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Karel J. crezlr, Ldn€nce teunsl and Mubsshar Ahnedl

A prqrdr or nlcros€lanlc no16. Donitor_
l na  f o r  3a6  ou tb l r 6 td ,  l n  con l sc t l on  e1 !h

orher ilnln8 enBtne€rln3 meaau.oent. 6nd

ob .€ r v , ! i on8 ,  t s  bc tng  und€ r ta ten . r  Le t chhd rd !

colltery tn queen8land. Headtngs are d€le1op€d

3 !  p re .en t  by  Eho r f l r l n8 .

ft. equrpm€n! b€in8 u.ed ln tht6 arudy

lnc!ude. plezo€tec!rlc acc€t€rooet.! dr.e&btres
.o dat€ct f,rcrorer.Eic nor!. vhrch 16 th€n

,  r u r f r . €  ba i r  s t . r r on  by  l ab l e .
D6ta a!€ record€d on .n an.lo8u€ m.Bnetac lape
recorder and .re arso analy.€d o._l!n. usirA s
comercrarty-avall6ble acour!lc entsslon pulse

dnrly6e.. It 16 p.opoa.d to r.-l.terpre!

us l ng  va r l oud  mde .  o t  a .a l y . t r

. nd  t o  l n re r f acc  a  dc . k rop  co ,pu t . r  t o  r he
ex13 t1n3  r y6Len  ! o  pe rn l r  con t t nsus  no . l r o r l us

No ourburrt6 hove been r€corded or

. na t ysed  and  o r l y  a   - t t ed  ndb " r  o f  dev€ Iop_

ae . t  . ho r6 ,  €nd  t he  r€su t i an !  n l c rose lan l c

actlvltyr have be€n recorded ro d.t€,
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tr6c.u.l!s phenoDen. ln coar and ro.k
6 t ra r .  dssoc l . t ed  r l r h  6L re33  re -d r s r r l bu l l on

du r , ne  Lnde r8 round  co . l  n t n rns  gene .a re  r ,  ous_
t l c  en l681ons  o !  F l c rose l sn€  ( s t akee t  . 1 . 1974 ) .

en i sE ions  cmpr r se

6nd sr'€ar-lype and .he.e dves
tuy be d€t€ct€d by ebb€ddlDs eutlable 3€nsorg

r l t h t n  l t e  coa l  . €an  (B ra r .  € .  a1 .  1974 ) .

Ana ry . l s  o f  n t c ro6e t s  c  d ! ! 6  t he ieby  f sc i l r ! _
a tes  r eaL - r1n€  son l t o r l na  o f  t h r ! . t r €a€  r€ .
d ta i r i bo t l on  and  f i ope fu l 1y . . n  b .  ! 6ed  t o  f a re_
u6 tn  o f  3 r res3  (on .en t ra t t on .  l e . d rng  ro  un_
expec ted  and  v l o l en !  r e1ea6€s  oa  €ne rsy  o r

Acoustic entrslon (AE) rcchnlqu.! havc
bc€n  use , r  t o  evs tua te  r he  r r ab { l t t y  o f  und€ r -
groutrd rlnl.a operatlon6 .nd to predi.t rhe
oc.lrrence of vtol.nr underalound dt.llrbances

r r ch  r s  r ock  and  coa l  6u rs r6  f o r  nany  d . c l des
(Ha rdy ,  1975 i  Hok r t h ,  1977 ) .  Sev€16 t  accoun . r
o r  aE  t € r  l - r t que3  dpp l r ed  ro  n l c ro r . l sn t c  non r ! _
o r l ns . f  und€ ry round  cos r  n i n€ .  l o r . oo f  f a l l
ano 343 ourburst p..ventlon Day 6€ lound tn
rec .n r  pub1 l . . r l on .  (Ha rdy  and  L . t sh to . ,  19 t7 ,
1930). Th€ Unlt€d of Mrn.. (USBU)

and  P€nnsy l van rs  s t s . .  t h t v . ! . i . y  ve r€  p r rnc tp_

. r r y  r espone lb l e  l o r  nuch  o f  t he  dev€ topnen t

h r l  l n  r heEe  . r eas  1n  r€c€n t  y€ " r r  (B lake  e l
a l . ,  1 9 7 4 i  H a r d y ,  1 9  7 5 ) .

I n  Auo t r6 l i a  n l c ro r€ i ! ! t c  non i t o r l ne

srudt€a ln coal nlnes hsle been carrr€d otrt
8lnce 1977 by rhe CoiMnrcaltt Sctenttflc and
Indus t i l d l  R€se . f . h  o rgan rsd t t on  (CS tRo )  D t v i s -
t on  o f  App l t ed  ceos€chdn l cs  (Vckwann .gh  € r  a r . ,
1973i Mc(lvannash 6.d En€ve., lgdo). CsrRo
e f f o r re  have  concen t r s t €d  on  l { es !  C l r f f  co l l l e r y
1n Ne! sou.h l,ralea (Ns!) (ucKava..ash et at.,
l 9 t 8 i  uckvanns3h  and  Eneve r ,  t gBO) ,  d rh  soe
addl!lonar hrk havrns be.n done rn collrnevlue
rn  onecne lano  i r r c?avdnnJsh ,  pe rsona t  cmun l c_

r. Resear(h orrrcer, ,Hta;di;;l_ R;;;;if
Lrbor . ror les,  Shorr tand,  Nst ,  Austr r t ia .

Th. Au., LM.M. Sdrh.n Ou.dn.t.nd B,.nctr Th. Occn€nc., podctio..nd Conrd o,
Oulbldr. h Co.t Min.. Synpdlrn S.p..mb.r, t 9a1)



152

llie BEot n Hirr Proprt.taly co. ltd. (lBP)

M.  Gny und. rSround co . l  r rn . . ,  o f  rh lch  tm,

!{€.!opottt!n collt.ry ln st rnd Ltchh.rdt

colll.ry tn que.n.l.nd, h!v. r'.d r conthlhg

ht . to ry  o f  aa .  ou lbur . t lnA prob ld . ,  In  1979,

. !hr.. yerr proa..E. ?.! lnttt.r.d to ..t.!-

1t.h te.dr.t€ ,.mlna .y..6. for g.! oulbur.t.

a t  bo th  r i . r ropo l t r .n  .nd  L . tchh . rd t  c6 l l t . r te . .

Tht. proar.@. t. b.lna PrtnclP.lly flnd.d by

.n Au.trl1t.n ao*mo.nt N.ttn.l !n.!3v t._

4.rch, D.v.lopnnt ad Do@.lt.tts Conctl

( ERDDC) sr.nt .nd l. b.tna .r.cut.d by 8xPr.

c.ntr.l t ...rch L.b.r.to!i.. (cRl) .nd rDck

[.ch.at.. .Dd sr!.tt cont&l Lr60!!to!1.r

(r sc).

K- r. OREZL. L. LEUNO.!d M. AHMED

end.. A 40 dB fix.d Aatn plcuPllfi.r t.

ho!..d rn the oppoltl. .!d of tte tut€.. The

t.!a.r dt.o.!.i t!b.. cdt.lned

t!t.r1.1 !cc.l.rde..r .t o. .da rtth three

40 dB fix.d a.1n p!.epllftetr ln llE oDpo.lt.

.nd, Th. bandeldrh. of th. .cc.r.roet.r. ar.

.p .c i f l .d . .0 .2  t t .  -  10 .6  h l . .nd  I  t l z  -  t2  txz

(+ l0l llnrt.) ror the !n1!rt.1 dd trtrf,l.l

rcc.lerd.t.r. r.!p.cttv.ly.

Th. d.t.cror tu6.. nr. aro!!.d tnro r.9 n

dtuond-ftnilh.d holllont.l tol.. of 43 lnd 76

6 dt.o.t.r loc.!.d noru1 to th. rtb 1n !h.

ltd-rlb po.ltl4. 'Plr.ttbon.l', . !e D.rt

polt..a.i re.tn ftll.r v.! u..d .. th. glouttna

4dtu!. Th. ntntM dl...nc€ b.ls€n hrttra

f.c. .na d.t.ctor u..d !o d.t. h.. b..n flv€

n..r.., ,tth . uxl@ dl.r.... of 35 D. Eoth

!cc.l.r@!.r. lnd pr..rplit1.r. rr.r.coEr.!l..

x!c!o..tnt. t18nr1. {r. t!.n.nttt.d to

rh. .orl.c. b... .1.!1on thrcuah . .lt P.tr

.cr..n.d c.bl.. A ..f.ty b.t1.r tnr.!1.c.!nt!,

!o l.ol.t. wlt.8. rnd curr.n! .ur8.. fro! th.

h.nldou .r.r u.d.r3ro!nd, v!. loc.t.d i. th.

b.t. .r.!16n, Adlu.t.bl. 8.tn .rt!tlt.!.

lou4d th. .!l.ry b.!!t.r lnt.Ef.c. u.tt !trd

lllor.d .onttol ol th. .t!n.l l.tl trto! lo

r.coratn! on th. tn.l'@n!.ilotr t.p. r.cord.r.

A r..ordtns .p..d ol 38 cr/. t . u..d .nd b.nd-

vidth lhtt.ltd. d rh. trp. !.cotdd ri tht.

rDr.d .!. .p.ctfi.d r. Dc - 5 ltlr (1r dB) tn th.

fi.qsn.r mdul.tlm (ru) ioil. .nd 500 s. - 64

r$. (r3 dB) 1. th. dli..! r..ordtne (DR) rcd.

stln.lt *!. vl.e.d on . dtgt!.l o.ctl-

^!.ly.t. ot th. Dtcro..l.ot. .tan.!. m.

p.rf.nd efth . 3r@1 .nd xl..r type 4429 AE

p!!.. !uly..r. onl' d. chnml could b.

.n.ly..d t! . rlc ln thi. urnd u.1n3 .fti.r

of !h. ts .Mty.1! Dod.. .v.tl.ble. loIl@tll

th. .cqul.1t16! of . d..ttop co.put.! ehrqh ..n

b. t!t.!l.c.d to th. .n.lt .r' tr vtll b. por-

.1h1. to .tiu1t.!..uly dlro! ut to fo$

rrcro6lrsltrc !6f, ltotrtlc sYsTg,

SYSTII DESCRIITrcN
Tt. !lc!6..tDlc idltoltn! .y.td !..d

ln thtr .!udy t. .hd .ch.4ttc.Uy ttr lta. I'

lla. I - t{1cro..!.ttc mttortna ry.!6 u..d .t

Irl.chh!!dt cotlt.!Y.

th. d.t..to! ....o61t.. c.!P!t..d tF

..tr. PVC tu$.. of 42 Bd 7t i dr.lut dr._

!.!.! ntth rchln.a D.!.!.r.nd.. ?h. .uu.!

rlt.Dt.i tub.. hou.d . .lnal. wt.d.l .c..1-

.!@.t.!. .tud{ut.d to d. ol the D.r.!.r

th. Ao. LH.M. 9outrm Or6a.nrl arrcb, ih O€mi6, Pnd.no .rd Cottd ol
Oltllrt h Co.l Mtd svlDodsn A.oa.hbr, lgdt
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Tn. lulF.i provld.. for !ir.. !odo. ol

tn.1y.t. fo! Al .tanal. - rEtntr ed.,
'4-ch.nn.1' @d. 3trd 'loc!!.t !od., Th. l.!t.r

mdc .!rb1.. !h. .ourc. of AE r.ttvrtt to b.

d.rentn.d u.tq ..v.r.r (up to 4) d.t.cror..

Th .  rE tah t r r t r d  ' 1 - ch ,nn . l 'md . !  r r .  u . d  ! o

.81y.. Al .tan.l. frd tndtvtd!.l d.t.ctor..

0n1y on. detector Ey b. .n!ly!.d u.tra lh.
re.lAhtr !od., ,hil.t !i. '4-.h..o.1' ea.

.Ild. fot th€ .lou1t!tr.ou! an.1y.1. of op to

In  t h . lE tgh t rnod .  o f  an . I y . t ! ,  t i .  AE

.l3trdl fr@ . .1n31. d.t.cror t. .n.ly..d u.t.8

.11 folr ch.nn.l. of th. .n.ly..t, lh. tttr.

durlng vhlch th. .186.I I.v€I .xc..dt four Pt.-

..! rrtAa.r 1.ve1. h.vttr8 a! dpl tt!d. r.1..1d_

. h t p  l ,  2 ,  4 . . d  8 1 .  ! . . . ! i . d . n d r  t d . f f . c i ,

m l r t p l r . d  (E lgh t . r l )  by  t h .  uD l t r ud .  d t f f . r -

.nc. b.trc.n rh... 1*.t.. Tht. t..!!!. 1n !

ma.u!.d v.lu. rhtch b..r. clo.. proporrton.lttt

to th. .i.. und.r th. 1.v.1 v.r.ur ttu crtv.ol

r h .  a ! . 18n .1 ,  . ! . hom ta  l t 8 .  2 .

thr..rrold 1.vel t! .Keeded, the '4-ch.nrcI'

6ode iestster! th. tlo. (t. lr.) durtnA lhlch

!h€ a! .13ral l€v.t crc..d. e comon trrag..

l.vcl ln .tct cll.nn 1. I,Jlth lefer.nce to ftg.2,

ah. Al .o!nt obt.tn d frd !h. '4-ch.oel' !od.

6u ld  b .  t . ,  C l . l t l v .  rh .  r  - .h rnn . l t6od.  o f

,nr1y.1. c.ntut clo..It approxtrt. lh. .r..

und.r th. AB ld.I v.r.o. tln. curv. .nd ln.r.-

for. 1. not tn .r.ray-i.p.nd.!. d.a.ui. of Al

ft. outDur of th. .Mlt.er v!. dt.play.d

a. . DC vo1t4. 9ropo.rlo!.I to count !... 6n .

ch.rt t.corrl.r, An a{ly.t. 1nt.a.1 of oe

Alrc i.clrd.d ttr th. .y!td v!. ! CRL-

d..isn.d r.cttf t.t/tnt.8r.lor unt! ehcn .ould

b. ldlut.d ro r..rond vlth . .tnal. .hfp Dul..

for ...h Dt.ro..lht. .v.nr. the oltDot of th.

r.cttfr.r/trt.tt.tor untt v.. t.d tn.o th. ..c-

ond .h.nn.l of th. ch.rt r.cord.r. th.t.by

provldt.g . vttul cro..-ch.ct of th. l.v.l of

ntc!or.l.!1c .crlvtly, So@ qnul ..tttr.t.. of

.v.nt f.r. '... o.d. fr6 htSh-.p..d ch.!t

r.co.dlna., lt t. l.t.trd.d !o r.-ptoc... .lI

r.cord.d d.lr u.14 .ut@!.d .v.nt countlng.

StsTElt PlRFolll llcE

Th. uin cabl. r.. h.l.U.d in th. doh-

c... .h.ft .t L.lchlurd! collt.ry .n.l l.d tnby.

s! rhoh ln fta, 3. Unt.xl.l .!d !rl.xl.!

d.r.cror ...dhu.. sr. 1a.r.11.d tn th. louth-

.m d.v.lopdnt h..dtna. .. tndtctl.d. Ti. rt.l-

rtb po.l.ton tn thl. .r.! ol !h. r{n. corr..-

tdd.d ro .pproriut.ly 251 of th. ...o h.lght

(.tr !.tr. ..e thtcLn...). th. d.prh of rts

.p . l l  tn  th .  d . r .c ro r  Ioc l t ton .  v . . . ! t lu t .4

to b. 1... th.n o.e r.tr..

B..drna d.v.lopmnl .t L.tc$h.rd! .o1lt.!y

E. 6y .hotflrtq. l.cordt.a. R.. rd. uD ro

25 !tn!t€! follorha .ictr f!11-f.c. .hotftrlna.

O.ly ftv. .hot. .nd th. folldlra D1c.o..l.!tc

!.ttwltt n.v. .o f.r b..n t.colded. l{. out-

6ur.t. o! roof falt. ar. 6t..rved durtq th...

Fla, 2 - !i...ur6.nt of th. :pplorlEt. tr..

Th. '4-ch.m.lr !od. of .n.ly!t., on the

orh.r h.nd, ut.! ,o .pproxtdr. aE co6t vhlch

Ir ttrll.r Lo th. tr.dttto!.I "rtna-doh co6r"

llhcr..! ti. rrtlna-don count' t.thod

r.at.t.r. . .o6t of I ..ch tlr. r p!...t

th. A[ LM-M- 8qth.n O@.d.nd Bnmi rh. O.cumnc., lbdcd.r .nd ConlFl ol
Odt(ln In Co.l Ml6 Syopo.luo s.pr.mbr. l9lo
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t.a*d.r. ,tt.aH

l.e*.t...rr.re.

.upportrna d.r, h& nor y.r been perfoE.d.

atlat'
.a

, aff*a t* dotttt

Itg. 3 - llcr...t..t. @trort!3 !..! .tt.. a. L.lchhald! coltlery _ J.nury/ADrtl 1980.

A! exlEu.tlv. .n!1y.1. of th.& and orte!

th. A& l.li,rl! 3c4l!h.O{iia|J{ l..iclr lh. O6!mrcr, Pr..ldeF .d.Coitrlt ol
Od!.r.r. h Cal lll|. SrOF.rr6 S.rt ob-, |iql
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Itoeev€r, flB. 4 6horc !yp1c.l entrp1es of the

cype  o f  . na l yses

detdntc .ctlvlcy ras observ€d for Dore trl3tr 20

nrnutes forlo,rn3 lhotf rrr.3. Mrcros€tnlc

e.rtmted to drop fron 16 to 4

du!tns !h. rtr.t rolr ntnlt€3

fo r ro r l ns  Bho r f t r t ns .  An  t n . r . as .  l n  eve . t r r r e

ro 10 eventd t.r second f,!6 rhe. ob.e.ved, fol-

l oued  by  5  r edu . r  l on  t n  . v€n r  r a t .  t o  . pp rox .

ter 6econd. I.n ntnute. arr€r

shotllrlns, a furih€r lncr€'s€

to approxlhately folr p€r E.cond ,!6 ob.erved.

Thts va. .a.1n fotloe.d aft€r apprortrdtely one

and 6 half 'lnut€3 by a r€ductton

to le8. rh.n on€ p€r s..ond, The rlgnlftcrn.e

o f  r hes€  obse rva t l ons  c rnno t  be  d€ le rh1n€d ,

1 r  t r .  houeve r .  u . € fu l  r o  no t .  t h . t ,  a l -

t houch  rhe  r  eL  r l f l e r /  l n rea ro to r  t r an . c r l p r l o r .

o f  r l s .  ( . pp .a r .  t o  l nd l ca t€  ! lB . l f l can ln l c ro -

ro r  cons td€ rab le  pe r l od .  f o  l -

16 r l ng  t he  b1 .3 t ,  i he  ou tpu t  o f  t h€  AE  po tg€

atuly.er lndlc.t€s orh.rvt.€. llo.r of th€ ru.-

t . t ned  n t c ro re l 8 f r l c  6c t t v l ! y  r n  t h r .  c xdp lesd r

con r , n .d  r o  Lh .  p€ . l od .  0  -  t  m tnu re r  snd  l 0  -

l 2  m tn ! ! €e  a f t e r  r ho t f t r r n8 .  T t .  o l h€ r  l a rae

n l c ro re t s l c  . ven t s  r c r .

€ l t he r  t n ru l f l c l eo r l y  cn€ rBe t l c  o r  t oo  t n l r e -

quen t  t o  8e .e r . r e  . l 3n r f r can t  coun t  r . r € re .u l r r

durtq lhe tnr€rvenlq perlod.. Tt!l. oay b€

a r r r i b r r a b l c  t o . n . t l .  h t e h l y  1 o . . 1 l t € d  e v € n r r .

The ablllty to .e3o1ve delail" 1n nrcro-

be ioproved by urrna th.
"r€tghC' node Gther lhan the "4-ch.mel" tod€

or 6n.ly.ts .vall.ble on th€ AE purre an.ly.er.

Ar prevlou.ly d1.cu.6ed, rh€ "e€tght" hode of

anarysts l3 tror€ affect€d by AE pulse €nerAy

co.te.t rhan the " -ch.bnel" eode and therefor€

uay prove ugeful ln ldenlrfytns rhe n6rure and

orlarn of ntc.oseteic eventd.

rrPtrc TroNs
Ary An sMrydts €y.ten dploy€d forrlcro-

3€ r3E rc  non l r o r  t n3  ro r  g r r  ou lbu .dL8  h€s  ' s  t r g

r€qu t rn€n t  t h€  ab  t t y  ! o

l nd t ca te .n  " . l 3 ! n "  cond i t t on  as  q !1ck1y  and

' P r  r a b r  v  d e  p o s s i b l e .

t.m of 3aB outbur8ts ln und€rsround coal ntnes

have .o t  y€ r  be€n  6a t t e f6 . t o r l l y  e * t 1a1ned ,  b l r

r €cen t  oo rk  6y  B rady  (1977 )  susses rs  t ha t  t hese

phenon€na edy be htshly dyn.ntc .nd be assoc-

r6 !ed  r l t h  sho r r  p r€c r r so r  . 1Ees ,  I f  t h ra

provea ro be thc cas€, it huld be crearly des-

1 r6b l€  r o  h . v€  sn  AE  , na rva t6  €yd reE  wh l ,  h  op -

€rated on as .hort an a.a1y.13 rnrerv.I 6.

practlc6ble. lndeed, the conv€r.e rould b. !n-

de . l r sb1€  f o r  ! r c  r ea .on6 ,  F i r ! r l y ,  .  l ona

de13y rould r..ult befor€ an .1atu condttion

cou ld  be  t nd t ca t . d .  s . cond l y ,  t he  . . t u re  o f  l he

ph€nmena dlch g.ve r16e ro rhe alarD co.dlrro.

n6y .ot be dl.c.tnlbl. frm the re.ulls of the

AE  ana ry r t s .  t o r  € r&p le ,  cu t . u ra l  no l . . . ,  such

d .  con t t nuou .  n t . 1n3 ,  r oo f  bo l t i . g  and  d r t l l l nB

rrLl lnlerf€r. vith A[ 3n.1y6e. of slcro.€l.dtc

d.ta. Th. .onv.rttoMl sppr@ch Lo nrcro.el.m1.

oo . t t o r l na  h6 .  b .en .o  f l l i e r  ou t  ! h . . .  cu t t ! f 61

norre. prlor !o perforntq AE an.ly.e. (B1ate ct

d l , ,  1974 ;  dcK l v r rn .Ah  . t  d r , ,  1978 ) .  r J t t h  t h€

lons (ftv. ntN!e) .m1y316 r.i.w'l. €oploy€d

by lrck.vrnnrBh .t a1., (1978), rht. hr. h..n

un.voidabl.. Tl't. lpprorch, hdever, .,n r€.ull

ln lh. lorr of u..ful d.t. .nd Dly be .votdibl.

1r rr'ort andly.ti lntetvdls can b€ r€.1i2€d.

ntth d'o !tcro..tmic honltortnS ry.r€D

d€ rc r l b€d  t n  t h t .  h r t ,  t t  l .  po6 . t b l e  t o

tndlc.r€ a. 61rtu condl.ton (colte.pondtru !o .tr

tn exc... of $y arbl.raly .l're.h-

hold) 'MtD on€ .€co.d. tuither, lt ilpo..tbl.

lo con.inle AE a$lyrt. of etclo!.tmtc d.ra on

a on€ second atu1y6t3 intervar, rhereby ref!..h-

t.s lhe rtab condttto! 1r s.rrant€d. The

cholce of .lar rhre6hhold rotr1d brturllly h.ve

a  pc r t od  o r  con t i nu .d  snd  ex -

ten.lve Etcroselstc Eonlt6rtna, pr€f€rably

tncludlng perlodr of ouLblr.rtna, roof f.lls or

Th. Au.. LM.M. Soutnn Ousn.l.nd 86nch,.lh. Occur.nc., Ptdclion.nd contol ol
OutbuErt in Cdl MIna Sym!.rlum s.pr€mb€r, 1 gao
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The pr.cttcal tlpltcltrod. of. on.8€cond

an.ly.l. tnlervrl tr. conrlder.hl€. The ploof

or th. srth of .!ch . 3y!la ca., hd.ver,

only c@e aft.r rlaoro!. 6nd .xt.nrlv. .v.rurt-

ion  dd€r  op . r r t r t ra  cond| t lons .  Th€6.  op . r . r -

tnB .ondltlon. .hould dbr.ce h€ldlna d.v.lop-

4n !  tn  v l ra ln , re , . ,  r . thc r  th .n  pos . tb ly  de-

!tre...d 1on8...ndtna ptlldr. (& u!.d to d6t.

tn thl€ srk), th€ !.€ of contlnuou. nlnrn8

unlt6 (rathe! th.n .hotflrtna d.v.loment) 6nd

th .  opcrd t ton  o t  o rh . r  fon .  o f  l l . rnaDschrn€ry
(bor.rr, .hu.!le c6r. .tc). lt 1. envr!.aed

th . ! ,  d r r tnS !h .  cur r .ncy  o f  rh t . . rudy ,  a l l  o f

th. lbov€ op.iatt!3 p.t.n.t.r! rtll b. con-

CONCLUSIONS

A ltcro.€t!trlc norttorlna .y..6 .sDri.-

l.a ploprr€rary .r..t!6ntc coupon.trt. h!. b..n

r8.eobl.d! apploved and t. und€rgot.a fl€ld

lrlal! 3t !.tchhlrdt .ollt.ry, M. ln!€nd.d

!o dupllc.te tht. .y...6 !o c.fty out !tot!!r

Frt ,! Iletropolttan collt€ry ln ISx.

o recordlna. or ltntna tn vtrgt! .r.ar,

o r  o f  ou tbur . r .  o r  r6o f - fa l l . ,  o r  o f  cor l ln -

uou. rtntla op.ratlon! 6.v. y.l be.r t.L.n.

All r.cord€d d6t3 oblrtned to d.t. r.l!!c !o

.iorflrll3 hcadtna d.v.Iopren. ln 6r .dlic..t

to lo.a.tandtnA (.nd t6.r.for. po..lbly d€-

.ri....d) pttla!.. An €rh.u.rtv. drly.t. of

ye. 6.€n perfoe.d .

Tti. featur€r of the .y.teh tnclud.:

l. r.cov.rabl. d.t.ctor a.r.!blte3,

2. a on. r.cond ,!aly!l. ln!.!v!l
(oth.r .Mlyrt. l.r.fuI! uy be

.€r .c .€d) .

ard oper.tton. rlth . brtef p.ilod of

faDlllrrlzatton, tt 8hou1d 6e po6.161.

pe!.onn.r tr rh. €ff.ct-

or th€ .yrta .!

r€qu l r .d .  Oper . r lon  o f  Lh .  fu l )  . y . -

t6 Flld lnclldc tie p.rtodlc oove-

mnt of d.tectors to t..p p!c. ftrh lhe
proger. of ntnlna,

6. !h6 po!31b111.y of lnt.rflcrns th.

.Mrt.t. utrlt !o a &.11 cmpute! ro

.u rv .u t !nc . .nd  rE
polt preD.!.ttos. Tht. .v.nu. ,111 b€

.xplor.d dur1.a th. cur!.ncy of th.
pr....t NERDDC ar.n! .ppllcatlon.

Th. pr..rp1tft.!. .nd .cc.I.ror.t.rs ar:

r .cov . ! .b l . r  . l thoqh,  du .  ro  rh . t r  h tgh  co . t ,

conltd.r.bt. .ffor.. .hould b. n.a. to un!-

factur. ch.lp€r d€t..to! .i.6blt.. stodytnB

!d.quar. b.nderdtn 6nd oth.r lp.ctftc.!to...

Such oqotnA ddelopoent rorl 1. plann.d !o b.

t.rt of th. pr.!.nt NEiDDc-luDport.d .rrdy.

Th. .uth.r. v1!h !o th.nk the o.nrg.rr

ltaff .nd !1..!! .t Letchh.rd! coll,l.ry for

rh.I! co{p.r.tion .nd p!tien.. durtng th.

condlct of tht. eott.

M!. C. D, lull.tton (ClI) 1! th.nt.d fot

hr. ...!.t.nc. ln th. fteld yorl lnd Dr.ltnin.
rry .n.1y.e. D.rfom.il ro d.t.,

M...r. B. lcx.v.n.!ah (fom.r1y of CSno

Dtv. of Applied C.d.clunlc!), 3. Y.1dr6..d

N,  C l r r le  (CSI IO N. t ro tu l  x . r .u ro6 t  L .borar -

or1..) *. tlunt.d ,or th.tr cm.n!. on .!pecr.

of tn.!rsen..ttd. dnd 6n.ly.tr.

!ln.Ily, th. petut.llon of Th. Brot.n xtll

Propriet.ry CooDany Ltrt..d to Dubltgh lhl. b .

trc ..l.ct.bl. l! an.lF1. rod€6.

the Do..tblllty of provldl.a tDplov.d

dlrcrhtnrtlo. of rtcio.€t.Dlc .went.

throlgh th. !6€ of .n..eray-depend..t

REFliINCES

3.

5 .  r € l d r t ve  e .6e  o f  l na . . L I . r t on ,  Le . t t na

B lake r  l { . .  L . l sh ton ,  F .  dnd  Duv . I r ,  H . r . ,  l o i ( .

Mlcro€et8llc .€chntque6 for Eonltorrna th€

b€hsv tou r  o f  r ocL . r . ! c r ! r c . t  U ,S ,  hde tu  o l

lh. A!.. LM.M. &uhm O!o..l.nd B..Elr Th. Occur.nco Ptrd.ton .nd Co.lEl ol
oorborlr ln c6t Ml6 6ympo.l(n s.pr.mb.r. 1l€o
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