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AVAILABLE DEFENCES ACAINST OUTBUNSTS

II{ TIIE UIITED (TXCDOI'I IN 1930

th. paper con3ta..s th€ ndtur€ of

outbq€ts of c@I .nd fiedrhp as they occur.

It follors th€ d.v.lopn€nt of h.thods 6f

rorklng Ged ro i.v and induc. outbursts s.fery

@d.r contlolled condition! .nd d.tal& the

llf. !\pport syst.hs 6ed to provld. dxlru!

plotectlon to pereons ,ho roy b. .ff.cted by

€pont.n.ous o!tbust3,

1H,M. Senior District Inspe.tor of uines .nd

Quarrtes, soutb Irales Distlict, u.K.

Health a.d Safety Ex€.utive.

The . tR rs .e  r h l ch  a re  p . . sen t  d ! .  t o  
' \ - - -

aeoroaical thrwtlna b.fo.e ah outbu.t eculs

.!. conpounded by tb. str.ss€s th* .r.

plodu.ed by slrlns erc.vatlons and th. tht.r-

.c!!.. of the inh€rent :nd rnduc.d !tr.s..s

lorM p..t of the triga.rina rechanism of :n

outbu.st. Th.rcfor€ stlata cohtrol l. !n

ihpoltant f.6rue ln the outburst ph.nomn.,

outbur.ts of cdl .nd ft!.dahp iav. !t.o

o . cu r . d  i n  c . r t a t n  p . r r 3  o r  t h .  Sco t t l l h  cq l -

fleld but -h€.e h.v. ! dlff€rent cause LnOnAS

1976), Th.B. oc.uf rhe. hcadlngs or yorkinAg

€nt€! areas 0f bunt .dI asseiat.d xttb ,

ld!€our rhrn q,t€ intr$lors. rh. !lt.r.d co.t

is .J.ct.d vtolaDtly .c.ohpdnl€d by l.rg€

volums of athan., ?hlr typ. of outbu3t 13

te36 fr€qu.nt and I€ss vlor.nt t! Mtu!. th.n

the .h rh r . c l r e  oL rbu * r3  b r t  t h .  d€ f . nc€3  use .

are slnilar but 1.rs cohpr.h.n.lw.

A typical outbuEt lD th. .!thr.cit. .!..

of rest l{af,.s fotld. . p.rlod of dttttcul,ty

rith strata .ontrol lnd l. sully pr.c.ded by

a chr!..t€ltetlc allning nois. als@l.ted rtth

the rel€:s. 6f .n.!ayr knoFn roc.tly a5
'po6ci.gr d & .ohpa..d {ith the nois€ of.

teo-stlok. .!91.c. simurtaneou.Iy, o!

ilmdiEt.Iy afteaa.ds, fir.d.mp ts iel.a3.d

froh the s.an toA.the! rith .J.cted co!I,

usElly finely pordered, and !..oap.ni.d clth

va.yira d€ar€es of viol..ce. outbust3 hav.

b€en knoh to prcduco up to 11OjO0o i3 of

ftredr6p a.d up to 1,000 ton..s of fin. cdl.

The natu?e of thc co.I produc€d tn 6utbu.st.

often requtres its rercval tn s.aled baes.

TIIE NATURX OF OUTBIJRSTS IN THE UNITED

!r!!9!
only soh. areds in th. coalfl.I& of rhe

l-hlt.d Klnadom ar€ rffect.d by outbursts of

cdl and ftredanp, The EtD &.. .ff€.t€d ig

th€ eest.rh end of the AnthEclte coalflerd

tn ,€€t Hares, In thi6 a!€a 206 outbu.rt!

h.ve b..n re.orded resurtina In th€ lo$ 6f

Anthracite is a high !.nk .oar p.oduc.d

by th. g€oIoei$l effects of .9., d.ptb and

dyn.nlc n.tarclphiEh. outbu..t6 h.v. !€.n

€xp.ll.Dced over a stde a..a of th€ anthEc.lre

fl.Id but h.ve be.n tust fr.quent, and rcst

s€v€!.! in th. area6 {her6 .albon cont.nt is

at its high€Et and uhe.e th. cdt m.8ur€g

baw b..n subl.ct€d to the high.st d.gr.e of

fdultlna .n.t ove.thrcttng, Uost outbu.stj

are associat.d rith abloBtcal ahorDliti€3

and th€ coal ejected dutng outlusts is

$uIIy of a soft and pdd.ly &tue.

Th. A!.. LM.M. Solrlm O(.n land &.mt! th. O@iri.., Pr.<Ict n..d ContEt ot
Ou6uln. in Co.l Mh- Symporloh l.pr.nbr. t96O
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SITE OF*
OU'TBURST

rtg. 1 The cynhetd.e outburst of 1s71, pran of th€

The caviti.s found after outbursts .rc

comparattvely sElI and cannot be .eld.r.d to

th€ voruhes of .oar and aas produc.d,

Th€ dan8ers to p.rsons ln an outbuftt

thr..fold, Persons tn the

ihftdlate vicintty can b. knocred don by the

violenc€ of th€ Dt€rrar elected and can be

eos , - r €d  bv  t he  l l ^ .  posd . r y  " oa t ,  pe r sds  ehv

My have escap.d the €je.red c€l ca. be over-

coft due to orygen deftcie.cy eh.n the Ia.!€

vorun s of ft.edanp ov..take ther. Thtrdry

tr€ explosiv€ frinse of gas ehich is pushed

ah.ad 6f tne plug of ftredahp can be ignited

if th.!e is an tDcendive souce dnd can ca$e

Th€ ,orst outburst in anthracit. coal

oc.uned at cynheidre Mine tn l,iest HaI6 tn 19?1

and resllted tn the d€ath of stx pelsohs, Sixty

.ine oth€.s suffeled valying d€Arees of asphyxta
(|{ARSHALL 1971), A thtck seah or anthlactte 'as

beinA ,orked vhich had an anarysts of go1 ca.bon

a.d 6t volatiles. Fi8ure I shous the tayout

of the part of the ntne affected, A rongvall

pa.el, No. 13t Fas being wo.ked successfutry

by nech.nicar nea.s .nd vas produci.g a g.oss

output of 12!?00 ton.es per rcek.

lh. Ar l.M M. South.n Ou....lud adnch, Th. occuM@, Pr.dtctio. .nd Cont ot or
Ououd. in Cod Mtn6 Syopodun s.pr.6bd, lgao
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A cFr3-cut devetotnent drtvage Has b.inA

driven on the intake ana dIP side of the

ron3tarl fdc. to futher the ae€ropEnt of

th€ se,n, Th€ cioss-cut drivag. tas in th€

abutne.t pressae zo!. of a pr€viocrv

abdndoned lonst.Il, developm.t face 'hi.n had

advanced to tn. dlP, Th13 crcss-cut had be€n

.dvanced 15 n {hen tho outbust ecured.

Th!€€ En rc!! creani.g up 1oos. coal in the

b.adtng in preparatlon fo. 3etting an ar.h'd

sutpoit ,h.n the outburst ovedhelrcd the

for.ing ventilatton 3ysten ,htch d.Irv.r€d

3 n3/s t6 th. face of th. h.ddtnA. Th. hen

.s..p€d the ej.ct.d c@I but r.r. ov...om Dv

rh€ oxy!€n d.ftcl€ncy and dl.d .. th€v t.led

to ..cap€ up the h.6dln3 Th. prug of rl.h

fir.drnp pass.d .ut of tb. heading and .lona

th. tntlk. pan.I of 13 lon8toll fac. rber. 25

p.rcor. ,€r. .€nd.r.d 6consc1ou.. thr.' of

them dld not r.cover .nd a furth.r c'l p.r36nr

e.!. aff..ted at poEltions futh.r outbv€ ln

th€ ventltlting cir.utt. Fou hundr.d tonn.s

or fine outbust coal hld been €j.cied in the

crcs6-cut headlng snd t€np...tu!$ of up to

6OoC vor. found tn this Bt.rial r'bout

60,000 n3 or filsd.hp !a3 t.rea3€d in the fir.t

sev€. hous of

The leport on the c.us.3 of .nd

.ilcumtanc.s att€tdtna th. cFh.ld!€ outbust

md€ by M. J s l{ar6h.I1, ,ho ras th€n Hx

Dlvtslonal Insp.cto. of lines and Qsrt.s'

South HaIe6! contained fa! !..chtng

.€conrendations, These recoM.datlons ue..

sunsequ.Dtfy put into effe.t uder th.

gutdanc. of the Jotnt Advisorv CoMitte€ on

outbu6t of coar and Ftr€danp ,hl.h €xi6ts tn

H.st lales undo! th. Chai@nship of HM

lnspec to ra  .  o r  j neb  and  od r  i €s  and  "on ta i ' s

r€presentatives of Mnagehent, industtial

scientlsts, rcscue speciarists and the thr€e

U.ions tn tbe ntnina industry As a r€sult

rhe defe.ces avaihbre against outbusts ,ere

consid€ranlystlength.ned (DAVIES and .JENXINS

DEAIINC {ITH THE OUTBUNST PHITIOHENOII

outbursts in the anth.acite field

i l c ' eased  : n  f r equcncv  as   e  r o r \ l ngs  e r€eded

so* 2OO n in depth early tn the centuv. It

,as realised at an earty staae that 6hotfirlng

often acted as a tr!8ger to sta.t an outburst

and this read to shotfirina b€tna used as a

defence against outbursts. It ,as also

r€alired! fotlo'in! 3€rious ln.Idents! that the

$. of p..cussiv. tools, such as pneumtlc

picl€, ln coar eettina could trtAaer an

outbust. The imPoltance of th. h.thod3 of

rork that !.re ced b..ahe €vldent as thev

plodlc€d dtffer€nt patt.rns or st.ata Pt.s3ures

and these ser. relat€d to the i.duction of

outbursts. The inPortance of ventllatlon

layout b€cam ln.reasinsry cl€a. a3 th. .ff..ts

of plugs of firedanp tEv.Irtng th. {o!kings

The  de f cn .es  aga i l s r  ou tbu r r r s  dev€Loped

arona tro rlnes. The ftrt aspect u!. to

d.verop nethods of ,ork that ,ould read to

outbursts belng induced sder controll.d

conditlons ,h.n the hinlnum nurb.. of p.rsons

rould be at risk. various foms of shotfirina

b€cahe th. fl.st d.f.nc€ aaaihst outburstsr

together *lth other cont.ols over th€ chotc. of

h.thods or *ork and ventllatio. p.actic.

These sp€ciar n.thods of ,ork HiIr be d€sc.ib'd

Th€  i n -en r t o r  e i s  r ha t  d5  {ny  ou tbL -s  s

as possible rourd be irduced ud€r cont.olled

a.d knom condltids ustn8 shotrtrtna rethods

as a triAS€r, It uas arrays r€alis€d hou€ver!

that even cith th€ mst effective induction

techniques, spontaneous outbursts could and

rculd sttlr occur' The p.oportlon of outbusts

that had been lnduced rather

have occurled spontan€ously has ihploved ove!

th€ yeals, but the histori.al position is shod

in the folrortng table:- (trILLIAus and l,oRils

Th. a6. l.M M. SFU$d OuGnd.nd B6m[ Ih. o@ud.nca PDdlc{on 'nd conl'ol ol

outbud. In c4l Mlnd SYmpodun stpltmb" 1960
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OUTAURSTS IN I{EST NAL'S 1951 - 1930

TYPE

NARRO'I |ORX

.ontrcrled conditlons by shotfilina and

leduce the tnctdence of spontah.ous outblEt3

No alt€mative triga..ina mchanisn, oth€! than

shotfiring, has 6o fa. be€n found.

It .an be reen that 61$ of arl outbursts in

thts period occurr€d in na!.o, headlnAs and the

reruinder on rongwall faces. Seventy t{o

pe.cent ie.e lnduced but 23 re.€ spontaneous,

lepresenting a high risk to those enproyed and

carring for the hiShest d€gl€e of prot€.tion

fo. thos€ persons rho xere €xpos€d to the

To protecr a8ainst rh€ hazard fron

spon tan -oJ r  ou rbL rs t s  _ l l €  suppo r r  sys r cE  ! e .e

required. The firt roqulr€@nt ,as fo. a high

qla1tty comunication sysi.h incorpo.att.g

that c.uld b€ operat€d dnd

t...shitted autoEtically uhen a spontaneoug

outburst vas d€velopiDa, Tlie othe. .equiremnt

k !  f o r  r h€  p rov i s : on  o t  b re . t h l n8  s l a rLons  o r

self contatned breathing appa.atus fo! uEe tn

of a sportaneous outbuFt

and for th€ protecrtoh of pe!s6.8 involved tn

indrc€. shotfiring.

These defences hlve been ,!itten into

codes of P.ecautions fron tine to rth. and the

latest consoridatton and revtslon of the Co,l.

was  i n  197c  (Na t i ona l  coa l  Boa rd  197q ) ,  The

continuinA develophent of defenc€s a8atnsr

+tbusts has alr€ady outst.ipp€d the tatest

€ditton of the cod. .nd already ther€ are

lmportant precauttons rhich are not included t!

( on3 ide ' . b r c  F . l o r r s  co r r  i nue  ro  be  t uo (

by indust.ial scienttsts and aqdenic and

rp  Fd r -h  i ns r ' r u  ons  i n  r hc  h i t €d  l i ngoon  ro

t.y and obtain a better u.l€Btandtrg of th€

nature ard hechanlsn of outbursts but these

a.e not d€art eith tn this paper, The mj.n

defe.siv€ nechanisn asainst outbDsts lemains

indEe outbursts unde!

OEFEIICES AVAILABI,E EY COI{TROL OF

METIODS OF IiORK

sequ€nce of Seam Ea!.rctlon and Advantag6s

or LonAvall liorktn8, Figures arre.dy quot€d

rorktng in coll EeanE p.es6nts

the gr€atest hazard. outbulst cod4 th.r.forc

provtde that productlon husr b. frcn lonerall

faces. tf a sories of 6..hs 5!€ to be

ettrdcted the seam least Iiabre t. outblrst

should be {ork.d firct t6 .tlox !s n!.h rethan€

to be r.lea6.d frch th. str.t. aE po6.ible

beforo th€ dtfft.ulr outbust p.on. seans a!.

eorked. tl€adirgs can onty b. dllv.n ln ord€r

to op€. up Iongrall fac.s, lbngf.ll, fa.er do

p .esen r  . n  ou rbu re t  haz . rd  p f r l <u l . . r y  . -  r \ €

corners, The more ecuto th. com.r th. areat.r
is th€ ltkelihood of an outbuEt if georoeical

ovelthrusts are €ncountered, and com€F ehould

be kept t6 .ight aner.s, One of the advantlgeg

of long!.Il rorktng i6 that E.n. of es..pe t!

edsier and a a@d traverling *.y shourd b.

mlntarned along th. tons'all face.

ventiration ts ]ess litely to be overcom by an

IonA 'a . l  . " c .  t han  t h  a  \ . dd i lA ,

If he.dinAs are rcqulled on rh. int.ke end of

not be allded on th€ toneuarr face at the sah€

Pc r ^ , ss l v .  t uc1 i ' es  a re  on l y . I l ou€d  ro ' .

dr lin8 stone tn rippinAs, Pneu@tic picks

for c6I g€tttng are prohibtted, AIr hire.al

getttns nust be by shotfirtnA tn heldin8s and

Th. Au.. LM.M.6odh.n Ou....bnrl l.mh,lh. Oeumn€, tu dtcdon.nd Contret ot
Ourbud. In Co.l Mln- Syfrp.r.ion S.pr.mb*. t gao
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this precrudes the usi of headine mchines such tutabr€ and {eak .€r ,hich sDars arav f.oh
ad Dosco Roadhedd.rs 0, oinrhedd"r". Lo, syal_
faces .an be mchanised but r€chi.es such .s

shea.e.s cannot be atroued to cut into the .ill

a !  l on8vJL I  f ace  ends  as  h ! s  a . t i on  t s  t : I . l y

to induce an outburst. A11 tonsrarl face €nds

nust be subject to shotfi.ing as a

precautionary neasu.e and th. po{er roader can

onry be used to creah up and ftu the ccr

toosened by shotfiring.

In all h.adlnes the n€thod of ,ork

b€ d€stgned so that a cohpret€

cycl. of vork can b€ .onpl€terl rlthih a shift.

Thts r€qulr€henr of th. outburBt cod. ts

deslened to ...ur. th€ best eof c6t.o1. tf

a headlna is reft excavated but unsupported,

roof cont.or ,ill d€terlorate and this could

be  t he  r i r s t  6 t €p  l ead ins  t . . n  ou tbu rs t ,

a ston. rlppins should be tdken vlth a sean in

dev.Iopncnt headinas. The only h.rdings

allov€d to be d.lven in corl o.Iy are thc€

b.tng dliv.n to open the longyall race lts€lf,

It 13 consld€r€d that theee hc.dtDgs hav. to

follor the seah .oof as it {ouLd b€ dlrllculr

to start a lon$rll f.c6 pith por.red support3

lf the headina had been rormed vtth a rcor

rippina, The advantaae of tarinA a srone

rlpplng are tvo f6ld. Th€ effect of sahe of

the shotholes beina posittoh€d in stone ts

round .an c..ry a htAhe.

erplostve chars. and the shock effect on

fi.ing is lalger and m.€ likely to lnduce a.

inctpient outbu$t. The othe! advantase is

that .o.f contlol ls improved. 8€adings ]n

c€r! especialty tf the coal becoD€s veak a.d

friable as is wually the case in outburst

pron€ conditlonst t.nd to rln for{ard {ith

Ioss of roof c.ntrot, The caryyi.g of a roof

rippinA is ve.y efrective in counteractine

Despite the precauttons descrtbed roof

contrcl can be lost in headings. Ortburst

conditions a.e often a.conpanied by very

A furthe! requi.enent in headtnF ts thst impoftart ihat these conditions be re.ognised

the face and sides of a headina and defies

support, The resutt is that the face and/o.

srd.s rD forsard reartns a rarse area of .oof

rnd  s :oas  us -ppo r i ed  b " yond  rh .  r a - -  / ' t uoen l

support! and throei.A fonara and inc&asing

pressu.€s. often a

Seolo8icat distu.banc€ ,itl accohpany this

cond i t t on  and  t he  roo f  o f  t he  head in3 , i I I  r i se

i n  t he  d t ' e .  I  i on  o t  adv .n .e  dnd  b - "ohe  r r i ab - c

and start fallins, he ccl My b€con. 6o soft

that dritting is not possible and lnauce.

shotftrtnS cannot be done, The coal can b€

f i t l ed  ou t  by  shove l  , i t hou t  any  b ras t t ng  o r

dlSgtng, Thes€ aF hiehry danaerous and

d i f f i cu r t  cond l t i ons  and  s i gn61  t he  l nh i nence

of a. outburst. The d€veroFhe.t of th€se

conditions is shoih in fiSur€ 2, tt is Nst

bc fo re  r t e / . ' up  d rd  t o  t r '  dnd

ensu.e this the Enase. of Cynheld4 Mtne tr

.equir€d to .epo.r to th€ Joinr Advtsory

comttt.. tf any rcund of shots f!red i. .

headins produc€3 a fa.. advance of sot rc..

than thdt lntended by th€ !o!nd. lth€n thls

cond t t t o .  a l l ses  l n  a  h€ad ing  t h€  on l y  op t i on

open my be the sho.ing up of the face or the

suspec thead ina  l nd  t n - f i l I i rB  ! i t h  cemen t /

velhicullte/bento.ite nixru.es as shon in

stase I of aiau.e 2. This .an be a slov

p  oce t3  b . r  r h -p  i r  ha .  bee l  dpp l i ed  o_ tb l r s . s

have b€en avoided and inducer firinA has b€e.

poss ib l e  i n  r he  i n - f i l 1  na te r i a t  { h i ch  f o .ns

the  f ace  o f  t he  t r ea ted  head ings .

H€adings drtven in stone a!€ not

consiilered to be an outburst risk but if a

heading is about to €.te, a coal sean th€

can  be  a t  i t s  h i shes t ,  To

protect asainst th€ possibilfty of a sto.e

headins ent€rins a coar sean inadvert€ntty.

the outburst code requi.es a.lvan.e bortns to

that a uamins is given of

"  o c l  s " d . .  L 1 - n  r ' e  p o - t - i o n

the shotfirina pattern nDst
Th.Au!.lM.M Souih.h O!€ondrnd B.anch, Th. Occurcnc., pr.dt.rion and Conibt ol

Ourbur.t In Co.t Mtn.. SyhF6.tum SoDtohb.r, t98O
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Wbok ond powdery
coql.STAGE I,

STAGE 2.

STAGE 3.

/,'*-r

ov€rthrust.

.i-:

i 1
.  z i .

:.:l1i'.ri:-

t i?t.
/)4:.,'.tw

.4'zi.' ., ! ".qol.

..'.., a .."..

Snorln! REIEoIAL ACtloN rim
ln'lilling u.li! o.mdt v.r|nlc|ll|n
b.ntoiil. nlt|or.a io lorn on
ortticLl toc. lor lndscar

.toltl.lne.

rts, 2 - Stag.. tn the Dev€Iopmnt of outbust Pene condlttoE

be destsned to brcak hto the s.an ove! rh€

full fac€ of the h€adinA tf possibl€,

Expelience has shoh that outbuEt6 oft€n

ts bei.a ent.ed a.d lf :

thtn skin of stone s€p:6tes a headthg face

from an outburst p.one sqh th€ .onditlon can

he dang€rou.. strtla. precauttons are

prelcrlb€duhen shafts being sun* aft

apFoaching cqt searc.

ain of shotfllinA te.hntque6 is to tnduc. as

as posstble u.der contrclt.d

condition6. AIl htn.rll nwt be aot by shot-

ftrlng but th6 condttions plescribed fo!

shotfirina vary in accord:nc. ,ith the des!€€

of ha*rd, Th€ rcst onelous shotfirinA

lequirements apply to headings in coar, and

h€adings approaclring coar seahs a.6 treat€d tn

T r€  o rhe r  i npo r t an t  ha2d rd  ex i s r3

at the corn€! of tonsxarl faces and shotfirtnt

each plodu.tio. shift at

Ih celtain conditions, ,hen

is indi.ated on the seoeEl
rength of a Iogearl facer shorft.t.a is

D'|ENCES AVAILABLE BY SHOTFIRING

TECHNIQUES

As stated shotfi.i.g reEins tbe Di.

defence against spo.taneous outbulstr :na the

Ih.A!.. LM.M Sourhrn Ou....|..d Br.mh, Th. Oe!rc.€, P..dcnon .nd co.td ol
ourDuin i. col Mln. sympo.llm s.pr.mbn 1960
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t f f i ' : : ; .
' in-tl l l ing. o



Dlesc.Ibed. These ctrcunst.nces eitl be

described repa.atery,

Inducer riltns tn Headinss

AII headinss nust b€ 8ot by furr round

firinA and no persons a.e arloued

side of th€ headins beina fired Tbis neans

that atl the retuFs nust b€ ctea. to the

eu r f ace  and  a  on t roL le r  on  ' h .  su . f ace  ensums

that this condltion is satisfied b.ro.e flring

The nunber enaagine in shdfirlng ln a

headtnS is linited to three and th€ shotfirine

station n6t be at Ieast 200 m frch th. face

and on the inteke slde of the fo.cin8 alxilttry

fan outsid€ th€ headina. The shotfirtng

etatlon oust be €quipped {lth a te}ephone, a

l.udsp..ke! cohhunication unit, an ttrrtne

br€atntns station and a notice desiS!.tlng

th .  s t a t i on ,  The  po3 t - f i r i na . xan lna t l on  i s

Mde ?0 f,inutes aft.r firinA and the p.Fons

Eklng it nust examlne fo! firedanp at so h

intelvals as they .nter the h€.dln3. Th€

r€dult of the Post flring €BFtnation is

comun i cd ' ed  ro  t hc  a - . f . . €  co r  t r . l  l e .  be fo r€

any p.rcons .re attou€d to enter the rctun

ro.d'ays that .ould be affect.d.

NorErry Pq/5 exllosives and cat.r.k

deray d€ton.to.s are used fo. tnducer ftlin3

but in sone harder roc* condition6 P3

exproslves have b€en used.

Pr.c6uttonary Firtns at lpnsr.Il race End3

A shotflr€r vas ktrred {hen shotfrllna

at a lona,.Il face end eh.n h. {ae enaulf.d

by a. outbu$t, A simtrar sltuatio r.surted

in th. d€ath of an official at a nlne ln

coloBdo in 1977 but tn th.t cas€ a sheaier

'as cltting into th. Io.gvaD face end

Pr.cautlonary fili.s ,as established tn the

code of Practice uitb a vi.t to inducirg

outbusts that By be lncipi.nt tt lon8va]l

fac€ comeB at . tihe 'heh persons a!€ not

Ttlis practice is nd conbiDed rith the

lork of prepalinA Echile stabres on po{er

loaded faces' but if Bcht.e stabtes a.e not

mi.tained, precautionaly ftrlns still has to

b€ don€ systeMtically. The shotfl.tnA iust

take plac€ over a distan.e of 2 5 h. Th€ d€pth

o r  r . h t n€  s t r b res !  Hhe re  hev  a r c  r " ed !  i s  no t

alloued to erceed 2 n prG th€ depth of one

lound of shots' othenisc they eoutd have th.

same risl<6 as headinas P.ecrutionarv firi.g

h$t b€ p.actlsed ev.6 th6uah th. f6.e mv b.

equlpp€d rith a rhea!€r that .an load to th€

The rayolt of Precautlonary ftrtng on 6

tonsvsrr fa.e is shdn ln tigut. 3 ?h. ft.tna

I i  don€  b . t r e .n  p .oduc t i on  sh i f t . .  Pe reo r  dE

Hithdram froh th€ ..tum sld. of the rcund

belna fired for th€ length of the drst.tct

.etlrn as f.r as th€ n.xt 3pIIt, but hot to th€

su.face. fhc ahotfl.tn8 stttion h$t b€ 200n

on  t h .  t n ra l €  s t d .  o f  r he  p l . c .  D . i nE  f l r . d  and

the firlng stdtlon 13 equlpped ,lth a loud-

s!.ak.r .onnutcltton ult and .n atrlln€

brelthl.g apparatus,

Fie. 3 Ldyout for Pr€cautton.ry Firing

Th.A!..lM M. s.uih.n Ou.on.l.nd Sdnc||. Ih. Oeur.nc., PEd.lion.nd Contol ol
odbuFr. in Cdl Mind Sympo|llm s.pr.m6€,. 1980
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Present proposals a.e to fire

precautiona.y rounds toeethe! ,ith the .ippins

at that end or the face, The fuu shotfirine

Fecautions assoctated vith tiring in headings

rith arr returns ehpty of men

to the surface and th€ ope.ation rourd be

vol,I.y ft.th! on t mv.It Fac.r

I f  t h .  n . t u n  o f  , t .  c o . r . t . n '  D . r r  o !

th. lonaearl fa.e thdtc.t.3 that th.!c My be

th. f.c. t6 ihotfired fo. a

I€neth extendine to 10 n on each stde of th€

affect€d ar€r, Deso.ption rati6. !r.

carcurat.d syst€Etteuy on tohgu6rl f.ce3

ahd if these exce.d q this 13 coNidered to

indicate an outbust rlst .nd the d.talt. ar.

' " po r t . d  imd t r r e l v  16  t h .  Mnda . r  o r  t h€  . I n .

for a.tlon t6 be t.k.n. ThIs type of ft.tns

13  usL3 l l v  done  qs l ng  l n r r r n tdn€oue  de ro ro to r5

t. Exintse the sho.t ro th. 3trara .. co.l

pleFlation ts not . consid.raiton. AII

.eturno .r. onpty of sen to th. s!rfa.. lnd thr

other precautions a.e siniLar t6 h..dina fbing,

D "bo -p t l o r  r a r l os  1 . v€  b€€n  used  i n  - os t

- o ' n  r i e "  L l i . h  h . v r  ou tbL .3 r  p rob t€F  bL t  ! h .

n€thods us€d vary. At cy.hsldre the rethod

used  r s  b . s . d  on  ea r r l e .  yo l k  I n  t h .  1960 ' s . r

th. llest l{ar.. outbust centr. ($ith€.3 and

ThoMs 1966). A lara. nunb.! of ..sidut aas
content deteminations se.e Ed€ fron sealed

.dl sanpl€s fron the Dig S€an ih nolEl

ceditions, and the averaAe or th€se {as used

as a standd!.I .esid€t gas co.tent (S) for the

sean, Thi! fieure ras s.5 cnr/s.anne. soaled

coal sanpline techhiqu€s are usultlbte, du€ to

thelr .ompl€xity and s]oDess, for nolel use

"nd  r ' ) e  on l v  p r .  r ' " d I  r t l od  o .  ob ta i n tns  cod t

sanples at th€ rate requi.ed in art ploduction

fa.es is by sanprtns cuttings p.o.luced f.on

cuttings are praced in s€aled

containers and sroud in vibratory barr h ls

a t  - he  ou r  b  r '  r  Cen t re ,  _nc  gas  re i eds .d  g r ves

a d€sorptton varue (U) in cn3/g!anne, The

u u ".3/g"ur*

mi.talned 12 h in advance

of th€ face line at th€ face e.ds and in the

middle of ronguall faces and the hotes a.€

sahpred at 3 n intervats, Exp€.ienc€ has shosn

tha t  i f  t he  r a t i o  exceeds  r1  t h€ re  i s  a  l i ab i l i t y

to outburcts and ti€ Code requl.es the nahas€r

o f  t he  n i ne  t o  i ns t i t l r e  vo l ey  f i r i n c  on  t ha t

d€sorption ratio is siven by:-

DTTINCT9 AVAILABl,f, BY 9TLICTION OT

Lo .Bxa l l  f d . es  hus t  have  un j t  ven r i t a t t on .

Any outbu.st oc.f.ing on the face sholld rhen

have  t he  e r f cc t s  con f i r ed  t o  t ha t  un i t  and  t h !

r€turn fror the lnl t,

Aux i l i d r y  l ans  used  t o  ven t l r a te  heaJ ins3

could eastly be overuhelned lf used in thd

the  re tu rn  s td€  o f  a  head tn3 .

ro.cing ventllatton is theref... prescrlb€d tn

the  Ou tbu rs t  code  f o r  a r r  i ead lngs .

The return air fron each headtns is not

a t l o red  ro  pass  t o  dno the r  f ace  o !  a .o tha .

head rng ,  Th ree  o l  t he  pe . sons  t i l l ed  j n  t he

l9?1 disdste. ier€ on the lonAralt face vhen

the Ifoducts of the outburst passed froh the

d€velopment headin8 uhich eas on the intake

stde of the fa.e. any ror€ could have di€d

i t  _  €  o r vgeh  d . f : c l oncy  had  p . ' q l s - . d  , o r  a  JeL

Hh€. the rule i. th€ laet pa.asraph is

applled a seveie .€stliction ts placed on th€

,3y dev.tophent can be do.e at the hln€. rt rs

' o  d r l v i  .  p . I  o r  d6v . rop -en r

headi.ss to8ether, and to avoid passins .eturn

ai. froh th. fbst headin8 to the second, ste.r

ventilation tunes have been u€ed to conduct tl,e

.etu.n air f&n th. first devetopment h.ading

direct into th6 Ein retun. Revelse

ventilation doors or dans have be.! $ed in

Th. Au.. I M M. S.urhcn Oudnlrnd &.nch, Th€ Occur.hcr Pr.dlcrio..nd Contrct ot
O!6!Rrt in Co.l Mlm. sympdrum S.or€mb.r, I 980



(o) Two lvoin QqCj_oprne!!Heodings

(b) A D-ewl-op!el1rcqdilg off o Longwoll

BV 12 Development
heoding
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Foce

Auxiliorv
Forcing'Fon

to BV 18
Loncwoll
Foci

Normol
Doors

lconnectionReverse
Outburst
Door

[xanpres of Unit v.nti]ation

Moin Lolerol
Return

.f H€aiiines and Us. ol Rev€.se Doors

I . e a d i n s s  d n o , o d d d , s  * i r n  d  v r " L  r o  p ! o v i . l n a

a restlictior fo! the Jevetophent of ao out-

filedanp produced Into

the rctum, This .$.nserent is ittust.ated

th€le the.e ts a possibirity of the

products of an outbuFt induced by a roud of

shots fouling the inrake of another nearby

v.ntilatio. split, reve.se vehtiration doors

used to Frotect th:t sprit.

Men my stirl be enproyed in the other sprit

duin8 shotfirins althoueh the .eturn f.on the

headins niII have been evaclated to tbe surfaca

in €ranprc of th€ way a reverse doo. xas Fed

:djacent lntal<e split is shoun in

- r "  
r b l , 5  . o d c . F t r t . . .  c  p  h  c . , y  r o

be  sv i t . hed  o r f  be fo re  sho t f i . i n8  ope ra t l ons

take  p l a .e  t o  f educe  t h€  poss ib i l i t y  o r  an
' g n :  

o  . o , r . c  D , t n g  o . c l c  (  e h o l t d  F y p t o !  v e
_ i x  . . c c  o f  s "  i .  . r o r t t ' l d e .

THE EVENT Of A

SPONTANEOUS OUTBURST

The fi.st requirement for effective life

Th.Au.. LM M South.h Oo€onll.nd E.nch, Th€ Occomnc.. Podtcrion.nd Coniotot
Ourbu€l' In Co.l Mlnos Sydpdium S.pi€mb.r, 1980

Moin Return

lVoin lnlo

Rev'ers6 Aux

Stgel tubes
lo conducl oir
inlo relurn
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support i. an eftrg€rcy i6 a go.n systen of faDs and to leceive lignal3 frch th€ ouinnrst

cotrunications. The cynheidre ui.e is a rarS€ ala.m €qulphe.t Hbich,ill be descllb€d later'

conprex lith t,o pairs of shafts and thlee vitar t.formtion o. ftthan€ 1ev€rs' ai!

drifts ryins {ithin a circre of s lm diaftt€. verociti€s' snoke indlcation' vibration or

Longvall fac€s a.e rocated i. c Ein au*tlialv fsns' mthane drainas' puritv rev'rs

ventiktton sptits, Innye of th. Ein taterars and oth€r paramtets can be disPlaved insta'tlv

loudsp€ake. untts de locltcd ar 50 n intervals bv lnterrogatins the .ohput€r' VDU's ar'

tn district ret@ns and 1OO h intervals lh provld.d at the control roon tnd en b€ p'ovided

intake and Ein dt othe. serected polnts Thae ts a16o a

transfe. polnt, hdulaA. house and oth€r print_out perlpheral unit to provid€ pape'

strat.sic point is !Is. equipped ilth a .ecolds or envtronrent6l data The outstatlon6

roudspeake.. tv€ry d.veloph.nt headtng has a ar€ still beins constrlcted and fltt€d vith a

roud3p€aker untt at 50 m lnt.Rals. The ranBe of tlanrducels but sore BM1 h'than' levels

ioudspeaker/conhunication unlts a.e designed :re alreadv betna transhitted to th€ Contrcr

so that they a.e trlckl€ charged durina no.Et Roon as v€IL as signals fron one

Fins op€ratlons and r.tui. op.lattv. for about

60 houls after a mtns por.t fauu.e. lh.y Th€ Cont.or centre is oq abre to d.tect

comDlv vith 'cadmlln saf€' Is st..da.ds. ttch outbust sltuations qutcklv and €stabrrsh

rou&Deaker h.s itE oHn ld€ntifictttm nun5.' .ohhunt.atton thmditt.rv to and fron anv

and thts is r.corded on a Dst€r comunic€tton p.rsohs {ho mv 5€ at tist sder8lound via the

DIan keDt tn the Incldent .ont.or roon on th. loldsPedker 6vst€n lnstructlon. c.n b.

surfac€. Th..e ar€ over 19 kudmtleE of tEnshitted to th.s. pere.ns on rpproprlat€

unde.s.ound road,ay cov..ed by loudsp.ak.r €5c6p. actron.

.ohhunication un!t6 dnd ov.r Llt. Support by cohpresr.d llr B!..thtna Ltnes

tquipnent uas ar*adv avltlable at the
rn th€ last 12 tunths a control ard tin. of the 19?l oltburst to p.ovtd€ breathlng

monltorina 8y€ter has been tnstaued at points at suitably .edu.ed conpr.ss.d atr

cynheidre. A control c€ntre hao b..n.rected pressF€s and plovid. futered air froh the
n.ar the mln 6hart! The open-sp€€ch corrte.y conpr€ss€d air Bins. cohprersed ait

loudspeaker syst.ns d.sc.ib.d in the last EjN !.r€ 1aid in nost roadvays at Cynheidrc
paraer:ph are all .hanDerred to the contrcI xi.e.nd ye.e fed fron su!f!c. .onpr.3so8.
centre, Th. Centr€ al,6o nous.s the exctusive rqulphent mdtfted to sltt Clrheid&
n ine  t e l ephone  sys te r , , h i ch  i e  a l so  t o  cond t t t ons  ras  ob t . i n . d .nd  he ta t t . d .  The
'cadniuh saf€r Is standards, and ts coupled t" 

units co.stst of.edu.Ing.nd ftrt.:tlon urits

{htch ale cornected bv hoses to ba'ks of 4 or 3
atso houses a inic 

br.athins p.ints, €ach containina a varv€ {hich
rType  Mron - r i ne .ohpu te .  supp l i ed  by  ess . s  i s  oD€ la t€d ,hen  a  6ho r t  h@e i s  Du r red  ou t  o f

Tra.smitton Linited. The centrdl cohpute, i" 
u o.."tntna lor. Th€ at. is pEyed into a

conn€cted to ud€.s.ound tunltoring outstatios saf6ty hermt and the per6on breath€ flon tn.

by 'r-co.e cabres and infordtion ts transferred h€rmet, The qulity of the ai. is ch€cked
by the T 101 Data Transhission Systen rhl.h {€.kty by sdnprins.
is a digital tihe division nufttprex afana"- mu use of conpressed air bleathhe rhes

h.nt. Th€ Conpute. is to be us€d erc]usivery is cdtrotled by the Code of precautiors 19?,r.

for @nttorlna of th€ e.viro.rent and auritialy

th.Au..l.M M. Southo Ou..n.l..d Bt..ch, Th. Oc.utr.nc., Pt.dLrion Md C.ntrcl or

Outhudr in Cdl Mln€t svmpo.lui S.tr€mb.r' 19ao
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BreathtnA rtatids n$t be Fovided at 50 n

intervals in h.adinar and letun gales of

ron8eatt fdces and dt 100 n i.te!v61s in intai.

eates of loDgrall frc$. 1t€y an al.o

prcvlded ar plac€s ehere p..eons norEIIy ror

ln Ein retuno and at shotfirina st6ti@s.

Erethina statlons are equipp€d rith reftectlv€

indicators shortns thetr portttons a.d rtth

roldspeaker comunicatio.s.

The possibl. difficulty of findiq a

br..thira statton tn the d$ty .nvt.onftntar

corditl6.3 forlortna an outbust na. b..n

!€cogris€d and .ffort! a!. b.ing dir..t€d to

p.ovldina . dtgttnct audtbl. 6ignal thror8b the

Ioud+.!k.! at ..ch brlthlng statl@ to

Indlcrt. lts po.ttton tn sttuatlons of IoH

Llf. Support by Individu.lty C..rl.d Edc.p.

Breathing ApD.Etus

rollo,lng rhe 1971 disa.t.! tt ,a3

r€.onn.nd€d that an lndlvldully c6rrlcd .!c.p.

breethtng apparatus should be d€v.lop€d alttab].

ror €sc!p. condtttoF. Th. olletE1 lnt.ntlon

{as that th€ appdratus .hould b€ an oxyaen

self-contalned .nd r€chlq€abte 3et Hhtch e.urd

be of th€ ord.r of EIze of th. p....nt !.1f-

r.scu.r, An .scrp. E.t rls dev.loped ov.r th€

ensulna y€ars but tts size eas nuch la.g.. thd

hop€d fo! b€caus€ th. oryg€. d€nands of a fit

person .sc6ptng in a stat. of panlc frcn an

outburst are very lalg€ - Iara.! the the

d.€nds of a tratned lescue brlaadesmn .ntaged

A selrch xas Mde fo! readlly avattabre

.scap. sets vhlle . c6ton d€slgned s.t {as

being developed, The Rlsslan sh s7 set6 and

the G€lm. Aue! SSR16BB sets {e!. available and

suppries {.re secoed, These re.e tntrcduced

for uo.knen ehploy€d in headings, eho re.e at

sreat6t.islr und€r speciar Reaulatios issled

by Hn Inspectorat. of Nines and Q!ahi6. The

lntenak at th€ entrance to h€adings and remve

then to the surface for imersion tests otce

p€r rcnth. Each han entertna tne headina Hould

tate one Hitb him and hane it o. a p€g bo.rd

about 30 n f.on the fac€. A Dn at the face on

healing the signs of an oltbur.t {ould turn and

rD ,  H i s  t houeh t s  vou ld  b€  mr .

tift he passed the pee boa.d at 30 n and h€ 'as

trained to gldb hts escape set and put it on

eithe. ,h.n .untns oi paustn8 to do so. Both

th€ RNslah and the c.mn sets uere chentcal

Chenical oxyg.n s€ts h!v. E.v.r.

Iinitattds th the .scape sltuatlon. They a!€

se.ted s€ts and du€ to th. co6t .nd avatrabtllty

no 1!v. tralnt.a .6urd be 8tw., Iten u€r€

tralned on duhfty s€ts onty and could not b.

gtven the feal of th. appantus rh.n br..thtne

oxyg.n. chcntc.l, 6.t. canhot r..pond to hiah

oxyg.n dcmnd by th. v..!... Tr.tnlng tli€d to

tnstil tn the en rh€ need to ,ark rather than

rs, lut tn th€ real prni. situ.tion th€ e€.rer

could Nk. .xc.Esiv. d6nsds on th€ s€ts and

tlnd hthself tn dlfftculltes. Cbcilc.I ..ts

have ve.y htgi tnh.ldtioo t.npcrltues, Trllt-

inA tli€d to pr.par€ th€ r.a!€r for this

sens.tton but it could not b€ deemtlat.d due

to la.k of Iiv. t!.i.tng. Ch.nlcal s.ts .!.

h.rn.tt.auy 6.aled and hatntenance and

exlnlndtion proc.duleo hav. to b. confin.d to

Eftort3 to d€slAn and pFdu.e a s.tf-

contalned orygen rechargeabl. €scap€ set

continued f.oh 1971 to 19?7 and .v.ntually a

desigr xas aAre€d and lloductlon mders Ede

by  a  s ,ed l sh  r t rm ,  The  Ae .  se t  no !  ca r r i ed  by

all rcn enployed tn h€adtngs at Cynhetdft

p .ov l d . s . I l  r he  oxyeen  requ i r ed  i n  t h€  e3cape

situatio., The set r.igh! s.9 Xs and has a

miDlnum duation of 30 ninutes, It iB il .ffect

a ninature serf-contatned b.eathtne appaEtls

uith a d€E.d wafve {hich €nsues adeqEt€

oxyAen supply in th€ spe.ial cilc@tances of

eEcape duty, The sets are used in . sinila!

Th. &l r. M M. Souih.h Oudni.nd B..nch, Th. occut.n.. P.dlction ..d Conool ol
Ourb{rd. j. Col Mlnd sYhpo.llm s.prodb.' 1sao
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trf Ls - L S ELS, E LS.

{aM |  (0)  -

RETUf iN OEVELOPMENT
H E A O I N G  I 2 )

E:f LS. f:f Ls

{ B M  r { A ) -fr-EtT]

B  M  I ( A )

8 M  l ( 8 )

B I V  I ( A )

B r v  r ( B )

t . r . r t L c m i . r r  r u t s  t r n ! r  r ! e

i :  - l  n o

t b €  N d '  i . r i l  a . 3 l  l r ! a : l  R € s . u !  : . r  v i . e ,  . i o h d

r D .  i R n  r i  r y n h r i l E  h r r e  b l e n  l . a i n e d  i n  r h r i ,

r  i r e  L i l h c r . i 5 k  d . . r s . !

:  . 4  , :  o . . d , ' d B -  o .

ah .n i . a r  oxysen  se t s ,

1hc  i u t .m t i c  ou tbL rs t  a l a .n

o t :  , L D  f  i r o ' : n s

. i i . e  1973 .  r hen€ve r  e rec t . i c i t y  i s  us . , j  i .

headines a d€tecto. head Fron a 8fi1 is to.ated

ove .  t he  i t en  o r  e rac fu i ca r  e , t u i tm .n t  ' h i . h  i s

ol l /a% ond 8M l lC) olzh"kCqt combine to cut off eleclr ic Dower to
oll equipmenl in heodinos ond tronsmit oUTBURST ALARI, throuoh
LOUoSPEAKERS (LS) o^d stop out| iory fons.

ot l / .9o ond BIV l(D) ot 2h% CH. combine to give o similor effect

l e r i y  t . . i v . . r r b r r : j

: , ! v . t o rhen r  f t . a . j i n ss

l een  i i  r c s l l a !  i l i t o r r e  j \ r n : . t r . c .  ne i Jy  | \ i r  r r i . h  r r 5
yea r .  T l i c y  p .ovn ia  a  ss . . nd . t i ne  o r  de rd . ce  t o r  r x t e .de , l  t , y  t h .

i a  r h r  n . r han .  i ( v - t  r i d , . r r j  r \ . i , ! .

J r  l r t L  f t , L i l n . 3 i  b e . . h r  r v r i r r l ) t .  r l a l

r i r r  r , o  i r f l r  i o l . r un .n t :  r .

t .1 t f l . f  s r i t .b  kh i .h  rec€ ives

. r  q  s M r  u n i r . r  t . . . r e .

ins tn t red  !y  r i !
r . I€ . t rn r : l  E iE ineer  a !  aynhe idre  ! inc  an( l  i :

r r . r r  r l , - n  u i r r  i so l a l e  d r l  r . ! . f  . : .  t r r a  he ld i ns

u i r l  l eaq .  r b€  a l r i l i a r y  f an

han  bee .  l sed  i n  i nc .eas i . q  nud re r s  a t  c ynhe id re  r i s r '  !  Tn_ '  [ ! i i r  ] i t l r t ed  i r

Furthes! inbye to .!. olf r,ov€r 
rLnnjng Th! Bf!1 t'l€elr. uhi'h il \'od"a:r

Tho Aus lM M Sourharn Ou..n.l.nd ad.ch, Ths Occur.nc€, tu.didion and Contbtot
Ourbuds In Coat Min.s Svhpo.iud SoDtsmb.r, i930
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tnrcugh th€ 1oud.p..ke! .ysteh, xill chana.
flon the 1s se. tnte.v.r (herthy srat.) to .
1 second tnt.lrEt. Th. sensa.g heads of the
sec.nd Bu1'3 3ro _Located in the Et, alr
cu.e.t oltsid. th. headtngs and 6!r set to

atve a 3lgn.I .t 2.51 rcthane. If tht.
p.rc.nt.Ae of @thaDe aFtv.s tn th. a.n.!.I
body outsld€ tie headtna, tb.n tt t3 c.rt.in
that $ outbDst i6 b.pp€ntng or t! tmln.Dt,
and ehsn th. sian61 15 f.d to tb. An.loaue
Ttun3duc.r R.l,.y lntt th. !u*tlt.!y fa.. !re
.topp.d ro thlt th. h.than. prod@.d In the
he.dlns tE not psh.d olt to th. rctun frBt€.
th .n  11  rou ld  a r lv .  n . t i . I t y , .nd . I I  pd . r
i. .hut off, Thla glv.s the tun tn th. !€ts!
lM. tlm to ak. th.lr e.c.pe.

it th. .na ttr . dllttnctlv. ourbulr
.I.!n ls hloldcast 6v.r th. Ioud3p.!l.. !yst.E,
shlch r.Mln pd.r.d by . !.FEt. tS b.tt.!y
.o@c€. the mn have b..n t!.tn.d by rc.n! of
. t.p. ..cord.r to r..ognl8. rh. outbF.t .tarr

Itfe rupport .qulpEnr pronDtly.

Th. outbu.r .hrn 1! 8.n.r.t.d by . 12 volt
.uppry to . ton€ 8.n.r.tor ehos. .urplt sl8n.-
1! f.d to !n .frDl,tfyln8 blt !.d brddc.lt! .
ruP.!lnp...d not. ov.! th. on r.c6d bt..p of
th .  ENr .  Th Is  cJp . r lnpos t t lo  o f  !  conr lnsus
ton. of @. lr€quency over .n l.tcrnltt.nt ton€
of anoth€! fr.qu.ncy pladuc.a a dlltincttv. lnd
8tlldent r.lbltne sound.

Thls outbuBt .ta!h .qulpi.nt dev.l,op.d
.t Cynh.ldr. t41n. ,aE .ubsequ.ntly c.lttfl.d
lDtrln.lclUy saf. !trd 1. nd Enuf.ctu.d
com.el.lty. Th. BtEna]s can no{ b.
tEnEhltt.d to ttr. suf... Contlo] C.ntr. via
th. outstatlon! llnk.<t to th. c.nt.!1, conput..,
?h€ outbsst alalr is rcc.iv.d .t th. ContrcI
c€.t!€ as it ls glEn @d€!g!oud and cdtlor
of th. emrAency sttutid c.n b. .ssuFd by
th. contror c€ntr€ Inrcdlat.ry.

D.f6nc€s agal.st outbusts h.v€ been
prcer€sstvery d.velop.d .hce tho phenob.a@
'as ftrst .oted at the beatnnina of tl,€ .e.ru,y.

me disaster of 1971 gav. .dded ug.hcy to th.
dereropd.t of these d6fenc.s. Indlcatio.s of
some suc.ess in the United Ki.gdon a.e th.t Do
sp.nt.D.ous outbuFtr 6ccuFed dFtne 19?9 and
no tives hav. be.n 16st ln outtusts 3tnc. 1971.

Th. Author ri.h€stoth.nk ilr J S ttrrch.ll,
H chi.r lnsp.cto! of utn6 and QEfrt..r fo!
p.rntsston to pr.p e thi. plper dd f6r hl!
co.tl.u.d tnter.lt tn th. dev.ropnor of
def.nc€3 against outbs3t!.
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