w  ťo l lo w i l l g  CO I l C I I I 

S i O llS for t, he t, rel n o rs p red i ct, io l l : 

- b eforp I. h e  coř\ l fř\ cP i s  s t.ar(,pe l I I P  i t  is u eCPSSř\ry 1 0  c l J(-' c k  hy I I l o d p l l i u g  I l ow I l w E
F e1 ist, r i b u t, i o n  s lope I l Jay b el l ř\ ve Iwforp t, l w  (, ( ) ř\ l fř\ce is iu  i l s  de\'p l op I l WI I I  S l ; \ gp , 
al l cl  \Vb ř\.t i ufl u el l ce w i l l  rps l i l t  1'1'0 1 1 1  I l ig ll<'r s t rpss i l l  t ll P  ,Irea 1'0 I I I (' d l ř\ l l gP� i l l  
b ei g b t  o f  t. I l e  fo e i  above t lJ(-' ('O a I spa l l / .  
i l l  rase ol' <III 1 I I I I I I 001Ot. O l l O l l S  c ! 1 ř\ l l ge i l l  E - F d i s( r i h l l l i o l l  s l o p e  i l , i s  uecps s a ry 
1.0 eskt h l i s h  t be p reel i ct . i on Oll  ol hpr p <lra l l lPt .e rs s l l c ll as 1 , l I e  I I Je a l l  O l' I W 1 X i l l 1 1 1 1 1 1  
h e i g b t.s  o f  event.s above t. llt' coa l ['ř\ ce ,  seiS l l l i c  c\ c t. i v i t y ,  t l w  r p l a t. i o u  l )(- ' t IVPPI I  I I I p  
<lct . i v i t. ies i l l  coa l f<lcP <l l I d  h al l gi l l g  wal l ,  dl' . 

- i ll case t. h at t,b e  eocl l facp area is I l lo l l i l,orpt!  hy I I I P,U! S  0 [' ;1 seis l I l OřICo l Ist i c  I I l <' t, l l o d 
<lI l U  a r e l M, i ve l y  eX<lct. l o r a l. io l l  of ['o c i  i s  k I l OW I J ,  i t  is p ossi h l p  t o  1 I 1 0 l l i t o r  I ,he 
eha uges in E - F PVP l l t, d ist, r i b l l l  i O l l s  ťor i l l d i v i d l l a l  l ayprs.  H O\V(,\' f' r ,  I I l o l l i l o r i l l g 
ol' t.IJP re l at. i vp acl, i v i l  i es of i ll d i vi d l la l l ayers, a l lVays r d l p c l  i l lg l I J(' s l ress c b a l l gps 
i u  t l l e  area,  seP l l l S  t.o be I I l O l'(' cOl l ve n i p l l t  p a r<ll l lel .Pl' . 

0 .  (' O N C L I J S I O N  

For t. be p red i ct, iol l  o f  euel'get i c a l l y  s igu i fi c a l l t  Spi"l l l i c  ('\'P I I I:-;  h y  I l I P a l l S  o r  E - P 

c l i st ,ri b ut, i ou i t s  l o w  all d l l i g l I  l i l l li l ,a t . iO l l  j l ru a l l l ('(p l'S a l'P 1 I 0t i l l l J l o l ' l a l l l . Bol  I I  t lJ ('  
p ar<tlllet,ers refiec(" <l h ove <II I ,  t.1 lf' gpOl l l et,r i r  p ro j l f'l 't i ps o f' l i l < '  g i v e l l  l ayer O l' s l  1 ' <1 1 . 1 1 1 1 1  
a n el/or  t.h e  rtIeaSll l 'el l l f'l I l', SPl ls i t. i v i t,.v a l l d  t.hpy d o  1 1 01 .  d P jlP l l d  O l l  I l l (-'  st l'ess s l  <l I p  of 
lhe I l l<lssi f  i l l  t, ! t e g i vE'u <lrea a l l d  t i l l le .  

Tbe I l l o c l e l  of s ( , r a t,i fied !'O c k  f'l l v i rO l l l l lf' l l t w i t. 1 1  (. I w  I l o r i zo l l  of \Vp l l  c a v i u g  !'Oc l-;: 
showecl t .bat. a c l I<lngp i l i  E - P cl isl l' i  h l l  I, i o l l  O C C I I I'S d m i  l ig t. l l e  c l pvel op l l lf' l l t. s( age of a 
coal fa e e .  H owever , t. h i s  c h a ll ge is I H) I  p r o p o l't i o l l a  I l o sl ress . I t i II crP ř\.S i l I g l y  I'e l l e c l  s 



:.ll; I ' . I I: ..\ L E N U.\ 

l iJe  p rut  i c i p a t. i ol l  of i l l d i \· i d l l it l  l a .\·prs i l l  t o t.;] I spislllir a c t i \·i ty.  Ir l l i el l  i l l  ('X l IT I I I (> 
casps l i l ii)' I l lak!:' auy I l I'pd i r l i o l l  by E; - F d is l ri h l l l i o l J  i I I I J loss i h l ( · .  T I J i s  rt's l t l l  JS  
\';] I i d  nol. only for t. 1 Jť' pU\' i ro I l I l IP I I I  o l' I I IP  Osl ril l 'a 1\ ; l n· i \ l i·í ( 'o a l  I:l rl"iu h l l l  ; t 1 ,;o fo r 
a l ly I I l l d t. i l ayer env i ro l l l l l P l l t . 

P r i or t.o l J ) o n i t o r i l l g  1. lw co;] l hcps ;] I l d  p rpc lir l ilJg ill ) p o r l ;lll l spi s l l l i r  evelJt.s il w i l l  

h e  necessary t.o I l l o d e l  t hl' dpvp l o p l J W I I (  ol' E; F d is l r i h l l l  i O I l  s l o p e  a u d  fi l J d  O l l t  

w lwt.her t.h is  p re d ic t. io l J  i s  possi h l e  Ol' rOllvellipll 1 1 1 1 ) ( 1 < ' 1' l-\i\'( ' 1 J ( '( m i l i l  i o u ,; .  

A rt envards i t. w i l l  1 ) (' l Jecess;] r.\· 1 0  I l Iodpl  rpa l ( ' I l \' i rO I l I I I I ' l l l s a l l d  c l t ;I J l ges i l l  I'� F' 
d is t r i h u t io l J  w i t.h  s t ress ; t l l era t  i O l l s  i l l t lw d p \'e l o p l'd s l  <11-\(' 0 1' ; 1 co; d h cl'  ( i . ( · .  \\' 1 1 1 ' 1 1  l i l i '  

I l l agl l i l. l l de o f  co;] lbcp i l d l l w l l cl' ;] 1 ( ( 1  spislllic ;l c l i \· i l .v d o  1 1 0 1  '; l l hs l ;t l J l i ;t 1 l \' c1 l a l l gl' ) . 

Ol' I l l I d er l he I l lo,;t  cO l l l p l ic at.ed c ( m i l i l  iO I l S ,  IV I I P I I  I l wre ; 1 1'1' sl rp,.;s C I I ;l I J gP'; d l l r i l lg , I w 

coal fac l '  deve l o p l l l e l l t .  st age . 

1 1  E F E H  E: N C E S  

l)rllTa.;..;h I� . R .  B o l t  B . A . ·  1 � )8í, f \  t 'C > l I l I l I I � 1 I 1  n ! l  t L I ( '  � l rd i :-. l i 4�il l  rc'�n '��i( ) 1 I  1"I , I ; l I i u l I  1 ) 1 ' 1 \\'c ' I ' 1 I  1 ' ; 1 1 ' 1 1 1 -

' 1 1 1 " k  ... m .... gni t ur l .> "" , I  fau l t  J " 1 q) \ l l n' 1 '· l I S ( h .  BS.'>'. I 77 .  :'\" .-1 . I i i! )  1 · I X·1 . 

� 1 J t> \'a 1\ 1 . . V i l h� L lP I I VP T. :  1 �187, H d l'( )� I H',�l i \'l-" prtl l pJ ' l I  rc-'t'Obl l i l i o l l  a p p l i t-·d t o  I l I i l l j l l.:.!.- i l ld l li"f".>d 

�t-'isJ l l j l · i l y. la: R o ckh l/. /".' ;ls ttu d  s f, i,' Hnú'ily in ni-in t .'t .  C i bnwic"Z,  LH�t H'ki  t 'd:-. . 
C ; i bo w i cz S . . J . :  ] 07�)' Sp,-LCP i1.J l d  l i l i I ! '  \'al'i;d iol l �  nf t l w frc ·( I ' H' I I I '.\' J I I:1i-;l l i t l l dc '  r c · l ;t l io l l  1'01' I I l i l l i l l (.!;  

I rt' I t H H':-- i i l  tllt-' Szo l l d )i,')'k i ('oaj I l l i u t ·  i l !  I I PI )f')' S i l p�ia, P f l l a l l d .  , \  ( ' f 'l fIt " 1,1, .'Is iol I ' ,dll f l  i ,. r/ X X  VII .  
N o . 1 . 3�) 49.  

H o l u b  1'\ . ' I �J � JS .  A l I al'y�i� o l '  v-val 1 H' i l l  I I H' frl'< j I l f-' I Wy-c'I I " I 'M,\' d i :-- I  ri l 11 1 1  i ( ) I l:--, I ' " h /. / lI s l .  ( ; ,  ' I , II .'/s .  

Pol. A e n d .  Sei.  M-1 9 ( 2tl l ) .  l .';:j ( ( ; < .  

I'\alt-' I l dh p, :  1 09 2 ,  Zh u d n () (' f 71 1  : n oi..,/o.'i f i  t ry:{/ j'O II(/ f/ ( s , is ll l i cJ.:( ( fI ( .,.!} i !  fl tI 1!l1 /'/l o/ r l n ,.I, 1' 0 /" 0'-

n O I/Eh o P To s t,?"c,d1 fl t r r h n % f/ ii d o b Y /ltl ll ?'. Di�( ' l ' l ai'': l 1 í  p n'in '  ('� . J\ kadfA l l l i l '  vl 'd . 
I\.a lpnda P . ·  I 99t.ia. A l Ialysi:-. nf t l i l" pn-!djd iDU po:-;si l ,i l i l ,v 01' :-. 1  I 'O l lb I l I i u i l q .. ; i l l d l l( ' ( 'd �,-, i!'oi I I l j 4 '  ,"\'t-' " I :-. i u  

O:-;t rřl.va- K ar\'iná ( ' oal Břl� i l l  n l l  1 1 11' I )a�i� f ) r :-.t-'i � J l lO I ( )hi l 'id 1 1 I t ' t h o d .  j) !'() ('. of " Tt d U fl o l, h ys /ni o.f 
/I/i"i,,!! A Ull .,' - i l/. l ' '''fI. u l i o 7l n l .,,,,· i , n l i.fi ,. lVo ,.ksl, o /i .  r ' r", .. . N i1 l l k , ,\\' , · l I l l i \' .  S l ak i .,�( ) .  t'\ r .  I I >U2.  
Katowin-' . 1 4 :,) - -) (), ) . 

I\:alenda. p , :  1 D�J()b, A ('o l J l l' i l J l I l io l l  l n  d i:-.nls:-. io l l  O l l  lo\n'r l i n \ i l H l i t H I  nf I ' I I '''' !';.;.\" fn"'qw'rw,v r 1 i:-. í ri

b l l ( i ol l .  A r/fl /l} o n l n ll ll A 9 ( I UU ) .  I :\ I - I :jtl . 

K ,�l,> "da P. :  l !)'J9a. H nzbur pr" d i k " l 1 í d l  paral l W (  ... ·1 ,. p , , , l l L l í l lk,, d l  I " m il I I I  I I �: H ;  l l" D o l ,> (·S .. \ .  
/J/tli, ,· u d y  . .'I Cu I. 7, ·/ ' /I.:Á'u m l /�) � l .  (;  l L .  

K"l�nd" r . :  1 99Bb. ( ' ()llIp"ri � n l l  n f  S A  "l id S L  PI 1 l ' rS.,,-hH J1  .... I I '-.\' d i � 1  ri l l l l (  iO l l� .  I '  1/ " I. / lI s l . r ; ,  " 1, 1, !I -'. 

['ol. A f l/ d .  Se i . .  i l l  p ri l l t .  

1\.i1 I P l l d a  P . .  Vf-'�elá \/ , '  I �H) � ) .  T I I I '  c ! " P t ' l l d'··IJ('t' n f  f'n I ' l J l:-- n f  � p" " 1  1 ';1 " "  1 1 1 1 '  d i :-. I  ; t l l l ' ('>  a l l d  I ' I I C ' )';.!,.\· 

\'hl l . . . . ]' u b l. i n 8 1 .  (; [ 0 71 " fls .  i' o l . .  1 ..,, ,/. Sei . . i" p ri l l l . 

I \ ij k n  A . .  I J rzt'zl" B . . rvl " l l d" ,-ki A . :  I � )XI ; .  R i J l 1 " rI" l l l.\· . - I  I,.]'"k I " 1 ' " ' x ( r" I I I ; J l l y d l  r"zkl"dnw zj , .wi�k  
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I \ ij k l l  A . .  Drzezl" B . .  S t al l ki . . w i cz T. :  l ! Jtli. B i l l lor l ,d C l i ,,"a. . t . . .. o f  1 1 1 1 '  l ) i� ( r i J , l l l i , ,, 1  "I' b x l l" ' l l lP 

S . .  i � l I ti ,· E\'t' I It.� in P() l i�h M i l w� . . I r/ fl  r; ' 0 7J " Y " ;( '(/ ! ' " I" " i " l/ XXXV. N " . L .  I ·�i  1 1 ; ( ; .  

Kijkn A . .  St>II�\'oll M . A . ·  1 91>H. E�( i l l l "( iOl l  "f " ar( ! J q l l .' lkt· ! J a7.""d 1 '''1''' 1 1 1 < ' (  " r� ľ"o t l l  i l 1 < 'o l l 1pl, · (  , .  d il l "  

f i h·:-- . Parl l . U t i lizat io l J  n f  ,"' x t  1'( ' 1 I j ( '  a l ld f ' f l l l l p l d , '  ( ·Ht rd l lf.!.:-' ", i l  l i  d i f l" ' I 'I ' l l t  j 1 I I ', ' :-. I IC l l d  l l l ahl J i l l l d{ '�.  

RSSA 79.  No.j.  G4·�-h " 4 .  
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P l l b l .  N n . ] 1>3 1 . 
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La:--ocki  S . :  ] UU3řL. St at i:-. I i caJ P n-' d i ( "  in l J  t l l' � I I'OIlg, Í\ I i lH'  T)'C' I  L 1 0 1 ':-- . . 1 dll ( ;  ( tj  II I, .ll ,'i i ('(1 F% (11' C ll XLI. 
N n . 3 .  I !JI 2j4 . 
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