
IiI-sEAx SEIsnIc flETIIoDs FoR TH' PREDICTION
or o!'TEURSTS  t COA! Sf,AnS

st€w.rt CreenlulAhl and D.v1d Ktns2

Rec.nt fl.ld .xp.rim.rt6 in the ontt.d

Kt.edon (Buchananr 1979) hdv€ shdh thlt the

in-s€.n te.hniqu. is capabl. of d.t€crtng ! 1n

fault in . 3n s€an, at a .rn8. 6f 23On lnd rtth

a ..solutlon of Jqon, conp...bre teEtr in

Aust..llan .ouieri.s are p.oc..dlnA. lkhough

the placticality of an tnpr.tunt.tton of th.

t.chniqu. on a routtn. brrls FeBIn. to b.

d.tunstrated, th. pot.ntI.l of ih. techniqu.

for th. p..dlctlo of outbullt3 .tearry

,arrants detlired exahlnatlo, Thi! potentl.l

will d.pendt inter ali.a! on th. lev€I and s.al.

o f  va r t a t l ons  I n  e tas t r c  ( and .D . t 6s t t c )

pep€rtles of b6dle3 of coar und..golng .tr.3ses

assoclated ,ith htnths. Avatr.bl€ data,

Minry fron studt€s of th€ B.i!nt. prop..ttes

o f  Aas  sa tua ted . . s . .@ l !  r ocks ,  con f t r n  t he

intuitlve vte* that stres3 increas.s give

in seishic aave veroctty and

attehuation, mlt€dly at to,

stre.rca {as For. spdcos .rose uith rrttre

resistance) but less so as srress tncreases.

ale of the sare o.de! as .ntso-

trolic effe.ts, but shoutd provlde thpeddnce

contr.st suffl.lst f6r derection by ln-seaD

seisDic n€thods. at hl3her stlesses, .8.k3

foin kitii. the ro.k Ess. R€sults fhm

resea.cn on €a.thquko predictio. Fovi.l€ sore

l l ues  ro  ' | e  be t . v l ou -  o r  s€d inp l r a r /  r o . Ls  sub -
je.ted to rarge palti.urar, th€

d i l a rancv  hode l  e  €g .3 t s  t h . r  s r r ess  - an  t ndu te

signlft.ant, but transltory ..ductlons lh cor

p.esstohar (but not .hear) ,are s€i.nic

velociti.s by the forhatloh of ,!d!y,, c.a.ts.

\ o t s i t hs rdnd lne  t he  physJc l t  bas t s  f o r  a  se t s -

hi. (and €lectrcMgnetlc) erpresslo of

potential outbursts ln coal r.ansr th6.e

.eEin mny difftcultles ln d6stgntnS and

lnpl€henting an acttve in-seam selshtc tech-

nlque capable of relidbl€ :nd uhanbiAuous

d.tectlon and locltlon of dny Enlf€st.tld of

d  po ten t t a l  ou tbuE t i  t he  d t f f l cu l t i € s  spdn

data coLtectton, prc.esstng, l.terpr.t.tion,

and benaftt-cost, h-s.rn Rthods are bette!

sulted to long terh pledl.ttoh (by Etrfttu.t

a33o.latton) than shorter t€m pr.dlctIoD,

Stress indu..d vartatio.s in er.ctrlcal con-

ductivlty my prcvide a ba3ls of sholt tern

predrcttd by erectroDanetl. leflectloh

l

b
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tResearch retloe, zselior Research retlo{,
Earth Resources foundation, The Universtty

Recent ..sults f.on both th€ U.X,
(Z i o l l o r s * i  and  Len t l l ,  1979 ;  z i o t t dsk i ,

1s7e) and austlarla (Rntter and HarMn, le8o)

hav€ affilned the rcI. of seisnic refr€ction

methods i. coar €*plordtion and nin€ planntng.

Horever th. fact that !.frectio. rethods sanple

coal seans ,erctely throuah an abso.ltive and

h i sh . v  vd '  i cb -e  3 , r z r ' cu l a - .  s "qu .n -p  i - po -cs  d

severe lihitatior on the we.ticat and 1ar6!aL

resofution attatnable. The coal ninina

i.dustly has evt..ed

predtcttnA potential obsta.les to ninina uhich
Th. Au.. LM.M Sourhrn Ou..n.t.nd B6nch, Th. O@!r.M, pr€dtcdo. .nd CodDt ot

ourbuEl' In cot Min6 srrhpojom s€pt.ob€r, ,t930
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de b.yoDd tb. !.solution of 3uf6.e ..tsBic

rfr.ctto mtto&. ln-sun .eknt. t.ch-

nl.qu.B, l! rhlch s.l.htc rav.6 ar. a.n.Ft€d

.na d.t.ctcd ottrdz . cod 6.4h, a. b.in8

iLv.t6ped in !.spons. to thls n..d (3.€

8shs.n, 19?9; [r.o., BMhanan a 3@..t

1960i Klng lnd Gs.nh.l,Sh, 19SO) Althougn

L-s.m Fthoa3 D. b€.t by t€chnlcal .. ,€ll

$ lnt.rpftt.ttonal dlfft.u1tt.E, oc.nt

ftsult. fFh r....rch gloup. !n th. thlt.d

Klnsdo! (Buch$& .t.r., 1930) .!d G.lDnv

(Kllns. .t ar., 19?9) a!t. 8ood c !. ror

optlnl.n, It l! tlEly to .xplo!. ,h.tbd

ln-t..n mthod. courd b. @.4 fo! th. Pr.dtc_

tI6 ol outb@3t! lt .o!I nln.. In th.

pr...nt p!p.! *. .Enln. th. Po..lbtlttv tn.t

p.t.ntl.I outbu.t. roy b. Bnif..t t.

s.!.el. "obrt.cl..r'.

TttE NlfllRE OF oUtBliStS Al{D llrclosErslrc l{orsE

c@t nlnln8 op.stlon. t.!tt ln a !.-

dl.trbutton of !tr..! {ttbln th. co.I .nd

Burcsdlns toci. D.P.ndlna o th. !tt. of

.dvaD..r tn. s.taht of o&lyln8 ttst. tnd th.

g.ol6itcal .nvlrcnFnt (..3. gr...nc. of r..t_

dql str.!t..t ftul,tlr D{..w ot c@t.tn.d

g..) thl! ltr.sr r.-dl,ltlibqtton Ey c.u..

sudd.n f!.cta.3 $d .xplo! t% .J..ttd of

Dt.rl.f frcr th. @.t .tMaly *F...d d

h.chelcllly x.!k.!t d. o! roc* n.[ th. f.c..

Htcr6.i.Elc not8. (o! ..1.m-.co6tlc

.nllslon) clthin . cdf ..M t! prdE.d by.

slnll$ Dut I..r vlol.nt !tF..-r.ll.f Dchln-

l3n ln6lvlla clrcllts d t.P.stld of th.

pll.s of co.r. ahl. f!!.tutns ln lt..l! .3-

p.nd! .od .!.!8/ but tlto {.Lot th. rcc,.

t @tv.dr tha d@F!!tna fwth.! .I..tl.

build up of stEln.

P SSTVE trCROSElSlrC llolsE I{ONTTOITXG

AD€fos ln.Mr.6 ln th. iicrs.t 1.

l.{1, 8.no.Ily .)er.$.d ln .@t. Pd hoa,

h.w. b..n obE€fl.d prto. to outlurtr tD .€I

s€aN i. vartos p.rt3 of th. dld

(Antryf.rcv, 1966i Blak.' l,.i3lrt6. and

Duvllr, 19?a: H..dy' 19?5i fo'arth, 197?).

TIrI. iar led to th. d.v.topmnt of !4.s1€

r.&D-.courtic mthods !s . rcnlto! .nd

F.dlct6. of pot.ntlalty d$A.rou. nintn8 condl-

tlon!. floe.v.., att.npts to pr.dl.t th. tin.

and locatlon of outbusts hav. not .lrayE b€.n

!uc..$fulr .nd no d!.Fo.ttc p cs.oly

..qu.n.. of .v.nt. h!! b..n ld.ntltl.d.

P.rt .f th. prbl.6 l. th.t Dot .I1 nlcro-

..ienlc nol3. Ir ft.!w!I.. Tht. my b. du.

to trlnlnl..ton lo.!.!r .qullmnt 3.n!ltlv!ty

Ithtt.ttons, o! th. Plobl.n of !.Pdthl

nrtuEl 3.1!m-.cou.tl. nol.. frot .nbldt

Echtm tnd cults.l noll. rlthln th. nln..

A fEthe prcbl.n l! th.! not .lr !.h..t ot

lccrul.t.d .t!.1. .ndry lod to p.!c.ttlbl.

outbsrtr. If th. co.t b not 8.. b..!Ina, d

thouah g.. bs.ing h.. . l* st. of a!! .nI.-

.lon, th.n .pdllna !.tho tb.n ostbw.tlra

e.6., Alt.rutlwly' tb. .tr....t dy b.

cotrtlb.d or (dtltrlbut.d flthln .al.c.nt

!tr.t., o! th.y Ey b. !.I....d by pl.ltlc

d.forutlon dulnt nln3, At P!...nt, th.r.-

for., p...h nlce..l.&t. mnttollnl c.n ..rv.

o Iy .. . wine of po!.lbl. outbust

To b. .ff..tiv.' crc..t.!t. Mltortns

ru.t b. w.d ln conl6ctlo. rtth oth.! n.thod.

of mnltolns hln. .t.lllltyr .@h .! a.oloal-

c.l tqv.ylt m..a.mrt. of f.c. .nd !4d{ty

-v.tunt., lrr @Ilm m..q.mnt.r !n .lt!

.r..tlc ats!! d.t.rtlstto$' ttd oth.! i.o_

phy.l..I i.rct. !.nstna t.ch.lqu.!

ln th. pr..dt p.Po r. .on!id.t dcttr.

!. oDpo..d t pa.de ..!talc mthodBi ..ttv.

mtbod! dl. u.. of !.lstr1c t4ql3.. ,hlch .r.

a4.!.t.d utlflcbrly (.,a, .xplo.t6, rch.D-

tcal o! Dgr.to.!.tctlv. Inpu.I.G.) and .oupl.d

to th. co.l. Th. a.tiv. *thod! otf.r th.

!drst.a. th.r th.y !11d, ln P.IncIp.I .t

Ie$t, th. r.aid. o! In.F$.d !ts..

:
,i
i!1
i
{

Th. AG l.ir.ltr. &rrtd Or..n L,rd ldndr Tt Ocand.. &.rlcdon md Cor't'l ol
O|nb{i. h Co.l nid SYnD-l{n S.n rh-, tglD
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.on.6t tlo .nd 9.. accuul.tton. to be ln-

di!.ctly d.t.ct.dr and p€.ibly lo.!t6d flon

m.rlemnt. of ..I!&tc xav. trrEr tlm,

v.locity and att.nutlon.

PHYSICAL BASIS FoR ACTM Ill-SEAI'l SaISIIIC-..-.-----..|oiEoDs--

ldn.s.t!r.r..t(rhr)

ktn. s.tsr.t.d (tr.!l

DlFPEtlttrlal PttssutE (lll8)

FIt. 1 - Conpr...I@I !d .h.u vrE EI@Itt..

I i tsctlon of dlff.Nntt.l pr.!!6.

ln dly !n4, bftn. ..tur.t.d 3.nd!ton.
(D.ta ten Tok!b!, John.ton.nd ?bu,

John.ton .nd TInu, 1c79. lnd John.ton, Tokr'oz

and rtm!, 1979), s.iut. eav. ltt.rqtlon Is

s.n.olry .4r....! ln t.m of at!.tp.tlon

flctols Q-ri 2nQ-rts th. tur.tlon of tot.r

.t4in co.r6r dt..l!.t.d p.! .ycl.. o!6.!w.-

tlds shoH th:t att.DuttoD d.c!.$.8 (O tnc-

!4..E) rtth t.crea3tng coftnlnS pr.!sa.. A3

rith v.Ioclty !.hrvlou, thfu ia wully 1nt€r-

p!.t€d as th6 closlna of .rac*3 !n tb. tgt.

rtarn 2 dt.plays Q valu.s for P and S

eav€s as . foction of dlff.r.ntl.l pEs.ur. fo.

Eff.ct of Str6. @ S.llnlc tJlE V.locltv

Fo! tult rcclG tn. pepdsltlon v.rocttl..

of !.t!Dt. uav.! Lc!..!. rlth tDc!..3tna

!t!..!. Tht. h.d b..n d.mmtnt.d fo, r.dt-

Mt.ry &ck6 by Hugu.! a.d Jon.. (lssl),

Nuah. ! .nd  X. l I y  (1952) r  fy l l l . ,  C ! .gory .nd

e. rnn . !  (1956,  1S53) r  tok .Ar r  Johnr td .nd

Tt ru  (1979) ,  lnd  o ths3  (6 . .  a ta .  1 ) .

?h. pepogatlon rreltt.. sd.r v.rlou.

mthods of conpr€.llon (hydrcltltlc, trl.xl.l

sl.xl.r) rF rct .ltnrftc.ntly dlrf.r.nt

.,c.pt vh.n v.loclty t. m.!ur.d ln . dlr..tlon

p.r!..dt.!1.! to th. !t!..r und.r . ul�xl.I

!tr66 ln vhlch .... v.!ettt.. uy b. up to

Tn. v.Ioclty lnc!..& {lth !tEs3 I. m&

Fonouc.d tn I..r co..oltdrt.d !oct. IIt. e4r

thln tn ..n.nt.d ..dlmnt! .rd IF.o$ !4kr.

AIso, tt h.3 b..n found thlt th. v.lo.Ity

Aradt.nt t. ilch 8!..to !t lor.r rt!... thln

.t hts!.! .1..... ro. th. ..ndrton. r.9r.!.nt-

.d ID !la. 1! v.Iocltl.. Incetr. by 151 to 30$

of tn.!! tntlti.I v.lu. ov.r rh. st!.!. !$s.

H. FDrk thlt !r ts no! rh. (o!.I ov.r-

bun.n .tr.r ,ntch d.t.!Etn.. th. v.Ioclty,

but rlth.r th. .ff.ctt% 3t!€sr (dtff.r.ntld

p....@.)r rht.h t. th. dttf.!.nc. b.ty..n

tot.l 8tE!..rd th. por. fluld p!..te. Ir .

cdl DIn. .ttutlon, .ff.ctl% 3tr.E! dlff.!-

ac.s of up to 100 baF .nd @. ... to b.

Eff.ct of stF.a on s.ilnlc 9!v. Att6utl@

Att.nEtlon Br3$.mntr har b..D cart€d

6ut on rc* co..€ tn th. t.lorotdy uBlng dlf-

f€!.nt t.chniqss ov.r . rl.t. f'.q@cy @8e
(fo. a r.vt.e of th. !ubj.ct, s.. To)€Az,

F

2 1 . 5

2

nr Au.. Lt{.ir, 9cnhh Ounn Lnd t n.|r fi. O@mo, ?.dlcdon .^d Cod.ol ol
Outcr.n h C.d.Mir 6yr9otu6 S.g..nbf,, lg0o
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a sandstone satEated lith kthan€ or yith

bline, Attenuation for liquid satrated rocls

is hi8h€r tha. fo! tbe ga. s.tulated !oct.

The attenution va.ies by a factor of 4 to s

over a !.essu.e range of 0 to 270 ba$. This

ir c rJ.h gleat€r perc.nrd8p vc.iation than for

the P and S vave velocities,

'uml, to the axis of

Nxihun conp.esston,

Effect of Prtiar Gas Satuatio! on s€isnic rave

velocity

v€locity of seisnic H.vos is d.p€ndent on

pressu€. Labo.ato.y test3 (Hush€s a.d kerlyr

I 9 5 2 :  L r l . : e !  C | € B o ' v  d n d  G r d n e r ,  r q 1 6 i  d i c ' e

and B.rryr 1956) indicate that ,h.n the g.s

i n<Jeases  f r oh  ze ' o  pe r l en .  r r a r s r  sa l u ra ted )  t o

100 pe.centr the velocity docleds.s smothry.

200 400 500
D(f ferentl.l pr...ule,b.r.

5

t

i ,

200 400 600
Dlf f...nrt.l pt.!!!t.rb.!r

F i 8 .  2  -  a t t enua t i on  (Q - t )  va tues  o f  P

t I  v n b o r c ) a n d s {  0 . y n D o l - )  H d v " s

as a fuction of dlff.rehtial pressue

in rethane saturated and brin€

saturated sandstone. (Data froh

Toksbt, Ltohlston and Tinu, 1979).

For directed u"iadal stress. rh€ atten-

ution is !€ported to be anisotrcptc, uith

'CAS SA1URATION

rig. 3 - aonpres3ional uave v.Ioclty w Eas

satu!.tton for varlous p!.ssure in

a  sands tone  : t  250c ,  (Da ta  f r ch

NuShes  and  Xe r l y ,  1952 ) .

( see  t t 3 ,  3 !  say  100

ba rs )  t h€  ve loc i t v  r t ses  sha4 ry . t  sha r r  gas

sa tu .a r l ons  (0 -10x ) ,  r .M i . s  coG tan r  s i t h  3as

saturation frcn 10 to 90S, and ther d€creas€s

as cohptete 8as aPproached. As

th€ plessure is increased, th. fall at high sas
-  a t  soo  ba rs  i t  d i s -

appea.s. At these high exterDar p.€ssu..s, the

v€loctty ts arnost consta.t b€yord 10x gas

saturattoni tron 0-109 aas saturationt verocity

can be erplained tn terhs of

Th. Au.. Ltl.M. Sqnh.n O6n Lnd 8rtuh, Ttf, OeudM, Padlcdon .^d Co.rlot ol
Olnlql.r.In Co.r MiM Sympoduh S.9r.mbr, l93O

tt !h.n. .r!!r!.€d .a.d.6n.

3!m .atur.!.c a.ndlton.
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.ff.ctlre str*s. for gs3 satuation of 10$

to 1001 th. eat.r tn ri. rock 16 urder

!.LttEry lo' st!6s .nd tlL fi..mMk ud..

hlAh str.ss. For ze& g6s 3.t@rtot th. rcck

ts cohpl.t€1y kt, rtth th. porc Mt.. 6der

htSh pesslft .nd th. f?anr6.k 6der ld

Effect of Ps.tiaf c63 Satuation on S€ishic

Irae att.nuation

Ftgue 2 dtspbyr .tt.nurim data for !

3andston. Fnpl., elth.. conpletery d.y (1009

s.! !at!.atloh) o. conpletery f.t (09 sas s.r-

watlon), For parttally satuEt€d co.dltlon.

It har b.6 fosd (caldner dr .1. 1e66) thlt

th. Q vlIu€ d..r€.r.8 Eha.ply (i.€, attoutlon

tncreales) ov.r th. Ens€ 0 to 20i sa. s!tur.-

ron, but th€n r€DlnE .s3.ntl.lly .onstant 6!r

to 30t Eatsatto!. Dutt. $d od. (197e) h.v.

foftulat.d 6n !xd.t th.ory of att.nutloh .nd

d!!p.!slon or .onpr€slonal ,.v.s ln poloug

rcck contathlng 3pherlcrl A$ pock.t!. Ti.

16. ftch.ni8n 13 .ss.ntially rt.cou8 1. nltur.

lnd ls du. to th. r.latlv. rctlon of fluld etth

r.6p.ct to th. r6ck Dtllx.

F&h thts th.oly r. h.v. .onputed ph.!.

v.loclty and attenuatlon v.rcus !r. pocx.t

s€paratron for . fr€quency of 1 Khz and 8a6
ratuFttons of 1t, 101 &d rrsli ..!ult3 &€

shoun ln tlg, L &d fia, 5, FrcF ther€ gdphsl

r. obselve that velocity 1ncrc.6.. by 271, and

a r t . n@t ion  i nc r€as€s  by  an  o rd . r  o f  EAn l t ud . l

as the aas .atuatlon d.creas€s ove. th. 6t.t.d

DILATAIICY IHEOPY Of EARTHOUAKE PRTDICTION

To dat., effolts atoutlust p!€dlctton

have b€en dtrected toErds tlndlD8 co..etationg

b€t'e€D outbursts and ptduslbly ..Iated

Phenon.nd such as chan8es in th€ cd] .orou or

rctle, crlnbllna of coal, folmtlon of dst

clouits, a.d niclos€isnlc noise i.creases ettbin

ftnd no .ef.!.nce to aD expltcit

mifytng physical rEde1. It roulit appear,

I

s
i  r . t

1 . 0
0 . 1

rtt, ! - cohp!.e3loal '.v€ pha€. v.Ioclty

Cp ve g.s pock.t ..p.!atlon b lor
. I KH2 r.v. p!op!8!tt.a In porcug

n.dta of vdrlou ga8 !atu4t!o8 sa.

Th. rddiw of th. rph.llc.t g!!

po.lets . tr cq@l to b Sal/3.

hov.v.rt that a ,o!*.bl. and apDllc.bl. phyrtot

md.r i! dvltlable froF th€ €xtenetv. ..s.$.h
oh .arthquak€ predtction, ,it, thc dilat.ncy
md€I  (Ham6nd,  19?1 i  NE,  1972 i  Heary ,  t9?5;
vyss, 1973). Befor. d6scrlblnS rhe tud.Ir ,e
ne.d to note that it has long b.6n .c..pted rhar
fraetu. strenath of a rcct .nd leststsce to
slldlna aloD8 a fautt is thvels.ly !.tated to
por. pressule ln th. rcc*. th8 ratstng th.
fluld pressD€ rill torer the point dt ehlch the
rock 'ill flacture

The dilatancy Dodel invokes tb.ee st€pE.

sd straiN bultd up in th€
region. these arc g€.eralty tectonic i.
ortsin, o. i! the case of coalj du€ to

nE Aur. LM M. ad,th.n Ou..h.tn<t Adnch, ll|. (t .l,|!@, pttdod.n ..d Cont.t ol
Oortrd.l. cdr Minn 9np.dur s.or6bf,, te3t)

c s Pocl(El SEPAI TIo{ b (cr)
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Fra

nintns op€ratlons, vith strains

conc€.t.ated in the regio.s of {.ak .ss.

Dty cra.l<s are prcduced lhen rocks ale

stressed almst to th€i! bleaktng porDt.

These car arise either by forMtlon of ne{

clacks rhich forn so lapidly and/or iD

€nough lEolation thdt Yata .annot tm.d-

lately ..ter into then! or drternati!€rv

by €xpansion 6f existine fluid-ft]l€d

.rac*s! so that th€!. ts not enough flurd

to ke€p thefr filr.d (and Dr.tain th. san.

flutd pr.ssu€). These dry crack3

constitute th. ph.nomnon 6f dilat.ncv

It describ.. .n in.Ia.tt. lnc..ar€ In

votun. prlo! to fractu!., ent4ina at.s

Iittr€ .3 sot of tt. uttln.t. compr.sston

strcse. In D..ticu1.t, dtht.ncv !.duc.3

th. lit.llhood

rrl. f,*ntclly, por€ fluid td*s its ,av tnto

the dly cra.k. eanrhil€' locar stt.ss'3

have b€en continuing t6 accunulate' rltb

ni.i.s, so that nd *e hat. hlghe. str.ss-

es plls eerl lubricated PoteEr thus

f.vorlng . vt6l€nt briitre fructure d

outbu.st on both .omts.

S !.lo.t.y .hould r.utn ..n.tant

ol r.t.t/rrd.n.!t..Ion
1 . 0

OIITBUTST

Flg. 6 - tff.ct3 of dtratancv mdel of .arth-

quk€ p!€dlctl6 sch.Etic.llv lllus-

trated for th. cdt outbu3t sttuaitd.

I = .lastlc stlatn buildupi

It = difasn.y bufldupi

III = influx of Pore tater.

The effects of this tht.. 5ta8e ps€8s

{il] be F.if.st in sevelar s!vs' as iuustlat'd

scheEticauy tn Fig, 6. In pa.ttcular P

v . ve  E lo  t t y  and  e l ec r r t . a l  conduc t i v i r y  aa l -

th. A6, LM.M. Sodhd Ounn.lrnd l4nch, Th. O@|rtd, trdlclion tnd Con|6l ol

ou6ud. tn c..l ili6 Svmpdlum S.pr.mbr. r$O

*  r . o
*

6

E
I

!.,.8-.cou.t1c 
f..

a  \  / r  \ -
rr \_./ i

. 0 3

.o t

c s locY.lT saPltATloN b (.r)

5  -  l t tenu l t lon  "o" t t t " t "n .  o  1 .  q - r .n / r

!h€r. t = 'averength) of the P eave

vs gas po.k€t 6.Da€tlon b for a

1 xHz xave plopasatlon i. poloa ftdta

of valious 8as sato.tions ss. rhe

ladius of tne sphericar 3as poctet a

i "  .q* r  .o  u  s " r /3 ,
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d$ing .t.,p u !y up to 20i of th.lt tnlttal

va1s. lut th.n rl!. dsln! rt.a. III prlor io

ti. outb6.t. rh. DtclG.t.nlc nol!. l.cl .na

tn. aD6t o! rdon .Fl..l@ Ehould .l.o tt..

dutn! tht! tnt.rv.l. si..r *!E v.loclty

possrtllrrrEs tND lrllrrATrot{s aoi al{ rll-sElll

sErsllrc lrollrToirllc l|tllloD

P.Ep..tlv.

v. hlE n4 ..tr!Il!h.d r Pht.bar b!!t.

for .c!!r ..t!olc t.ltlng of.o.l 3.!d Th.

v.teltr anomll.r of lnt.r..t (tir. nstot. of

Itr.d.... .t!..! .nd/o! s.. cd..ntstl6n) 3r.

llk.Iy to b. of th. o!d.r of 3 to 201.

colr..pmdlng .ttoutlon ooul!.. rlll b.

.l,Antft.dtly hlahd, .t d.h N 200i.

tnoMlt.! or tht. r1!. 8l{ .6 ..u. for

ortlll.ni b !.v.rtl c!... tb.y h.rc In frct

b..n d..w.d. !..on (1980) c.FI.d out

{loclty rc!.wmt. In in. ill8b lttl.. ...i

of tto!..by Corlt.rt, 6..1 a!tt.ln, .Dd fosd

. ..dL.tld b.te.n th. v.t@Itv ll.ld .nd th.

.tr... ft.ld c.ur.d by .O!td.nc.. v.Ie!tt.!

tD th. ...n .5oE oLd |dklnar .!. tl 1*.! tn.n

ln th. unln.d d..., Bl.k. (1971) fld.. ltudv

of rloclty h . d6P mt.lllf.e@ frtn. tn

Idlho. b.fo!. .d !ft.r d..tFt.itrs by bl..ttDa.

t1.rifrun %retty Dalu.d !.fd. d..t!.!.ha i..

5600 r/.i !ft.r d..tr...tDi tht! ql@ droPD.d

to T,soo d!. Ant.yf.lov {1966) htr Eport.d 6

rctl6 ..t!b-.couttc .x!.!lMt to t!.atct

rFlltrs o! Mk. tn 6d.!!!o6d ,s[tn8r !n th.

sovl.nt orld. No tp9!..l.bL ch.ns! tn th.

%loclty o! &Prltqd. of tn ..t.nt. Y.s.6.

ob!.!6d 6tl1 2-3 hoa. b.foF th. b.gtDrnd

of lnt.n!. tu.tulng.

ch.h..l lllE s.t!rclos

!.f.ty lEr.ri.. In My c...!, outba.t Ph..6_

mn! are dl!.ctty ..!ocl.t.d elth th...

ob.t!cl... Por .snp1., a.Ly ElI dy.ct

!! ! blFla to *thm. a..h!gt. flhd th' v't!

ls !tD.d, l,rg. q@rtiti.. .f n.tb.n. etll b'

th. .rc.ptl@llly lo, v.locltv &d ilmtitv

of .el, .dP!&d to nclsbboulna ret. (I!bl.

1)! uX.. dtrltnot of ..tt c .n.!E| rltntr .

co.l ..m ttt.orctlc.Ilv pot.br.. Endar t.

larg.ly p!.tnt.d fFn .raptnS frm tb. .hmn'r

b.cs6. of !.P.at.d !.fl..tlon rt th. toD .nd

botton ch.nn.l bo6iL!1.! or b...u. ..l.nlc

sy. rhlcb t.rd to .!..0. .s ot td.!d tb'

ch.Dn.I by tnc!...In8 v.lo.Itv !r.v tuon lt ln

t  !1 .  1 .

TypI41 Et!.tlc Prcp.ltl.. of Cdl .Ed Ho.t idl

t6b.d by ob.tacl.. ssh.3 flults, ch.nte tn
Th. c@tlnulty of cdl ...8 ls ofto dl!- and H.&.! ' 19?6' D!...tr 'nd t!'v'tltt'r, 19?6i

Eshsd, 1979; Ii..v.., 1979; tnr.! arn4).

v.Ioclty v.Ioclty (3/cn3)

(rn/!) (rn/r )

cd l ,  1 ,4  -  2 .3  .?  -  1 .6  1 .2_1.11

R o c k  2 . 5  -  q . 5  1 . 4  '  2 . 6  2 . 3 ' 2 . e

6!! pl.nnlDs, dk.ontlnltti.s @t b. il.t.ct.d

a fes hudred Et!€ tt aavanc€. rhis c'ndittoD

Ch.o.l trt. ..n b. .lth.r of th. R.y-

l.kn typ. (?-sv) o! l,w tLP. (sH)' tt.t.dlns

or th. p&ttcl. Dtl6 tn th. r.v. E..h tv!.

.!n b. d.!lv.il fFn lDt6!.!frc.. b.tto

lultlpll-r.ftct.d ?r sv .nd sH r.v.. ln th.

..rF, .nd c.D b. lnt.rP!.t.d tn t.m ot tod..

(T6l.toy.nd o.dln, 1953i lrg!!.. .nit X..o!

(19 t5) .

(r y (1963) tb.t .u3a..t.d th.t chlnn'r

vav.. coufd b. u.d to cotlfv ..o contlnutty

dd to le.t. .!y ob.t.cl.r. StDc. th.

plon...tna r@t of (ny th.r. h.a b..! t nu!b'!

of studi.. ..nt.d olt {X!.vr 19?5i Ht.btouk

Iltholo6/, ,!shout!, clay ayk.s ed old erkibSs. Tvpt.ar !at's of 'otltns dl'tat' th't for optt-

Ttr.r. ob!t.cl.. .d@3.1y tff.ct t6. .fflcl€nt

Ecocly of .oI .6 e.ll a! p!.s.nt B.tious

th. A!.- t,M rr. Sourh.n Oldnd.nd an^.h, rh. O@ut'nc', tt'icdon 'n' codt'l ot

ourbrta.In cdl MId sv.rpdlot s'pi'nbt, iofD
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t*ou^t 
*..",ot" for Tran.nr*ron mthod

is eastry furfilred as chan.€] ,ares can leaduy

p ropaga te  t o  d i s t ances  o f  1 . s  kn .  The

p.incipar advantages in usins chsnn€r vaves, as

rdves r  ds  d  mc l s  o f  i n vds  S
atine faurtins a!€ that they are €ssentially

confined to the seam, gene.arly ,,see" large.

rnped€hce .ontrastsr and a.e of 1a.se ampritud,a.

The.e is thelefore one tess dinension and ress

e r ro r  t n  r oca t i ng  any  d i scon t i nu i t i e s ,

Ey be explotted by vdy of

r e f t ec t i on  su rveys  ( r i g .  7 ) .

Reftection ssveys a.e inhelentry superior to

transh.ission suveys iNofa. as raults o. other

i n  t heo ry  be  t oca ted ,  r a th€ r  t han

sinpty der€cted. In both types of su.v€y,

d i f r i cu l t i . s  a r i se  i h  p rdc t i ce  becdus€ .hanne r

and Kihs and c.eenhatsh (1930) for rcvieu

articles and .ofrpr€hensive reference rists.

since 1956, ove. 300 in sean surv€ys haye

b " e ,  ! a n : " , 1  o ,  ,  r u i n r r  i n , . , a . y  d n d  B , j r . i n

but ar,so in cze.hostovaki

( r e76 ) ,  eoX  o f  a l l  t r ansn i s -

7s i  o f  a r r  r e f r ec t i on  su . veys

checked out rith excavatio. a.d drurins resurts

'€re f.und to be .on€ct. p€rhaps the nost

inpressive punrished result is froh th€

Na t i ona r  coa r  Boa rd  i n  B r i r a i n  (Bucha .an ,  1979 ) i

Buchanrn used a hnroslaphic imsins te.hriiue

netfc fdurt in

a  . anae  o f  230n ,  and  v i t h  a  p .e . i s i o r  o f  1  co

met.es, The in-seah technique, .lthoueh stiu

unde. d€velopm.ntr clearly dese.ves nore

Aus t ra r t an  con t cx r .  p . e l i h i ! -

ary €xlre.imenrs dre pranned for the Leichhardt

co r l i e . y  du r i n t  4 r r y  193o ,

f o ten t i a l  p i f f i cu l r i es  f o r  t he  p red l c t i on  o f

ou tbu rs t s

I n  t h t s  sec t i on  Ne  i nveE t i g . t e  sone  o f  t he
po ten t i a r  d i f f i cu l t i e s  t ha t  n i 8h t  be  €ncou te . . d

in ushs .h€ in-seah nethod f6. det€cting and

locating pot€ntial outbursts, The ftlst con-

siderdtion ts one of ta.aet fans. a.d r€soru-

t 10n ,  s t l d i es  conduc t€d  i o  t h .  sov i . t  u . i on

{An t sy fe rov ,  1966 )  haae  es tab l i shed  t ha t  t he

zon€ or ihc.eased presrue and the souces of

setsho-acousttc notse occu ,tthtn . dist€nce

rdnAe of ?-16 o from the rac€. Mo.eover, the

spatiar exr€nt of the outburst prone area is

qu i t e  sm l l .  Fo r  ad€qu t€  se i sD i c  d . I i n€ . t i on

of these smar] target obstactes it is ne.€ssal)/

to enproy an elasiic vave source capabte of

s€neratina f.equercles typicalry in the ranse

1 l(Hz to 10 kHz. Arsor a densery spaced a.ray

o f  r ece i ve r s  nus t  be  l a i d  ou t  t o  cap tue  t he

transmitt€d and .eflected ,aves in sufftcient

d - , . : 1 .  t a , e  . i - c r : o 1 s  o d  r c  u o , L i n A  d  "

r d v  p r e - l u d "  o ' . i B f a ' i o n  o '  d n  J r r c y  o r  s " i - -

abre geoherry. In addition, the ,orting face

iay be rowh, presentins couplins p.oblehs :nd

reducing eav€flont coherence, absorption ir

D€ t cc to r s  f o r  Rc f l l c ! r on  @rho i t

Fis, 7 - Possibl€ confiasation of tn-seah

!eflection and trarsmisslon probinE of

. fault cuttlns a coat paner, The

faurt mdifies the transDitted ,aves

at 3 0f the 6 det€ctorc.

It is beyond the scope of the p.esent

pape. to detal the various aspect3 of channel

lave s€ismlo$,i the reade. is ref€rred to
(rey (1976), uason, Bucha&n 6 Booe! (1ea0),

Th.Au..l.M.M. Sourh.d Ou.dnltrnd a6.ch, Tho Occur.ne, pddlction rnd Conrot ol
OuibuE in Co.t Min.. Symp6ium S.pi.nber. t9a0
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d'c sp.D,.d en.! sl.rs .std.a by pla.lnt a1l

sodc .8 .nd  r .c . i v . r .  ln  d r l l l  ho l . .  p .n . t r . t -

lna lt, nignt 6$np out th. y..lation E !!.

16ktnA fo! d.ep.. ln th. cdl patr.l.

s.tsmtc hv.! r.4ond to .han8€ ln rb.

.cousttc tnp.d.n.. .f rock. .rona th. pFp.g.-

rlon p.th. lhfortun.t.Iy, In rh. pr.B.nt con-

t€xt! plessu. and eas co.c.ntlltton ar. not

tb. oLy frctols lnfluonclna l!p.il.hc. rnd

lbrorprlon. oth.r f.ct@. 3ch e .tr.tlflc!-

tIon, t.xtu.r p@ortty md t.nFrrtu. rlro

.ont!ibut.. v€locttt.. r.nd to d..!d.. rlth

!o.r.r.tna pdo.lty (Rin.h.!t .na Eugln, 1961) j

a 10t v.llrtton tn pqo.Ity Ey pFduc. a 201

v!rl.tl@ In E.Ielty. T.np.r.tu. .l$ I..d3

to a dccr.... In rr*!ty. RlD.n.!t .nd
Buatn (1951) pr.dlct r v.Iociry oh.na. of s to

15 p.!c.nt for . t.npdrtE. v.rl.tlon of 0 to

100oC. Att.nuttor on rh. otb.! h.nd, t.

g.n.r.lly Ind.p.nd.rt of r.np.F.tu. for t.rp-

€ratued 1or !€lrttv. to th. nttlng tolnt.
Perhrpr th. mst ..!tos f.ctor to con-

.1d.. tn tn. c@1, .ltutld k .rllotephy.

V€l@tty m$tsd .Lont Lyr. o! cl.av!8.. In

a c6!l ...n t. htsh.. thdn th. wl4lty D.rD.n-
di.uld to l.y.rc o! .l..vr!.r. Dlff.frnc.r

u€ typically 6f th. o!d.r of 12$ {fs.rr 1953),
1 , . .  rh . . .m dd. r  r !  th .  pu t . t l%.noEl i . r .

In pr&tlc. tt t! dtftlcul,t to ... hd rh.
vrtou. .tlccr. could b. 3€p.r.t.d. Int.rpr.-

t.tld of v.Ioclty &oElt.r ln t.!B of pr.r-

.D. o! 9.. conc.ntrltloh3 rculd b. ..rto6ty

Psbl.tu of b.n.flt-colt coEPosd th.

abov€ mDttd.rt dlfftcurti.s. L6catine h!z*d-
ou ar..! stthh . .o€l mtn. a! r sholt ron
pr.dl.tlon p!obl.h, Th. tullttor frcn . s.fe
z.n. (yho. bu.t8 ito rot acu) to a dana6
zon. t.t.. pl.c6 oe ! dt6ranc. of jEt a f.r
mtldj thir coF6.pond6 to dry a f.' d.ys
p!o<l@tton. Tna, to |. .ffett( ..irnic
suEy. rculd n..d to be cei..! out d a dally

basis {ith pGstbly 6.v..al t€at. per d.y.

Cond&ttng &tEnlc op.ottd. of tbl. fF.quency

a.d on this s.a1. rtth mlntEr dl.ruptls to

nolNl nintna actlrltt.r r6uld b. exp.tul%..

r.u a3 roatltt.rrry difficult. 0n th€ Epot

hter!ret.tlon rould be h.datory. som fom of

Dchin.ry shut dorn f,old ...n u.wld.bl. to

o€rcore tb. b6ckgrond nols€ pftbr.ni .xF.l-
.nc. su8g.st. this t! @lti.ly to b. .c..ptabl.

to rI.. mna8.h.nt.

If th. rin. 1r p!on. t. 6ut!u!t. th.n lt
tu not . 3.f. or d..tr.bl,. .nvboDmnt tr vhtch

to b. conttnslly drtlllnS .nd c.!!ylng ort

s.IenI. t.3tr, partlcub.ly vlth €xplo.lv.

louc€s, The tnrtrufintatton rould ne€d to b.
port.il. dd ftr.-dlhp proof, rtth r.!I-tiE
p.o..ssing .apablltty. Not t.r!t of the

dlffi.utttes t! th.t undu€ r.rpon.tbtllty (lnd

slf.ty Ftsk) rould b. plac.a on tn. s.t.nlc

A l.s! .rp.n31v., .nd !Iipt.r, .It.m!ttr.
apprc&h to th. 3hoFt-t.rr outbllrt pr.dl.tton

P&bl.n rculd s..h to w to b. . 8&und prbttr8

!!d.r Eyst.r d.slan€d to <l.t.ct ch.rB.. tn
.r.ct.l,crl con.tktlvlry .nt.ll.d by th. d1L-
t.ncy ph.n6Dnon. cround p!obt.8  d.!
n.thodolog 13 lm. tult.bl. for th. d.t.ctid

&d r€co8nltton of tldn.ltory anomlt.. th.n tn-
se.n ...lnlc mthodolo6', Ext.nrlv. t.!t.

c .n t .d  o l t  by  Coot  (197t1) . rd  C*n . r  Sh. t . .nd
fofl.. (1979) h5v€ 3h6m th.r it 16 po6Elbr. to
d€t..t tlatuEltt.d .nd refr.ct.d .ho!t put..

radar slgnll. (f!€qu.ncy 10-100 Xfi!) froh dtr-

contlnuttter tn dktrEe.t of up to

s. haE €3tabll.h.d . phyllc.l b!.ls fo! a

3ekntc (a..1 .I.ctrc-F6n.tlc) .xqr.rBld of

po t . h r l d l  ou tbu3 t s  t .  - o . 1  . . ! s .  ms .  r . e i n

Dny difftculties i! d€siAnint an.l irpl€mntlna

an 6cttve tn-3€r s€isnlc t.chrtqu. crp.bl. of

.eliablc and u.trrbtllou d€t€ction &d rocatton

of any Entf.statio. of a potenttar outbE.t.

I
tn. Au. LM.M. Sourhm Oud.l.nd lEnch IrE O6@.c. Fr.rrcdon .nd CorrDt ol

O!6unr.In Cdl ItiE Synlo.dun S.!r8mbd, '1960
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Th. dlfftculti.. 3pe d.t. .ol!.ction, ple.sa-

in!, lnt.rp..t.tior, .nd b.n.flt-€o.t. Not-

{ith.t.ndlna th.3. dlff1cultl.., th.r. .*

.ufflcl.nt tn.entl%. fot th. d.Elot@nt of .

!r..ttc.I lopr€mt.tl@ .f tb. In-...!

t.chnlqu. In Autsllan ntn.! t. oc6!r!9. .

EJor !....Gh.ffo!i. ID-..m t.chntqu.! h.%

th. pot.ntt.l for PeunS ..v.nl b6a!.d fr.tr.r

!n.!d of. vdklnS fac.i sEh l@a ld8-r.ng."

problna h.. .n lnport.Dt b.tllng d th.

pr.dlctlon o! o!tba!t. by sy ot ltrets.l

.!Eoct.tlon.. It 1. tEPolt.tt th.t .xtd.lE

.mp.rtn.ntd d.t. ss coll.ct.d tn Astr.lt.r

^llrru] eetlna' Se,etr of Eqletro4

C.ophg.n lttu' Iovenb.r 1979, I.e o!t€s.

(P!.print av.i1ab1. '!0! conoco Inc.' lllnlng

Re..a.ch Dlvl.t6' Fo!.a C!ty, 0K).

Dr...n, L. $d r!.yst.tt6!i s,r 19/6. i.yl€1gn

chlnn.l {.ve3 for th. tn-r4r s.l.nlc d.t€c_

tlon of dllcmtlnuttl..t .1. C.oPhAa. \2,

Dut ta ,  t l . s .  .nd  od ! ,  H . ,  1979.  A t tou t l@

.nd atlp.Fto .! coip!.!3lond t.€3 h

fluld-flu.d rock. elth pstt!1 9.. ..turatlon,

c.apht.ao6 44, 77 1 1 - 7406.

o . !dn . r ,  G. f l . '  xyUt . t  .R .  .na  Dro .ch lk ,  0 . i l . '

196q. Efftets of pF..a .nd fluld .rtw'

tld on th. .tt.nstlon ol .l..tt. t v.! h

. .  d . ,  J .  P . t ro l .n  Loh.  161 139-199.

H.hrcnd, A.r 19?1. Ellthqul. psdlctlon.nd

.d te I ,  Sd . rd .  173,315.

H$dy,  H.R, ,  1975.  Ev . l ,u t ln8  th . . t . ! ! l l t v  o f

E.oloilcrl .tructs.s @lns .cowtl. .nlt.ton'

Ah. 56,!.et.rbt. 'P.o.!.oh.h/bl, 51 r,

fi..b!o!t, fl.P. .nd H.dr.rrt t.l., 19t6.

cophy.Icll .xpld.ttd t..hnlqu.t .pPlt.d to

v..t.n LrDlt.d St!t.. cdl d.Po.Itr' It

cel atplo&tlan Ed, r.!. l'lulr), PP. 26s-23?

(xor.r Pr..dn Pollc.tl6. In.., s.n

H..ly, J., 19?5. R....!ch on {!thqu.t. PF-

dlctton md cotrolr f,ar. C..Prt 13r 361-36r-

H lckr ,  l l .G ,  ed  ! . ! ry ,  J .E . ,  1956.  Ap lUc. t lo t

ot e6.ttnuou v.r*lty lqt to d.t.rnlnlttd

of fllld rltuEtlon tn r..orcl! !ock!,

a.qhtt.no. 27, 139-15\.

Hoe$th ,  r .4 . ,  19??.  1 {  nv lo  o f  . . I3F-

lcou.ttc n.thod! ln Mttorln8 cdl utn.

st.llrity. !&it' rid CorPang PtY Lt.l,

CdttuL Reo@oh Labovtoa! R.Port cRLnc/o/??,

Hugh. . '  D .S.  lnd  Jo .s ,  H .J . ,  1951 Et . r t t .

elv€ %loctrl.. of 8.dl4nt.ry rccls, ftdt.

an,aaophY., Ilnad 32t 113-173.

Hugh.s ,  D.s . . td  K . l , l y '  i t .L . ,  1952.  v . ! t . l l d
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