
!{F'{5 UIIEI'ENT A]'ID ANAI-YSTS

IN DEEP-LDVIL COAT IINE

T , r sobe l ,  N . t o r l 2 ,  K , s5 to3  and  T , co r04

1t!-!!4!I
A flerd rnv$.taatron by rotrrns ose of

t he  s€ l8n l c  ne thod  ha6  been  c . t r r ed  ou t  l n

o.de. ro conpr€hend !he mchantso of roctbursr

and  t h€1 r  p r€d rc r r v€  6€a6u r€s .

Th€ EelsnoErers u€re so arranB€d bolh o. lhe

ru r l ace  6nd  unJ€ rs .ound  i r  r o  enc tose .  n tn tns

pane l ,  S€1 .n1 .  B l sn . l d  dc t€c red  by  r h€  a r . sy

uere .ecorded anit proce3s€d by the l2-tsords

conpu ie r  8ys ! . h .  a t  p r€ l en t  t he  8y r t e t r  t .

ava l l . b l o  f o r  ! f l , l y . l n t  t he  sou rc€  l oca r ro .

ac i l c  o f  e " ch  ev€n t  , nd  l o r

v lBud l l r l n s  r h€  d r s t r t bu r ron  o r  se l sn t c  f oc l

. nd  r . l e ' s€d  ene ra t  a r  ' . y  n l n l ns  s t a8e .

d l s r . t bu t l on  . f  . r €n t6  c . t r

be .esarded a3 a conparsble lndex of rhc

se rsmrc  a . t l v l t l 3 s  'mns  n tn rns  pane l r ,  An

spa r l a l  d ! n3 l r y  d16 t . l bu t l on

o f  Be l sa l c  en€ . sy  l n  t he  h rn l ns  pane l  ca .  be

@€ru l  r o  d t sc l ngu l6h  a  h t sh t y  s t r ess€d  rone

r . oE . l r e r s  r e l e ,3ed  a r . as ,  t he  enc rsy

o r  ! h€  r4 re  o f . i € . ay  r € l €a8e

det€ained f.oE s€tsmlc dat, as 6lso a sooil
l nd l ca t ron  o r  r he  se rsn r . i ! y .

ch€ re8!1r. of the

smasar. coal xtne rrrl b.
i  d i . cur . lon  wt l l  b .  focussed or

the predrctlon of sersDlc actrvfty tn a arven

!q!s!!!!4!
I. th€ rmt tro dec6de! !h. an.@t r.te

depih or Japane6e co.I otn s h,.

be€n l2n/y..r .o thr! !h€ lem d.!!h ....hed

5 / r r  bc to !  Lne  su r f . . .  r n  1079 ,  r ne  rnc td .n . .

of rockbuBt and sa8 ourblEr ha. s.sdually

n tn ,na  d .p rh ,  r h l ch  ha .  r . . u l t . u

no t  6n ry  l n  r r t . l  l c c rden rs r  b t r r  a1 !o  f r equ .n t

, r s3s ( . r .  l n vo l v l n r  c rp to . l on ! , nd  unde rs roun .

rL r c8 .  Acco rd rns  ro  r h . . t . t t . r r c . . u r v . y . d  h ,

th€ inc1d.n.€. of roctbn.sr.

h . v .  anoun ted  t o  l l  6 rn .e  1960 . . d  5y  l he r  22

n in€ rs  ue re  k t l L . d  , nd  34  r . r .  t n l l r . d .  l l l o

.t Horonrl co,l r{toe ln

1977 and lnt€r.upred rh. p.odu.rlon for 23

non ths  30 .h . !  t h€  ann@l  D roduc r  r c l l  ab rup t l y

r r o b  l � c  E l l l t o n  T n u .  a , o t l t r o u

for predtcttns roctbtrrst a.d a.. outburs! t.

ecsen r  i 3 l  t o  r he  sa re r v  ! . d  p rodu . r  r v l t y  I n  r h !

deep - l eve t  coa r  n tnes .

l , J r r  h  ( h t s  Po ln i

fren.s usrna set3nlc ftthod h.v. be.n c.rrted

out srnce 1970 ln older !o co4!€hend the

cacs.lon of rockbu!8. and sar outSurst a.d to

ttnd dssoct'ted pr€cusrv€ phenoEna. Th€ frerd

pdrtly mtrwat€d bt the

tncidenc. of ro.kburer6 at Bib.t coar xtne in

1963 ar uhtch sMtt scalc .arthq@tes eere

sr.ndard sel€ms.apb sr.tion.

I  P ro re rqo r .  Re rou i i  es  Devc top -

Hokka ldo  Un l ve re l . y

2  Po f . d8o r ,  C rv l l  [ ns tnep r i nA .

K r t an t  l n . ! l t u t e  o f  Techno tosy

of Resource. D€verop-

nent Enstn€ertnar Hokk,ldo unrwersr!y

4  Resea rch  ksoc ra te .  Depa . r r €n t  o f  c l v l t

t na i nee t t ns r  x l t an r  rG t t . u t e  o f

Th. Au.. I M M. Sourh.rn Ousn.l.nd Ar.nch Th. O@udn.., Podction..d Co.r.t ot
Ourbu6b in Cdl Min6 Svmpqtlm S.or6mbd. l90O
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.f J.pan x€t€!o1oarc.1 Ag.ncv !t the d&tance€

50 to l00Lo lror Btb.t crtv Thts fact

!qge6!cd th.t rocrbuF. 3.d i.. outbort

dshr b€ one of r.i.ntc €Ent. E1!11.i to

..tlhqste a.d th.t tt., dtaht b. .o dlsthctlv

detecr€d by t€llmmt€ls 'htch rrt.vcd clo€e

to d srnln3 P.nel .h.t on. could d.reritn.

..tsntc foco. a. rc1l a. seltllc .n€!av. Th.

tnvc.rl3.lton o.. 31!o 64.€d on !h. fac! thar

hln.r! had f!€qlen.ly h€.rd ,udibl€ norr€.

dtch €!. dl.t.d fe! ro.k.toond u.d.talonnd

op.!tnS. lu.t b.for. !h. occurr.nc. of rocr-

burlt .nd 3.. ot.bur.t .o th.t r. ntght 6.

poldlb1€ to pr.dlc. theE bv lo.ttorrna the

. . r . h l c i r y  l n  t h .  l t n l n8  p .n . l .  Tne  @. .u r t na

5y.teu ttth l2_kvord, 'tnt-cotPut.! hat b"'

d€v.top€d and .P9ll.d to Sun.A.rs Corl lltn.

.lnc. 1976. Ttr. .y.t.tr t. n6! onlv cT.bl.

of r.cordlng !u!od!tc.Ily t.t.!tc .v.nt vho..

nlsnrtud€ .xc..dt a Pre.cltb.d !h...h61dt but

al.o avallabl€ for a..Iy.lng th. .outce

loca r l on  rnd  R l ch ! . r r ! . . a1€  o f . . . h  ! . t t n l c

€v .n t  . nd  f o r  v t . n . I l z t na  t h€  d t . l r l b l t l on  o f

!.t.nlc fo.i ..d r€!.'.ed .n.rav a. .nv r1.r.g

In tht. p.Pe! tt'. p!.dt.tron of rockburat

rnd sa. outburtt stll h. d&cu.!.d bv

exenpllfylns the r.l.dc d.ta obt6rn.d at

sun.gaus CodL M1... E.for. aotnA t.to rh. Mrn

rtg@€n. the temtnolosv .pp€.tln3 tn thl'

r€xt .hourd be descrlbed blr.flv fo! .loldina

unn€cc . . a r y  con fus ron .  r n  r h l !  p rp . r  " r ' n1 '

ev.nt .tand8 for rockbuBt or 3at outbuEt'

Th€ .e1.6tc nerhod csn not dt.tl.gutlh a!.

outbu!.t fron rockburs. bv rt.€lf' but c..

onry dctoct both of thd .3 3€r.h1c €v.nt

occurred .. und.iaround c.ner.Ilv .p€.kt!a

rr,e 6etsnt. .!ert 'hrch lat€r Pltc. rt co.r

.€an 6nd result. tn GxPul.ton of co.l

frlgn€ntr {t$' s!.€. .,. 6e leg.tde.t 4 a5:

outboEt. Alro In thl' psp.i the pr.dlc.lo'

is con.tdercd tn !'. e.v.i otr€ 1t tne

predtctlo. of .et.rtc 6cttwr.v ln , alven

ninlns pan.l wttch my be t€pt.s.n..d bv !h.

s r . a t . r (  t u3n t ! ud€  o f . ven .  and . . l a ' r !  en . r3v

r.l.aged hy .:rrdclton ot a unl. drea of co.l

..$, ..d tr'. oth€r t. rh€ Pr.dtctlon of

lop.drna roct o. codl f,llur. wtore .cale

.rc..d. . Pret.llbed level.

I. th€ follo*tng t.xt the.. Droblm. ,ltl

MEISURIIIC llr�|HOD

8.cau!. th. m...u!tn3 !v.ten ha. arr€ddv

b€en  de . c r l bed  P .p . ' ,  I . ob .  € t  6 l

( 1979 ) ,  on l y  t h .  b l ocL  d r . 3 r . n  o f  t he  ov . i ' l l

. y . r . n  t . . hom i n  F13 .  r .

r r 3 , I  -  B l ockd t , a rdd  o f  nea . l t t n8  . va r€m

The  sc t sMd€ te t  r .  capdb l .  o f  d . t ec . r ng  l he

vertlcal co4onent of th€ 3round mvetr.nt ,ltb

den r l t t v r l y  o f  2 . 5  vo l t !  p€ !  r h€  ve roc l l v  o f

l ch /a€c .  r he  t € r . n t c  . tEy  . ona l . r .  o l  ' o re

rha. four ser.mrer.tr to b. .br. to detenl.€

the source locatlon of .el.o1c eve.L. The

.lstrsl. tran.duc.d by ..t.mneterr dre pro.e.^€d

by e!.ctronlc equlprent .nd

osct11o3!.Ph r€a:!d1€s6 of !hel! anplt!!de..

Hnen !h€ anDlltude of 8ts.ar .rce€d3 a

Dre . c r l b . d  t h l e l ho ld !  3 taE r6 . re  r eco rded  on

d i s l r a r  m3ne r l .  t r pe  a !  r h€  ra l .  o f  aoo  wo r i l a

a r€cond, Tt'. r.cord€d ae13t1c d.t. rr€

process€d by the contlte! pba6s to d€r.nlnc

th€  60u rce  l oc . t t on  and  t o  eva lu te  R l ch t€ r ' t

Il1. &.. I M M &u|nn Oo6dl.nd sr.ch. Tn oddn€, Pr.rlonon.n.l co.tol ol

oubotm i. c4l Mh6 sYmpo.llh s'pr'nht' tolo
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A-A 'SEC ON

fro.6 MtNtN6
sou'll
sEclo

#til
il

r lB .2  -  r i l ne  l r you !  . nd  g€o1 !81 .a1  f c r t u res

r . ! l €  a i d  se i sn l c . n ! r ay ,  l hen  . . duced  n . t r . r c

R t . h re r re  n , r nu ln  1n  ge rsmoLosy

ev r l ua te  t he  R r .h te r ' .  s ca l c  o .  t he  nasn l t ude ,

3nd  t he  se l sn r .  ene i sy  r espec t l v€ l y .

The layou! of the nlnlna paner to rhlch

th€  se l sn l c  o€ rhod  uas  rpp l l ed  1s  l l l u s t r a t€d

70  des rees  t n  r he  pane r ,  and  t hE  co l l  sean  u t l h

l n  r h r . kness  ' as  cove red  u l r h  oass t ve  s :nds rone

.od  d i r ec r l y  u .de r ra l n

va r l ous  g ra l n€d  eands ! . ne  s t r a ta ,  The

.ons rs red  o l  € i gh r  se l smr

0 to room

! t  r he  n l n l na  pane l  ! o  l h r ch  l he  se rBn l .

1n  I 1s , ' 1 .  s l x  o r  r h .n  v€ re

l ns ra l l ed  a r  t he  und€ re roun  . . . d ! . y  l h t ch  r6s

B r tu . t cd  a r  300h

No , I  t o  6  se l snone re rs

su . f n .e ,  ! . d  No .7  3nd  3  vc re  l n . t a l l ed . !  . he

deno !e  sho r - r l r i n s  po ln t s  used  i o  de te rn l n€

tho  P -vave  ve lo . r r t es .

r cNrruDE prslnrp_urroN aNp slrslirc ENERCI
No soon€. the ercrs.tloo ua6 comenced aL

lhan , nuober of 3elrnlc

by  rhe  6y3 teh ,  &  t h6 t

t he  nmbe r  o f

o3c1 l l .B r . ph  h3d  amoun red  t o  5 ,790  l n  t he

t'o sub_levels b.d been

Thd Aus LM M. South.n Ou6.n.l..d 8rcnch, Th€ Occur.nc4 Podlcrio..nd Conlrol ol
Ou$ur* ln Co.l Min€s Svmpdium S.promb.'.1940
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dn.d out. flr. rSnttud. dt.crtluclon of th€

..1.!1. .Entr t. tlott.d 6n fta.4, $1.h

&.u to b. 1r .to.. .8re.*rr dlh th.

C!t.nb.!rit.ht.r'. fonul. rtth rh. b-slo

N  d x  -  I  | { :  . l x  ,  . , . . , . . . . . , . . . .  ( l )

sh.r. I ! uanttld. or Rtcht.r'. .c.1.'

li3,5 - S.l.ric .n rlt 41.....1 rtth 9roc..dlnr
ol ltntrlr Ju. - Aulat, 1976, sdlad6 co.l

N dx ! nu$.r ol .v.nt. rl'... 4ant!d..

.re ln tt rrna. ar{ Fl/2.tt !o

lrb ! .o.fft.tht. cl dl.trtbltton.

t

a

I

ItA.3 - t.t.rtc .n t .tDlt.d t. 3|[!d.

Th. ..t.!lc .tr.ray r.l.d.d tn !h. t rtod t.

tftltc.r.d tn rta,l, r! rh1. dl.!i.. . d.tlt

..t.ot. en.!gJ, t. ttr tlh .ad,..l to tb.

c@ul.t!{ .n.riJ n1.....1 !fr th. a.t .tn..

rn.'rlnint .hft.d. Ir .nool.l b. n.tlc..l

th.a ti. c@1.!tw .n.By tncF....l rttb

.trI.4tut ol th. !tr.d o{t .F., .lthoott

d.tly ..!.&tc 6.ray v.rl.i dry tt d.t &

tbt .or|r lr4. qp..!.d t. th. t|..Ht..
lino!.ur{ h t!a,5, Il th. -1.r. r.t.

of ..1.d. d.rly o: th. .t.rt.l nt. .,

.n.rd !.t....d l. d.atn.d.. tt ..trr.

.n.4t {l.rd Dt dlt .t. .rti.ct16 ot

corl ..o, coot (r9t6). tr|. rd Fi..r

.tr.rat Fl.n. tn th. dltna P.fl t. ..tl-t.a

!*o

t r
t

D.Ai. LM.I. l.dm O||.iatd !.n |l Th. Ocqrt o.. tt Coltoo.!d Conllll ol
0!6|- h C..l tltt! 5virc..tu6 s.tt n$r, l9d0

!lt.a - X.anttld. dt.tltbotid ot ..tr!tc

d.nt.t Jutr. - Aulst, ltt6, 3u[aN. Co.l l(ln.
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Thu. th. obr€flltton ow! ti!€. bnrli

r€rea!€d th.. the 6.irntctty tnduc.il hy

.€.tr rrAht b. folloEd by

rhe cor.nb.4-R1cht.!'�8 foturd .nd th.t .h.

set.ntc oneray ot&! b€ ln propo.tlon to

Ne 1.! @ cor.tder on th. p!.dr.!ro. of

rh. ar€ate.. manltode renA set.nt. eve.t.

untll the nrtrrna tn . AtGn
pan.l con.. to .he €.d. Th. b-v6l* detets

n tned f .on  rh .  Msnt tud .  d t . r r rbur ron  corv . ra .d

ar.itu.lly to a .otulant vrlu€ {rth in.re.!.

of nlnh8 6r.. !. .hon tn Frs,6, Ti. b{al!.

dly rn Fia.6 x.. de..tutn.d fr6

.11 !h. !.t.ntc .ven.. o.cuf.d !h. d.y .ft.f

 te nrnina of !h. p6n.l h.. .t.rt.d. rron

th. dt.Arm tt .e.@ to be !h.t !i. b-v.l!.

uhtch rt.ndr fot tlr. ..tsotclry t. rh. rlnlna
prnel My b€ det.nl.€d elLh .ulflct€nt

accuncy  r ron  .e r .dc  dd td  ov€r  20  d .y r ,  Th .

.etlnlc .n€ny r€1era€ rat€ u. €3tlmt€d by

rh€  qs t lenr  o f  csu l , l t v€  €nefgy .nd .o t . l

n ln lna  ! r€6  aa  p lo t ted  o t r  r ta ,7 .  T te  r . te

.hored  r . tep- r r .e  rncrear .  u l rh  rhe  D!o3r . ! .
of nlnlna, llov.ver, the frt.r pl6t..u of .h.

c!rv. v.s re.llred rft.r .bou. 20 tur. lrd
rh€  8r . r t  o l  u ln rna .

once rh. b-vrlue dnd the 3e13rrc €&r3y
relea.e ral€ dr. detehhedr th. gr€at.r.

I1s.6 - Ch.nae of tbe b-walue.

r--t--'

_[".-*-

F t8 .3  -  Th€  a . . . r e . t  ua r t r ude  p . . d t c r . d  by  r h€

b-v.lu. and lhe .etudt. .n.rsy r.l.are r.re,

EBn t t udc  o f . . t .E l c  ev . r t !  uh t ch  r l l l  o ccu r  I n

the ehole perlod, nty b. pr.dtct€d hy !i.

t r -  E "  N  d  -  C  a  ,  . , . . . , . , . . . , , , . ,  ( 2 )

rheE 
\ : the loe€r! Mslrtud€ ehl.h crn b6

derect.d by tte ma.uting .y.t6,

\ 
: rhe sreate* n.snlluil€ to be

the 6er8lic e.eray rel€..e .a!.,

d.ed our rn che

tlE selsntc ener3y of .ven! rhog€

ln.4u.. i.M M 6oulhm Ouon.l.nd 8d.cb,lh. Oc.udnc., Fr.ddlon.nd Cotrtol ol
O{rbq6r rh Co.l MrM Symodllm S.er.Dbd, 1960

Ft3.7 - Chang. of th. ret.ltc .nersy r.1....
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1 6 a l o  l .  -  l l . 8  +  t . 5  x  '  . , , , . . , ,  ( 3 )

N dM | lunbe. of e€n.. {hor. uanltud€.

$€ ln th. rana. froD lFl/zdM to

sub r t r t u t t ns  Eq . . ( l )  and  (3 )  h ro  Eq . (2 ) .  l h t ch

I. refer!€d to . lllDle tr.n.cend.nt.l equtro.,

th€n tr c!. be e.611y .olv.d by a .u@rlc.l

n.!hod. Tt. gr€!t..t dsnl.trde pr.dtct€d by

rq . ( 2 )  1 !  p l o t t €d  on  I 1a ,8 ,  vh t ch  r l 1u . t r . t . .

v.ft.rton ol th€ predtcc.d €luc ullh the

d . v€ iop@nr  o f  l l n l ns .  I L  . hou ld  b€  € rDh . . t zed

!h!! lhe predlcted vdl!. of tt€ aredt€.!

tugnlt!d. conv.rBed !o a con.t!!! v.lu. rlth

rhe  h tn i ns  r l r .  I . p . . ,  r \ t  t he  p r . . . n t r  t he .e

fo re ,  1 r  can  be  rn f€ r r . d  t n . !  t he  a t . a t . . l

mantlud. 1. a cetatn nllina pan.l my b€

pr€dlct€d ln rn ..rly rr.3€ of nlntna on !h.

6!.13 of rh. b-v!lu. and rh. ..l.!tc €nergy

solacE LocaTrors or sErsxrc EvEms
In th. .ue perlod .6 dc.crtbed rn ct€

pecealna pa..6a. 360 of .e&!tc €v.n!. had

th.tr focl loca!.d; m.! of tn.n croeded tn

rhe proxi.rty of the .dv.nctn3

r6our 30n .h€6d and 30' behtnd of lt. The coal

rllllr. rhl.h had b..! I.ft ln th. pan€t rer€

also aff.ct€d bt . 1.ra. nuab.r of .etudc

€vent.. F19.9 111!.tra!.! .n esdple of lhe

.et.ntc .v.ntr rho.e !o!rc.. v.r. locst€d h

!h€  f r on .  abu r ! . n t  o f  t h . . dv .nc tn8  coa l  f . ce

Itr rl 6 flaure a ..t.nic .v.nt f. i€pre.enred

by a clrcle ,ho.. c€nc€r and r.dru. corte.pond

to  t he .p t . . n ! . r  dnd  t t .  dan l t ud .  r@p€c t t vc l y ,

6nd  t h€  n l n€d  ou r  r . 8 t on  1 l  d . t l ne . r ed  by  a  6eL

of polyaon6, Ftg.l0 6hov! th. .pallal

d r . r . l bu t l on  o f  se l 8n rc  € .e rgy  a .ou .d  co . I  f r c . ,

uhlch ra. dr*n by rhc follool.a pro.edur€:

E
B

I
:

' . f f i . "

Ftg.9 - S€tsDtc focl fh.re v€re locdted rn th. ptoxl'tty of th. codr f.ce.

Ih. 46. r.M.M, S@rlM O!*.i.nd 8...c1 Th. O@tu@, Pt dciton .nd co.tol ol
oltblrn In cdl Mld svmpoirn s.d.n!a. l93o
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(k)

F l g , lO  -  Sp r t r . l  demt t y  d l t t t l bn t t o .  o f  8 . t ! h l c  e r c r3y .  The  o r t a tn  co lnc l d . t  v l t h  r h .

cen t ro l d  o l  n rn rns  b l och  t n  € . ch  d . y ,  Th€  po6 t r l ve  d t r ec t t on  po ln t .  t o ra .d .  t he  f r o . i

.butn.nt of coal f.ce. The 1ncr.ftnt or contoua .oFeaponaa to t/o2

l ! !

a t  f l r . ! ,  r h .  da1 l y . pa . t . l  d t . l r t bu r l on  o f

!.t.dc enefSy o.! crl.ul.ted and r€pr...rt.d

1n lhe locrl co-ordln.t.r .y!t.! rho!€ oit3ln

corncrded *tth rh. c€ntrola of !h€ rinlna

Th€n ,  t he .e  r e .u l r .  f o r  t h .  ! t n t na  Pe r rod

i. eich .ub-t€vel

r€fer.nc. fEG to obtaln the dlltrtb!!lon

around th. coal face.

r l nd l l y .  t he  syn the r l r ed  d l l t r l bu ! r on  o l

en€iay ra. .Mtn.d by a tr.nd rn.Iy.18, th.r

& th. ael.nlc ...ray E1 at r-th 4.h va.

t.sn6f6rred lror the synth4lred

o f  6 ! . r r v  E , . l - 1 , 2 .  .  . n ,  b v  r h o  r e l a t r o n  o f

'  l ' :1  r "*  + d.  * r /  f j \  ( "  + d. - " )

.n.qy conrour. thdn .dltd coal o! cav.d

r.slon iode dt...nce fron th. f.c.. Th€ rerur..

obtaln€d from tb€ ob.e4alld!

oay b€ expl6lned by a !1r..! anary.r. aiound

rh .  r l ned  o l r  r eg ton ,  t t g . l l  l nd t c . r . .  r h .

rtreE. dt.trtb!rton dlornd . t.bul.! €x.6v.tion

! . l na  t h€  Fac€  E le i €n !  l i . t hod ,  c ro l ch .nd

F . l r hu ra t  ( 1973 ) .  I n  t he  f lSu re  l he  ! 1 r . . .

uhlch td sppll€d lu6r 6he.d of co.1 f&€ 1!

rair€d up ro 2.0 r1@. htah€! than !h.

rrth4..tlc pte€rute !nd.r th. .1tu..ton .uch

6 r  No .1 .ub -1 . v€1 .  Fo r  t h .  con f l sun t l o t r

8hdn . .  No .2  sub - l ewe l  . he . r r € . . . !  t he .p€a

o f  r t b6 l de .nd  f r c€  I r  t l t en l t r r . d  M i .  t h , .

th6t of ihc foder ca... The i€glon vh.r€

th€  h r shc r  i t . €6 .  concen t r . t . 6  c . n .  t h " r . f o r . .

be re38rd€d a3 d pote.!&lry danaetour zon€ 6t

,hl.h .eisnl. €we.t. My tak. pl,c., Arthotrah

(ne  nunbe r  6nd  s ro .B  en . r sy  o f  t . t sn l c  even r .

l. tbe wlclnlty of the fdce, hav€ ruch

scatt€red v,rue6 froD pl.ce .o place, tr'.

attentton .holId b€ patd to the cort f.c. fro!

tb€ vta potnt of p!€dlcilna 3€t.Dtc .vent..

( 1 )

uh€le it,, : the d1*m16n1€83 dlE!.nce betre€n

l-th n6h and l-th Ee.h,

! : a con.tant, .ay u.1tyr

k : a por.r, 36y I to 5.

It lr nole'orthy that th€ proxlnttt of

.h€ advrnctns f.ce u.. enclo.ed by hraher

lh. Au., LM M. Sourh.D Ouon.ltnd adnch. Th. Oo.utr.h@. Pt.dlction .nd co.ltol ol
Oulhu.l. h Cod Mi6 Svrnodlud S.pr6nbd. I gao
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FtB.ll - Stre.. dt.trtburtd arou tatullr.rcavailon d.t.r'i.ed f&a rhe trc. Elfr.nr

H. thod.  F13urc .  on .h€  con.6ur .  repr€ .€ . t  th€  ra t to r  o f  no f ts l  . r r . . .  to  th€  l t tho . ta t tc

r r a . l 2  l 1 l u . r r . t . .  . . t r t r l c  . v . n r .  r h t ch

r . d ta . . d  f r cn  t h€  co . I  p t l l r r  l . l .  l n  r he  n l n€d

out r€ald. It. lncld.ncc of th... .hrl.

rqa..!. rha! th. ptll.t rtahr hav. b.en

d..troy.d by the .tre.. beyond lt. load-

beltna c.p.btltly. Th.r.for., l. l!

conl.ctured !h.. .o1td co€t ptll.r .hould h.v.

ptun.n... yh.n thc coal f.c6

ptuceed. toqrd. it. Th. condttto. tht! the

co.l plllar & ro6d or h.r ylelded uy b.

e6 i r u t€d  f rm  t i e  h l . t o r y  o f  r h .  ae1 .6 t c I . y ,

b€..@€ . ptll.r dy be ref.rr.d to .o !o!!d

s t . ! .  un l e . . . l . r t . . v . n ! .  h r v .  bce !  e r l ! ! . d

frcn rr. tll!.. ll ha! b..n confted .h:t !h.

.et.'lc Ethod t6 on. of th€ Ist u..lul tel.

to .u.vey th€ .tfte of co.1 prl&ti.

IIACNIIXDE OT IXP'NDINC SEISIIIC EVENI

N@ th€ dtu.!.rto! ,111 b€ foc@.eil on

.h. pr.dlctl6n of th. Mailtud. of ..trntc

ev.!t. dtch .E aene!.!.d tn tIE vtcttrlry

of the .o.l f..e ofuotrd cod pllllr 1.f!

b.cNse bolh of theh v€r€

lealt!€d a. pot€nrlallt dana.rou. ,on€. foi

hpddt.e f.tlur. $ d6crl6ed pi.vto!.ly.

8.fo!e gotna lnro det.ll, .eqGn.&r .€t.!lc

gere toc..€d 1n .o.1 f.ce

or corr ptll,r 3h.u1d b€ an.lyr€d rlth r€rpe.t

.o tli€ and Mgnttud€.

F ta ,13  Ep r . . en t8  t he  l t * . . quenc . .  d f

..l.rlc .ven.. rh66€ foct eet. .hoh In Fis..

9 a.d 12. TnouBh rhe.. ury .v.nt. tool pl..e

rn rrrh.r lhort !lm, torat .€t€nt. €.€r$, w..

not releas€d by a f€v tu1. evcn!., hu! $!

d l v rd .d  l n t o .M l l  f r ac t t o . .  o t :  numb . i  o f

ev€nle. The n6an1.ud€ dl.trlbutton of the.e

!€q le . t l a l  . v€n t .  l 3  p l o l l ed  on  P lg .14 .  I t

rhould b€ n6trced th,t rhe dr.trthutlo! s€.re

to b. ln clor. lgre.mnt vlrh the Gu!€nb€ra-

Rlchteit. tornul.r .vcn lt th... €v..!.

o.currcd ln slbrt€! ilm thd th.t !,ken rn

ror pr.drcrtn8 tfi. sanltld€ of lnpendrns

f . t l u r€  t n  t he  D rox l t r l r y  o f  co , l  f dcp  o r  so l t d

ot €€quen.t.l aetenrc

€venr. Euga€.tr the 6ane procedue as tbat

.dop.ed ro !h. 9r€drctlon of the areate3t

mgnttude rn the ntntna p.nel. tbe! lhe co.I

ds .ou rcc  o f  l hpend lna  f a l l u r€ ,

r h€  sc l s . l c  enc ray  ro  be  r c l ea . . d  r l l h l n  a  da j

a3 the pEduc! of lhe retshl.

en€rsy .erea3€ rat. and the .re. ro be nlned

the @xtM E3nttnde can be

llE Aur LM.M. Sdnh.m Ound-d afti. th. Occ{rn a Pr.dcriff .nd Contd ot
Ourburn h Cod ill* Sytrpdlln S.d.nrbr, t0@

I
I
I
I
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NosoptxF! .  s00rH n0,5  sacr loN

a* , t@r ,  a \  ^  ^
\ J v -

F la ,12  -  Se t rn t c  f oc i  r h i ch  e . r .  l o c . ! . d

Ftg.ll - varlatlon of n,rbar. of ewn!3 p.!

@. i r--..._iior

c.l.!l!t.d by Ec.(2). tt. b-v.lu. to b. .ppll.d

ro th. €qu..lon .h.!ld b. cho..n .. rlr ntn!trutr

v.l!. dmra !ho!. d.t.httr.d frotr datly ..t.ric

d .1 . .  l f  .  coa l  p t l l . r  t !  . . .@d  to  b .

d'tri.iou., tb. ..l.6lc . ray .ccorp.nl.d by

f.ilu. ol !h. Dlll.r .horld b. ..tlut.d

f r o !  r he  c ro .6 - . . c t t on . I  ! r . r  o f  t h .  p i l l . r

The Droc.due of th. pr.dt.llon of rh.

ar€.!.rr Mant.ud. 1. .i!11.r !o tll.t

prevlou!ly d.!.rtb.d.

4g_-u9EU!S_9r_!EIC!Iq!EU
t ne  t t e . . qu€nce .  o l  . . t . i t c l t y  r . i . . 1 . o

.Mly.ed !o exmtn. *.th.r pr.cuElv. phftoEnr

prlor to lnp€ndtnt f.ilu!. r.!. r.altr.d o!

not, Nd tt rtll b. d.rcrtb.d rh. r..ultr

obt.tn€d fro! r.lrolc .v.nt! ,hore Mg.truil.

rer. 3r€.t€r rh.n -0.5, Ib. o...u!.. Er.

tak.n a. Lh. m.t pbbabl. tndtce. of th. tld

aequ€nc... one 1. tb. nulb.r of .vent.

rt.htD r untr ri@t lhtch h..6€en called

Elnply "count laterr 6r rr.v.nt nterr r. the

fierd of ,cou.tr. .Dt!!lo. and !! r.a.rd€d .t

a prolr3t.g,e$!r. of pr€crlrtve Dhemm ,

slebley and Lelshton (lgrt), 3r.dy.nd L.tghlon

(1977 )  , nd  sa tan ,be .nd  x . r . J rE  (1979 ) .  T r .

Th. A!.. I M.M. So.nhm Ou-.l.nd 8..mlr Th! O€!mna., Pr.dcrion .nd Co.td ol
Olr!!dr, h Cdl MIE Synpdlom S.er.mbr. l98O
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! t s , l t  -  Var ta t to .  o f  nunb€r  o f  eve . ta  Pcr

5 n!nt!.! pitor

T

Fis .16  -  Vdr la t ron  o f  th€  rv . lue  Pr ro t  !o  b13

F la ,14  -  l tagn t ludc  d l . r r lbu i lon  o t  sequen. ta l

oth€r ts rhe rvdlue rhtch r.prss€ntr rh€

pder !. lhe rshlmto-lrda!t .nplrlc.l lohurl

N  d a  -  t  a _ n  d , \  ,  . . . . , . . . . . . , , . . ( 5 )

!he!e N dA : lhe nudb€r oi evetrt8 utth a

@xhu aDPlltude

recotd rlrhin th. ht€rval rEr

A- r /2d^  ro  A+r /2d  ,

k,o : cocfflclent. o! dr3!rlbu!1on.

!n Pollsh coal ot.e. rh. rvslue haE b€eo

resara€d ar an tnrere.rtng masure a€ rell a6

event rare, Tbdtk and zuber€& (1977)

t l g . I t  . i ow .  an . x6 rP l . ,  l n  t h l ch  r t  l a

r€co8n1zed that prlor to the natn €vent the

ev€nt rrt€ haa lncr€d..d for

lm€dlately recove!€d !o th. prevlous revet'

soon , f t e r  t ha t  i r . hd€d  t l c rea8 lne  t €ndencv

as r t n  wh l ch  f d l l ou .d  r h€  t nc l dence  o f  t hc  i aL ' .

shock, rn dt mch as th€ tate 3ho'6 6uch .

pa r i e rn .  r hc  t ,m  rnLe rv . l  r r on

natn event nay be t3t€n a3 precurso! ttne

Hooever, th€ relarlotr bett€€! precursor rlue

and usnttud€ could .ot 6e reveal€d rn ihts

studyr bec'uae ob8€rved nasnrtud.s sere rn

concerntns the n-v.1ue, the .u[b€r of

ewentr tu.t 6e cho.en appropttat€ly for ttg

Th. aut. LM M. So|nh.h Ou..n.l!nd Bbnch Th. O@reo4, PGdcdon 'nd Conrd ol
Ouibutn! In Co.l Mln.. Svmpodum S.pi.nb.t, lgq)
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det.ntnattm, ln thl. .trdr, e&t rv.lue

ua8 c.tctrlsred frotr €verr 50 ev.n(., rurth€r

tn order to Mrntarn & 6c.Urat€ rvalue rlth

tlr€r th€y v.!. d.t.nimd by .ddtn8 th. lrr

f tv. .vent. tm.dla!.ly afte! prevrou. 45

F ig .16  r . p r€ . . n t .  . .

.xafrpl. of ptot of th. rvalu. ob!.t..d fro!

th€ obEerva.lon. rn the dl.ar$ rhe

vd r t d l t on  o f  t he  r v8 l ue  p r ro t  r o  ! h .  b l a

ev€n! fry be cbfacreil'.d by the drop of the

laluet. So lar s .uch valtatton 1r

rec.snrz€d 1r rhe rvdlu€i th€ rlne rnr.rvrl

f r on  r  pe . k  va l ue  Edy  b .  r .B . r ded

.. pr.cur.or !t!.. Tn. precur.or tloe r..

lu.vey€d for th€ rh€.. .xaDrned

by dnolh.r n.6!ur. n€nctoned .bov., rh€

. rad ln . t l on  r . v€ . l ea  chs t  t r o . p . c l l i c  p . ! t .m

,.. r.co8nrr.d ror !hr.e ev..t8 lhong t.n rf

!hcn, .!d chrt rh.r€ ,$ no relrtlon h.!r..n

pr€curror llm .nd hagnrtld., Hoo.v.r, lr

should nol b. conclld.d h.Ettly fron th...

r € . u l t 8  r ha t . h€  m-v . l u€  n r ,  b .  n . ! . l t v .  f o r

p recu rs l ve  n .d ru r . ,  b€c .u re  i h .  r v . l u . . o ! l d

l . d l c r r e  a  s l gn l f l c l n t  ch r . g .  p r t o r  t o  8oh .

CONCLUDINC REIIAnI(S

A 8€tahlc netnod ia3 be.n .pplled t6

d . . p - l . v . l  co .1  h l n€3  ro  i nv . ! t , g . t .  s . t r t r r c t r y

r r . oc16 t . d  , t t h  n rn rns .  Tn .  r € .u l t r  o f

olr'er h.nd .he pr.cur.lve fta.urea of lDpendlng

y.t b€€n d€r6tled, .llhouah

6nd  t h .  r v r i u .  e . r .  p r c f€ r . b Ie

for prcdtcttq lnp.ndlna f.tlu!e. lt tE obvlou.

rh6t 3n.11 getuntc ev€nt6 rhrci nu.r be

t.formttv€ for pr.dlc.lon ca. nor b. dt.!InA!t-

rh€d frm aiound nor..! at 6 lona <tkt6.c€,

b€c.u.. the !.t.ntc r:ve vt.h hlah ft.qu.rcy

my b€ .lgnlflcantl, aticnut.d alona !h.

path flon .ourc. to Easuring pornt. Th.i€fo!.,

o r  t he  d ro .n !1on  o f  3e1 r01c

.rr6y h.y b€ €.aenrldl for th€ pfedlctron

roaeth€r 'rrh 6pproprl6!€ a€l€.rron of rh.

freq!.ncy rrn3e of the n..!urlng d€vtces.

ACKIiOIJLEDCEMIN1S

The ftnanctal .uppoft for lh€ !€t.nic

rtudy d*crlbed rn rhr. paper h.. be€n nllnly

provtd€d by the Jap6. c6.1 xrn. R.€carch C€nter.

Th. aurhorr rould lrke !o .xpr.3. th€tr rh.nkr

for the facrllli.. provtd.d by ltlltsll coaMn€

co ,  L rd , ,  . 3pec131 ! y ,  r .  R ,  Ka to ,  D t rec ro r  o f

Sunlg.rr Coal l{tn€, The .urhoft sr. grat.ful

to th€ dny p€r6o.. eho h.ve d!.i!t.d tn th13

. t udy ,  t r  pd r t l cu l a r  | l r .  I .  K . ! €d . ,  n l n i . 3

Engtn.er of s!mt!o6o c..1 Ht.e co. Ltd., !lr. J

I.hrko, Sytt.n E.8ln..r, J6pan I8M and llr, I(.

t!Jt$vr, rtudenr of C4du.t. School Hokt€ldo

ob . . ! v r ! l on . r l €nd€d  6v€ r  f ou r  yed rs  t n  S ln6gaua  B rddy ,  B .T ,  and  L€ tg l t on ,  F , | { . ,  1977 .

co.l xrn. .hd.d rh.r the developed n.adurrng

8y . r€n  cou ld  no t  on l y  no . t t o r  ae t r ' r c r t y  r n  6

fttnlng panel, but also nrgfit b. pro'l.ina tor

€.r1d6!tng the gr..t€.t n6anlcud€ of €€l.nlc

€vent l. th€ pan€! fron th€ 3er6D1c dat,

earry 6!aB€ of rcrLtng pertod.

T |e  d l s t r l bu t l on  o f  6e t6n l c  f oc l  . nd  sp . t l a l

energy can be u6efur to

d€ .ec t  a  h t8h l y  s t r ess .d  . on€  sh rch  co tnc rdeg

of.en rrrh a 6ource of falrure. Purlh.rmre

even r . ,  yh l ch  my

b r l ng .bou r  . he  f a r ru r c  o f  co . I  f ace  and  60 t i d

coal plrlar, c.n be eriinat€d by the b-v.lue

and the selshtc €.€ray relea.e Fce. on the

pllor to 6 aod€t.te

rock  bu rs t  ;  a  ca .e  8 rudy ,  I n ! . J ,Rock

uech .u t . , s c t ,&  ceo*ch .Ab ! t r . ,  t 4  :  t z1  -  112 .

C .ouch ,  S .L .  and  F  i r h r . r t ,  C , ,  1973 ,  T te

le.bantc8 of coal bunp. .nil the

lnreracrion b€lr€€n coal pl11ar., lrnc

roo f  and  f 1oo r ,  U . s .B . y .  con t rac r  R€Dor t

1976 ,  se taE l c l t y  , 3 . oc ta .€d  v l r h

nlnlna, Enqln€.r1.r ceoloav, l0:99-122.

r6obe ,  T . ,  r b r i ,  N . ,  sa to ,  K .  and  c . t o ,  T . ,  1979 .

D?welopmnt and appllc*ton of conpucer

Ey6len for mnttorrn8 3€t3nlctry lnduced

by und€raround co.l 0tntn8, tn
Th. Au.. LM M. 3our6.m oldnd.nd aEnch. Th. O@utr.n.r P.dctio. .nd Cont'ol ol

ouibu[! In cod rri6 Syipdrum S.pbm!r. 1900
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ar.hl.y, 3.J. .nd L.tt!to., 1.s., l9rt.

xtcrc.€t.ntc lsrrch .rtll.rt t. dr.

.tr.!. cootFl pb51d of c l b'4. .id

r@r l.rl.r tn !3!:l!!!!!4j!g!:LEl!!!!
C.n!rcI Conf.@.- a.nff . crn.d..

lroobtlr M. .id 26.r.l' l.' l9tt. li.!o..t.tl.

r.....ch tr lolt h co.1 .ltro.
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!!:!gEg!!ti. !gLl4!!!!!!! (fi. hr ll.t.
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und.larosd volttna f.c.. tI d..pl.v.I
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outud h cod flln arrr..tu6 8t .oL. te|F


