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R1ch.!d t. |l.!!onl

Alsrract
stnc.l958 th.t. h!v. b..tr 16 ujor co.I

dn. €xplorton. tn th. lJ.s. clrldng 323 lts''

l,Jhtl.! !h. €-c! ctu.. of e nutbe! of th..e

tncld.nLr h.. no! b..n d.t.nln.d, th. dlorltv

har tnslv€d 8st lgnttton. tn on. r.y o!.norb'!'

ln lddllton th.r. hsv. b.en f.t.t 8!!.xplo.ron'

!n  sa l !  61r .6  .nd  v .por . iP1o. ton .  in  o l l  nh" '

Forlhermre, tuny of the oil .h.le !tn.. ln th'

U.S. have Drov.n to b. 4...v glltng c.u.e for

.oncern. cotPoundlns th..e Probl.@ lE th. frct

rn.t frrctton.l tgnliton of tuth.n. ln cotr

dn€. ha! draDllctllv tncr....d ov.! th. p..r

lev.ral ye.i.i ov.t 100 .uch ta.tllon' s'r'

r.ported !n 1979. {htle no f6t.titte. h.r

be .n . l t t lbu t .d  !o  f r l c l lonr l  lAn t . lon  h  th '

U ,s .  s lnce . . r l y  1978,  s  i . cen t  dn .  exp lo . lon

ln Nova scotl! rhtch r..dt.d t! Il f.t.11t1..

,6E allrtbuled !o t fll.tton.I f.ce ignltlon'

R€se.rch belng conducc.d st !h. Bulelu ot

Mlne6 & ,t@d :! the P!.wnrlon .ndruPPt...lor

ol a.s explodlonE. EoPhasts 1. Pl.ced on te,

co.l cutt€r b1!3 for !€ductng tgrlllon f!.q@nct'

@chtne-tuun!€d rater !ptry. for pt.venttng

frtctlondl face ignltlo.. lnd .utoMtlc device.

for qlenchtna 1..tpl.nt l8nl.totu .nd fullv

developed aad erplosloa.

NTAODUCTIOII

!.f.ty of coll dcr. h.E b..n Ed. ov'r th'

lr.l b!11 c.ntury. tht! l. noth.le D.ll.!

.r.ryllft.d t!.n tn tb. df.4t1. leductlon h

th. 1o.. ol ltfe du. to !tn. .rtlo.loni; lh'!'

ht. b.en ! .te.dy d..Itn. ln .xplo.ton f.ttlttl"

.tnc. the tuln of th. c.ntury. Non thele..'

EJot nln. .tprolbn. .t111 occut .t r.ttlv

r.aul.! ttrlervll.. stnc. 1958 ld th. Untt'd

sr...6, 19 .uch lncld.nt. cl.lEd l3t riv.. .'d

r..!lted tn lncold ptop.rtv d.n.a.. fio€t or

rher . . r t lo r loN r . .u l ted  f ro t r  fh .  accrd .n ta l

l8nttlon of @th.ne. lloEt of th.tr .t.o ltrwrv'd

corl duEL ehtch conrrtbur.d ln aole deSree -

@ully uJor - to th. vlol.nc€ ot th' 'rtlo3t6n

It vould be Sr.ttfvlna 1f ihe do'nvatd

t!.!d to .tplo.lo. f.t.1ltte! eer! to contlntr'

bu! r !€..nt upturn ln th. fr.qnen.v 'f frlctlon-

.1 ftce tanlttotrE c.6ed bv dntng mchlnet in

the Unlt.d sttt.. t. . utt.r of g!e't conc'rn'

rhe purpo.. ol rhlt pap€t 1. to dttcu.. the

uSnttud. of th. Dtobl.o of fttctlonal frc'

tgnttio!€ and .or of the r..e.rcb belnS conducts

ed r !  th€  u .s .  But .6u  o f  l tnes  1n  rn . f fo r t  t '

r t1 .v1 . te  t i t6  Drob le !

BACKCROIJND ON'RICTIONAL ICNIT1ON

Tne tncreated u.e of ftch.nl.rl otrln!

€qulplent coupled ,tth th. exp16latlon of 3F'i'r

co.l seaF ia6 l€d to . leported lncraa'€ t'

the annual freq!€lcv of @than€ lantttons bv

frtctlon tn un.lerglodd coal o1n4. Thl3 'an

be seen tn lab1e t ,htci Stve lanttlon 3r3t16_

t lcs  fo r  the  Years  1971 -  1979.

S!€6dy t!pt6!e@nts tn th. h€.1th aod

I Re6e.rch sup€tv16ot, I1!er.nd Sttloslong,

Unlted strtes DeP.r!@rt ol rhe ld.erto!'

Bureau o f  U ine6,  P l t t .bn !8h ,  U.S.A.

Th. Au6. LM.M. lll.w.r. Bhnch, lqniriotu, Explos ions and "os ih co'l Minot svhposium Mtv 1941
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T$1e I

Annul fteq@ncy of 6de!8e6d

frtcttond iglltIoB

!!4 !!4 !!!! l9:! rrz! lll! !!z !!1! !!:!

- 9 - . q - ! - ! l l l - l - . q

tie incre.re lloD 47 tsntttoE t! 1978 to

97 1n l9t9 tu .!p.ct.Uy .1.hin8, It rlU t.

nor.d rh.r e.t ol $. lsrlttod lnvolv. the

cutttn8 ttts ot o1nhB uchtn€. An n.ly.1.of

223 frlctlo@I lstlltlon. .ttrlblt.d to contttr-

@u. d!.r. ove! th. p.ttod 1971-1976 tndtc.t.d

th.r 641 Ei. c.u.d by btt. ltrltltr8 rool rocl

!trd 222 r.!e th€ !..ult of bit6 .trtltns tnclc

lod vtrhln dr. co.l ..&i thc r.olntng I4l

rer. .itltbut.d to btta ltllklna th. oIG

horro! (l), trr. hlsh tnctd6trc. of t8nltlon.

l!o! .utte! h1t. hltttn8 loof EcL t. prob.bly

tnctdetrtal lut .q8Bert. th. po..$tlrty of

clhan. lsyertnS; oth.t. h.v. .q88..t.d th.t

th. fla@bI€ Dlxtur. le.ull Prtullly floD

rhe dtlutton of €...nt1.11y P!r. @thlne by

w. r t1 !3 tn8  . t r  . t  th .  t . ce  (2 ) .

Cullent ilne .rfety !t.!dard. .tcd !t th.

plev€ntlon of frtctlonll face tan1tlotr! ln u.s'

olner rre b..ed prlulUy on .6.o!1ng atLqut.

t.ce ventlt.tlotr lnd c.!lt detectto. of tb.

nulld!! of h.r.!dou dtrllne .onc.nt!.tlont.

0 .s .  lesu la t ton .  (3 ) , teqd! .  the  qur t t t y  o f

aIr leachtng ..ch vorling f.ce to I'e at le.Et

86 i3 /aln @chtne-@unted @tiaft@atto!6

rhst atv€ rudtble oi v1641 rantna dEn the

etiane @rc.ntr.tion reacn€s 1,0 to 1.5 t

s{d .uto@ttcally deerelglt. the @chtne vnen

tie conceDtratton leacie6 2.0 I .re 5l.o

rsqutied, Tie.e casule6 have .eftdnly

contltbuted to ElntblztnS th. cons€qwlc.d of

lllctloral lsce lanttlons and there ha. oot

been r frtal dne .cclil€nt ltttlbut.d ro th16

clae 8lnce 1970 *hen . Dln€r e.E &pbyrtlted

as a regllt of a frlctloml face t8litton. The

1.rt qjoi 6t!. dt!t.t.i (5 or Dre fat.lltt.s)

rttrlbuted to t frtctton!! fa.e l8nttton ra6 ln

1963 at th. C.rbon luel no. 2 rdn. 1n $e1p.r,

Utrh. fiorever, rln. .xtlo.lon

t! Nov. Scotta vblch re.ulred tr tl f.t.l1!1e6

ra.rtrtbuted to a frtcrton.l tSntrlon (4).

ov.r lh. p.rlod 1971-1979, th.r. s.r. 30

tnJurt.. attrtbut€d to frtcttoul, llnltlon. in

lne U.S. and tn .o@ clEeE, !r report.d 1n

Ref.!.nce I, @than. f1.c6 re!. observ.d to

trarl 15 i or Dre fED th. potnt of tanttlon

.t che f.ce. Thl6 r.t.r.trce rlso pre..nr. an

tnc . r . ! t InA to .1 t l v .  cor r .16 t lon  b .N€.n  th .

ercenr of f1.n. prop4ttion dd the pioxt&Iry

of th€ vetrtrl.tton duct {hlcn 111$rra!€! rh.

elfecltvene€r of v€nltlatton tn nlnldztng th.

€at.nt of fll* piop63.tton. Nonethel.33, tn

vl.v of th. lnct.ded fr.q@ncy or ftlctronal,

f . c .  tSn lc to tu  a . .o ( t . t€d  r tLh  mdeh n ln tne

@.h1 !, other r.ddld r.r.ure. ou.t b.

erploled. The v.ltos .ppb.ches to thl.

prcbleB hNe been olrIt.ed tn courtney s r€c€nt

alttcle (2), The.e uele broten dom into fodr

brotd 6r.tsi p&ventlna th. fomll.n of

fli@ble otrtlre6 (thro!8! t[ploved ventll3r -

ton), pleventtrs the tsrttlon of the flt@bl€

drtu!.s, lSnttlo! quencninS 6nd f.ce 1ne!tl.a.

Tht. p.per conc.ntrater on th. tro areas of

tanttton prevdtton and supprerslon.

VTASURES TO CO TROI, FRICTIOM' ICIIITION

rheie had been . 1ar8e atuult of rerearch

o! the 6ublect of frtcrlond tanltton h

aeneral and the fltcttonal tentt{on of rethan€

by Dtrtna uchlms ltr p.rtlcul.li .everal

.xce11ent sueey p.pero oD the .$lect hav.6ean

pubudhed ( I ,  2 ,  5 ,  6 ,  7 ) .  I te  l r ro r tan t  f la&

lna8 r€aa"dlna the fac€ 18!ttton proble! tn

co.l Dines can b€ .@rtzed as follo$:

Tn6 A!., LM,M, lll.wrtu Br.nch, lsnhlonr, E plcioN rnd Fir.B in C6l MlnB Srnpolium, M.y 1961
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l. ltost lgnltlon€ are caEed by colter bits

strtttna rock ln Dlres; siltcedus or

qurrz be.rlna srndstones P.e;ert the

areatesl hazlr<l follot€d by pyltte

2. Ttr€ t8nlrtom lnvailably start tn mthane-

atr nlxrured not corl d$t,

3. Ttre prlnctpal Eoorce of tgnltton lt hot or

oollen Mr€rtal 0n the ro.k not hot btts

or aparks. (Tnere t3 not lotal 4ree@nt

o r  l h13  Po tn ! ) .

4 .  a l l  b t t  u t e r l d l d  can  cau .e  lSn t t l on  bu t

sore mt€rtsls ate Dre tncendiv€ than

5, The r€nd€ncy for lanirton to occur aiertly

l nc read€s  { ! t h  b i r  r e . t .

5. Reduced cucttn8 speed atp4r6 lo t.du.e

th€  r€ .dency  f o r  lSn l t l on  t o  occu r .

7 ,  D t recced  { . t e r  r p ray t  a t€  e f f e . t l ve  l n

r€duc ln8  rhe  P robab l l t t y  o f  t g r t t t on .

Ir€nE 2, 5 and 6 suga€3r pra.ttc.l rlys of

leductna the frequ€n.y or 3€vetlty of tanltlon,

l . e .  i op rov€d  ven t l l . t i on r  6  t l a i d  b t t  l n sPec t -

ion pro8ran rtth fieqlent btt chanae6, f!€etna

f rozen  ( r o ta t l ng )  b l r 6 '  ! nd  ! . duc lng  cu t t € r

speed. l!eh6 4 dnd 7 auagest vrys tor fur.h.r

lnprovemnls, natuly! tnpiov€d cltter blt. and

lhe u.€ of "ater ePr6y6i these 6!e cutentlv

being t.vesllgated vtth €rPh81. on th€ @e of

II'IPROVED CVTTER BITS

Ob€e.vatlons o! rhe r€latlv€ lncendlvtlv

o f  t he  va r i oc  @ra16  @€d  l n

o f  cod l  cu t t t ng  b t r d  t nd t c . t e  t ha t  t he re  t e

60@ loon for lntrovemnt ln the deslan of btts

to reduce thel. rendency to latrlte mlhane

!o! €xaDple, 8llcke$d.rferrs €a!1y volk (8)

sho'ed that the 3tee1 used tn lhe con6t!!ct1o!

ol blt 6h.Dk5 {a€ slantflcantly eie incendlve

rhdn the t$3ster c.rbtde cuttlna ttP l{6r"

lecent rolk .onducled under . Buleau r€sealch

contract (9) has selved to retnforce thls

! 18 .  I  -  Equ tpmn t  c€d  t n  f r t . r t on . l  l an t c ron

s tud rea .

Th€  eq l t pneD t  uded  t n  t i c s .dcud les  l s

6boh  l n  F iB .  l .  r t  conE tE ts  o f  a  f u t l { ca l e

Joy €hearet drun drtven 6y 6 120 kt{ hvdraultc

Mro ! .  Th€  d run  t s  1 .17  n  t n  d l a@te r  ( b t t  t rP

ro  t t p )  and  i 6  equ lpped  o i t h  cu t t l nS  b l t s  { h l ch

@ke  .  €€ r t es  o f  l on8  s l an ted  c l r s  ( 45  cn  Mx .

lenSth) lnto 6 lar8e san&tone block thrch 1"

d r l ven  ac ro6s  t he  roL6 t t ne  d run .  Th€  en r l r ?

u.tt t6 enclod€d in !n d1i ttght .hamb€r €nd

!6e  nunbe r  o f  cu t s  ( s ! ! 1k .6 )  r equ l r €d  ro  t an t t e

a 7Z retha.e .!! nlxrlre ts neasured.

I

i

I i e ,  2  -  E f f ec t  o f  b l t  { ea r  on  ease  o f  i gn t t r on

Ftgure 2 shors soEe recenr &ta ob!.1red

' t t h  a  d tnA le  ch t se l  b i !  cu t t l na

d rE  6peed  ras  47  rpb  r l t h  a  co t respond ins  b tL

Th€Au . , l .M ,M . l l l 6M i i . a ranch , l gn i t i ons .€ rp l o . i o . 6 .ndF i ros i ncoa lM inosSvmpos i lm  Mav1901



spe€d of 200 D/s a.d lhe depch of cut !a6
adlusted to 5 m. The fi8ule 6hoss the nuDbe.
or  s t r l k . . ,  aver .ged over  a  nu [ber  o r  t r t . l s ,
reqllred to produce tgnltron as a functton of
b i t  ,€ar .  I r  e11t  b€  ro led  thar  the .e  ts  a
draEtt. decrease ln ihls nunbe! ar 6 blt vear
watue conespondtng cto6€1y ro tie ftrst
.rposure of th€ steel ah.nk to the curctns
acrlon. Thls sugaests lhdr any edlflcatlon ln
b l r  de8tBn rha(  !ou ld  p rewnr  €€r tv  expo6ure  o f
Lhe shonk  Mrer t6 l  vou ld  re rv€  to  bder r r .  (he

tendercy for blrs ro cdEe lanlttonB.

Thts  pGs ib l l t . y  1s  be tn3  exp lo red  us inS
lh. eo b1! dedtans shoh ln Fig. 3.

@c€ts flh ,ff
E Err n-,, \i-_/r--r

-/'/ \f,-

Ptg, 3 - 3tt deslans to r€duce shdnk errorur€

11)e chtef fedlure of both de.tans t6 a

bdlflcdtlon ln ttp seorerry ro trewent e.rly

exposure of rhe sh.nk durtn8 rhe cultlna cy.1e.

.The 
plunb-bob dedts. h.E re.€nlly be.n

eva !u ted  l n  r abo ra to r y  s t ud les  ! . i na  r he

md t f l ed  b l r s  houn red  on  t he  Joy  shea r€ r  d ru r

o r  F lA ,  I �  r o r  r h l s  pu .po€e  bo rh  coDven t t o .a l

and  Dd i f r ed  p l l nb -bob  6 t t s  se r€  mun ted  on  Lne

druo at dtaretrlcalry opposed loca!1on6 ald

t.sted agalnst a s.nd6to.e b1ocL. Early ,eat

cha rac t€ r t s r l c s  o f  t he  l qo  b t r s  a re  ehoh  t n

rhe Ddifred i,Duirooh,i

d€6tgn offers som protecrlon agalnsr eally

A  n .u  ch t re l  b l c  de6 r8n  based

.n the lta. 3 ls cldenrly belns evaluared tr

rhe 3a@ @nner and tn-ntne 'ear re6ts fo! both

b l r  d e s l a n s  d r p . c h e d u l e d  r o r  r h c  n e . r  f u ' u r e

F13 ,  4  -  Ea r l y  r ea r . ha r . c l e r t s r t . s  o f  n . ,  and

o td  b t t  d€s r3ns

Ano the r  poss lh l l l t y  f o r  r educ lns  cu t t e .  D l c

l nc€nd l v l i y  l t es  1n  rhe  dev€ Iopn€n r  o f  l np rovcd

b1 r  m te r t a l s .  B l l c k .nsde . f e r ' s  r o r k  h .3  s t , uw r

thd t  coppe . -n1 . ke t  bonded  r l r 6n tuh  ho i t d .  t s

1 .3 .  1n .€nd i ve  rhon  t unAs ten  c6 rb i de  rnd  t ha r

t ude6 t  r educ t l ons  l n  t he  l ncend l v t t y  o f  shank

3 t e e 1 6 . r €  a l s .  D o . 3 1 b 1 e  (  t 0 ) .

!!!Ei_,c!3!J9
Perhaps  rhe  r cs !  p roE le l ng  me thod  f o r

t educ tng  o r  e l l n t n6 t l nE  f r l c t l ond l  f 6ce  lBn r t -

l on6  1 l es  i n  t h .  use  o f  f f i ch l ne -mun r€d  u . t . !

3pray6. Th.re ts ampt. laborarory evtd€nc€ !o

sup to r t  t h l s  c l a l n ,  The  ea r t y  r o r k  o f  Xoche rsa
( r r )  l nd l cs ted  t hd t  r a te r  sD rays  e l t h  f 1o !  r . r es

o f  a tD rox t@r€ l t  2 . 0  l /m ln  l e re  e f f ec t r v€  l n

. l t i dna r l n3  f r r c ! r ooa l  l sd r ! on3  du r r . a  . h€

cu t t t nS  o f  sand . ron .  o r  py r l t es .  H l ! h  p r r t t es

t i e  d l r ec t t on  o f  sp . sy tnA  r . s  no t  i nDo r ran t  bu r

bes t  ! es !1 t6  u€ re  ob ta l n€d  s t ch  rhe  sp rays

d l r ec ted  beh tnd  t h€  p t . k .  The  d l r ec t l on  o f

spr.yln8 las very rEporta.t when curtlng sand

s ton€ :  f ou r  l gn l r t ons  re r€  ob ra tned  l n  s r x

e rpe r l@n to  l as t l ng  127  seconds ,1 rh  sp rays

d l r ec red  1n  f r on t  o f  t he  cu rdnS  b t t , h11 .  no

tglltlons rele obserwed ln l5l ext€rln€nts,
qh l ch  l as ted  6130  seconds  { i r h  l a re r  sp r . yed

b€h tnd  t t e  cu t t l ng  b t  t ,

Th.Aus. r.M.M. tlt.wada a.anch, tsnilio.s, Erptosions.nd Ft€s in Coat Minos Sympolium, M.v 1901
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Po 'eu  and  B l l l t n se  (6 )  ob ta rn€d  s i n i r a r

resu l t s  t n  l abo ra to r y  s t ud les  e l t h  b t t s  f o r ceo
asa ln6 r  t he  f a .e  o f  a  r o ta t r ng  sands rone  s tab
I r  . uL t rng  sp€eds  o f  1 .5  and  4 .5  n / se . .  T t r . ,
r o ' n d  r h a ,  3  ! d r p '  s p r s v  d e l t v p r l n s  r . T  t / n , n
vas  ve ry  e f f e . t t ve  t n  . €duc lnA  t he  p robab l l t t y

o l  lEn l r l on  -  0  2TZ  r i r h  wa te r  sp rays  codpa red
to  3 l - 1002  e l t hou t  sp rays ;  r he  sp rays  , e re
^ n l  p f r e ,  r  t v p  u h F n  d J r , r r c J  b p r  J n d  r n c  p l r t .

Thc  ms !  l np ress t l e  d€mns t ra r l on  o f  r he
p f r i , r r v c r e q q  o t  u a r p r  . r r a v s  I n  e  D l n a t t n s
f . l c t t ona t  1gn1 .1on  ras  pe r f o rhed  by  A ,  Lobe l ko
( r2 )  a r  t h€  cen t ra l  l . t l n l ng  t ns r ! r r r e t s  B . rba ra
M lne .  He  $ed  a  f l u - sca te  KR- l  cu l t € r  d ru r
(1 ,25  n  d i an€ re r )  l ac€d  r lO r  lO  N ( -h  . od t . l

f l . k s  u l t h  a  con t ca t  sp rav  nozz te  beh i . d  each

r i . k ,  i n  c x p e r r h e n t s  u l t h  Z  m  l o n 3 . u t s  l n t o

d ! P . t s  . a n n t n s  f r o h  l . t  r o  4 , 5  r n
r i r h  h r t  s r u e d s  o r  t , 3  n / s e c ,  1 6  i a n l r t o n 6  ! e . e
. h r . r v e d  l n  l 6  r r i a t s , t r h o u t  u a r e r ;  e l t h  a
r o ! 3 1  r d t c r  r l o u  o r  8 2  l / h r n  ( 2 , 5  t / h r n  p e .
p t . k ) ,  no  l gn t t l ons  v . r e  ob6o rv€d  t n  t l  t r r a l s ,

s im t l a r  exp . r l nen t s  a re  no {  l nde rway  i n
rhe  u , s .  us l n3  rhe  Joy  Lps r  11g  desc . t bed

.a .1 i . r ,  P re l tm tna ry  t es t  r esu l t s  t nd r . 6 l ed

t [ a t  l he  op t l nu f r  t oca t t on  o f  t ne  ua t€ r  sp ray

l as  beh tnd  ! he  p l ck  1n  aF rec f ren !  v t i h  Eu ropean

s rud res ,  A  pho tog raph  shou lnA  t he  ope ra r l on  o f

r . z 2 t -  t c . h o w l  , n  F l g .  5  d n c
.o tu  . ecen r  r esu t r s  l I l u s t r a t l nB  t he  e f f €c r l ! r _

dess . l  back - t u i un red  sp .ays . r€  p res .n red  l n

Table 2. l1iese rosults u€re obrarn€d wrth a
s tng le  .h1se l  b l t  lnpacr lna  sand€cooe a t  a
ve loc t ly  o I  1 .4  d /eec  and.  d€prn  o f  cuL  or
o ,4  m,  r r l rh  'a te r  f10u ra r€s  o f  the  ord . r  o f
?  to  2 .5  r /a ln ,  ba .k  sp iays  {e re  found ro  be
ex t remry  e f fec t i ve  rn  e l tb l rna t tnA l r tc t ton . r

r gn l t l on  r es t s  r l t h  ch t se l  b l t

l npac r i ne  san , l s t one

V lecs  f r on  a  h l sh - speed  ho r l on  p r c ru r .

6Dr3y  and  on€  ' l r h ,  a re  shown  i n   s .  6a .na  D .

3 I t  apeed  ras  . j , a  m /sec  dhd  t h€  d rp th  o r  . u t  l n

sands ron€  yas  . d l us ted  t .  5  hn .  r , J r t hou i  ua r€ r
(F l 4 .  6a )  t h .  b t t  l eaves .  t ons  t l n l n ' s c rn !

t u l t en  s .nds rone  rn  i r s  { . k t .

I " 4  l ) e  i t  l r  1 ^ r  . b \ t o u . .  . r , . m  , t r t .  
l , t  , . ,

s r . ph ,  a  me rhan .  t sn t t t on  oc .un .d  du r1 .e  t h r s

Pass  rh r ch  uds  t be  s . cond  i r  t hs  r €s t  r un_  An

t h e  o r i s l n a l  f { r n  D f  ! h t s  e v e n r

l a r l ed  ! o  sho '  t h .  eEc r  l o ra t r on  . f  t h .  i sn r  r r on

su r f ace  a t  .  po tn t  sohe  l 0  ! .  l 5  cn  beh ind  t he

b r r ,  l t  1s  l l ke t y  l ha t  nos t  i ! n l t l ons  o . cu r r . d

i n  r h t s  xay  s l nce  t he  ho r  spo i s  on  t he  sands !uu<

and  a r€  t he r . f o re  nuch  t u re  e f f -

e . t 1ve  l n  hea t l ng  l oca l  vo l umcs  o t  me rhane  r !

t he  i gn r t l on  po in t  r Lan  sa r  a  mov rns  sou . . €  such

d  t s l odg€d  r r on  i he

Th rs  hypo thes l s  i s  . onpa i i b l e
Fie. 5 - Experinen!.l back spray

Th6Aus .  rM .M .   awa i ra  B ranch ,  r s ^ i r i ons ,  E& tos ions :nd  F (6s  i nCoa tM ihes  Synpos iom,  Mav  1981
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( b )

113 .  6  -  e f f ec t  o f  6 r ck  m ln l ed  { . t e r  sp r r y :

( a )  u l r hou .  sp r . y i  ( b )  u l t h  r p ray

' 1 !h  r he  r€su l r s  o f  r l a .  6b  {h l ch  6hou  t ha t  r he

p r i nc l pa l  e f l €c t  o f  t he  ba . k  sp ra t  tG  Lo  coo l

t he  san& tone . s . v l denced  by  rhe  t o ra l  d t sapp -

ea ronce  o f  t h .  l n candescen t  s t r edk  excep r  f o r  a

v€ ry  sna r r  r e8 lon  ne . r  t h€  . on ta . t  po tn t  ' i r . h

l s  h tdden  f r on  rhe  sp ray ,  (The  Ep r6y  nozz le

ex tends  d l aBoMl l y  ddhva rd  f r oo  rhe  uppe r  l e r t

. o t ne r  . f  t he  pho tos raph . )  The  sa te !  f l ou  r . t e

r 6 s  a b o u t  2 l l n l n .

The .u r ren t  € f f o r t s  on  ra te r  sp ray  a re

a lned  a t  op t i n l z i ng  sp ray  nozz le  t ype ,  I oca r l o !

. nd  ra te r  f l o s  r a te .  r u tu re  p l ans  ca t l  f o r

r abo . . r o r y  and  i n -n {ne  t e6 rs  l t r h .  f u l 1y  l aced

Joy shealer drm equtpped !ith back-bunred

Th rs  p ro l ec r  l s  schedn led  f o r

conp r€ t i o !  i !  r a re  1931 .  E . s l nee r l na  s rud les

are also beln8 planned to equlp a ripper-rype

uchlne rllh back 6prays to!

controlltna frlcrtonal l8nltlon. The baslc

piobleb of pluflblq r6t€r tdro tbe .lpper head

solved and my

ex tens l ve  red€6 lAn  o f  t h€  cu t t t ng  he .d . ssehb l y .

An  t n te r€s t t ns  a l t e rna r t ve  t o  i he  ! s€  o f

external rater sprays for reiuctns rrlcllonar

lgnttton has been dev€loped by Fre.ch r€searche.g

( r3 ) .  They  f ound  t ha r  b l *  , 1 rh  t n r€ rna1

pa68ases  ro i , a t e r  t n l ecc l on  o r l a l na l l y  des tan€d

fo r  l l p rov€d  b t r  v€a r  ( r 4 )  and  dus t  supp r€ rs l on

are also effecttve 1r reduclng th€ occurr€n.e of

t s  no t  c l ea r  wh€ rh€ r  t h€  nechan l sn

fo r  i nh l b l r l nS  l sn r t r on  l s  assoc l r t ed  r l r h  h l r

coo l l nB  o r  coo l t ng  o f  t h€  l ock  su r f . ce  1n  t h<

v t c tn l ! y  o f  t he  cu t ,  Th i s  i echn lque  hay  be

.dvan tdaeous ,  espec l ! I I y  1 f  1 t  p ro l ongs  b r t  1 t f €

bu r  m tn ta tn tns  r he  i n t €3 r t r y  o f  b t t  sea l s  r n  .

n l n l ng  env l r on ren t  f r lBh t  be  a  p rob len .

!q!!!!q!__e!!!!!t!9 q!!4!9
A lona  e l t l ,  l q rov€d  cu t t € r  b l r s  and  b r c^ -

noun r rd  u6 i . r  r p ray " ,  a  t h i r d  R rhod  f o r  ' on

t r o l l l ng  f r l . t l ona l  i ace  t gn t t l ons  t s  t gn t t l on

quench lnA .  Th l s  ne thod  depends  on  t h€  ed r l y

de tec t l on  o f  t he  f t t han€  f l ane  a !  t he  f ace  and

the  d l spp rsa l ,  o r  a  su l i ab l e  e r t l . au t sh lna  as€n !

l n  11@ to  quench  t he  deve lop rnS  f t ane .

Ka !€nsk l  ( 15 )  e t  a I ,  demns r ra t€d  l he  f eas lb r l l ! y

of rhe dpprodch as early as 1959. They used an

u l t r aw to l e t  f l aDe  d€ tec .o r  ! o  ac t t va te  a .

e f , p l o6 twe  dew l . e ,h t ch  re l e$ed  3  po rd . r€d

I n h l b l r o r  f r o D  a  r u b u l a r . o n l d r n c r .  T h c  d e r e . t -

o r  q6s  . apab l c  o f  bpns lng .  Mrhane - . l r  r l . he

w t tn tn  20  E  a f t e r  l an l t t on  den  t r  had  s ro rn  r o

r dlareter of about l0 cD. quenchtnA resrs ln .

7 , t  b  l ong  €n t r y  hav lna  a  c ross  s . c t l on  o f  2  by

3 o indlcated that 3 kg of pot.ssl!! btcarbonate

to  quench  an  l gn t t t on  t n  9 ,57

@thane-al! rhen the disp€r61on systen {as

locrced I.2 n froD i6e lanttton sou.ce. Althoush

the  resu l t 6  o f  t hc  ca r l y  r peea rch  uc re  encou raa -

Th.Aus. LM.M.lllaw.d. Br.nch,lgnirions, Explosionr.nd Fk.6 in C@l Ml.$ Symp6iun, M3y 1981
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I
1na, .or practt.tl plobf€@ {€!e .v1d€nt rtth

tbe ploposed devlce. Fo! eEEpl., d6t, o1t,

or area.e .cc@llaltoF on the deae.to! randd

greatly rttenaled the !.dtttlon ttrcldent or

the ft.e detectot. In &!it1rton, th€ .xplostv.

trtln @€d to opd tt!. tu!€ and dtEp...e th.

du.r aener.ted .n ln&.eprablt blgh 1.r.1 of

nol.e. Furtlt.r srk ri. ch.n coft.ntgt.d on

tqroved llld d.t.ctot. .nd tiitbltor. lnd

altern.ttve Ethod. of dt6peEtnS rh. i.htbtt-

The respon.. of !h. ultr.vtol.t d.t..tor

laE tuned to r.dt.tton b.nd

rhlch r.6 reduced !h. po..lbllrt, of l!1..

alarm .nd a .yEten ,a6 devtr.d to conttn@u.Iy

rash  !h€  qur rz  l€ns  o f  th .  d . tec lo !  r t rh  !

Fvrng  f t16  o f  ra r . r ,  th tE  e l th t . . r .d  th .

Droblen of dlrt $d sre.a. bslldup ln th. I.n.,

Tne r€vtF.d 3yEt.e tunctlon.d stti.f.ctorUy ln

1n-n tne  proo f  ! . . rs .

ln ord.r co redlc. the nol.. le!.1 ..8oc-

la t€d  r t th  rhe . rp los tv€  6c t tv5 t .d  un t r  a

ryEten  sh lch  u t l1 tz€d pr . . ru r t2ed n l t roSen fo r

dt6p€rslng dry pord.r €f,tllaut6i.E ,t.

d€ve1oted .  A  typ tca l  d t .p . r re r  conEts l .d  o f  .

1 ,2  n  lo re  s t€e l  p lDe,  15  es  t .  d t .mte !

cor t . ln l !8  a  5  t8  ch . r8e  o f  ex t lngut .h .n t .  l !

pas equipped ,tth . dlv€rgtng norzl€ dd a

rcor€d @t.I d!.phrrtE lhtch ra. ruplur.d by .

No. 6 electrlc delo.ator. The cannon ra6

norMlly p..r.urlred to 40 .tn stth .ttro8e.

fo! dt8peEtna rhe dry pNd€.i the carNn @!

the requlr€ftnt. of a l4O db "C" pe* sound

ftlr devtc. r.s €%luted agal$! mthale-

alr-coal duEl lgnirion6 strh fou! dlffeE.t

!  n ln8  d .h lne .  ln  s tm&ted l l rne  tes ts  (16)

To l$u.. adequt€ coEriS€ of the f..e, the

!ltrrvlolet d4tect6!6 and ealtngui6her un1.6

ehlch conratn€d Atc po!d€. Gre duDr.d or the

top and near rhe ddd1. Ievel of the rltrlla

Echtne. Table I6@rtze6 the ilniNb

nlder of crn on8 add detectots reqotred !o

a.ble 3
Exttngul6h.r dd det.cto! t.q!tr.enc. for

four olni!8 uchtn..

conststently qu.!.h t8nltton. vtth th. .l.t.ctorr

tnd .rtlnalt.her. 3 to 5 *tr.. !106 rh. 1.c..

A suppreaalon sy.!.o bt.cd on li.lon ll0l

m6 .1.o exaotned tn decatl b.ca@e of th.

d .mn. t ! . !ed  e f f . . t l v .ne . r  o f  [ . lon  I3OI  . . .

f l .m lnh tb t to r  lnd  b .c .@.  o f  rhe  av . t l .b t l i i y

of . co@r.la1 dl.p.!.ton .y.ten (F.n aI) thrt

appe.r.d 8u1t.bl. fo! lhe purpo.e (I7). Th.

F .N6 l ,  d .v lc .  con . l . ! .  o f . .ph . t l c . l  6o t t1€

rh.l t. .qutDlred {tth . dl.p€tulor norrl. .nd .n

.xplo.lv. .cttv.ted !e1e... d.vtce. v.porl.6b1.

€xrltrautshIns rg.o!. 1rt. t.ton l30l proltd.

of aboot 14 ks/cn- ,hl.h t.

d.q@!. fot tu.r .PPllc.rlond.

E. ! l y  res ts  r l th  the  F .nu l  6y . ren t .d rc . t .d

that the dtEcha!3e var ch.lrcr.rtz.d by aplttern

of lobes betreeNhtch fllE could co.cetvably

propsg.te. Therefore .n t.p!ov.d nouou c6n.

lo2rle va€ developed !o ptovtde a nine lrtlorn

6p. r la l  d ts t r tbu t lon  o f  ex t ina l t rhant .  Th€

eff€ctlveness of the llrlon ertingutEh.r r.t

deD$traced tn qlenchtne eth.r.-tir tantttont

ln r sectlon of the Bruceton ExperlEntar ln€.

t{tih th€ extlnaulEher nount€d 1.2 n fron lh€

f .ce ,  f l re  ba l l6  !p  !o  1 ,2  r  r !  d la f t te r  couLd

be q@nched ' t th  abou i  12  13  o f  Ha lon  1301.  A

f l lo  c l lp  o f  a  succes6fu l  ex t lnau lshDent  l s

.o loprov€ the 6pattaL .nd

rer lpora l  d ls t . lbu t lon  o f  the  aa€n13,  hyb !1d

sy3 leDs cons ls ( Ina  o f  a  n lx ru re  o t  Ha lon  I3a  -

md a  dd  Dour te r  6uch .s  PurD l " - (  (K  CO.)  ser .

a lso  exp lo red  .nd  foud !o  he  wery  e f l€c t tv .  ( I7 ) .

Th.Aus. LM.M.lll.w!n. Br.nch.lgn loF, E4lGions.nd FnBi.Coal Minos symposium. M.y 1981
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tla. 7 - Suppr€s3lon of Ethane-al! l3n1.1on

vlth xalon quenchtna devlc..

T.st re6ults lndtc.ted that the 8 61tt vere

adequte for extinautsilna 8l rthane_dr

Dt*tures; for 9U blxtures an tddltloMl exttna-

utaher v.s neces€ary par.lcularlv lf th€ tmttron

occutied neat the cot of the cuttlrr tneel.

Althossh the da Dorder 6utere6ston sv.teo

d€Dst!.ted on th€ condinuo!3

technlcal 6uc.es6. rhe svsteh ras d€ered tatac-

tical for ltne aDollcltto.6 due to the .sbermd

61r€ of tbe er.tn.utthe!6 tequt!.d for trnltton

The 6a@ aDDlt€! to th€ U.lo'

sv6te! dedn6!r.ted on the runn€l boirne M.hin'

rtrh .ddttionll reaervations a3t4clated !t!h lhe

toxl.ttv of lhe deconpoEltton troduc!! of flaror

For th6€ t€a.ons re.€nr Eut.6u {ort on lsnttlon

supDre6ston 1s attrd Er reeranininA the pot'n'-

rr1 u.e of ,aier a3 6 €utpre66tni ra.nt si'ce

v . !e !  I t  un lv€r t .1 lv  @ed fo r  du l  dnppr€sr ron

on n ln lna  Ech l .es ,  a .ourc .  o f  r . te r  t .  read i l v

av6tl.ble a.d the tnleEtttton of a rat.r

.uppt€6 . ton  tv6 ten  ln to  ex ts t rna  uch ln€  de t l rnd

qh! be stDl€r than lhe re.roflrrlnr of . dry

pord€r 6f vspotltable ltquld 3v6t.n

Eatll.r Bur€.u vork ha. lhotn th.l cold

sat€r t. only p.!tta1lv eff.crtve 1n quenchtrt

lnclptent f1!8. (18) ltN€v€i. €fl€ctlv€n€rg

of !6ter cen be loptoved bv elev.ltna lts te@_

era!ut.. Ttlts {a€ deFo$trat€a in th€ labor.lory

.xperl@nt. of slpko, el 6l (r9) lbre recent

erperl@ntr utnB a r€@a1 6upp!.3.1on 3vrten

hawe.hom tha t  lnc lp t .n t  f la@6 ca !  bequ.nched

a! c1o6e dlstanc€. provtdtrg the ratet 16hert€d

to toooc or hlahe! Reaulls of experlbentE llth

c61d .nd hot tater ar. s@rlted tn Tlb1€ 4'

For eknpl€' resutt6 1n a 2m dl6mtet SrUerv

shox.d rhst d ntxture of 2 ka of [.1on I30l and

2  kg  o f  Pu rp l e  K  Fas  e f f ec t l ve  l n  qcnch lng

nethane-alr l3lltlons shereaa l0 ta of Puttlc x

o r  -  l .A  o f  Hd lon  I , 01  uP re  no r  e f f € . ( l va  L+ . i

The hybrld sysreF 'as fllther evalured

r n  I S n t r l o n  q u e n . h l n S  t P s t s  u l t h  6  f u l l - a c s l e

tuckup of 6r e*peilnentsl runnel bortng @chlne

(r7). ror chls pulpose elaht Fedtal unlts and

ultrarlolet fla@ detectots eer€ everlv apaced

.round the perlphery of the cutttns 'heer |nlch

uas 5 n 1n dlanerer, Th€ exiloeuldr'er6 vete

equlpped llih a splr.t no2tl' rsd ea.h

contained 5 Lg Halon ll0l and 5 !8 Pllple ('

1.b1€ 4

g@ry ol suppre6slo. .ests uatna cold

Th6A!s. LM.M. tll6wad. gr.nch, lsnirionB, Explolion. ..d Flts in Co.l Mln.s sYmp@lun M'v 1981
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ftee t .t6 eer€ cotrducred tn ! 2 ! dt.cter

aallery vhtch v6€ 28 ! lon8i th. flEt 6 !

l€lath 166 conftred by . lhln poly€dhyreG

5h€€t .nd ttu.d rrtn . 7.51 att.e-.1r

rlxtur. r-hlch ,.. tgDlted at rh. clo8.d 6od. A

.1ngl. ,.t.r tt11ed !.ne.l bottle preaau.lr.d

to 15-20 ltE etth ntt!o8.! r.. @6t.d !lo!s

th€ tx13 of th. t.11.ry !t v.ry1n8 d1.r.nc..

froo rhe fac€. llt.r dtrch.r8. o.6 .ff.ct.d bt

rhe iltttatto! of . Io. 6 .l.ctrlc d.ronlror ru

pro trlty to r .cor.d st.1 dt!ph!.a! !r . tl@

$hen the rthm€ ftr.b.ll. h.d 8rM to t

dl.eter of l/2 to I erre, A! *t11 b€ noted.

cold r6t€r .pr.t. s!. not effe.ttr .r

dlrt.nce. or 3.0 ! lloo th. t.c., onlypftl!11y

. f f . c t t r . t  6 .4  r  rnd  luuy  er fec t l v . . t  lo . l

rtre!. Thl! r.! tttrlbut.d to th. .ff..r o!

lurlql.nc sind.h..d of rh. fl@ tn br..Llns

rh. 6!.r .pEy lnro tl,n r .lrop! (18). Bo,.E!,

{.!.! h..ted to t.rD.r.tu!.. .bor lOOoC r..

.ff.citve .t dt.r.!c.. .. clor. .. 1.2 E. lr

euld ch@ .ppelr th.t . pr..ttc.l echln.-

dot.d .t.t.! utlltrlnl iot r.r.r a rh.

q@ncntna rBeni could b. ewlEd. Curr.nr

ic...rcn .fto!t. ln !h1. .i.. ar. rl@d rt

!.d!ctng tht. conc€pt lo prlcttc..

illort n.. been .pe.<l.d oo Do.tttr

D&6tlon .nd .!pt!e6.ton Echrlqq.., ro tha

b.6r .r ou L@leit8. en of rh... !..hntqu..

.r. !.tna lppll.d tn llodlctton dtrtra. lt

pt.ldt lhe po.t ploEl.1na apprach.! to tht.

lrobl.r.ppe!! to be: (l) lqrov.d cutt.Fbl.t

d.rtan. rnd Ete!1d6; (2) Echto.€qt.d

r.t€! .prat.; &d (3) @.htne.ds!6d qsnchtnS

devtc€., R€c.trt r..ult. ylth na btt d.rtg!.

!pp€!! to hold .oG t@.tl.r. p!od6. but mt

nontnc.ndtve blt .nd 6h.nL u!.rl.l. .0t..! to

n6 fstrh.r doh.tre&. 8.ck-Dsted v!t.r

lpray. .hd €xceUent plod.e tn laborrloly

.tudle6 but ,h.th.! th.t stt tn .n tn-oln.

.nvtron@nt r€Dln! lo b. !..n. ttlchltu-

but.d q@n.hin8 .y!r.d h.E b..n d.6n.t!.r.d

to b. .f,.crlc tn .up9r...tq f.c. llnltto$

itr . v.rtety ol confllu!.tton.. tior.v.r, non

h.E be.n destBned th.t .!. .tql. !!d rq8.d

enoq! to m€t th. r.quir.@nt. for tr-Elru a..

8ot vater .y.l€u @y be Dre !un!bI. to th...

d..tgn !.qulr6dnr. th.n oth.$.

|{o!L on .Il th!.. of there rpploache. t.

.rD..t.d io corrtnu .t th. Bur..u vith .to!L-

t.E erph!.i. 6r qchtn.@qted r.te! rpr.y..
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CONCLUSIONS

Ir r.r .lDm thlt the l!cld.!c. ol

frtctloEl face lglltlong $.o.t..€.t sltb

ddna qchtne. .re on the d.e tn ah. U.S.

U!1... er. eff.crtv. pleEnt.t1E

t.tcn, tt rs .!ct.lp.ced th.t thr! rr€nd ut11

conttsle, perh.p. rtth dl.!6t!ou re6u1tr.

Plrct1c.l e.6u!e. .!ch .. htroved @ntll.tlon,

riaolo@ btt rttrt€nenc. proa!.r., ad reduced

cutte! he.d .peed hare been .lgge6ted dd etU

s.r€ to partl.Uy .Uevt.tc th1! probreD.

I|oftEr, D!€ dttect ttrd poltttE ,!y. of

pleEntlng f.ce tgntttong or ssp!!e6.lng ther

tn thetr lDclptent .t.ge d1l !. !€qulr.d to

eoopletely ellDtnat€ th€ hara!.t of flce

ler1r1od. rhlle ! lal8e e6t of res4rch 5 .

2 .

3 .
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DISCOSSIOI
'r. ao cE (cod!lr.Dr, tr1.!.8): rr rt. .t-
.td b.rt.! .uppr€rlo! t! obrtlDd stti iot
nre!, rni.r !re the ech.D.lc! or th. ch.r1.tr, .o.1 corlporlr.. r.tri ..!{.tor hols.io!. rh.t

luuy l.c€.t .116 t. .l-d rt loolllt .! .Frh.!

trobl6. It t. uco.|rt l! .!r!r. t.ti.! clrctla

o f  rh . r . t . t .Dnt?

R. $ rsox $dt.d sr.re. !u!.!u of rdE.): rt

do.&rt 1!ElE th. ch.d.t!y .LL th.r ect
It Jst tlslE. th. b.tt.r !p.ti.t it1!t!rbur-
ton. nn.r iLopl.tr ud r.t.r v.po$ .hb.tt r
.bt. to trelr rb. .i.. 1! th. 1@dl.r.vtctDity

ot th. rt!.b.ll $.n rh. l,.ra. itbr. obt.tn d
Ftth cold {.r.r rtr.r.. 60 tt 1! r Dtt.r of

r..U, d1.t!1but1n8 rh. or. .l pror.rly .n.t

h! Iirrl. to .lo rlth dt. clr.st.tlt of t$.

P. @llEDCl ( Q!..tr.lud D.t.!t@!t ot Btu./:
n Srrdn8 lh. !.S.a.|{. llu .l.r.cto!.r .t os

tt4 tt l. 6d.rtood th.t th.r. ftE r&bl.d

tlttn8 !o a.t th. d.t..ro! ro sd( vh.tr rh.h

n. ilqt .!d aF... .nd rrt.! .s6d. rI|. t!.E
pebl.o b..! .olid?

l. ttlSON. i.., ti. ..rl,y E!.l.m ol tn.

d.t.cto! dld .ua!.i !r@ th.r d.tlc1.trcy. th.
!.s! Dd.l. h.w !..! .q!l,pt.d rtth . ,.t.r

fl@hha tyrt.r th.t brt! oa! rh. t.c. o! Gn
ulit .nd h.. .1tr1dt.d th. alot p!obl.D.

P. GOlLlDolr r.f.rtn8 !o th. pn..os o!

r.t r rh.n cqttln8 throud ..n.l.to6 .oD sr
tn th. l.d.!.I n rlbUc of C.dny .!Ag.!t.d

th.t ltth 721 .tltc. tn th. locl dch hlah.!

cr.! p!...ur.. sr e.&a tn or&r to 8.t .

.uppr...1on of th. re oa .p.rttns. 9rr.r ro

th. p.rc.!t A. of qurl! tn thc ..nd.rotu u.d

ln  r t .  u .s . ! .u .  r . * .?  Bd t r  rh . . . sor  1 . . .?

R. LaTSox! Th. .t.r.D p!...!r.d sEorttlt..d

d tt. b..t. ot . .tnC. trpe o! ..nLton. 6it

th. r.qu1tult. uy !. dt!l.E!t lo! dttt.!.nt

.totu.. th. Irbo!.tort d.etur!.ttoo rlrh rie

tn. v.ret .!!.r! tha.lv.. r!. !.t tloct.a by
th. cutttDa !.t1on.

o. KRTIIIS (South.h hd!..!t!t t|lvlcaa) |
R.t!fr!n8 to th. potnr .to! rti. tot ralat,
1.ntr tt rlr. .crloo th.r lh6 tn. ior t|tar
cor. olr of rh. tu!!l. lt r. vtltullt .r !1..h
p.tnt, .nd th. .u!rc@dtna .tr .nd d!|t t. r..llt
b.tra E.tp.il tnro tt..t.{ D.th ,tltch tlln. a

R. TATSON! L.lc.lly rh.r l. lt.

O. tilllllr tt th. t.T.r.tqr. o! rh. r.t.r t.

99o .!d {t 1. po..d lhrorsh . @r!1. .na

.tp.nLd, llnhha o!! occur..

i. t tsoxr In.t t. cor.ct.

R. cIllLsY\A (Etrrt-nr.l rt!n. !.$.r., Pol.nd):

luth.r to th. .xpl.n.don .bout th. hot v.t.!,

\'hd conttd.dn3 v.r.! .. .n .!ttngd.h!! b.tly

ts phy.lc.l pro!.ttto ri. @otd.r.d - tn.

l.t.!! h..t of.npor.tton.nd rh. .p.cifl. h..t

bqt E.tly th. .t.o l. fo!!ott.a. rh.n rh.!.

t. aor tur.n . 30 p.r c.nr .r.e .o th. los!-

h8 o,rya.n cont.lt elt D. could.r.d. Itt. t.

.n lrport.lt frctor.

l. iaAtsclr I.!, th.t 1. cor.ct.

R. CYBULSXA, !.c.u. thl. rrt ! .E or.t..

.!t.! rlEn tt l. nott.! ro th. og8.! rdwtron

R. gAfSON: Thele t. b.tt r pht.lclr dt.tltbur-

lon ot th. qaDchln3 q.atr bor lt l. co!!..t

to loot .t tt r EDEI o! tt. oryss!, th.r

v1d 1. qutte El1d.

Th.A{.. LM.M.lllnrn BdrCr lFriloi., Eetoato|r.d tF h 6d Mti- S}irr..hrn,lihv telt



J, cr!|xElts (FtE &ahrtna Ent rp!t.e! (AuE,
Lrd.): A!. F.m.11 .p1o.1o! iupplellroD
ry.t.@ u.d tn rhe Ern . .t all i! th. U.1t.c

X. tltSolt: i.!EU Euld peb.bl, b. ertt ary
h.ppy to .lppty.r!r.D for in-rle u. blt
rh. rturh of th. rrrer r. rh.t tt.!. h& b..r
Itrtl. luct ttr t.li1!8 oitr. or.!.tors tlro
@ln8 6!ct sy.!e!.

l. C4rmor. (t.x,p, c.!tr.l R..n&h Lrbo!.tor
tq): t. T.b1. I r.f.rdna ro t!1cttoMMr.r,
thr.e ln!rmc.. of bot f.)1. v.r. bnrton.d.
I. rh.r. .try infoetton of tno.! .wrr. o,
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. C.All (tld Softh thte. D€p.tlent of !{ler.r
R..ou!cer): tn thc D.per rh. qunrlr, .peclrted
for .ont1n@u i1@r op.r.ttoB !.ys 85 ,t/dr
rhtdr_rpprcrtqr.. l.{ !3/!.c rn locd l.rson.

the  qunt t ty .p .c t f t .d  u  l . td
dM tu $e le!1.tttlon 1n the sr.r.. t! rh.
p.p.!. ttt. Fuld be E8.&Ld & b.tn8. rq
qqrrtty tn AqE.tt.. I. tht. q6!!!ry
r€lpon.tbt. t! .tr, vry fo! ri. l.ra. nud.r ot

, rsrltton. rhtch .r. occulrlns b.c.u. t.t8.i/
.ec (2500 cfr) .r rh. f.c. etre!. . c6arrn@u
un.! t. op.trrlnB, if th.r. l! .n, ut of
rri.n., t. h.rdly rqffrcieDr to dtlsr. tt .nd
r.nd.r r,r hr!rt.... rh.t 1! rhe le.!tc.n

R. Lalsorr Nor tn.t. .t. re.uy oot.ny d.t.ili 
R Il ?sort r'4 r3/t'c (3ooo ctu).

$.r. .:ceDt rhrt !h.y .pD.r.ntty dtd ltru
e.r d bcr '*-.. .-. *- **";;:::,. i;,ff;, 

'tht. tn rnv '.' rupoutbr. ror rh.
..cld.nr !.porr., pbvldln8 .t.rt.ttc. bu. !o
d.tdl. of rho.. tncld.nt.. 

R. IJ tsorr tt.!. .t .i8l@nr. bolh e.ys.

l. cLmN ( tt. !.tl.dr co.l co. Lrd.)! & 
'r"oe p.oDl. t! tn. udt.d sr.t.. th.t

'.r ud. of.Dptyrns .n.,..* o.nrnu ,0" lltl' 
cl'b 6't v'ntthtion lt"lf t!cE.r.. th.

pur.lv on rh. .con od ..s1tr! ,*r.roo. att""' 
rr'qs!" o! tSnttt6s' In1" 1. r.! th. .tqr.

Educ.d Novdr.t.!f.cr, 1, ur, blld. 
r'oon th't *h't t' b'tos dllqt..l t. pur. Dth.D.

1n8 th. v.r.r b.hitrd ". r."i i.ij;;:*"- 
de to th' opp't 'lpro'lon rtnt. so th.r ..n

tuppr..lron? rtr !ht. coutry -.t !t@. !h. 
b' '!8Ed fro! bolh dtr'ctlotr!

ert.t t! u.d to! du.t .uprr...ron.nd @t
frlcrton.l h..ttnB,. 

lor J' 
-CrrVER 

(r.ttr.d tl.t. ct1.f rtup.ctot o! xln.
.n.i Qu.!rre., !.(.): rlth ea.rd ro the GrnrDu

R. tA?sox: s.Er.l y..r. .ao dr1. prcbl.! 
qq.lltv or l 4 !3/t'e (3ooo cr!)of alr, tn rhe

ftoD th. frtcttour lSnlttd r 
lhtl''l xtna'to! the tD'cifl"tlon of !4ni*

potrr, rut r!6 ". *"**.r.; ;;;;.j.'{s 
quntitla vs '.u.d. rr u.. cee.d b.c.u..,

a !.ln!na.q!1p@r! rot aut rcaucuo. 
- -.,Evt on bllee' thlt tt tp'clft'd q . dd@ t.nd.

.prrv. v..e D6t.d .h'u'.r .n. ;;: o.n!t" 
to b' !e8'td'd '! ' u't'-. tD.n x!. c.tr ..r.d

!h€ plcl .nd a".."", ,."..ro*. *. .".ai 
tt thi! 1' re'po@lbl€ fot .oD ot ih. lsEltro*

or tht. r...&.h htrrld .trorarr .;.. ;;._"" 
h' hld ' valtd potnt rt t. rurft.r.nt to pl.c.

r.ductto! ot !.!plt$l. d@r "ru *a *o* 
tn' oblt8rtlon on !ea'e!t' .ccor.ttra to thet!

h..vur on plcr *"r11-. *-;. 
-;:.; @ con'utlo'' to '&qut.lv .nd @ntt!6s1y

c.rtl1o roc.tlos rh.r h!. ft! "."... .. -1""- 

wrt11't' h*ha pr...!'

dnt.bd uiat.ttr ttr! oth.& .o the!. Er.
oo..! r@te.d or th. &.r{urr€d,!t.! 

**"". l*:::'*' 
rho'€ co@nt' 'E c.ltttrrv .!pr.c-

lh.A{.. Lit,M. u.un Bnnotr h.at't.. B9b.b.rrtFtrrr 6d ti. Srrrr..th, M.v igrl
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D.n. auxPcxlls (aurr.u& cod Init6tfy
R€.€.!.h t !o!.ro!le! Lrd.): rny i! -rhda
lStrttto! 1nlttlr.d.@ a.cn.r 6.6ttu1 rh€
cuttlna ttp r.rh.r rh6 ..y .t tne IEot ot
the r1p o! !@.dr.tdy 6.h&d tt. up?

R. tt^Ilol{. coll.d8. 1! p.p.t 2 tndtc.t.d
tb.t th.!. !. . teqrrrtut -ttn .fa.cr tu th.
tSnttto! oa Dthe.. It t. n.@...ry ro !.ft
.n obj.cr .r . c.rt.ln t.+q.tu.. .!d nrs
Dtba. .xpo..d to lt tot .. cltr.b &st ot
tle. r1il. D.n. ttr.r tila& trl. flylna
.p.rt. o! rvlna btt. .i. Dor p.rttclLl1y

efl.cltv. tn tgntttn8 dth.m tor th. !tql.
r..!on th.r ih.y .!. rcr expo.ld to . EtEn
vol@ of @th.n tor .ulftctalt rtD ro h..t
the Ethd. to lrr 18!tt1on potnt. ti@wi.
tho hot .t!e.l l. .t.!ton.!y tn r.hri6 to
lt. 1ddt.t. -rhd. 6vtbtlDdr &d tn.r.fo..

t. t Nch br. .!!.crt{ t&ttto! .ou!c..

R. L$A (co@r..lth 8ct.n!1ltc tndsrlt.l
A....tch Ola.nl..ttonrr t! .! tnr.tt!.ttm
b4.4d. of th. loc.ltd ot thoa ar!.y. ,trn
r.rp.ct to th. r.r. ol !o!.t16 ct rh. dr@.
v.ry clo.€ to rlE dtu! th.r t. . o.lcdn @6t
of e*D4t of th. Drh.n. .!.t .tr .n! D.!h.p.
Ir daht 66 r.l.t.d ro tr. .t.a |.a. tlr.lt
dt.t&c. of tt. .pr.y. tEi tt. D.6t ol th.

R. r tlroN! Tt.r t! &.:trdly inr.!..ttna
polnli th€ @v.! to !h. qu.ltd hNr!,
1. no, th. .tlect ot dM sot.ltd on tlr
.pr.t t.r@t.r. h.! not b..tr .reln.d. It
1. . tohr th.r ptob.bty .hou1d b. !.t.n u,
Ih.nk you fo! dnttontna tt.

th. Al.. LM.U. rrt.flr| ttt||.h, h| dc!., rltt tcr.ti iFhC.d fh- iri|e|lit l$f l||l


