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Mines Safety Code dealing with tleadgeal: earthing. should be

followed.

11. The following recomraendat Lons are me-de for the protection of

transnlission lines feeding power to sections of a mine by

means of borl!>holE::cables:

Earth wires should be located so as to shield the line
conductD~S from direct lightning strokes. In this

connec r :ion it must be 2ppreciated that earth wires

should be carried above the conductors and the height
above and position relative to the conduc ror s shall be

~-I :'1

such that the angl~ of pro t ec t Lon \ .e , the angle

included bi£;tween t~e line frolIlearth I~ire to outside
i/

c onduc to r and the vert LcaL is not more lithan 45°. This
owill give Q9.9% protection Elnd an acgle of 20 may be

taker' 'is giving 100% !lrote!;!tion. The earth wires shall

be of a~~quate section and due regard ia to be tak~n of
jl )/ 1 Ld £1 h'mi",spAnl c ea raaces to avo]. . as :Lng over to

()
conductors.

Lightning ar z-est ora $f,ollld be
(\

installed at each point
_lODS the line when.! a borehole feeder is t aken off.

,',
~~t thea_ points an eU.ctive lchl reltistance earth is to
b. established t~ which is solidly connected the

lightning arTestm: ground lellid. the towfdr. the
transfoilller low tension neutral". the cable armouring

(l

and all metalwork at thiD point.

,
'Chis conneq,t ion it is recommended that the bestIn

arrange.ent ill i, a long drive~ )rod or pipe in the ground
placed 8. distanc;p. of at least 6 metres from the base of the
tranamisai"n liol;! tower and connected thneto by a 1:>are
coppez couduc t or at a de\)th of 400 IIIlIl below U the ground

burface. In ~ertain caS~8 due to the nature of the ground.

it may be nec~ssary to drive additional rods to ensur.e a low

earth resistance and these additional rods art'; to b~ placed
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at least twice the length of the rods apart and connected
together.

Att.ention is also drawn to the necessity ot ensuring that

all explosive firing cables and conductors of
circuits are Kept ~';lay from underground electrica.l
and apparatus and also from all pipework ant! tracks.

firing

cables

12. The standard instructions which deal with Fower failures and
stoppages of main fans (with consel~~ntial methane
accumulations) is dealt with in Chapter 2,

13. Mining Engineers sho'.lldp.nsure. by studying all 'standards on
the iIline. that prior to cOlDlIlencing in their job. they
acquaint themselves lI1ith all .:tandard;:;and exemptions issl,l.ed

by the Mines Depal"tment::..

14. Each colliery has all 'Emergency Procedure Manuill which should

be studied by Mining Engineers. Only trained men wearing

rescue s~ts should enter an area following a methane
explosion. The AuthQ', appt'eciates the pligitt of senior

officiab fo11ouing an explo3ion but foolhardy acts

undertaken without group discussions and consenSUG can only

result in the loss of fu:.ttherlife.

15. Only flameproof lights and equip.ent shoul.d be used in

sink"~nsshafts where the shaft itself is the return air",..y
froll tl.~ face aru.. See Fig1.\re 12.

16. The 'U,,~ of bleeder roads and b0tr~holelilin stoopin~ t:ections

i:i; 'liscussed i~'l.Chapter 5.

11 • Senior Mine Managelllentt. quart.rly inspect ions of s1.lrvey
.,ple.nswith .:the Mine Surveyor ilhould include,an inspection
and discussion en whether all surface borphole~ ~re shown on
the m;i..neplans and the condition of each hole. Does it pose
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a danger insofar as lightning strikes ar.e concerned, £0::

example?

t":_ •• ,.
J..V.l

whe re 'Work has ceased should he made at least on a weekly

baJ~:i.s. pa rzLcuLarIy if the ventilating quantity has beer.

substantially reduced.

No brLck sropp inga should be removed. the conaequence of

which would :::.hortcircuit ventilation unless the Mine

Overse~r has agreed to this in 'Writing.

The Mine Overseer ~nd Mine Environmental Officer should
personally check and follow up illlJlle~iatelyafter changes
have been made to ventilation to ensure the accuracy of air
quaptity calculations. Shift Overseers should not be

empowered to make ventilation ellanges.
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3.8 CONCLUSION

In workings it" coal seams which are 51"1J.10w(Ler-s than 200 metres

deep) and whet:e methane has accumu La t ed irt exp Ic s ive p ropo r t i.ons ,

ligt:tning strikes and stray cuz rent s can result Ln su rges leading

to sparking which may initiate methane expLos t.cns ,

Lil!,htnillg may strike the surface above an unde-rground w<.ll:king

area and the surge could be propagated through the strata into

the face. Alternatively. a strike ,;curs at the shaf':: ent rance

and is ccnduc ted into the face via tr,etal1ic structures.

Z~(~eral 1.!8SeS have been Lnveat Lgated where such inc.idents nave
ii,

(··;.!<:~b:-red•:( ,

Well designed earthing SYIiUIIUiI in the vicinity of shafts are

necessary to absorb and dissipatE' slJeh voltage surges.

Dieu.ed boreholes should have casings removed where possible and
they .hould be 'lII8aled.

The 6et"linl off of old workings or the adequate vent Hat ion

thereof ia disCUSt~,d in order to prevent the (I accumulation of

uplosh"IP. concentrations of methauQ.

Relillbl. liahtning warldng systema he'll. been installed on shaHo'iIi

flin'~,J in high density lightning strike areas. 'C:1e chtu:'ginS of

explosives ceases while thund~rstorms are irl the vicinity.
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The greatest number of methane and coal dust explosions in South

Africa c:hti.6 been caus~1 by blasti:'lg opft!ations and explosives.

The number of tiUch i1"'cidents far elt(:~ds thos~ caused. by ,my

other igniting scurep. More men have lost tfieir lives as a
result of this ig'l'dting source when compared wit:h other '~j'J1!es of

;{/
~..8nit~ns and in addition aeve ra I lIIaj():~ coal dus~ explosions have

:Eol1owedthese methane explosions.

iii)

,Since a high percentsge of cot~ is won (:/y; :,U', )mining (cutting.

drilling and blasting) and coupled with it.....:~i.;.ct that alm:>st 31:;'
I

rbIa.tina op~ration. take place in the ,!Orking face;;; lihue gas is
I

IlIlor~ likely to be {,resent in dangerc,us quantities, it is not

surprising that th:b igni1:iGln source is responsible for the

greatet }leccentAse of explollior.s. ~=

The role which blasting operations and explosives pl&y in causing
.('-'", • i-)the t~ ~t~ons is discussed toaether with the e£f~ct which the lag

of ignition haa on the propolation of explosions.

\\

Coal dust explosions figure prominently 'Where bla&tin~ is the

ianition source. The nature of thi8 type of explosion and , t.~e
r, , \

l:htva8tation "bieb accQIl?ani6S such a phenomenon is dealt with "*1
this chApter.

Two 'u,.cidents have been singled out for .naly.i. - tbfise art! the

explosions at the Durban Navisation Collierina NO. 2 Pit on the

St'., Octob4!r 1926 and the Northfield Colliery explOSion of 1943.

125 .en loat their lives in the first incident (th. lar,_.t 108a

of life in an explosion in South Africa) and the mine wa. 81moat

tota.1:1Ydestroyed underaround following the ruultina coal dust

explosion. At North:";.eld Colliery 78.en weee k.illed. The

inquiry into th~8 explosion wag detailed and it is possible to
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for:nulate accurately the successive events

disas~er (~he recip~ for a disaster).

-::::-~:'\

lea~\ng to the

The main po~~ts arising from bLasr Ing opet'ations and explosives
)i

as ignition sources are described and prec autLonary measures tv
o be adopted are su~gested •

. The table below depicts tc1lenumber of explosions: l~aus€'d by

bLast Lng oper.at Lons and

from 1889 to 1938.

explosives in relati()O to otb~~r

table 4.1
(')

Nwa.be~.of Esploaiol1s caused by nesting OPt!rati,ons
";':

\',

Nwlber l!'ataliti ••.
~I

Total incide".,~. 138 761

IncidHlU due to bl.sj~in&
Ii

nptrotions and ex~lQ8iLves
I

I
Table 4.1 indU:at •• t't.&t 34.8% of all aplosion. were a. ~ rellult

, /i

of blut:tnl' op~r.t1.oD. ad aplo.iYQ8 resuJ.tUts iD 56.11 of the ~\
total fat.Utie ••~ ...rdaIan (1988) I' at~t4ta thaQ the perc.at.s. ,.of

',;,)
//,/

48

c tiM.qrOWldco.l .nod lli.iAa uplo.i_. is cQrr.D'tiy ::Q% of the

~u.l tot.l" It foUl.Iw that au.attOa .Uould b. foc::u... d on
the •• f.tl .. ,.eta of thi ... t.bocl C)f (,lIOr'kial. '","

()
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4.2 THE LAG OF IGNITION OF METHANE

The- ignition of a mixture of firedamp and air does not

nec esaa r.i.Ly follow when a source of heat the t empera tu re of \Vhich

'"s higher than the Lgni.t Lon tempe.-:-atu,:E'ot the mixture :is

introduced into lot. An essetltial condLt Lon for i~ition is that

the source of heat. beside. being of suffiCient\ temperature.

ahall re~in in ~ontact with the mixture to which itJiS imp~rting
·1

heat durLng Ii flufHcien~.. :.er,glth of time.

'The reason for this is that tht:re is a "1."8" on the ignition of

firedaap (lII.ethari"!.') • There :'s» indaed. • 18g on the ignition of
all infl.llftAbleg••••• but it is more marked 1Jith methane than
with 80H oth~r saJole.; hydrogen. for C!xample.

Thie la, on ignition ba. an j~portant bearing on safety in coal
ainu. It accounta fer the fact that it il very difficult. if

not iapo .. iblE. to eau.e an external iln1\.iol\ of firedamp by the

aau.. of a .iDer'. f1.... ..fety laap heated. by firedU\'P burr.inS
within it a and it provide. aroued. fOr the belief that l.t should
b: tt08"i»le to coapound a:plo.twa the flaae~ frOli which. bEling

of ac .. dina1y short· duration. could not :i.anit. Firedup de.J~ii;.

their hiah t..,.r.ture.

It i.e d••irable. therefore. to atud,.as full,. •• po..ibla the
Phen"""'" ..ccUIlpaa.,.i:la the 1al 011 ipit.i.01l of ••••• ; IlOrf!

pirticularly ~f ~tban •• hut not ~nly of that ,as. bee.u.. the
LIItucly of the behaviour of "the1I!and diseiailar iIl.fluuuble ,....

, / _--,-~

\r,'Tovide. a n..c.... ry ,~l.d to the inter\'lretatioll of the bet:-aviour

of tl.e ,:.>n••

At cCiJl!fJI"ratively l~v tuperatura .. the combustion of m.twa is
I,

known to be ar complicated process involvin. rbe .tep-viae
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oxidation of the gas. but at high temperature the ignition can be
regarded as :a simple therlllalproces. in which. providing the
mixture is within the explosive range* a propagating flame is

produced once a certain min.imumvolu~" (in the region of a cubic

millimetre or so) is brought up to ,ignition tempe rat.ure,

Some burning can be l.'ladeto Lake place in methane/air mixtures of
any composition but it is only "_ithin mixtures in a certain range
of composition that a propagating flame can bee producsd , This
range G~pends on the conditions but. near enough. the range runs

from 5.3 percent to 14 percenr methane in air at temperatures and
pressures'encounterecl in U.K. mi"1es.

A detailed explanation for the existence of this inflammable
range would ,,! complicated but it is broadly explained. by saying
that at all st.ges of a propagating flame. the flaml' front has to
produce enough heat to bring the ignited gas ad.jacent to it up to
the isnition temperature; except within the range quoted. the
heat r.l••sed by the combustion is not enough to bring th.i,_'

about.

An importatlt E"ature of the ianition f'Jf 1Uthane at other than
very hiah t-.peraturea is the delay b,tween the fir.t contact of
the , .. with the beated body od the .pread of infw...atione At
low temperature. this delay may reach 10 .eeonda ..jut thlt ~ta in
figure 1 ~~~more Dorsal.

Even at the temperatures of the electric are (about 2 SOO~C or
hiaher) tllerAi18 still aoae de~,y, but it is INch .:"uCld. beina
in the resion of .icro.econd ••

Variou, re~sons for this la, have been .uagested aU4 it i. likely
that there are s.veral f~tor. at work. The lona la,. at loy
teaperature isnitiotl, Are thousht to be clueto the alow build up
of inur.ediate oxidation products that ultiutely trisser off
the infl.... tion of the .ethane. At high te~ ..ratur •• the delays
..re very Ilhort and alth<.'ulhit i. conceivable that the procese of
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ignition will still take place through the step wi.se oxidation of

the gas. there must be some cQ.'ltributing to the delay by the time

required to bring the required minl.lnull\volume of d.e gas up to

ignition temperature;

microseconds.

this time will be in the region of

In the practical circumstances of mining. delay in ignition

assumes Lmportance in connection with ignition in ~ome frictional

ignitions and in ignition from hot bodies. and is probably an

important f.actor ;in the considerable increase
·~I

in t«!mperature

required to iJ~ite gas when th. hot ~urface ia freely exposed to

eonvectioo or ventilation.

Various people have attempted to find the minimw»te.lilpeuture at

~hich methane may be ianited. This tempel'.ture varies

con.td.rebly with the condition. in vhifh the det.raination i~
.. de. but ipitiotl at hot Burfac •• can b. f ••irly readily obtained

at a:(I low a. 600°C to 1PO~Cand i,nitiofl by adiabatic: c:ompreuion

.. y take place at coaprei!sil)fts produci'o.i t,ellperat""res nv hieber

than 4.50oC. RoWtlvef2• Wh~;l1• _thane/air aiature is to be ianited

bl a hot surface freely espo.ed
aint.wa ilnitioo teap~rature i. in

abo.,. .OM typic:al r••ulu.

to convection ventilation.

excess of 1 OOOoc. l!'iaur.

the
2

I)
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4.3 EXPLOSIVES

4.3.1 Definitions

It is l.lllpu,;;:tant to differentiate between certain ~"'r'il6used when

referring to the. UGe of explosi:qes.

a. Detonation

A deton~t ion is an explosion tuvelling at a very hd.gh and

constant spe~d (1 - 8 kill per second) which is a char.lcte:rist:i.c of

each explosive.

b. D.fl.8ratio~

react::'on propagating in tbll! mass
'/

at a reduc4Iu:t .peed (((.0.5 .500 metres per aecont\) • It is
'<\" li

len.rally described •• a l.lUrtlUla of the explosive.. tief1.gttt t ion
of explo81.v•• iner ••••• tb~ x:blr. of ,a. or dust eltplolliolh"

.,,:::"

Then are a nUliber of _,. ill which des!:ilaitisotion of explosives

cu occur. 0... "lit a ... uae a••• t.r~ir,.a point tHt the prQc1uct
r', \~

t. 1.)ad" into the fac,. in good coodition. Thia iapli •• that 'r
is oj! the required .ensitivity ee iD.iti&tion 'by a detonator. ~~

tihe correct Velocity Of Detonation (VOD) and ba8,r a;"l ad.qu8t~~
\\_

unsitivity to p~opa,.tion aero.. p air sap (Atdeer Double \~
'\

Cl.rtrida. taat (ADO». UDde:.:-Dural dr.:ua.t8,Q~.. ~uch a prodlJ-:t

Wl<'fulddetonate completely and ade.JUauly a1';;'DI the entire length

(If the colu.l of cartrid,ea in th.iQ }:Iorahoie.
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The two primary mechanisms by which high quality product can fail

to detonate at full efficiency which have been identified a.re
dynanuc dEser.sitisat:ion. and desens LtLsat aon as a result of the

channel effect.

DJ:namic del;t;!nsitisation is caused by an Lncrease in the uens Lty

of the product until it approaches at exceeds. the critical
deneity of the €xplosive. (The critical density is that density

above whid. the explosive will 1l,')t der onat e) , There are t..,o

possible ".!S1.1ses for this. The first is as a result or an

undetonatedi charge in the face (later dday) being shocked by the

shock waves arising frvm the detonation of earlier firing charg~s

(urlier det'ays). These shock waves move through the medium

(coal in th:ts case) and the higb pressures associated with these

shock waves. ~ave the effect of cO$pressing the undetonated
explosives "ith later delays. If these ~xplo8ives are compressed

I

beyond theH critical detta;.ty <this density being an intd.nsic

feature of .be explosive} then a misfire will occ~r. The product

haa been dyt.amical1y desensitiaed.

It i. also possible for this compression to resalt from hot g~ses

at high pt •• cure travellina throuah crack. in the coal and

intersecting the undetonated char,.. As ~ntioned above. the
foraer mechaini81l (that of .heck compre.don) is the IIlOst likely

cause of dyn:.. ic de.ensiti.ation in South African coal ain ...

o..ensitisatlon a. • result of the channel effect is «lso a

COU.;)ll phenolaenoll in South Afric.n coal .ininl 0li.rations le.dina

to reduced I••rforunce of the •• plo~iv.. denasr.tion or .ven

toul fsHur.!. The channel effect is the result of • gap

egistina bet1~.1lthe explosive and the borehole w.ll. An "air
shock" travt\l. ah.ad of. the datonation fr~. the point of

initiation At, the toe of the hole aloDI the c~lumn of explolilive.

'there is hiahpr .... ure a.. ociated with this air ahock and it hs
the effect of compre.sins the undetcncted explosive ~he,d of the

','

shock front (this is the 'leadina ed,e of the detonation in the

explosive) t~ den~iti •• approaching or exeeeaina the critical
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density of the exp1.osiw.!. This induces a poor , quality'

detonation, .ieflagt'ation or aven failure. All exposIves suffer

from the channe I effect ':0 vilrying degzees , but permitted

ex;:>losives ate particularly susceptible as they are genet'ally not

well C"~'l~c·lida.tedinto the bvr~holes. Buckling the cartridges of

a charge in a hole is suffi(;ient to disrupt the channel effect.

d. Coapling

Coupling essentially refers to the extent to which the e:jCplosiv~

fills the borehol~ along the length of the explosive charge. It

is a simple c.oncept defined by the volume of explosive along -che
charge length r.elative 1:0 the volume of the borehole a10ng;\ tbe

same length. In section across a bozeho Le, this relateE:lto the

area of explosive :telative to the area of the borehole.

Obviously. th~ primary determinant of the extent of coupling is
,

the selection of explosi~ diameter relative to boreho~~

uiaaeter. The secondary determinant would be the extent to whi~h

the cartridsee are compacted into the borehole durins loadins.

Explosicm

An explosion is a rap~d •• elf-propagating chemical decoapo8itioQ.
accOMpaftied by • lars. amouot of heat and aas. It follow, from
thia d.fin1.tion that abould an explosion occur in an inflammable

.btur. of .. thAne and ait that a •• thane explosion is liltely to

occur.

f. Sockei: aud. Ila_-out Shot

A socket ,,$11 the rezain. of the end of a ahot hClle after being

~ blasted. c Generally the diaaeter o~~ the socket is IllUcb. larger
. \\

than thli! oriainal di..eter of the chot hole 88 shown in
Figure 23.



The length of a s(l~ket (x) could vary from 50 mD1 up to 50 ems.

It is difficult to set a lilIli.:: "it 'die length of a scckez since a

blown-out shot hole may also vary: hom say 20 ems to 180 ems. A

blown-out shot will generally result itt a drill hole rEmaining at
its original diameter. (The explosive having exploded out of the

hole as it would out of a test steel cannon for example).

g. Shockwave

The shockwavE! 1.8 a comprea~ion wave in an elastic medium

travelling in the air at supe raon Ic speed. It is defined by
paratJleters whicl1 are a func tLon of the di st ence and of the

quantity of explosive: the peak pressure. which is the maximum

pressure of the wave above. the atmospheric pressure and finally

the dur.tion. which is the time required for ~ overpressure wave
to r.tu~~ to a~aospheric pressure.

/ \

4.3.2 Introduction

The manufact~re and sofe use of explosives to break coal
llnderg:i:ouudis • complex subject and little is k.nown about it by
those whose responsibilities. it is to use the product on a daily
basis. The .1.m.DuTY training given to Miners and their box
nAtt.ndanu is reflected in the evidence of the many inquiries
held by the Mines J)'partment in\.".explosions as a result of pOOl"

bl::'...tin(jU,::imiques. The moat cOllllllOncauses of blown-out shots ..
~net.ady detonation and deflagration are:

firing charge. in fissured ground;

centre priming (of hole.~

inclu.io~ of ~:.I;:aldust between cartd.dSfs;

not uain8 bottom priming:
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poor coupling of f::xplosives(inadequate compacti~~);

use of coal dust or:wet clay as tamping or total lack of
tamping;

sympathetic detonation;

mud blasting.

Figure 3 shows the e f fect of blasting a sh.ot :101e which chambered

and th.:!nfidng the second hole on the left hand side of the
face.

The ~o~issioner of Mines fer Natal states:

"When the end of the north heading was reached (after the
disaster). charred timbers and coked coal were found, but it was
clear the fi'!:ehad not been a large one. Strong blowers of

o
firedamp were issuing from the coal face.. Observations confirmed

the statements previously made by the Hiner who fired the shot
which cOllUllencedthe set .';8 of explosions. that the shot was near
a hole which had previously been fired. but had chambered and not
br.oken the coal.

The entrance to the ch~ered hole was still standing with the
t~pini exposed and detonator wires banging out. but the other
shot bad broken the coal away so that the chambered portion of
the hola vatsexposed. The b9>,tt.abou.t 12 IIID deep of the second

\;;
llclereuined. Gas could be felt by ..the hand to be issuing in
SOlM q,uentity fro. tha remains of each hole ..while there WBB fine
coal dust ill the chamber of the firat. The sketches given will
illustrate the conditiona 85 I observed them. According to the
Miner three carbonite cartridges were used in the bo141! which
caused the ignition.

The explosions taken together caused the deeths of 12 Whites and
65 Blo~lts."
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'l'hechief lesson which this disaster teaches is the danger of
blasting when firedamp is present even though one of the best
permd.tted explosives was used (carbcndce) , This aho r t reference

related to the Glencoe Colliery dLsas te'r in February 1908.

4.3.3 Davelopment of Pe~itted Explosives

Until about 1880. gunpowd~r was the only blasting explosive and
it was highly incendive to h~},Jamp. ThEon high explosives were
discovered and it was soon observed that they produced ~uch less
visible flame. This prime di£ferenc~ in behaviour between the
two. stems from the speed of the reaction; gunpowder acts as a
fast burning reaction whereas high explosives react doetonatively.
that i~. the reaction takes place within a wave headed by a shockt
fron~' ,lIIovingthrough the cartridge at something greater than the
speed of sound in the medium itself.

" ~)
tr-:

The detonative reaction with the resultant short duration flame
confers a little safety but not enough. Convent ior;,a1 modern
explosives owe their effectivene.s and safety to a nice blending
of ammonium nitrate with n~troalycerino in one form or another
cOilbilUtd with a fluae .uppre••ant 80 that an explosive 1..
produced with tbe appropriate heavin, .ctiou eccoapanied by a

£1.... 'l1ppr••••nt atao.phere. the whole reaction proceedina as a
detouat~n thank. to the l>rea.n~e u£ the nitrollycerin.. The
fOT.IIUl.&tions are of cours. IIlOre coapleJt than this and there are

v v.riou~ additive. to iaprove stor.,e quality. to rendor the

explosive insensitive to &abient temperature change& to confer
freedom froll fwu in use. to adjust the d~~dlity 8.li.dsd

;'

Mininl practice recogn:Lae8 four broad claatlifi.eation8 of
explosive. 8uitable for use in coal lIin•• :

I
IIExplosives lIuitable fo:c\\rock tIJOrk "'-n the absenee

condition. likely to result in evolution of methane.
of

\\
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II Ell:plosives sheathed with a flame suppressant suitable for

use in coal and in rippings with appropriate :;:afeguards.

III Explosives with a flame suppressant in~orporated in the
composition and permitted in the same situation as Class II.

These are known as Eq.S (equivalent to sheathed) explosives.

IV A recently introduced group of enhanced safety explosives

designed for delay bring in rippings and similar s i.tuat Lcns

in which there is inherent a possibility of the charge

firing into a gas-filled br~~ or parting.

In addition. there is a new class under consideration for

situations not yet finally specified but which will include delay

fhing in solid coal.

Ie genera19 the stronger the explosive. the more incendive it is
and to sOlle extent the problem facio.g the designer of explosives

~a that of finding the minimumstren&th that the user requires

for good oper~tional sb;tcess and collhining with it the necessary

s~fety. Compared with the earli~st explosives. -' modern

forwulation. off~r much improved safety for a given stre~itb but
the connection betweeh str~ngth and safety remains. In the

recent past there h£s !>!!en a further improvement in this

conneotioll by the introduction (If explosives eaploying

ex.cha:ftg~d-ion fOl1llUlations (f':4chan!ed~'ion is the description
:'J

apt.'U.d to explo3ive. in which the ebe.ieals &1IIIloniumnitrate and

sodium ~hloride are replaced by ammoniumchloride and sodium or

potalaius nitrate. that is. t~e ions are excbanaed). The.e
.explosives have the property that ~hey do not d+welop their ful',

~ltIen8~h in the absence of full,con'f,ineMnt with the result that

clangerous sitl,1atiClns arising h:c:li incollplete confin.Mnt (for

Elxallp1EP. firina in breaks, in.u!ficiEl::\t burden. .1.1d 80 on) are

l~enderp.dless so. by this autogenous wakenina_
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4.3.4 Nature of ignitions

The mor~ su~erflcial question as to which of the phenomena

(flame. hot ga.~Es. particles. and shock waves) are possible

sources of ignition of tiredan::p has attracted most attention. It

appears to be generally ,~~reed that contact between the

det-;,:r;a,ing exp LosLve is highly conduc Lve to ignit·~(',n. especially

if the explosi"'e is partly confined as when it is ;'1 a parting in

a strata, or in a corner. Some dange r remains ~£te!:' the
/'

dqtonatioll. i*: the products then come into contact If'i!1it.h the
Ii

explosive lIli.xtll::~~. A large flame is a SU1'e sign of daage r , but

tP:! size of f1s'!~'l:''of a safety explosive is not a measure of the

danger , 'fhe il),u'b$idiary question as to whether the hot,
I'

non-luminous pro(l~~':ts of an or~ flame are as dangerous as the
. \. :__r'

still burning lUII1:>:\t"ll<lUS PI;9ducts has not beet;. answered. They must

have equal intens1ties of energy until losses occur. but the

greater thermal (~nl~r&y of the completely burnt pr oduc ts may be

leal!! effective than the combined thermal and chemic0-l energy of

the flalAe.

,)

The shock wave of a !I1ine e:J;plosive. by it.,~lf. 11:&1or may not be

capable of initiattng a 8elf maintained flame in methane/air
aixture •• but • mixture that ba. already been heated by th~

, Iieffects of a shot ..y be ignited oy the delayed arrival of a
.ho~k ..ve r.flect.d fro. a solid surfa: ••

pr';'iL.!i""d,JJparticles ot ,solid ~lo.iv~ which have escaped

coaplete t:f>&ction in the detonation 'Wave"but are atill underaain.,

reaction h.ve been thought ta be the .ain cauu (Jf ~8Dition.

Biaourd sad Dangreaux (1973) in a publication on the -.chani •• of
the ignition of .ath.Xle 0 by denasutinl explosive.. ob..rved~
with lIlotion picture.. that ian it ion of firedamp can occur
lJ.U1ed;i.li.telyat the borehole lDOuth\'or later at an appreciable

di8tJ~c:,~roll the bor~h.,le, probably due to • thermal 9xplodora

of the unreacted explosive as it COM. in contact with pattict.es

heated by the deflagration.
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However. therf.:is no doubt that fla.me.hot gases, projected
particles of buzndng ex losive and shock waves, can all.
contribute to an ignitic.I of fit-edamp by an explosive. The

relat Ive cont rIbution ('c, each factor varies no doubt with
c Lrcums+ances ,

It is well known that blasting has been a major source of
ignition of gas and/t):t< dust expIos i.cns in underground coal mine s ,

The mechanisms by which ~xplcsives can cause ignition of
methane/air mixture~ are the following:

By the hot gaseous products of reaction.

By pot reacting particles of explosive escaping into the
methane/air mixture.

By direct action of the shock wave from the explosive.

4.3.5 Tellpetatur. of Ignitions

Hi.)tparticle. from a detonat '.1 cf.f'xplosive. are of the order of
o '1000 C as ere the gases whic are emitted from this explosive.

Malla;d and Le Chat.lier (1883) studied ianition by explosives
and the~~ work led to the "lrench Doctrine of 1890". The
pOBtulad\ was that provided the detonation telDperature of thft
explosi~ wa. not higher than 22uOoC the cooling by the expansion
•• the ~pl0.ive 4id it. work would reduce the ,a. telDp.rature to
below tblftat wbbb fireda'lp"'y b. i,oited. The Doctrine wall!
good in that it led to the iJaprove_nt of explosives. bUt it

a••umed that the firedamp vas ianited ooly by contaet with hot
inert producu of tho explosion re.ctiou and further work soon
showed t..niato be but one of the way. in "hieh :i.anitioncould be
produced. The pre••nt view i8 that igriition may take plsce in
Of'.eof thtee ".ys: th••• are:
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Ignition directly by flame or inert but hot ga~G

Ignit:i Of, by compress Lon ,

'Ignition by solid particles. These may be particles of

reacting explosive either at the cal' ::idge or thrown our by

the explosion and , in sene cases, proceeding ahead of the

shockwave front. '~nert: pro jec ted particles also !nay ignite

gas eLther by being at a high initial tempel:3ture or

alternatively brought to a high temperature by impact with

It is not kr;;ownwhich of these is the most important or. indeed.

whether any oJ them assume pre-eminence independent of the

prac'o:ical circumstances, However. it is loZet'taj . bat all three
are" way. in which ianition clln be broulht about and all should be

taken into account both in usage and in laboratory eX8n-.inations

of new explosives.

Coward (1962) states that the firina of an explosive is

accompanied by the almost inatantaneou5 tran~form.tion of

chemical en~ray into thermal energy, concentrated in a small

spllce. ~e temperature of the products of an explosive. befc,re

they expand i~to tho atmQsphere. is 15000Cto 25000C.

Mallard Md IAf' Chatelier (iS83) de*tCnstrated that firedal&lp

-:'Inite. at 650°C. sa~el&lperatu'1t- which i8 alway. e:aceeded by
\.-~

explosives.

A recent discovery curnntly beiDa investig ..tpf', i. the enerlt'

i!!merated accordinl to the b.1H.tiCc .is.Ue tea:;.. Where the

enersy generatGd i. le.8 than 67' the peraitted explosive. do not

f;aU8e eXPlOSion.)) vher.a. Meray reIe ••• el ftbove 67%

e:apIo.iona whea 'the/rbplos:l.ves are d.tonated in an ({.I;pl.oaive

atao»phere. ~

cau•••

Speeekhae~t (1952) bas conducted .xp.ria.n~8 which sho. tba

inUuenc.e and role of inhibitini salts in enti-fit:edUlp
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explosives (permitted explosives). Indeed all permitted
expl')sives used in Sou;;h Africa today of the granul.s.r type
cont adn a proportion of salt as an inhibitor.

Speeckhaert concludes that the alkaline salts and. in particular,
the first of the halogen group are particularly su i.t abLe for this

role.

Their heat of fusion and of vaporisation is not too high. but: the

heat absorbed by fusion arid above all vapotisation is cruc i&l.
producing a good cooling capacity a.t the moment of gas release.

Speedthaert proposes reasons (mechanisms) why other: sa.lts also

work in Rbsorbing energy (heat).

At the !lement of detonation of the explosive i.n the D1()rtar. the

tlUllperatur.e being very high. a fraction of the heat1.s absorbed

by th4e salt. This fraction corresponds with the specj,J'ic heat 0:
the aalt added to the latent heat of fusion. However. b~cause of

the hieher pressure. tt>' heat of vaporisation cannot be abecrbed

and vaporisation cannot .ake place.

Wbenth6 product8 Gf the ltxploaion 1· ,'! the lIlortar. :if the

tetllperature of v.,poruation has been re{ichec - a,_ 18 \ \1t ';i..a.

with lIoOat .alu ueept for r.fractory 02:U.1I - '. new quall~ity of

calorific eneray is absorbed by thia vaporiaation "and this brings

doVft the temperature of the ,.... to the t~eratur. of

vaporisation. reaultina in a coolinle the .p••d and .cop'. of

which depend upon the strength of the beat of vapori.ation. It

ia to be noticed. in thia ca.. » t"o diaaina of the flaM. wtiA:h

follow tha .hoek wavas.

Ae fired.1IP b.u a day in i,Dition., it b nee••• ary to eliaip.ate

the .. n... , a. c'Allpl.t~11 •• po.. ible.

(i This .... e. it clear why alkaline .a1u and in particulax' the

iirat of the halccen aroup are particuLarl~ cuitable for this
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role. Theil:heat of fusLon and of vapordsat Lr » is not too high"
but the heat absorbed by fusion and above all by vaporisation is
crucial. producing a good cooling capacity at the moment of gas

release.

Exandnation of variations in the power of the explosive mixture -
using Trautzl's lead block test - shows that m~st salts decrease
th~ strength according to their concentration (Figure 4).

Dolan (19CO) has carried out extensive research into the

suppression of methanp./air ignitions by fhe powders.

(There are two funct ions of flame suppressant:

Reduction in temperature of detonation.

Material forma a dust cloud affect,s the ignition
characteristics of methare ahead of igniti.ng B('urce.

The effi~ienc1 of alkali h3lides due to low melcillS and boiling

poinu and cOlllpantively high latent heats of fusion ,and
vaporisation ill disctJued.

II
i',

(f

\~18n carried out exp.riments to'!.,meaaure th. effeet of dust

"particle au.pen.ion on Ua, velocity of couunion of lIl.thane.

nTh... jor pbysical hetol' of inhibitina matedal is the surface

The ability'are4 of the powder expo •• d
of dust to reduce £1...

whether particle

to the advancina fl....
o~eap.r.ture b~lnw 1350 C

i. ~uffieiently ...11 to

depenis on

allow heataiz.

transfer to take place.

l'iaur. S showa the effect of the initiator on th. flu.

velo~iti •• ob.erved with upWArd proposatifta flea•••

The quasi-detonations of firedamp cau.ed by • &uaned abot ia beat
,aimulatedby this type of initiation. The balw,l.dour of thes.
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acce Le rat dng £1aUles under the influence of an inhibiting dust is

therefore of great prac.tical importance ill assessing che value of
8 suppressant for inclusion in .an explosive. Under th~
experimental conditions observed in this investigation, the
spatial velocity of the flame in the explosion tube is dependent

on the nature of the initiating source as is shown in Figure 5.
The fastest flames were obtained with cerium fuseheads but the
reproductibility was poor. owing to probable irregularities in
the weight of fusehead composition. Much better regularity was
obtained with the spark discharge and pilot flames. which were
adopted a8 the standard mathods of ignition.

When a non-inhibitinS duct i8 introduced into the gas the p!r~t

Oil the flue .peed i8 very 1.i,Jllited. Somedf1presfli;Ju does occur»

but .veA vith heavy coneenti4::io:l& of j"'.t; the drop i. 8.140m

.or. thaD 20 p.rcact.

(L

Hiatorie.l1y dyn..it.. were the fir.t peraiD.ible explosiveR to

be \leN euee ••• ~ll,. in un4ersround coal 1liD... In order i.o

lower the teap.r.ttar., of the Hutin product8" ','.:..i.ts such a.

~1. ~Cl or CaCo, U'M :.•• i'itrodueed. "--:...0 their ~~!apo.iticm.
Mor.ooftl' tbll uture ~f the ialt.. i_to .. adjusted a.~ that the

J."ftoCtioA of 1:1Ie wdAi •• r ..g4 the C*>U8t:i.b1e iIJ il.10v. for
, ~

.... l.e. by ~.Ula co,,~ ,raiA. of """tliwa nitrate i~4 80diua
nitrate ia the coapClait1.t'1:l.o Iu aDother "etbod which :iie popu.lar
ia GeruIlY •• oatt of t'he UIIIOniua nitrate in tbe cOIlp'i!.ition has

be. replaced by an ,aquiaolar aixtur:e of .-oniua ddoride and
pota •• iua or .041iua nitrate. Durin, detonation the .lItIIIOniUll and,

"the pot ••• _ ions are uehan,ad. 'for exutple;

\1

Thus •• f1aae .hortenina 8J!1OU of vary fine 8alt particles ill

produced by the decosposition re.-ction iuaU. C:oabinatioll8 of

the two previous kind. of perai •• ible dya.. itee are po•• ibl ••

II
If
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4.3.6 Comparison of Blasting Effects of Direct and Indirect
Ignitions

Koga et al (1986) srate thet in order to promote safe blastiug in
coal mines the blasting must be planned. starting with the method
of initiatiN',. The placing of the primer cartridge at the rear
of "

th~ shot hole ensures that the release of the energy upon

firing ;.s duected outwards and downwards thereby ensuring 6

better fragl1Lented blast. When the primer cartridge is placed on

the middle or tbF! front of the no l.e , tbE:r~\is a gl~eater chance of
j'!,~,-\

the energy be inIt released in three direct~''>...$ - frent, blickwardlJ
-: ,"

and dot."U...rd•• for example. with resulting poor fnpentation and
the ignition of methane by the detonator cartridge. See item
4.3.8.

4.3.7 Observation of Explosion r1~h

Thre. types of burehole~. ,inal. boreholes. 2 parallel boreholes
and. 2 acute anS1. b~t'.h~lel (th¥1Ue bor.bo1.11 an not used under
Do~l eircuaatance; an abnor .. l blastina situaticn has been

,\ "

siJllulau4 in which the central u •• of the boreholes fOUled an

acute aDale due to raisalianM'nt. of tM direction of the borehole
bit) of l-ath 1100 .. and diM.tar 40 _ wer. drilled in the
advancinl t.unnel in cONined u.n4atone and abale ••(l" of the.in. shaft a. rhow in Fiaur~ 6. These holes were then charged
with 300 I or 400 S of No. 1 Tokubai dyncaite without any

at... iPs. and blested usinl direct or indirect initiation. The,.
uploaion flashes were ob8erve4 by takina still photographill. The

1/
lenatr \.Ii· the .xplosion flash wa. :-.btdned by .'l.cina a scal.

parallel to t~. direction of the axis of the borehole b~tore
blanina. Tha scale was then photolrapbed fro. the £Ul& place as

the explosion fleah and u.ed as a standard for the •••• ure ..nta.
The c...ra atop was set at 5.6 and the photolraphs vere taken
with rvj.icolour Hlt;.OO. the ahutter beiJ11 opened at the moment of

'"iuitiation.
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The explosion flashes in steel mortars and concrete mortars were
observed by td.king still photographs while exploding 400 g of No.
1 Tokubai dynamite. The steel mortar is as shown in Figure 7
(concentric mortar. diameter 560 mm. length 750 mm. with a
central blasting hole of 5S mm di.ameter and 560 lllll1 d.epth) and
the concrete mortar waf' the type usetl in the safety trials. made
of 1 part sand to 1 part cement (only the blasting hole was of
the same dimensions as the .-.:oncentricmortar)y The length !.)f the
explosion flash was measured._ by positioning an I··section beam

/\with graduations of 100 mmCsv ing parallel to the axis of the

blasting hole and at a distance of 800 rom from it. and
photographing it at the samE!time as the explosion Hash. The
camera was positioned 5 Q from tha mortar blast. the stop was se~

at 5.6. as for photographing in the rock tunnt=l. and the shutter.8. opened at the moment of the initiation.

The aeasurements of the length and width of the explosion flash
were based on the shape 8hown in Figure 8.

Table 4.2 shows the details of the length of explosi"n flashes
"obtained from experiment~ conducted in ateel and concrete mortars

and in an actual solid rock face.

Table 4.a

No Explosive. Weiaht C D E F
A D

(a)

• b • b '. b • b 1.
__:i
1 K ':.00 Dr 1 40 41 38 43 37 41 15 27, It 400 II 1 dis 160 80 150 70 120 35 105.--3 It 300 01 2 18 20 93

PI 21 35 5';

4 K 300 D1 1 23 28 102
AI 37 37 88

5 'K 300 Il2 43 107 7\
PB 60 85 71

6 It 300 Il2 38 56 105
An 45 83 102

-:;- "It 300 Dl 2 21 20 99
AD 23 23 110

8 1t 300 II 2 87 l1siTo
U 102
--
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)1



309

K: Gelatine dynamite (permitted)
A: Initiation ~~thod

F; Pract~cal rock

a: Width of e:lI:plosion£lash
(em)

;: Length of explosion flash
(em)

L: Remalning length of
bor-ehole (em)

DI: Direct initiation
II: Indirect initiation

B: Number of blasting bore:
c: Ste~l mortar
D~ Concrete mortar
't:; Smaller coac rer e mor t.ar

PB: Parallel boreholes
AB: Acute angle boreholes

-4.3.8 Various Methods of Initiation

Ko,a et .1':; (1986) hav~ cthe follow-in, tc
"IDcirect ',::~~t.i ..tion was fou.nd to be
ihitiatioQ t~ direct initiation.

say abou-::
a better

),1

i.nitiatio~.
(,

method of

There "'\8 no residual expJio8ive.

There _re f'lw cut-off ••

The blastin, effect wa. sore 8atisfactory than with direct
iDitiatioa.."

Wallace and Ireland (1987) support t~,viev8 that indirect
(betto.) initiation ia thouaht to b. aafer from the point of view
of cut-off. and rellidual explosiv.... Th'l bre8ltins ability of the

~plo_ive is Also ger.erally considered to be better when
~directly initiated.

It i. abundJntly clear that the practice of mid-priming. which
rsq\.\ireaa the detonat iOll to "run bod) way. fro. tl'.. init i.tor.

pillcea the greatest cftlUllc1_ on the aplo_l,ve for r~li"hle
perfonuUlce. Thu i. borne out by studi..,. u8in&

pbotolraphie technique. c~Dduct.d by Kennedy. The.e have
that ...11 iacr..... in 4...Lty of P~tt.d .$plo.iv •• are

\~

X-ray
shown
more
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likely to lead to failure in the reverse than the fo::ward

d.irec t.;on.

4 •.3.9 Factor~\ /hi<:.:hadversely affect the Behavkout of

fet!llitted Explosives

oo

In a lraost eV1:'t~ instance in 811 the explosion::.: initiated by

e~plosives and bl-asting operations. one or mere factors relating

to the incorrect u~e of explosives is evident. These factors

\lne been highlighted in the two incidents dealt with in this

chapte~ (Durban Navigati~~ Colliery No. 2 Pit and the Northfield

Colliery disasteu)"

Thft ease with which the abbve pezmitte1 explosives can be- ind1.lced
ti ,~,

to deflaarat:e was studied by means of tt;.e "detl.Station car.non"-,
ali described by l'lant and B4irbero f1969f'. l+ consists of a thick

".ned ate.l tub. 51.. in intern.&! diuetet' (1igure 9). etealiid

at on. end and restricted et the other by. dis~ containin3 an

.pe~ture thr.:>u:!h"hicb the i"••• vent. T~ degree of c'Onfinement

in the tu a crn be ! "'t.ered by ch90aing h'Ol~ siJ:,s i~ the'" disc::
I: \

b$tweeu 1.6 1lnd 9.5 l..-t·"jn diu.ter. The charge conabu tot two

t:xplosiv.!'cartrida ••• ach of usa 56 8 aeparated by a plug of
'::>

coal :i:.1ItL This alUllellbly is sup~'orted centrally in the tube.

Cae c4Irtridge (the "d()nor") ie pdmed with • No. 6 strf:ngth

copp.r-c:ued detonator. The occur renee of deflagrll!tion in the
\)

"receptor" ~~rtridie under various dGare.. of c')nfinellent' is

indicated by ,,'t;~ preaei;l.ce of aeh.

The channel effect .".d it. influence. on th'i perfo~~~e 'Of

peraitted explosive. baa: been studied.\fY ~ana of the double pipe

test. In thia toat tbe explosive ~trtridl.s are placed in .a

mild-.teet pipe .imulatu.s a:. Mrenole (Pisure Ie). They cl.rE
z-~;~)

arran,ed to r.pre •• nt a. fer a. 'pussible the realistic co~~itions

of use. for .x~pl. with coal d·.lst between them. This pipe is

i\
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placed on top ()f a length of hollow bat which acts as a witness
pipe whic;.h is then sandwiched bet;"·,1.mthe test pipe and a heavy

steel anvil. Detonation of the explosive charge results in a

dent along the length of the witness pipe. the depth of which

conelates with the peak pressure gener.ated.

C""mmel Effect

All the P1 exploltives tested suffet from thE!c.hannel effect as
shown in .b'igures :i.1. 12. and 13. The pealtbozeho l.epzeasure (as
measured by the depth of :ent) declines along the length of the

charge as the air shock becomes established. This. gener.c,lly

occurs in the third cartridge ftou;. the point of initiation.

The retio of the v(llume of the t!';!xplasiveto that vf the boreho Ie

(i.e. the degree of coupling) wHl influence the intensity of the

air shock and hence i.ts eife(!t on the explosive. !n tests

conducted in which the g.iameters of the top pipe (34 !lUll) were

chosen to provide a snug fit to the cartridges (32 mm). no trace

of desensiti.ation was detected as evident by the uniform dept hs

o/f dent in Figures 14 and 15. 1~osimulate unconHned detonation

where no channel ~xi.ta. teats '~re conducted with the explosives

laid in "op.a" pipe. a8 in Fiflure 10. Th. performance of the

first c:artrid'ea in the ehaLr,. 18 clearly .ustained &8

illustrated in Figur.. 16. 17 and 18.

Effect of Consolidation

To en.ur. optimulll perfonaanc. of permittatJ. explosives

l.mp()rtant that the charles be pr•••• d h",ilIe.s far as
while reaaining within the constr.aints of the law.

it is
possible

The dent

profile. of Figurel 19 and 20 ah,,~ that cOrJlloHdation of the test
charge in the pip. significantly reduces the channel effect.

(Iv81l relat iv.ly .ild consolidation of cartridge.. So as to

buckle rather t}l2.n squash the,,_ baa been found to effectively

eC1iminate t;he channeI effect). It ha. been established that the

air shock can be"di.:lrupted and its effect 9.ignificantly reduced
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merely by fitting cardboard spar.ezs between the cartridges and

the borehole wall.

Gaps ill an Explosive Column

Carelessness in the loading 0;' boreholes is a potential C'\USe ~}f

problems. leading to low-order detonations. dcflagrationrJ 01:'

misfires. p(.ot' -::harging pra.::t ices can lead to gaps b(~t1¥een

cartridges in. explosive columns. These include pushing

cart r Idges inrlividualJy to the back of the hole rather than as a

J train' t or pulling the detonator wires whilst loading the helle.

The latter is particularly likely if the primer cartridge is at

any position in the eAl..plosivecolumr, other than at the toe of the

hole as recommend~d. These gaps may be empty (air gaps) or

filled with coal dust. Since gaps filled w;_th co~). dust are

potenti.ally lI1.orp.serious as an interl':llptet' of detonation. they

were studied by the use c..f the doub:t.epipe test. (See Northfield

Colliery disaster. 1943).

Cartridges of coal dust of the same diameter as the test pipe
were pupared (40 lIUIl). As a thOrough test of whether the

deto.~at lOll could jump a chosen gap. the gap was repeated betw.~el1.

.11 ~,iart:tid&e8 in the column. The deton.tor "as therefore plai:cd

in a icartridS8 in tile middlca of the explosive column. so that

o d.to~fation. runnit:.a forward arid bac~Y.'rds .froll the tiecona':or
"

cou14 hI! observed. liaure 21 de~'ict8 the results of sueh a tl~st
i'

cOlld~,c:ted oil COALEX 1 in which the ca~:tdd&es i.ulediately behind
"the ~~i1',;iator detonated but at such 1.0 .. order that ;i.t W~!lS unabLe
"to ~~iopa8ate acrou the next pocket cf coal dust.
!I

:1
D)"Ullde D.... itt.atioll

The re.iatance of SOM peraitted explollives to dynamic
In thisdesensitiaation haa been studied in the und.rwutet' test.

test the chat',., prc:-tected from water penetrat:Lon is fired under

6 III of water. Th~ ga. energy of the el'.plollive is derived froIl1

mejlSuremeDt~ of the diollen"iotl~ of the bubble of produc t gas using

pt'4~ssur~ gau8.u~ <
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In the ~'aseof AJAX and COAU~X 1 shock desensitisation can playa
significant role in reducing the ener~y output of t~e Charge.

I

Th:..J can be attributed to compression of the explosives to

densities approaching or greater than their critical densities.
The 'Watergel.ENERCOAI.is unaffected by shock pressures in this
regime. This is due to the fact that the gas bubbles in this
composition rapidly expand back to their original volumes after
compression by a shock front.

To obtain lithe optimum performance of t h'J explosive it is

necessary to match the diameters of the hole and the explosive
cartridges as closely && possible and to prevent coal dust
collect:ing bett.<eerl cartridges. When using soft esplos ..ve
co.positions such as watergels. the air gap should be disrupted
by consolidating the explosives in the hole. In certain European
countries the cartridges are placed in & cardboard sleeve. primed
and ins~rted as a aingle unit into the hole. This t~hniqu ••
employed with great success. serves to prevent ob.tructions
between cartridg~.. disrupts the channel effect and ensures
bottom point initiation.

The ilnition of explosive vb.n .ubj.cted to hot fUi1lla. at higb
pr••aur \ uk •• plac. v.ry rapidly. In practical .llotfiring the
~eurr~le. of $uch deflaaration .ilh~ be indistinguishable fro.

nor.sl detonation. apart fro. reducedparfor.aanc., and will not
pr••ent a ••riou. fir. OJ: IU ianitioD heNri. The oc:eurrat'caof
4enqntion that u r.coaniaabla .. sueh ia the relatively dow

bumial of apIo.i.ve ill brokaa .trata. It ill •••entia! that tbia

b. pr:~te4 by tb4a adoption of 'the corrct:t eberlinl t!Jcbnique••

Cetr., ,rudaa .... ra'V.~e4by tt. iulv.aion of coal du.t batwetm
" '

cartrid\e:::/pr •• ent. the dall... a1'eat •• t bau1'cl in ter.. of

deflaal'ad.OI'iI of ,.~:ttte4 aplo.ivee. ~tt.. pri..inC will 110t

.1iahtau cl•••• :ltuatiOll of ~h. uplocive by the chasmal eff~t»
but. it will .neur. that d...ncitiasd cartrid,a" will not r.tain
their iDt~lrity and ra.. in d~il.,ratin& on tha face eft.~ the

blut.
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4.3.10 Emulsion Explosives

Recent studies have shown that the nLt rog Lycer Ine granular

permitted explosives. when detonated in conventional headings,

prod1Jce carbon monoxide and nitrous oxide fumes in excesc of that

allowed in the Mines and Works Regulations. The solution to this

pn:1lelll is to:

ventilate the headings by means of force/exhaust fans or

line butt ice;
\ \

: \
\ }use the newly developed emulsion 9xploaive8 whose fume

characterillt iCB aft.~t, detonation comply wit~ legal

r~quir.ment ••

~out ten years _,0 slurry explosives were .ubmitted for teat in

the United Kiu&dom. Generally speudng the, pover of t~~.G
\ .•. _'

uplodvea i. the .... a. the',t of uiatina llitroilycer~. type••
(\\ ...a

but veloeiti •• of ddonation are higher, beina in the 1'~.8ion of

three to four theus.no metres par secoD,;icompared with the two to

three tbouaand .. tee. per aec:ond of nitro,l~el:ine typa.. Not

uny c:oapositj,on. "1'•... iAed or tested becau •• it beca30 clear

durio, tdals that ~b..8. uplo.iwlI ftr. prone to d.a.Daitis.tioD

vhea. fi~d in de1&y rocmd.. However. 4urin, t••t ina it e•• rSed

tat .mer.... 81uUt.. , ... ed tbe 142 ,ra shot t4'~t •• aUYI! th.:=e
..,.. 8 t_4eoey to fail the 800 "grQ Iilt_4 .hot' teat. which

oriai.aaUy v&a d•• i.pe4 to .how that the explosive va. relatively
safe ~; .. tb.aae ,as wbeu fired 8t chars."ia~u ariaU.r to tho ••

U.k..l, to be U8tte1 ia practice. 'l'H it ,;'obl.. poaud by

d..... itiMtin.·ha,v _at that .1ut:~Y •• fety' .plo.ive. of the
c;

ICouP P1 t,.,. __ r: be_ u.s" til UICcoat JII~",J't.. ad so. fev
~_ Ma teat.. OJ' , ia ,Hat dee8i£'. Slurry .plodve.
0·£ otber •• f.t,. ~ _w ~r be. auDldtte4 for auain_tion

or t.. e,
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About two years ago an explosives manufacturer subnd.tted saillplez

of emuj'don fY.:plo.,;ives for tests as group Pl explosives. The

explosives contained no recognisable flame ir.hibitor. detonated

at about 5000 'IH;'tres per sacond , and produccd some powerhll gas

ignitions that hastened the decol!lt~issioning of a test galler}' for

repairs to its foundations. Subsequently. some flame :ir,hib~tot

was introduced into the explosive compositions. and this appeEtted

to il.ave the desired effect of reducing both the violen.::e and the

fr~quency of ignitions; compcsit:i"lns that passed the Pi tests

were event ua Ll.y devel.oped , However. these "!cmpo~itir.') still had
"

.& tendency to j)$:d' the 142 gram I/test and fail the 800 gram
I (/

stellltlled shot test. Clear explanations of thi.s differel'i;ce bet,ween

nitroglycerine and slurry and emulsion exploaives are not

currently available.

Possible gas ignition agentl! incl~.~e: hot gaseous detottation

products. hot parti~le8 and the ahock waves produced by

detonat ion. It is difficult to know o~"predict accuratel~ the
temperatures reached by ti(' detonation products of ~lI:rlq,sives.

HoweverM the powers of group PI .wl.ions and n:itl'.oglycerine

explosives are d..ilar '10 that it seeu unlil' .• l,. thl:l.t thell.'. will
(]

be substantial Qiff~renc •• in the.e temperature ••

'the differeDce. b.t""~ nitrol,lycedne and. ..IIUIdoo e:kplodvu
that have ... r,.4 durin" testiui have ca\i!led the T~~ testin"

/,'

autbot'ity to"iapo.e t•.,orary incre •• os in the .~v.r+ity of the

,roup PI t.at r.quiretHllt8 tmtil .ore inforutioo and t experience
Oir thea ~oae. aveUablfl. In the e•• e of the 142 gr,;& test tbe

requireaent b&e bean chansed 80 that an esplosive DlUlI(t C8U•• 1'.:88

than 7 ipitiona iu 16 shote to pus. lor n!i.troglycerine

uplcs~,~. 'up to 13 ipitions" in 26 abots are .llow.d. 'the

dif.t.~treD(!~hatRen these two require.uta ~~ (tho.en to be
~icDiiie.nt at the 95 percent confidence le}ela .nich is the
141",.,:1n01:Mlly us.d. by the UK t,uting ~thodt,. Normally

manufacturers aia, to produce ,roup PI explosive. which cause

c:01:.siderably fever than the thirteen ignitions _Illowd in this

teat. The 800 Irq ste_ed shot teat. which can It.use heavy
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ignitions that are damaging to the te~t apparatus and surrounding
buildings, Wl3.S changed to require that no ignitions occur in ten

shots.

Samples of emulsion explosives that have succe~sfully passed the

group Pi tests have bpen kept in th~ magazine and their detonator
sensitivity examined at regular int~.rvals using a standard range

of detonators of steadily increasing size of base chacge , It has
been found thet the detonator sensitivity of some emulsions has
detericrated within three mont hs of manufacture to a poie!t where
they could not be detonated even with a detonator having a base
charge of one. gram of PETN. Thi e seems to be e. problem with

,;"\':::'
\ ellluision u:plosives. and one iihicb tequi~Jes vigilance.
')

4.3 .•11 Stucina

Tht) so1.e ul{uireaent for g~od ste_in, is that the stellLlQi:f11
';!,,"_.'.'

l~hou~ not be ejecte~ fro. the shot hole upon detonation of dIe

explosive; rather it l'Ihould contain the detonatiun. and thui~

bre~ the 00&1 or 8tone layer. Clay""". loni used ae a stftlt:lin.~

Nt.rial wbw the teca1 tequir6IHnta wen that "the hole ••

UliocCupied by esploai". c:.rtricice,. bad ~-o b. t,-,ully steuaaed \:0
(. ~

tM c:~llar ..I show in riprfl 22.
I

1'" I

.ueilu ,eta ,ad _ter etu:~ap.lluted ia pl •• t~ sbe'tb.. stone
,,),\,-,
Iidu~~. _.4 eel .pec:ul clay. wrap,... in wazed ,p.per to prevent

the clay from dryina out. Clay Uapial to "e f\f!ecti,,,. hils to L,)
c.

of t:'M "c:an:8Ct. llOinur.e cont4tnt - if ~~o dry it <!umo,~ be forced

iJito C>ecupyiaa t~ total .lIot hole (;;~.t:;:lafera.c. pel if too !IObt

it i&I .. dl! aj";te4 at tho i.. '"b{" of 7tiOll:-- .-.'
- ~

'l'be r.. ulu of incorrIKtl)\n __ d '.hot hco\&. are ...,lified in

the cu. studiea duc:u ... d in thia chapter.
\'",'l- (I

" .~ ..=~
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4.l, COAL DUST eXPI.OSIONS

A hibh percentage of the recc rded (<:>8,1dust E-xplosions .in South

Africa have had the it origin in the ignition SOlly e of

e:::(JLoe ions-:_,. It is intended t e deal .. ith this aspect (coal dust

explosions} under this chapter.
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4.5 NUMBERAND DA'l'ES OF INCDEmS

Table 4.3 Number and dates of incidents

Date ColliE , Fatalities

1899 South African 2

o
1905 South African
1908 Glencoe
Febx:vary
;/;f

1

77

Remarks

Blown out shot of "Thorite" -
a locally made chlorate
explosive.
Blown out shot.
M eIactl'ically fired

"carbonite" ahot (per.itted
explosive.) blew out and
is',oited findaap which set

bnttice cloth aUght; the
fire .pread to timber, Qnd
coal: there were nc immediate
Ii=- !~Ihtina fecilitie ••
Atterapt. vere _4. to vall off

the fire but the valls could
not b. built to confin. the
fire cIc.el, with the ~••ult
that th. vola. of workin••

ilabye of the w.ll. "••
ezee,l.i.... A •• rie. of
_thame uplo.ioIl,_' .~ caused

by ttl. fi..n aD" tUBe
cu1ail1at&<t ill Q eoal du.t
~loGioa which wrecked the

.ina .,cd killed 'tNt persoDs
iftc1uoiaa the Inspector who
were .naaSed in ••• lin, aed

,~.I Ii

re.~e operation~.
)
//

\



Date

"1908

June

1918

1918

1919

1921

1921

Colliery

Cambrian

Rlobaoe

Northfield

Nortbfi.lcl

Janoekbum

Bum. ide

Ft.ta1:i.ties
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Remarks

Nil An electdca:i.1y fired

"carbonite" shot blew out and
ignited firedamp and s t art ed

a brattice fire. The

Nil

circumstancp.s were practically

ident:ical to the Glem.~..H~

Colliery situation. Persons,
however. were ....1.thdra'"tl ft:cHll

the workings when it becE.il1e
app~~ent ::hetthe fire could
not rapldl> b~ e'lttinguished
or closely conf;t~"!d. A pcries

of minor e;rrlosion!',aga~.1').
:oll?...·ed and finalty led.to a
gr~~t coal dllst e~1':io8i~i'1

which aw~pt thr.o~S~~t .....mine.
Blown out .he I. 'l':le mitu!r in

'Nil

all probability he.d rot tested

for 1.8 before blasting_
Shaft bottom i~lition in
c:ouue of ainkina.

Nil ~ )lown out ahot. Miner in all
prob~ility bad not taaped th.
cole properly or te.ted for
aaa before bl••tina_
Ilowa out .bot wben b148tin,
in aaa.
Jlo~ out' .hot when blastin,

in aa. in ,Il d,k.eBe.adia.a. The

1111

6

har4De •• /o~ the dyke and
/ tJ;

in.uffic\.~Dt uapina were the
\\

probable cau •• of, the .hots
blowina out.



Date

1922

1926

1930

Colliery

Nat.al,Navigation

Durban Navigation 125
No. ;; Pit

'S1.!rnside

1935 Consolidated
Marefield

No n.b£ield1943

o

Cot1ffolidated
M$;rsfield

1945 Landau/Naviaation

1943

Colliery

Fatalities

38

:*:.95
18

10
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Remarks

Blown out shot. The ruiner had
probably not tested for

firedamp before blasting.
A sliping hole. that is. one
without two free faces, was
blasted in the presence of
firedamp and blew out. A

firedamp explosion resulted
which generated a great ~oal

'I

dust explosion which travelled
throlll)lmost ,.of the mine.
Blasting in the presence of
inflammable gas. Thi!

explosion was r~pcrted as not
baving been augmented to any
extent by coal dust.

Blasting.

An uncertifi:ated learner
Miner bla.ted an
in.uffieiently tamped shot
hole in an IJnventilated stall
filled with firedamp. The

shot blew out and a violent
apIo.ion re.ulted. There W811

evid.anc, that coal dun in the
j;~s..eetio~ may bave augaented the

violence locally but the .ain
ace... road. to the section
were either well stoueduned

or wet and the explosion did
not propeaate.

Bla.tina·

Blasting_



Date

1951

1951

1952

Colliery E'atalities

Durban Navigatio1i 9
No.2 Pit

~ornelia Colliery 9

HIe bsne No. 2

March
1952 Hloban~ No. 2
April

1954

1961

•

1961

1962

1965

1965

1965

(leo

Neweaetle-
Platber;
Elandsber,
Anthraciu

Natal Coal
Exp10ret ion
Northfield

H1ob8D. No. 1

Kilb.r<!haD

N'11. ...

1

1

Nil

Nil

10

Nil

Nil
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Remarks

Blown OUL shot. Miner failed
to test for fireda.mpbefore
blasting.
Blasting in the presencl;:'of
gas.
Non-fiery mine. Blasting
caused a coal dust explosion.
Non-fiery mine. Blasting
caused a coal dust explosion.
Incident concealed from Mines
Department. Firedamp was not
suspected; it had never been
detected in the mine.

) Blasting in an inflaJ:Un&bIe

~tltlosphet'e•
Firedamp was ignited by a
worker waf tina out blaating
smoke with a piece of hauian
which happened to be
•• o,ulderina possibly as the
result of blastina operations.
Bla.tin, in an inflammable
atllOsphere.
Blown out shot into aas filled
loaf in a pillar extractina

",ectiOD.
lenition' of coal dust .luring

blastin, operations.
lU•• tina in inflaaa.bJ.e g•••

Kiner f.Ued to test between

Blowout of unclerburdel!ledor
overchar,ed ahot hole when
ahotfiring in fi~ecla.p.



Date Colliery

1965 Newcastle'-

Platberg

1966 Kilbarch!1tl

1966 Natal Coal
Exploration
KHbarchan1967

1968 Natal (:oal

Exploration

1968 Kilba rc han

1968 Induaeni

1968 :&nyati

1968 Utrecht

1169 Northfield

..
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E'atalities Remarks

Nil Blasting in firedamp in a
stolle raise. Miner failed to
test and to carry out correct
procedure in dealing with a
misfire.

Nil Blown out shot from
overburdened shot hole. Miner
failed to tEist for firedamp
between shots and to tamp
adequately.
Blown out shot. Underburdened
shot hole or excesltive charge.
Blown out shot. Overburdened
holes and failure to test
between shots.

Nil Ignition of firedamp when
blasting. The miner failed to

Nil

Nil

teat between s'~ccessive shots.

Nil firedamp whenIgnition of

blasting.

.Iitlition of
f(bl.sting.

3 Blown out ahot. Insufficient

Nil
~\
~lJ

firedaip when

'taaping. \Poor ventilation.
Nil Blown out .hot or unconfined

explosive ••
Nil Underburdened ahot hole in a

lift in a stooping seetion
bl •• into goaf. It is a180
suspected that the shot holes
fire not properly tamped.
Hiner f.iled to t~.t for

\\

Durban Navisation Nil1970

infl&:amllblegas before Hrin~
eharg1U.



Date Gol1iety Fatalities

1972 Newcastle-
Platberg

Nil

1976 Durban Navigation 2

1978 Newcastle- N"1..J.
Flatberg

1979 Balgray Colliery 1

1981 Balgray Colliery Nil

1981 Ntewcastle 10

Platbel'g
1981 Newcastle Nil.

Platbers
1982 q., .ban Navigat ion 1

1985 Middttlbult 30

Colliery
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Remarl- ,:

An underburdened shot hole and

shot holes not properly
tamped.
Miner blasted in an
unventilated working face.
Hole blew through to a split
which cont adned gas.
Blasting out snook in stooping
secticn.
Blasting ign:i.tedmethane
blower.

Blasting in presence of gas.

Old expl08iv.~s used for

blasting.
Blown out shotholes.
Bl~sting aircrossing.

With regard to the Consolidated M~rsfield disaster in 1935. the
author has not included the fatalities in the totals in Table 1.
It i. uud.tatood that 5 White •• nd so•• 7j ~lacks lost their

lives in the exploBion which destroyed 4 or 5 producing sections.

The r.au.e "a. attributed t\) eith-..!t' bl••tin, or an elactric: arc.
The author has been unable to locate the official file on this

.1

incid.ent.
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4.6 DETAILS OF INCIDENTS/PHENOMENON

Arising from the 47 methane/coal dust explosions due to blasting

an1 explosives on record,. two incidents have been chosen for

detailed eJ,aminatit.n. These are the expl.cs.Lonu at the No. 2. Pit

of the Durban Navigation Coll,ieries on the 8th October 1926 and

the Northfield Colliuy ex.plosion on the 26th May 1943. Both

explosions resl·~',ted in considerable loss Clf life. and the

inquiries were conducted in great detiaLL, Although both

explosions were as the -cesult of blasting operations. several

important extraneous factors which had a bearing on the

explosions have to be considered.

4.6.1 Durban Navigation Colliery. No.2 Pit

a. Introduction

On the 8th October 1926 at \18h15 a coal dust explosion traversed

the whole mine and e~lpt~d out of the two vertical ahafts
destroying the upe.at .haft ., fan installation and the decking

arrangell·.tnts at the downcast coal hauling shaft. 125 lIlen (the

total night .hift labour forcej lost their live" and the mine "ias

rendered inoperative for 4 months while recovery operations were
in progress. Tragically th. Mine Overseer loat his life also in

the ~ubsequent reacu@ ope~ation ••

The JIlin. was considere'd teo be one of the beat Il~nased in ,.Natal

and ~.• "well known to be a particularly well-vent ilated ahaft and

thus there can hardly be a question of the explo~io:l being due to

gas". (Natal Mercury. 1926).
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The Committee of Inquiry appointed to investigate the disaster
was preceded by much ill-feeling resulting from the exclusion of
representatives of Trade Unions at the investigation.

The details of the standards of ml.n:tngand operational aspects at
the co l.Li.nry prior to the expLosi.cn are discussed. The evidence
which totals 412 pages covers. inte:::alia. much detail of the
rescue and recovety operations. the great courage disFlayed by

the rescue teams. and the unflinching determination of the Mines
Inspectorate to arrive at the cause of the explosion and
prevli:nt, io", easures ,

b• the Colliery

Photo No.1 shows the surface installations at the colliery circa
1922. The coal sea=s were situated at a d~pth of 650 feet
(198 metr~s) from surface ~nd were overlain by a dolerite sill as
shown in Figure 24 below. This dolerite 8il1 was not present
OVQr the No. 1 Colliery workings and this geological aspect was
put forv,ud as a theory as to why the No. 2 Colliery e1C:ped.enced
more gas problem. than the No. 1 Colliery, where cracks through

/ Ito aurface allow~i the methane to bleed off to surface; a
position not pea8i,ble at No.2 Colliery where the llls could not
escape to surface du~ to the dolerite aill.

c. V.ntilatiot~

The mine was ventilated by • 4.8 matre diameter Sirocco fan
deliverins approximately 190 .3/second. The two shaft. were each
5.4 metres in disllleter. The fan preeusure 'Was 746 Pa. The
ventilation distribution in m3/.econd i. shewn on the u~d.rground
plan Figure 25.

StonEdu8t was supplied underground in tubn at ~h. rate of 20 tubs
per week.. The mine tub. were:0,84 .3 cllpacity. thus the (lualntity
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DOLE RITE

j
I

..

Ir
I

112 metre!

TOP SEA'" 1,'imttru
SANOSTc)NE PARTIN!) 1,2 met re ~
BOTTOM SEAM 1;45 metres

(?

I,
-----------------FIgure 24

STRATiGRAPHY OF F402 COlLIERY
o DURBAN NAVIGATION (Oll!H'1E'S

I"
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The Electrician was working in the shaft bottom. 40 mf!t~'es from
the s}u:,J'trIt. the East Main haulage. He was busy installing new

cahles using a draw vice and after the explosion. 5 of the seven
wires showed signs of fusing. The power was on at the time of
th~ explosion. The Electrkian's body was discovered 8 metres
itom the pcs i.t i.onof the draw vice and 20 met:::esfrom the r'Jsed

250 volt wires.

'rhe evidence of the dying Indi.an and the fused wires in the shaf't
bottom led Management to the coneIusLeu that the Electdcian had
pouibly fallen off a ludder while wodd.ng on the cables. seized
the wires to sav~ himself from falling and had thus sev~red the

l~ve wires causing an arc which had ignited the coal lust and

fin~lly caused D coal dust explosion. Wstson and Edgecombe
(1987) arlue that this was probably the verdict which the mine

Manace28nt would have liked (an a~cidental electric arc) since it

would indicate a pure accident I.~d not affect: ~ jurance claims.
Ii
II
\\

fj

However. after several week. of careful exu,illati.on of the

~'rkina•• t~e Mines Delr'.rtae~t offered a ditferent explanation

• blow-out shot in SectiC'lD 10 in tlua Nort'n Main ignited firedamp

which .. ploded and developed into a creet coal dust explosion

which traver .. d. the whole mine.

Sect~on 10 va. develo~ina in the North .. in (figure 25) to the

ri ... which would have r .. ulud in lIlethan.laY;'tr:inl. a._inBt tbe
<

roof.

ily the 8tl\ October 1926 the uiJ drivft had. be.n developed off

lin. to the left and the ShUtbc ••• 011 the 7th Octob.1:: 1926. had

aiven the apprentice Miner on ~.y.hift in.tru~tion. to ,et the
\i

.. ~ back on line.

I)

'riaure 26 depicts a pla vie. of the face of the uin in

Section 10 as it waa on tbe 8th October 1926. Shot hol.. had
been bl.ated on the riaht hand sid. of the roadway where att •• pts

to 3et the face back on line had been .. de by und.l"Cutting t he
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right hand rIbs i.de , This had resulted in two ribs of coal being
left on the sidewall in which sockets w~t:e evident including 3

sockets in the fac~. The f.ice was described by the Inspector of
Mines after the explosion as "being in a horrible condition".
meaning off line and not having sidewalls properly on line. In
add:i.t':'onDO brattice cloth had been erected info the face ,; to

remove methane which. by experience. would have been given off
"freely from the slip plane as shown on the plan (Fi~ure 26).

In a~dition. a large pile of loose coal was found. after the
explosion. lying on the floer on the rigb~ hand side of the

t .

heading. This coal had been bluted off: th& right hand aide of
the main drive pre.wasbly to ~et th. main back. on line.

The Miner in ch&rge of the section on night shift (he was killed

in tM explo.iont _. ,,' like hi. day.hUt count.rpar~. an
apprentice Mine,! vb,:,le.ally va. not permitted to bl..e , No

blastin. battery or cables were found at ..the site of Seetion 10

_in drive.

A detailed U .. in8t~i@ by the Kines O.pArtment traced the c ria in

of the ezplo.ion to the awin roact in secticn 10. Th:1.S wa.
arrived at by the followin& deduction.:

Experience bas shown that little 4..... ia ~cord.ci at the
'eye' or 'oriai." point f ~.f an explo.ioll. Tb. haul ... return

"

vt-e"l in Section 10 vaa intact after the explosion,.

(i;
The rec:ordin& of co~ing or burnt coal dust on one particular

aide of ~nstal1ation. such as lI1ine propa. haul_,s fru.s.

tubs. canepa. and aircroosinas.

The destruction of vent:i.lation .toppin,s and otbfilrpamanent
F"-

installatiotl'-ll and the position of debris' fro. the.. d~ces

after the explosion relative to th.ir position prior to
expl08ion,

the

c )
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of stonedust de.livered underground per month would have been 20
'3tubs x 4.33 weeks/month l!: 0.84 p' x 1.8 spec..ific gravity r:f

stonedust x 1000 = 130 939 kgs.

The colliery produced app rcx LmatieLy 1000 R.O.H. tons of coaJ per

day r 24.500 R.O.M" tons/month giving a ratio of .5.3 kgs o]:

stor·€,ht"t applied per top produced, a figure far in excess of
current standards of appl1cation.

The m.ine 101<,,/ worked on the panel &yst;€,m \1:'; shown in f'igure 25.

Line bratt ice was used to di.r-ect the vent ilation into each
.otking face.

A practice mtisted on tht1 cblliery to clear up and remove all

dust which collected or. intake rOad'lfAyt. This dust was loaded

into bags and put into tubs end hauled ~o surfac~. Obviously any
.ton.dust mixed with the coal du.t wot..ld als'? b,'iI removed as

evidenced ill the Inquiry whe::. the Manager 3ave ev~dence:

,.-"v
"In tbi. pillee here. referrirli I:>ack to the be "toll7 of the dowcast

• ,I
shaft. where Maclachlan was workl.ng. did you c-;:ihsider that thaI:

:~"a8 adequaUty '.ton.dusted? that night. previously to the

accident. any till •. _ that night it waa not.

You had r~~d it all? - Y~~.

With the .ton.~,you ,~~"_o hb. UIlOV.C? the co~1., du~~? "_ ~•••

Most of it? - I would not .ay IIOlIt of it,). j
Do you thialt that' you removed all the 8~:JheduRt? _ Ye.. I th~nk

.I
80. '\

to\,
<.

~,
!

And do y)U think it, vas <t,dte safe (ta it v.tI,? _ J:'t was going

b~ _tonedusted ~diately.

If you c\ea'Ced it avay 4lnd put down J10 more stoneduat. woul(t it

have b.en .sfe? _ I do not think 80.

(;. .; ':;....~_~ __ ,=J.__ ..... "U2~.t!l!il;/Aii1k_' .l~a~~c~·m:,~A'4:'""'··



Surely. if you take a.way something that is dangerous» then it

must be safe?'~ We were taking away st cnedust; which would ulso

render it uns aEe , The more stonedust we take away. the more .,afe

it would be.

You wet£:! trying to tak.eaway as :nuch stonedust as coal dust1
You cannot do that.
You took it away, both mix~d1 - y~s.
If you took.anything away. you took both? - Yes.
And th~ remaining which you did nof take away might have been
only.coal or only stonedust? - Yes.

therefore you 1IiKJuldsay that" it migl,t be dange rcusf - Yes.

Surely if you clear away this stuff which is dangerous. it must
be made safe? - It would not be made safe.

The only evidence of stonedust sampling and analysis is given by
the Inspector yf Hines ¥hc

i

\ suted in evidence that; !tIn the
ordinary cours~ of my dutiea. I took tha. in December of last year

" ., .
(J(1925). Th.er~ W<eU th~ee samplu taken along the east road.O The

Otl~ at the pit bottom. v~ry near to '"here the Electx:ic:ian was

foulld. ceonNlinll ~O p~rcetlt of incombuf,"tible matter, .which is very

good.

O~r points? - At o!'her pOUlts they were 200 metres fro. the
~;;/

/~ faee of No. 6 'secti.on - 84 percent incombustible. 600 metre.

from the fad. and 600 metres froll the p,it bottom '""t, that indicates

the same tlpot - 90 percent of inr.omb·lstible matto'r.

F.~omthe ,.n~r.l 'ppearance of the dust in futur~ examinations,

vnat was your oplnion of it? - It wa. alway. kept very well
( )

stoD4i!duated."

"rom this evid.n-:~. it wuld appea:: that: no, rec:ort. of ston.dust

.~plin8 and analyd. wer.. dOnlo!! on a regul.:r ba.i. and it i3

therefou difHct,lt ";0 ISlug. the state of \').ffairs r4'!gardina

'1 sten.dusting on the 8th October 1'926~ Since 7htf lI1in<1(i was ravaged_b, •. coal"duat eXplOlli\;iD. it is ~oncluded the-'; t,l\.~scoDedusting
f 'OJ .~_'., '\
I,j' was .1Clt ade'l.'1ate. zz: \,\"
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A point of great importance is the fact that no gas was
apparently reported in the three years prior to the explosion.
The Inspector of Mines stated however that during a visit to the
ntine on the 18th February 1926 in :=:ection 9 he found 5%-6%

methane :ina face. ;:rheface was f<i!ncedoff and the necessary
precaut ions were taken. The mine wal~ genera11y dry.

d. Mining Methods

The IIIh'!.e was work.ed on 'Lila bard and pillar method. All workings

~re developed in the bottom seam which was 1.4 metres high.

Only the IllSin haulages were brushed to the top seam floor by

blasting down the l1Iidstone parting which was 1,2 IlIHres tbick.
Consequently. the retu:.z:n airway.. being low in height. were

firstly infrequently examined an4 secondly would be seldom

stonedusted. S~.nce the mine uas dry. fine coal dust collected in

&11 the return airways and would build up in thick (10 mm) layers
on timber 8upporu and ridS.s left on thll roof and sidewalls. I,~

1950 the author carri.r:r) out surveys of the ventilation at the

colliery ~ the northern area. and found this situation to be the

ca.e 24 yean after thit;l disallter. '.rhb was to have disastrous

c:on.e'l',eZlce. on the night" of the 8th October \926. by which date

the mine had already beon ,in operation for .even years.

Figure 25 reveals that the :dne waa blecked oue in panels which

could be isolated ~r sealed "if at sbort notice. Double ",.am

pillar. ez:t r.&ct1on WIlS practiced iu the panel ••

11\ tho se.: t ions compres.ede aLr, ,.ul."plied f1:011t Burlace. ".s UBp.d

to ch::i.v,'l the Jeffrey coalcf~ttwX'l. drilling DlIlchinu and pumps ,

~Qwer va. fad underaround at 500 volt. to the Main Ea.t haulage

.niue and a pur..ji in lhe North Main. Th.. haul.le. wre li~ by

2.50vol.t ctllect:-il: lilhu. The Main North. haul •• e enaine vas

"'itu ..t-':4)O~ surface and v.. ste .. driven. (Tbis engine wa. still

it!. \llle ;,.tben tbe I\it!.e ceased }11:oduction in 1~S8) <I
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The only other electric apparatus used underground '"el'e e Iec t r i.c

cap lamps. Miner~ used the Marsant Davy type l~afety lamps ~lith

double gauzes for gas testing purposes.

e. The Incident

On 8th October (a Friday) the day shift. consisting of some 1100

men. had not produced any coal due to a lack of railway trucks.

At 17hOOthe night shift. consiating of -4 Whites. 111 Blacks and

10 Indians. descended the mine to carry out the general work of

brushing~ cleaning up and undercutting coal.

At 18h14 a dull buap was recnrded followed by a flame which

erupted froll the fan drift of the upcast shaft which was then

followed by ..a cloud of dust and lillloke from both shafts. It was
\\

23hOObefore the fir.t r .. cue teus reached '!:he shaft bottqm

where 3 injured Indians were di~covered still alive. These men

wcr~ brought to surfact by 03hOOon the Saturday (~th October

1926).

1\hfore dying l~nthe Monday~ the one Indi&.n" was able to give

avidencs of hi. u:peri~nea in the ahaft bottom.

By tbe Cl)urt:
"Will you tell as. pl ••• e? - 'rbe tranal.tor replied: He said t.hat

'\../the ElectriciAn - aust I put it into broken Englbh. iil the way

he put it to .. 1 Well. he .aid the Electrician hild been into a

~Kt:l.OIl and b. told hill (tbe Indian) to wait near the Mine

CaptaiD'g office until h. return ..cl. He vaited. He said the

Electrician with the Helpar •• hi. u8ual Helper•• r.turn~d and wa.
fi~inl • cable. He •• id a flaah of liaht. a ball started from

the Electrician and ran alona the around toward. tbe Mine

Captain'. offi.ce. He fan then tow81·d. the engio.;o the f13sh aie!

not come from the .ection but was started by the Electrician. He

and ~ull.n wen~ towards the office to ahut themselves in and then

the;'. vas the explosion.

\ \



Did he say anything about there being an explo5ion? - Yes. he
said that there was an explosion.

Did he say anythirtg about a f Lame and the couz se of the Harne?

He said that it ran sl.ongthe rail like a paper football.

Mr Milne: \-las the Indian examined at all on his statement; were
:fl-nf quas t Ions asked of him? -.No.

Did h~ say that "the Electrician first went to the section and
told me to stay at the offi~ei he and two Helpers worked with
him close to the switch. I Qtaye~ close there. I was snuffing.

~ big flash ofJUGt after the Electrician got tnere. there waliO
\\

light. like a ball; then an explosion"? - Y••• he said that.

The nuh cue froll the JUactrician1 - And not fro. an)' .. ction.
\\

You say that. h. said that? -,Xes.

"I don't know how that occurred. but there was jU8t a h~il ~f

lilht and then .n uplosion)f - l'ea.

A flash of "light ran towards the Mine -::aptain' IS office: and then

there va. an ~¥plo.ion? - Ye••

"I ran toward". the eri,ine"? - Y.8.

The liaht ••qed to run .lo~. the arQund towarda Mine
Captain'. office' - Y•••

foa a.r .. that tbia b a fais;' r!lpre •• r.tation of what he .aid?

Ya•• I d.o."

y7
'tb. evi4t1!DC.of the J!o11c:. SeTseant '.he took t~ .tat ... ut from

the dyina Indian is that "We haw bad .edica! evidence •• to bi.n

physical c:ondition. Mentally you think be wa. in a condition to
make • clear and .~. Mtateaent? - C~rt.inly.
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Nails and cable hooks, for Lnst anco , which had been bent by

the force of the three shock waves in a coal dust explosion

would provide eyic.ience of the dil:ection of the forc.e of the

explosion.

The evidence of thE: Iu:>pector of Mines is quoted and the

diraction of t.he force of the explosion is sheen by arrows on the

plan Figur{! 25.

"Now from what you have seen , could you give us.:m idea of the

course which the 1!xplosion traversed? - Yes. 1 think it came out

~t No. 10 Section. somewhere here (witness ind:i.cates on plan)~ I

think it 'lent down the inta.k~ and probably down the west side

return. ~hen it come out of No. 10 iptake. it split. The force
~nt 1J.lollSthp. i4ltake into old No. 11. It also went in al.ong new

No. 11: it 1I11sowent along on the road towards the main north.

alona b9t~ thE int~e and the south return. I think it went into

the .psr(~·~of No. 7 al1d it also r.ontinued towards the main north
; __ ,/ r (1

:lnt&k.e. ~art r .. ent no rth .lon& the main north this way (witness

Lndicate~ on plan). Part went along the west. along the lIlain

l~ortb inbye. and it also travelled inoy. No.8. and trevE'lled

inbycl No. 12. It al.o vent up the uin nGrth intake tow6lrds the

downcast aha.it and .,_..nt up the secondary intake. the dOW'lc&Rt

ahaft. and I think it went up all these return. on both sitles the

main north intue. I would !:ike to add that lIo.e of the nails

stic:kinl out Clf plUI~! in the roof cn the .uin north intake show

violenc,~ frca ncy,rth tlO south and alse: two 150 JII1lI. girders. fixed

in an upriaht position jO metre. fro. 'the downcast shaft show

sign8 of violence; they were bent 15 d~sr.ee8 from their ve~tical

po8ition. They were bent out by force. By force going

they were pent towards the direc,ion of the shaft. Then I
inbye;

think

part of the force went up the dOmlcast .halt; part went

the three •• par.tion doors bet"en the d01mcast and the

through

upcaS't

and t,hen put went up the 1.l1;,c:astshaft: the explo.ion continued

put the downcast. It apHt at the "Yn: the force went ncut h

along the intake and then il~adu.lly p.t~red out. di*d cut ,
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Mr Milne: There is an expression you used once or twice; YI)1J

used "outbye force" when you meant the ether way? - r did not
notice it. :it was coming from inbye and going outbye; that was
what I meant to conve:;. I might unconsciously have said it once
or twice.

The:Chaillnan of the Inquiry: Have you formed any theory as to
what caused the explosion. assuming that it did stan from
No. 101 - Yes, well seeing those three sockets in the right hand
side of the main heading. they struck me as beit1~~ very
suspicious. The undercutting was not properly done. and some of
these holes had been rlril1ed in r.he solid. I came to the
conclusion that it might have been due to the bla~ting of theae
holes there. They were partially blowouts. and I came to the
conclu8i~n that the blasting might have been done in the presence
of ga•• whi~h might have come out of the slip in the face of the
!Yin he.din,. It

Watson and Edgecombe (1987) state that it would appear. from oral
evidence lathered eo.e years later. that blasting had tcken place
in No. 10 Section. and that t:~(!battery used for blasting had'~
bQen removed and thrown into a boiler before the Mines Department

bad aot into t~e section to investigate.

o

The £1... which the dyilla Indian 8&. 'eaanating from the
!lectrieiu in thlt .haft bottom' was il1 fact the \\£lam. of the
explosion pa.sing throuah the shaft ~ottom.

'\)

In order to have a coal dust ._plo.ion dev~lop from an electric
~rc in the ~h.£t bottom.. larg. coal dust cloud would have had
to be raised prior to the llann occul:ring; the mine W88 idle at
t8n1S on the 8th October 1926 and all the haulages vere on stop.

A 'damaged safety l.mp (the alus was m~~l!'ingand the wuhers were
out) v,. found some distance fro. the bee of the main in Section
10 with two other I,md.maged laaps. Evidence suagests th.t the
lamp was d.ID8. ....~'dby the explosion.
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A disturbing aspect was the fact that the f_:Iliftbosses were

blasting in sections whe!'e apprentice Miners were i.ncharge and
so were apprerrt i.ce Miners blasting; Miners also were not
empluyed in aec t Icns for long periods •. The Min(.r iTl Section 10

was actually workin~ in the Main East hau Lage on the morning of

he 8th oct obe+ 192!~.

Evidence suggests also that the Miner in Section 10 was in a

hurry. This is supported by the evidence at the Inquiry:

"Of course. you looked at every possible theory but it is no good
unless \you can substantiat~ it in every possible degree? - No. I
quite S&t that (rep...y by the Inspector of Mines).

And you have not got anything to support your theory that the
Miner "a. iti a hurr.y>to get to the working face? - Weli.. I have
the theory \:nich I have f(jre$cy put fo.rt1a~J that he had to get
back to his workers. the ma~~'.crowd of his wor¥:Jrs.

\::'

Just outby. of the .. in drive ~.uhLse "be.l. in

vat,', barrel on \lheel. had been t :i.pp~dup on iu end between the
,<:;;!.I

roof aDd floor (l~~ ~.t~8 high) and beneath it was a damaged

wheelbarrow; the ~~rc. to cau.. this must have co.. from
Sectio~ 10 t~.v.ll~~ j~ ~~ outhy. direction.

Section 10. a

The author intanda de. lin, with coal dust ~xplo.ionB in Chapter 7
and referenct: to this and th~)Glencoe and Cambrian Collieries
diu.tera will be referred to in i:hatchapUt.

f. CoD.C lus ion

The face of the lD8in haulage ir. Section 10 bad advanced off line
to the left of centre: in ordn t9 get the face on line the

right hand ribaid~ Md b,.,,"!'l:.;••JII2l:-cut with a Jf:ffrey code-utter in
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a jagged fashion and shot holes had been drilled above the

undercur to blast down the coal. A slip was r,resent in the face.

The condition of th~ face was desc'ribed as :'3. "horrible wess~r.

The face was rising to the south which would have encour.aged

methane tel cc l.Lect against the roof , There was no line brar tLce

into the far.e to remove methane , On the 7th October on daysh i.Et ,

the apprentice !1iner .irl-the section had loaded out all loose coal

in the main and no further coal W",iS blasted for the next two

shifts (night shlft of 7th and daysh:i.ft of the 8th October).

On the tdght shift of the 8th October. the app rerrt ace Miner with

4 Helpers entered th+! aec t Lcn in a hurry and blasted the 3

sliping holes en the right hand side of the main tj,five", The face
,,' \'

was dry. It ';iSS his intention. fJ-! 'er the i:!l~Jtl)to rejoin the
, )I~

nst of his crew in ..mother be,,'" "~.\ rhe'drill holes were
- > _', ', ,

drilled into the solid. resultin~ ,~/~ blown out shot which

igni:,ied methane and which subsequently developed into a methane

and then a cqal dust explosion which traversed the whole mine

, killing the tot&l wcr~.force on night shift. 'When the r ascue

parties ~eached the section several days after the explo_ion.

loose coal was fo~\nd lying in It hesp on the floor of the main

drive on the right hand side (E'igun 26).

::.

Northfield COlliery
I,

a. Intr()ductiou

On the 26th May 1943 at 07h30.. .~thlne explosion o~curr~d in

No. 0 section as a r.. ult of bluting op~rationdi. 78 persons

lost their lives ~nd it was only dUG ttJ the quick-thinking and,

.xperi~nce of th~ Miner in the neighbouring sectio~. who managed

to lead his crew throl,1gh t_~~turn ai:t:1fav and to safety. that
//~/

another 40 men did not 'i~se their lives",
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The NorVrhfield Colliery. situated 5 kms north of Glencoe. formed

part of the Natal Navigation Collieries and Estate Company

Limited The nhaf't s were sunk in 1918 and production commenced

in 1919.

The Inquiry and Jo:i.nt Inquest into this acc Lderrt was ca r r i.ed out

witb gz eat diH.ger,,~e and attention to 1etail; it reveals how a

succession of events led up to the disaster which was finally

initiated by a !lon-qualified Miner blasting a r,hothole ill the

presence .of an explosive mixture of methane and air. The d,~.ll1ag.:.

resulting !flom the explosion wa.s extensive.

b. St:nt::igraphy

'the two coal seams occ ·n·:ted at a depth of .!pproximately ~,pO

metres from suxfio<ce. Fi~ur.e 27 shows a section through the tw~;~
r

\

coal seaauf 'wh:"ch WEre separat ed b~ 1,5 metres or mi(;aceous

sandstones.

Generally the lower sealll 'tW"!Sworked in the developlDent phase , the Co

.idstone parting being bruahed down on the haulage roads to

pr¢lv:i.de, .III. he'liht of 1.8 %l.4ttr~1:Oall rp.quired by law. Brushing and
/1

cle.nina out §he stone on tha Min hculi.p always required a
//

great deal oC"supervision and follow-up. If trushini. as was t1.e

case in this inci~ent. was i.llow..d to :.11 far behind the face ur
the _in. the hau.lage could tAot be extC'nded. trallUlling becollle

excesGive lind permanent ventilAtion stoppings could not be

installed.

The top sealll in the Klip R.iver Coalfield walJ ~eneral1y \Jerked hy

the dfluble seam 1tboping method. l'-:-th sewns ",ere .l~cet:,tional1y

zany and often the gas from the t op seara would "l~ed. off ,~dcr

pressure. into the bottom :ua.m. working.4I./}(/
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c. Ventilation and Stonedusting

The main surface fan \las a double inlet Sirocco fan with a

capacity of 150 m3/second and a pressure ·;:,f ll45 Pa.

Table 4.4 shows the ventilation q;_,ant:1.ties delivered to the

various sections be foz'e the expIos i.on and Table 4.5 the situation

after the explosion. The explosion had its origin in Section O.

Table 4.4. May 1943. Ventilation quantities to the sections

before the explosion

No. 2 M-!linHaulage Intake at aircrossing 24.7
No. 2 Main Haulage 'take Cutbye No. 0 station 17.7
No. 2 Section Return at last working feee 4.9
No. 6 Section Retl.lrnat last working face 7.6
No. 2 Main Haulage Intake itiby€ No. 0 Section 16,5
No. 0 Main haulage Intake at air<:roll.ing 12.8
No. 7 Split approaching N(l. 2 Mein Intake 13.1
Quantity of ventilation avs.ilable for Sections

2.6 and 0 30,8
No. 0 Section last tLrouch road at face to dght 5.8
No. 0 Section last through road at face to left 3.8
.''). 4 Drift aeturn 34.6

Main R.et'lm Up.caat Shaft 95

Pres.ure .\.n Fate .ft. - 1145 Pa

Tabl..4.5. June 1943. Ventilation quantities to the seetion£
after the explosion

No. 2 Main :f1..aulageIntake at aircroaaing
No. 2 Main Haulaae Outbye No. 7 Split Intake
No.1 Split Intake to No.2 Main Road
Quantity of air available for No •• O. 2 and 6
Sections

No. 2 Main inbye No. 0 Ststion

.3'.econd
23.4
16.2

11.8
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No. 0 Section Intake at ad rc rose Ing 11.5
No. 0 Section Last Through road at fac.a to right 6.3
No. 0 Section Last Through road at face to left 3.8
No. 2 Section Return at Dyke 61 metre from last face 2.3
No. 6 Section 30 metre from last face 5.4
No.5 Section {Main West) inbye of aircrossing 1~2

No. 1 Section Intak9.outbye No. 7 Main Road
Main West Top 2nd Incline
Nc. 7 Main Haulagt! Inbye at aircrossing
Main return at Upcast Shaft

6./~

23,4
26.5
103,4

Pressure in Fan Drift 1145 Pa

The main point of issue is the quantity of air entering Section 0
wh:i.ch",as almost unchanged at 12 m3/second. This is generally
considered to be adequate for a Natal

the last throughpassing through
'. 3
4.5 III /second in

3.8 ..3/.econd
the 1asl:

Colliery_ The quantity
roads was approximately
~und thl;ough road Rnddght

tht:oughthe last left h~lld through read. The
2of th. last throuah road:'was 8.0 Iii.. hence thp.air velocity

area
in

the road would be of the order of ~
8.0

= 0.56 metres per second.

Und~r normal circuaatance. (line brattice installed in good
condition ill the face. and terminatina sOlle 3 metres fro81 th·_

face itEelf) such • velocity ~ould have been adequate to remove
an1 .ethane frolllthe faces.

I

What wa. disturbing was th'!1088 of air in the section itseU.
Out of • quantity of ~ 13 m3/second entering the .ection only 8
.3/8econd waB passing through the 1,st through toadways. The
reason for this disr.repancy is explained later. Bratticing
standards according to the Shiftbo88 were tha.t face brattic~
should extend to within 1 ntre of the faces. 4 days before thO!!
expl0.io~ occurred. evidence wallgiven that the l.inebrattice in
each roadway was! 10 metres back fro. the face.
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ventilation to this section (described as one of the best) was
taken up the main intakes and split left and right into the
section (see Figu=e 28)~

Approximately 10-1.5 tubs stonedust were delivered to the
workings each day. This quantity proved adequate to prevent the

pr.9pagati(JIlof a coal dust explosion.

Monthly coal pr.oductioll was 35 000 R.O.M. tons hence the
application of stonedust would be as follows:

12.5 tubs x 25 ! 0,84 x 1.85 r. 1 000
\35 000

= 1.4 kg per ton mined.

This quantity i8 to be compared with the apparent Se3 kgs per ton

diatributed at the No. 2 pit of the Durban Navia.don Collieries

I 1926 prior to the coal dust explosion.

(\

d.

'iaure 28 shows the area affft(.:tedby the esp los ion • J!'i.gure 29 is

another plan to a larger BC!lle of thllsection when, the explosion

oriainated and Pi&ur~ 30 i~ a plan showing the heading wh..re the
blown-out shot_ occurred.

, ~\

The Inspector of Min.. rep0:t'ted that at 081130on 26th KAiy 1943 a

t~lephone ..... 'e we. r.eeived froa Natal Havilation colli~ry
tl~t, ,an explosion had occurred about au hour ••rlier that JlCt-ning
~ the ~t:~.of Nos. O. 2 and 6 Sections. 'this "88a,. t:'as
telephoned to the Inspector of MineB. Natal. He st ..~.ed th.at:

~At the mine I ~a. informed that the Manager wa. underground.
The Colliery En,ineer W8Il requut.ed to .p.ed up the mine fan if

this was possible without risk of d"',8 and to .ake arrangements
to geud down brattice cloth. hrieks, sand and cement in quantity.
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At the shaft bottcm met SHftboss who gave me what

information he could and I then went into the main return from

the western area of the mine. t lrrougl, the doors off the main 'West

bauIage , Here yas found a s t rong after--explosion smell .- testing

with a carbon monoxide detector revealed only a trace of carbon

tnono:l'ide - less than .01 percent. Firedamp could not be detected
on the flame of a safety lamp.

An attendant was 'Stationed at the d.or with instructions t.)

prohibit persons frem using the rtturn as a travelling way.

Ai 09h4J I reached the No 0 Haulage Station ir! No.2 Haulage.
"The air at this station was clear (of methane). Shortly before

reaching the atation. stretcher bea~ers carrying out those men
whu were alive. were passed on their way o~tbye. At the station
itself tubs had ba~ derailed and overturned. and the body of a

man there appeared to have suffered considerable violence. A
fairly c~D.iderabl. tall had take place at the station and the
be8lU carryina the angle wheels for the hauliXie ropes aloug No. 0
Haula,e had been di.lodaed iro. their position.

There.... no ai&n at the statioD of the ~],::!:(\r or the Mine
~1jOver...r and I c01ltinU.~ inby. alone No. 2 Haula,e for a distance

of 120 .. tr•• where the canari... howed siaus of di,tres.. It
._ ...n that stoppiDp on the left. 'laud aide beyond the station
had b.en blown outwards fro. the direction of No. 0 section. and
that foul cir _. e.erainl. I returned to the No., 0 section
.tation ad went in a distance of 91 ..tree aloDI No. 0 Haulage
where foul air wa. a,ain encountered. Here too wre sian. that
tb.e foree of tM explolllionbad cOIleiroa No~ 0 section. It was

;' \ (J

.en that tbe air cl'O"i~. ca'rryiDg the r.tu11l air 1\ \011 No. 2

.. etioll<.md frOll 1::,.. riabt band dd. of No. 0 sec,tion had been
vr~ked..

The Shiftbo •• arrived at Bo. 0 haulale .tatioD and I instructed
hia to withdraw vorkaen froa the other sections of the _ine and
then to div.rt ear. air in alona No. 2 Haula.e.

__~_.__.__~_~.._J
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Shortly axterwards thl ~~nager and Mine Overseer appeared at the

wrecked air cr.ossin~, .d the Kanager explained that he had

effected a temporary r'epadr of the air crossing over No. 2

Haulage which had been damaged. and had erec ccd a bra t t Lce to

prevent the intal~e air which was reaching No. 0 haulage a':ation

f rom short circu:i.ting via the wrecked air c roas Ing direct to the

return serviced by the damaged air crossing.

It was qui\.~ clear that the for.ce of the explosion had come irolll

the direction of No. 0 Section and that there was more likelihood

of persons still being alive in Nos. 2 and 6 sections ..

Between N and R (see Figure 28) were found the bodies of 27 men

and it was apparent thst these men had fled out along the bauIage

and on meeting a deadly concentration of poisonous fumes had

fallen one over the other in their 'i'~in attempt to escape.

At Q. 360 metres £tOil No. 0 Hal.;.l.i&gestation.. Ii prop 'WIII,EJ found,
across the road with "COfR"! in this way. T;:;d"chalked on it. This

direction was f~llowea and in the workings to the right and a
little further mbye ware found two Hiners with forty men. Tbe$e

sen were led out ~d .it wa. learned that they bad ,dth them all

the workers in No.,. 2 and 6 sections who were still alive. except

for ODeother who was badly , •••• d. ae wa. Iound and was carried

out to receive oxygen treat .. nt.

The .... 0 owed th~ir e.c~p. to the fact that the stoppings on the

riaht hand dd. of No. 2 Haulage at L ud Q coll.paed allQwing

the bulk of the noxious fU£eB A whic:h had reached this haulage. to

ucape to the r!turn airw..y oi.\ the 'riaht band side in.tead of

heal draWl)in quantity tC' the wotkina plac.. a. No.. 2 and 6

sections.

'~her. :is no doubt" thet if the .. : stoppin,s bad not coll.pled the

death toll would have been con,;icl.nbly li~her. and it ia indet>d

unfortunate that SOM of th ... en fro-. tbe~1- ..ec:tiQn. bad made a

bid to escape wben the twa •• in No. 2 Haula,e IIlUst have been at

t:heir worst.
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It was apparent later that safe progress into No. 0 sl"!ctic.:ctd.rI
not be made until the wrecked air crossing had been rebuilt tc
carry, to the return. the foul air fl.'om the workings on the right

hand side. This foul air was leaking through the btattices at
::he rear of the workmen.

By Monday 31st May it was possible to reach the hrushin~ lip
90 metres from the face of the main road. and on Tuesday 1st June
the section itself w~s explored.
shown on ~he plans.

Details of what was found are

No. a Section is in a panel of its own. Off No.2 haulage three

4.57 lDetrewide roads lead through' a barrier pillar into this
panel. the centre road being the haulage and intake load which i.

frOID3 to 3.2 lDetr-..high for most of its length. The other two
roads fOrID th~ return airway. through the barrier pillar.

It would app.lar, that tbe force of the explosion travelling
o

outwards froll the working fJM!e. of No. 0 s«etion was checked by
the restriction affor.!ad at trut barrier by"the two return roads

'.J
alld 80uaht reloease by blot( g the brkk .toPpinllii on either side

of the haul&le roed inwards. (~,

The 'body of the Miner of No. 0 section. wa. f~und inbye of the

ha~l.&e return wheel at the ead of the double trACk. It appeared

that h.. had been hurled bead Hut ullder a tub loaded with broken

rock from the bruabin,. A partly consuaed packet of ".. pro" wa.
foulld in o:r.e of th~ pockets. ,~~ later tranap:L,ed that h. "a.

\, ",~

sufterinl from toothache.

The Miner'. initi&leI for the date 26th Kay were Ilot (lfound chalked
(I

up ill any of the working °placellin No. 0 section. Ilia bft,. which

bad stood at D24 in the haulace ...... hattered. 8Ild. only a few

fra..-nt. of it could be found. The report book was not to be

found and it ill not known if a report on the condition of the'
section that IIlOrnina had b••n ••41.or not.

II
\1
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Nothing found in the right hand side was suspected as the
p0ssible cause of the explosion although in that area there were
signs of consider.ableviolence as large numbers of preps had been
knocked out and falls of roof had resulted. These falls were
more numerous and of gr~ater size on the extreme d.ght hand side

;'andoutbye from the faces. suggesting that the explosion had

gathered ferce here. Similarly nothing was fCUlld to suggest the
cause of the explosion on the left hand side until the last
working pla~e was explored.

,(1

Figure 30 shows details of what was found there. This working,
pl.c~ had b~en driven for a distance of 30 metres and two new
faces, one to the right Elnd ene to the left. had just been
started. The.e fac~s had each been undercut to a depth of
1.98 metre.'~~t the cuttings had not been cleaned out from the
undercut'~ '8otll"i'aceshad been drilled. three shot holes in each.
The centre shot hole in the ri&ht hand face had been fired and'
had blown aut leaving a socket 1.4 a.tre~ deep. bringing down
only about a ton of coal from the face. The other two shot holes
in thu face vere standing charged with explosives; the one on
the left appeared to be tamped to th2 collar. the one on the
ricbt had • len&th of 1 lIetrtrnot taaped. Later the explo.ive.
contained iP the holes were recov..red and Figure 31 show. the
detail.'of the.e shot hole••

In the face to the left the threlt shot holes were charged with
explosive. but not blasted; froll left to right the length of
t~.e .hot holes measured 0,3 .etre., 1.01 matre. and 1.01 metres
were all untaapeci._,

Both face. "~e travereed to ao.. 0ztent by slip planee. The
()last 6 ..tre. of the headinS was wet end water had ,accumulated at

the face. to a depth of 100 ... The face. were wet and 80 al.o
was portion pf the inside of the bloWD-Ou~ ahot hole.

\,)

Firedamp wa. bew, emitted froll the flQor. bubbling gf/ntly
throueh the water frollcrevice.. ?here wa. no brattice cloth
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leading in to the face. Testing for firedamp showed the presence
of 1.1/2 to 2% methane , The end of the bring cable was dangling
from the strap over which it had been threaded at the face. The
leads had obviously been connec t ed to the shot which had i.llow-u

out.

From the face the cable led up the road to the expioder which was
round the corner. The leads were connected to the exploder
terminal and the exploder handle was screwed in. Flame safety
la~p No. 1.0wa~ lying on its side nearby. Examination of this
lamp in the lamproom showed it to be undamaged. in saft!condition
and working order. The internal relighter f·J.ttctionedperfectly.

Nearby were lying ·~he bedies of a Learner Miner and five workers.
These bodies were badly burnt.

There is no doubt that this neading was the origin of the
e:ltplosicnand that the explosion wa~ initiatE(\by the blown-out
shot which was fired by 'theltncertific3.tedLearner Miner or under
his direct super.rision by one of the Assist.ants with him.

When the bl~~-out shet occurred it ignited an exploa;'ve
~thane/.a~r mixtu~e which had accumulated in that headirtg. This
fireddP explosion was accentl.:.'3.tedby coal dust from.the iiiides

t:

ana !lor.cr of the heading. which 'I1as "'aised in the van of the
IJ.ame •

Ob8er~'tions ..de led to the conclusion that flame spread in some
dir~tions for a distance of at least 120 metres £r~lII.the
entrance to the headina_ Coal dust did play a pa~t in the
explosion but it ia thought not a aaj~~ part. It se.ms that the
naturally 'WItt condition of the sectiQn p'.U8 the stonedusting
which had been carried out did .uch to a~re.t the explosion and
prevent iu propasa'tion. It vould .e. that au explosive Iluture
of fi-ced&ll.pand air Waf! pr..ent in the roadway fro. a:t hut 30

metres from the blown out Ghot. If the brattice doors acrOBS the
traDillingroad to the left ..t D26 Qnd D28 ve~e tOlD or destroyed
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prior to the I2xplnsion~ there may well have been a considerably
larger body of 1:1:' explosive methane/air mixture lying in the left
hand side of tho? l:l':u:t:l.()n.

Careful examination of the heading where the explosion Qriginated
failed to reveal any sign that bratt.l.;::ehad been erected to carry
ventilating air into the face. The supports in the heading had
not been disturbed ~nd an empty tub 12 metres from the face had
not been derailed. tUtogether. signs of violence in the head i.ng
were markedly abaent,

It is quite certain.,i:hat if a brattice had been erected down that
111

roadway. even to wi't,J'dl, 10 fltetres Q_f the fa~e. there would have
':-(1:·~\

been found unmistalc.ali,'i,,(;,'proof that (:.;..i had been erected there.
o

It is siluifieant tha'::" roll of new,brattice 18 metres long.

apparently unaffecced by the explosion. was lying at the cc rnar

to the right cOJIlillg ou'~ from the place. This brattice had not

been in use.
\)

The only possible conclu8ion is that no stepa had been taken to

direct a current of ventilatina air into the end where the shot

was fil"l';ld'. Nothing wa. found to 8~g3e.t that workers were the

~ vietias of circUB8tan~e8 beyond their control in that~, sudden

outburst of firedamp oc~urred in that he~dinl just before the

shot was fired.

Noraally if ;j "roperly ch~rged anel tamped shot hole is" fin~d in

undercut (:val t~ coal ill brousht downwithout the cfhot blowing

out even if the cut,tin,s have not been rel10ved frol1 the undercut.
\_)

Fiaure 31 *howa the disposition and &I1Ountof explosive. and
t&l1ping iJffli~Qeahot hol ... on either side of the blowout shot.

The dePlo\h,..,.:t'/. DUl!Uler in which these shots were charled would

make them extrel1ely liable to

of the insu1'f,''',;~iellt un of
" ,

blowout if fir~d. mainly because

topiUI· The Kines and Works

Reguta\~iot1sdemand that in a fiery aine. shot holea be filled
I_ , .'.

with tampinj;. to the collar of the hole.
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Air gaps between cartridges. and the detonc;.;-or so positioned that
the primer cartridge is
causes of misfires. and

portion of the

at the top of hole. are kno ..m to be
could easily be the cause of setting a

alight instead of detonating it.charge
particularly if the shot had been standing charged for some
considerable time.

It is possible that in the case of the cent:r:~hole not only did a
blowout occur but also that expl.o...ives remained burning in the
hole. This would make the ignition of an explosive mixture of
lnetha.ne and air virtually certain.

In the Ioadway between C and D (see Figure 29) a box was found
containing explosives. The lid was unattached to the box and w~s
lying half across it.
staple.

The lock had been snapped to in the

There was no shortage of tamping material in the section. as a
further supply was found at D29 (see Figure 29) further along the
road.

SampleG were taken at the spots marked on Figure 29 (Plan of No~
o Section). Where coke was found it Wag generally as a friable
deposit not more than 5 lII1ll alld often less than 2 mm thick~ and on
"bhe lowe~ third of props. An occasional prop showed a few

to the side facing the directio~ ofglobules of co)(,espattered on
force. which globules were only vir.ible when a layer of uncoked
\~ust. deposited latc:-t". WaB blown away."

During the rescue and t'ccovery oper.ations in Sect ion O. which
took approx~tely 5 days, methane concentrations of 5% were

""d.tect~d in the main drive as'far back as the air crossing at the
~o. 0 sdction station.

During May 1943 g~s w.. reported on two occasions in f;ection 0

and on the nisbt p.ic)t to the explosion the night shift Sh:i.ftboss
had reported ges present in the drive where th~ explosion
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occur.red. A disturbing feature of the evidence is that the night
shift Miner failed to report the presence of gas on the ::"efthand
side to his Shiftboss at the end. of the shift and, furthermore.
stated that the Shiftboss had not visited his section that night
(25th t-tay 1943). The Shi.ftboss (supported by two witnesses in
the section) stated t:hat he had visited the section. Furthermore
Miner')Jwere not kept informed of problems expe rLenced on the

opposite shift. The night shift Miner's blasting Assistant
claims, it", direct contradiction to the Miner. that he did not
help the Miner tamp the 3
occurred. The Miner's

holes in the face where the explosion

arrogant and careless attitude. is
exemplified by his remarks under cross examination.

"What experience have you had as a miner? - You people should be

glad that you have a man of 11\y description for a Miner; a man

who can look after things."

The Miner further $tated under cross examination: 1f'1' think the

beet we can do is to furget this (the disas'::er.) and eo carryon.

As far as I can see no one need ~orry and it is not due to a
fault by at'.yone~"

The bn1shing lip as shown on plan No. 29 was 100 metr~8 back from

,the face of the m.ein. Apart from the fact that this state cf

affairs prohibit:s the e"tension of the haulage and thus affects
tralllllling efficietH!Y. it militates against the erect::LC':'nof the

pUJIlAnent brick &I:Oppings up to the second last drawing .road thus

seriously a-ffecting the s.ection ventilation to the working faces.

The .action MUl02:rwho was -.t- the brushing lip &t the time of the

explosion had handed the blasting keys to the Learner Miner. The

height cf the main haulage at the bru.hing lip (2.1 metres) was
clearly aore comfortable than the faces themselveB at 1.4 metres

height.

The LeaIl\l4tr Miner who blasted the shot holes har' 'Jnly worked on
the mine for 5 weeks. His previcus experience had been en goLd
mines.
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There were 7 double shifted sections at the colliery. Two
production Shiftbosses. one on dayshift. the other on night
shift~ were responsible to the Mine Overs rr , Eviden(~e indicates
that the Shiftboss was unable to inspect all 7 sections in a
shift. Those sections he was unable to visit were supposedly to
be visited by the :Hine Overseer. Another aspect of the
supervision was that the night Shiftboss exandned Section 0
without taking the Miner with him through the section.

This is exemplified by Court evidence: "When you (the Shiftboss)
found gas in these places and then in the main yeu met the night
shift Miner? - Yes.

What did you tell him? - I told him to go and extend the brattice
in the last two places as there is a little gas in there.

ihd his repl] was? - He said nothing except that he would attend
to it.

You did not take him t? the place? - No.

Could he understand from your explanation e~actly where the twa
places wer.? - Yea."

The cross examination of the day Shiftbo88 reveals poor mining
p!'actic::ea.

"The evidence i8 th.t a worker does the charging up. and the
testing for ias iB unsatisfactory, and an uncertificatcd UP does
the blasting: is there no means by which yo~ as Shiftboss can
keep checil: on this sort of thing? '"It is not posaible for the

Shiftboss to remain in one section all the tiae. and a. I have
just "aid they never know when! will cOila into the Sliction.

It seems aa if they did not par.ticularly care About that
according to the way they brok~ the regulations. and it is the
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duty of the l-Hne Officials to keep some check OIl them? - I know

that and we do our best to ensure it is done."

e. Conclusion

Three shot holes were charged up in a split ,-,if the left hand

drawitlg road by the night shift Miner. The face had been

undercut by the coa l cutter but the cuttings had not been removed

from the cut. This aspect led to an almost "solid" face. The

roadway was developed for 32 metres past the last through

ventilation road and -,no brattice had been erected it) this road to,..'

remove methane which was issuing from a crack in the floot· and

slips in th~ roof.

On the f~llowin& day shift. an uncertificate.i Miner blasted the

inadequlltely tamped centre hole which blew out igniting methane.

causing an explosion. Evidence was that the section had not been

examined at the cOllllllencementof the shift by the Miner in charge.

The brushing face was 100 metres b~hind the faces which added to

the difficulty in ventilating tr/e aectipn notwithtHatHling the

fact ~hat adequate ventilation was being dit,cted into the area.

Supervision aPr.>eared to bt,l lu and otretched with one Shiftboss

supervising 7 s~ctions.
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4.7 SUMMARY OF THE PRACTICES REVIEWED

1. There are inherent dangers in allowing apprentice and

learner. Miners to conduct bla&ting operations. Because of

their inexperience in dealing with meth:'l.neand i.ts danger.
coupled with a lack of kno-wledge generally of eoal mining
(including the use of pernri.tt ed explosil.'r' -:). they will tend:

"

to take chances;

not to carry out e,ppropriatE: tas t s for methane;

to charge and tam)?holes incorrectly;

to ignore the need for two ft'ee faces ana the cleaning

cut of duff frotil. the undercudi;

to neglect the 41rcction of brattices or ventilation
ducting right u:? il:~tothe faces and so dilute and

remove the c~thane emissions.

2. Senior Mine Managem~nt allow non-certificated Miners to

,\blast and 8up~rvise section operations. either without a

qualified Miner being prese\ltt. I or under such a person's

supervision.

3. The mine structure ve*ted 4 supervisory role and crucial
responsibility for safe working conditions in White mine

workers. who in many instances. did not live

reapon"ibilitiu. This re.. rk applies

Shiftbo8ses and Mine Overseera.

up to

equally
their

to

4. The attitucie "Do all you plean regardle •• of risk a. long as

you get (~oal out at a low monthly cost 1fIJ.y of running the

mine".

5. Pooe training of Suparvisors and Miners with

reference to blasting operations.

special
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6. Incorrectly positioned shot holes In relation to
undercut and overburdened shot holes.

the

f. Shot holes drilled into the solid and over solid ribs of
coal.

8. Lncorrecr positioning of the primer charge and expl.os Lves in

a shot hole (top or collar priming versus indirect or bot tom
priming) •

9. Precompressicn of explosives.

10. Use of non-permitted explosives in a fiery coal mine.

11. Chargitlg ur shot holes and then leaving
shift to blast.

them for the next;

12. Allowing roof or floor. brashing in sections to fall heh i.nd
schedule and thereby delaying the installation of belt.
haulage and electrical extensions.

13. The consequential effects of item 12 is that permanent
Ii

ventilation appliances are not in~talled timeously and this
aff.cts ventil!ltion efficiency in a section since temporaty

ve:ntilation appliance. tend to leak. to a greater degree" thAn

p~raanent brick stopping_.

14. 'AI! a result of item 12 traJlJllina distances from thll!se bees

to the tip point become atteouated - this has the effect of

loweri.:o~production teapOIl and JDOt'ale. Miners a1ao tend to

tut' .:naDC':.. in.n endeavour to ensure that en adequate
IJupply of 100•• eoa1 is alway. available.

II
',!,

15. To allow work to proceed. e.pecially bldstina operations, in

uaventilated roadway. is • recipe for a disaster.
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16. Workings to the rise wi.ll always accumulate methane l!'ore
readily than those on the level 01; <Upping towards the face.

17. The statistic of kilograms of stonedust applied per ton of
coal mined is not necessarily a guide to the effectiveness
of stonedllsting; in preventing a coal dust explosion.

18. Inco-;"r€ctly tamped shot holes and the use of the wrong
tamp1ng material.

\

19. Inco!:rect use of millli1!i::Cc 1 delay detonators.

20. Eventually the tn{)stimportant aspect of blasting accidents
is. the fai1.u.t'eof S~niol: Mine Management to ensure that all

levels of section supervision test for the presence of
meth.ne in the face ¥her.ethe shot holes are to be fired and
all other contiguous faces.

21. Not •amp lina the mine at relular
stonedust/incombustible dust _naly.i ••

intervals for

22. Sen~r Min. Manel,.... n~ .nd Superviaor•• durin, the course of
thair in.pection. underground. "rAJ •• a that work is not
baina earried out aafely and yet do not "pull up" the
c'llprits" tutn a blind eye to the pri:lC.tieefJ..nd.allo" the
work to proceed a8 !:bough nothins b ••,fault.

23. Supervicor, effectiven••• iu never incre.sed wben production
.ections encounter a dat@rioratins p?sition in poor around
conditi~. in~r••••4 ..t~a ••tasions r••u1tina from
~ ••• iva alip. and fault plsnoa aod buret coal &Oft.. o~
increased water eaisaiun,.
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4. 8 PRECAl~IONS TO BE ADOPTED

1. The temptation, when Senior Mine !1anagernent are short of
qualified hla.sting certificate holders. to use Apprentices
to blast in sections is great. It is only a commitment to
safety and sound discipline that will ensure that this
dangerous practice is stopped. Vigilance from first line
Sapervisors is necessary to uncover these malpractices in
the first instance and then stop them.

2. Proper and adequate training of Miners and Supervisors both
on and off the job will ensure that they are able to
appreciate the dangers attached to blasting particularly
where methane is being given off freely. The importance of
ensuring that adequate ventilation is delivered to each face
cannot be strellsed enough.

Ii

Bridging training is particularly necessary for Miners who
are proaoted to Shiftbo88 level. All to ofter•• men are

appointed to the position 6f Shiftboss (and 1ik.ewise
Artisans to Fore~n) without receiving any for.m of training
in iii ShiftboBs' duties.

A Learner Control Prograame for Miners. ShiftboBses and Mine
OverBeer. coraprises the following main headings. and
aspirant candidates .houl,i be required to cOIlI.plete the
ralevant course in not IItOre than two months after ,co

c- "appointltent.
()

Miner.
Planning and orcaniaing the production cycle

Ventilation
Supporting
Cutting
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.Duff cleaning

Drilling

Charging and blasting

Loading
Trailing cables

Conveyor belt ext ell;' ' ill and equ Ipment move

Load haul dump equir;,eut

Production ,;L:i ttboss manuaL

1.
Sbiftbosses

To obtain an overall picture of the latest
developments.
A means of communicating certain areas
attention.

requirir.g

Machine performan~e and a~ailability.

2. d:.zlA.·u
Tractors

Load haul q~P unitli

Spare vbeela
0;$.1

3. loci:

(i) Bar to the .01id
In*t.ll additional

.ur)port
Roof control Accurate drilling.

Barrilll

Support

- Pianos of wun..... - Atditional support!

coal
Direct:loo of db .iel. -

krria.
Suspenr.ioll of cabl.cr

r::_, !}

Jar, cut with coa!~cutter
!i

or ddll and bla.:~
aefer to cutti'!ll ;iin
Bar to the .0Uel ii

Suspend accordin.i tc.

.in. standards

(ii) ,,..
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(iii)

4.
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Slight overhanging
coa l the coa Lcut t e r

Gut the overhang with

Exc~ssive overhanging - Drill and blast overhang;
coal do not cut face

Direction lines
Heigh(\ ,~xcavation

Sockets and misfir~s

Depth hole hur.den

Depth of drill hole
and direction

(,iv) Float':

Sight through sur-rey pegs

Correct drilling of top
holes
Depth of holes. Misfires;
treat as per Regulations
Drill holes to mine
standard
Measure the depth of cut
and drill on line

Unnecessary equipmEnt - Remove and store in
correct place

11'1':>0:: coal

Exc<e\~sive loose coal

b<:elll!live wate:.
·,i.":l'.ilingcables

I -,
\ \
I,~,.

Drill and blast floor
coal

i~.

Swe~l> coali up with

loaaer
Puap water
Suspend according to mine
.taf~dardoJ

Sttlinedu8tinS
TxI'-inl road. ~.4 r('ju~~
SbuttlecMr changeout points
Shuttlecar anc:nor. point.
Couveyor ti)l cleanline ••

Cablf! 'ullr, n.ion

Back-up chine. ':
Maint_Dane. bay - .p.~e oil. wheel.
waitinl place and firat aid

Explo.ive MAlaaine
Stor •• and .. texi.l

Bratticea

Water pi'pe.

IV
"
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Mine Overseers

A concept of management

Planning

Cost control

Mechanised equi.pment statistics

Product Ion potential in mechanised bo rd and pilla: mining
Grade Control

It is the author's view that succaas Eul completion of such a

course will help !C:uperllisors to carry out their
responsibilities in a reliable manner.

~- . The technical aspects of expLcs Lvr and their use in

breaking f1.r,oundis not sufficiently covered in the training

of ..,11 le-qels ox M;.ning Super.visors and Mining Engineers.

Figurp. 32 depicts a prop~rly charged shot hole in a fiery

coal lI'li~,

The shot hole is 150 mm short of the end of che

undercut (pr<i!v&ntiotlof sockets and blown out shots).

The shot hole has been cleared of any l.oose drill

cutttngs by running the charging stick up and down

inside the hole.

The hole has been botto~ primed.

The correct aaount of explosive haa b~en load.d into
the hole.

G
Tb. clearance between the diameter of the hole and
apl(l.ive di.... ter is. .iniaua to reduce the effecta

of)ccup1ina.

All explo.iv.s are preued together and not 8fl!parated

by cClal dust or other foreigll mater
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The correct stemming material is used and is prassed

against the exp}osive charges. Cushion blasting is not

permitted.

The undercut is cleaned of all cuttings

providing a space to allow the blL~,t to expand.

thereby

If clay stemming is used. the legal requirenlents are

t l t the hole is to be tamped to the collar and this

should be done. The author has witnessed many injuries

to persons Whien an inc.orrectly and insufficiently

s t emmej shot hole has been blasted and clay stemmi.ng

has been ejec ted from the blast at high velocity.

Experience will indicate whether a face has b,:!en pr oper L

stellUlled or not simrlly by listening to the tone ()f the blast;

a dUll ds.mpened sound geneul.ly indicates an ef;Eec~ive blast

- B loud bv~ ul,ually results in a poor blant with the

possibility of a blown-out shot.

4. S$niot: Mine Mat'l.agement sh()uld pay particular s.tte.ltion to

detonation-driven air shocks it!, the air gap beu'een If. charge

Ilnd.ita conf;.nement. Explosives cen become dellJensiti8~d ast result of this problem. thereby leading to deflagration or

.~nexPloded perticla. rell\.inin;~ in the hole.

When explosives are detonated in a se0!Betry w~ere there is

en air lap between the exploa:Lve cbar,e and its confinelllent

an air sh<.>ek in the air llap trav.Uina "h.ad of the

detonatiDa front ca~ be ,enerated. 1be resulting
precoapre.sioQ of the aplo.,;Lve. abo called the channel

effeet. haa been .tudied by several researchers In the past;

Johans8on at al, 0"8). (1.). Goldbinder and '1'y.'~vic (1967).

(2). Dubnov and l:olma (1966) t (3). Udy (1919). (4). Nakano

and Mari (1919). (5) Hana.at at al. (1982). (6) and Lownds
an! 'head. (1984). (1).



76

In pra.ctical rock bLaar ing for exampLe, Long explosive

column charges are often deccupLed h'om the boceho l.e wall by

an air gap to :reduce borehole pressure and vibrations on

nearby st ruc cures ani} damage to the remaining rock wall when

the final contour i~ blasted. The precursor air shock (PAS)

travelling ahead of the detonation front in the air gap an

tileborehole wi:Ll precompreas the .~x,plC'siveahead of the

det onat i.on front to a pressu'r€ of 10-,100 !1Pa. If the PAS in

r.eflected by some rigid surface normal to the flow in the

air- gap. the locf.11 pressure will be in the range 100-1000
Mea.

Figure 33 illustrates the PAS in the air gap between Ii

cylindrical explosive charge and the borehole wall.

Depending on the type of e7ploeive. t~e precompression

cauaed by the PAS can have different f..'fte(:tsem detonation

pt"opegation, Moat e~lo6iv,!8 rely on an inittftion

mechanism. Mea.ning that they need hot spots distrl.bur/ed in

the explosive to propagate a detonation. These hot spots
can b. coa:pnssed if they are of the void type. for example
air void. or gas filled micro spheres.

Dependto, on the t}~e of explosive. the precompression can
o

!tither d.crea8e cOr- increase the velocity of the detonation

front. The cas. when D is neduced by the precQmpreuion can
lead to an oscillat'ing detonation velocity or detonation

failure (dynamic dead::"pnSlling),. A preco.tllpresaion of 30-11)0

M\)awill d.llf!lalitiee uny co:.:maercial explosives relying on

hot .pots of the void type to such an extent that they
cannot propagate 4,etonation. If D ill mer.allled by

precOllpre •• ior~ the pI ,;aaation of dEtonation i. nc.t

endanaend but au o.cilladng b.h~"iour can occur.

5. Danaerou. practicefl which i!,re practiced in fiery coal mine8

include:
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Figure 31
PROPI:RL Y CHARGED UP SHO'I HOLE

PRECURSOR AIR SHOCk
FRONT ....__ I----US AIR GAP

EX~LO$'VE

.- . -Us AIR GAP

F Igurj~ 33
II

DETONATION ORIV~!N AIR SHOCKS
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Breaking cart ridged axpLosLves in half and inserting

t.he on!:!broken half into a short shot hole so as to

reduce the power of the blast.

Mud blasting .~ placing an explosive charge on top of a

large piece of coal or rock and cover Lng this charge

with a clay pack and then setting ,)ff the charge

thereby breaking the coal 01 rock. into smaller pieces.

Hot gases and parti'~le6 are lik~ly to escape into a gas

laden atmosphere and ignite an explosive tI".ixturE'.

Removing goa f line timber. steel pins in crawlet: gear

and other obstacles by tying cartridges of exp Ios Ives

around ~he object can. due to the shock wave initially
f!:sel;' up by the blast. lead to coal dust explosions .•
(Hlobane Colliery. No. 2 Pit» March and April B52
IMNA/232/52 Bnd 245152).

Uaing coal dust aa a tamping material can also lead to
coal dust) explosions as a result of blown out shots.
The coal dust does not have the propensity to stelll the

force of th~ blut thereby allowing hot &8.lBes~

particles and £1... to .scape fro. 'he shot hal ••
Evidence is 'that the initial shock. 'WAveraisoE!s a cloud
of fine coal dust which is ignited.
charge. (Hlobane Colliery, NO. ~ Pi.t.

1952 - IMNA/232/52 and 245/52).

by the e:a:plosii..,e
March and April

\f

In all the above cases cartridges are df!tonated "'hil~ in an
unconfined atate.

6. It is a recurring the.e in this reaearch inve8tiaation that
v

insufficient attention i. paid to the 4egree of supervision.
quality and training of Shlftho •••• and Mine Overseera. In
both in.ddents referred to in this hapter the Shiftbosses

were not only extended insofa:r lUI the are.s they were
required to sup_Ni.e. but ,,",noe also required to carry out
blasting operations in sections.
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This observation is supported by a letter sent to a ~1anager

by an Inspector of Mines. a copy of which is recorded below.

"During visits by Inspectors of Mines at Y¢JUr. CoLl.Lery , it

has been found that the two Shift:posses employed at your
colliery cannot reasonably be expected to carry out the

duties assigned to them under the :t-finingRegulations.

I. therefore. require. as provided in Regu Iat Lon 161(1) the
appointment of an additional Shiftboss. three in all.

I"

I must also remind you that the practice of allowing a
S~1iftboss to undertake Miners t duties is illegal. except

temporarily in case of necessity. This is not to be taken

to allow the Shiftboss to take on a Miner's duties during
absence on leave. and so on. f~ovisions for such a
contingency must be made by the employment ot ~ spare Miner.

Ki~dly sign and return the attached 'l!0PYof this letter in
acknowledgement of receipt."

I As a rulE:of ehUlllb the following iii generally regarded as

the uppe~ l~its of production which can be expected from
Supervisors where .ate~i playa a major ongoing role:

Ga8lly pits noted for difficult condit{ons~

~ 80 000 ROM tons/month production p.r Mine Overseer.

+ 20 000 ROM tons/month production per ShiftboBS.

Pits which are not particularly gas..), and where
cotuHti.on. are favourable (anocl r(Io£ and high seams of
2.5 Detre.).

!. 120 000 ~.180 000 ROM ton. per DJont.hprcduct Lon per
Mine OvfJIrseer.
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~ 60 000 ROM tons per month production per Shiftboss.

In gassy pits with low seam heights ( 2: 1.4 metres for
example)~ it would be advisable to increase supervision to

the extent that a t1it1e Overseer is responsible for a monthly
production of 50 000 R.O.M. tons per month.

When conditions underground "hange for the worse. l.t is
incumbent on Mine Management. in the irlterests of safety, to

increase supervisio!l .::.lbeittemporarily.

7. In South Africa as rec~nt:iy as the 19502. shot holes in coal
faces. irrespective of the seam height. were normally

detonated s.ingly; the top holes being fired first. the top
cut loaded out and then the bottom holes fired singly.

Gas released during the first round of firing could .:asily
be ignited by the second. especially as gas detection 'lias
difficult amidst the dust. fumes Qnd am9ke in the afterg~th

of blasting. In addition. when firing shots singly. it was

more often than not the C.ilIU! that the Miner would not. f:nter

the .face to re-test for methane - bl.lUlting attendants would

be sent into the face to r.econnect the detonator wires to

the blu.+ina cable.

This problem wa. solved. co some extent. by the introduction

of short period d(lllay det(mators (millisecond) to fire all

the shots in one round siJD\lltanl!ou81y.

8. Charging

It will be clea.r that all the modes of ignition are rendered

least likely by the choice of the appropriate explosive of
II

no 1Il0rethan fully adequate strength at a wei,ht well chosen

for th~ burden: because. in thi. way. the initial
) . . d f h h •temperaturE:s are at Ii ml.n:tmullan. u!:t cr. t ere 1.S not

more than Einough(although adequately so) explosive to do
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the work. Hence, the cooling during expansion is at an
optimum and the gases are reduced to the minimum practical
temperature by the time they burst thz'ough to the atmosphere
so that there is the minimum of energy available for
ignition processes. Finally. the conditions described are
those most conducive to the full completion of the chemical
reaction virtually within the borehole so minimising the
po~.:;sibilityof rcac t Ing explosive making contact with the
mine air.

Needless(j:o say, the preceding paragraph has assumed good
stemmin}l and freedom from breaks and partings.

9. Stemming

The function of stemming in t4e process is clear enough and.
clearly also. a weak stemming id' dangerous. because it does
not inhibit the ignition processes outlined in the previous
paragraph (in paragraph No.8).

It i. general knowledge that damp. gritty materials with
soraebinder raake very good steDUllingand that relatively
greasy sub.tances .uch as demp clay are bad. A revealing
expert..nt made by Audibert in 1928 ha~ ~ Gallic flavour.
He put a grape at the bottom of the bore of a cannon mortar
~d .eparated it
ate_ing. When

froIDan ~:xplosiv.~charge by a buffer of

the stelllll1ingwas ~:l.y the firing of the
... llest charge crushed the grape but with at sa.':ld stamming
of length appropriate to th4tcharge., it was undanagad ,

Water is • particularly effective at1ti-;nc.endiv" matex'ial
when put in the ~hot hole; it has been introduced by soaked
porous matter. by infusion and. more recently, in plastic
aapoul... In SOH circwutances it is effective &8 the sole
.temain, material.
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10. Breaks and Partings

Breaks and partings across and clong the shot hole
respectively have long been recognised as dangerous. The
impairment along the confinement of the shot is enough to
introduce all the three modes of ignition. However. there
is good evidence to show that firing into na:t:'t'owgaps is
particularly hazardous. This enhancem.ent of hazard is
likely to be due to the reduced atten.tuation that the shock
and pressure waves will meet in such circumstances. If one
thinks of a cartridge exploding intll free space with all the
products disseminated into the full sol~d angle. it is
evid~\nt that the density of the products will fall off

quickly with distance compared with what will happen when
the discharge is confined to a break. and although this is
but one factor. it is likely to be an important one.

It is well known that the ideal. indeed. the correct course
is not to fire shots traversed by breaks or partings. but
nevertheless it sometimes happens that shots are fired in
the.e circum.tances.

Pulsed infusion in which tbe shot holes are filled with
vater when the shots are fired is a first class safeguard
because of the inhibitive effect of water on the ignition of
methane. Unfortunately. the method seems not to be liked
everywhere. Another effective method is to pre-i:llject the
sh~t hol~a with a stiff fQ~.

Finally. the fourth-class explosives were deve.toped for
firing under c:onditic.ns in which brnaka and 1)artinl~s are to
be expected and these explosives must pa'A:I :. '''''\· ...r!t:! test to
deaonstrate their saf~ty under such ccndf.t Lons ,

Incidentally. the most successful formulations have I:Q far
been based on the exchanged ion principle.
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11. Deflagration

Deflagration is a mode of
which should detonate.

combustion in which an
may decompose in

explosive
certain

cir~umstances. As implied by the name, deflagration is

relatively s Low burning and is a highly incendive mode of
reacting. It appears wLen an explosive is submittc=dto a
certain range of temperature and pressu~e and yet fails to
deton~te.

Until recently, de£lagration was very rare in the United
Kingdom although not so infrequent in Europe. This
difference in experience reflects different r"xplosive
practice because deflagration in modern explosives is
virtually non-existent except in multi-shot delay firing. a
desirable practice which has been common in Europe for some
time but which is still uncommon in tt <:! United Kingdom.
although this is changing.

Deflagration appears in prac·tical use when relatively weak
detonative explosives are used in conditions which render
them less sensitive or which impede the transmission of
detonation from one cartridge to tht~next. This description
fits delay firing because this method r.equiresthe use of
very safe explosives (which tend to be the weaker
explosives) and of course the method of firing inevitC!l::"
submits later shots to compressive f('rcesfrom.prior Sh/·f
in the round; pre-compression of a cartridge reduces its
capacity for detonation. However. it is probable that the
major cause of de£lagration is the presence of a gap between
adjoining cartridges in the ume hole and with the gap
filled. or partially filled. with coal dust (Northfield
Colliery disaster. 1943).

In Europe. the difficulty appears to have been overcome
entirely by supplying the explosive in a continuous plastic
sheath. The shotfirer cuts off a length containing the
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number of cartridges required. fixes the detonator. lets the
cartridges fall to one end of the sheath and then loads the
t"esultant charge into the hole. By these means. the
cartridges are maintained end to end and protected from both
dirt and ~ater and. according to report. the method is
highly successful bot.h in safety and in effective blasting.
So far the method is not regarded with favour in the United
Kingdom.
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4.9 CONCLUSIONS

The development of permitted expLosLves (nitroglycerine granular

type and the more recent emulsi.on explosives) has ever the year8

reached a state where. wher!used correctly witt. millisecond delay

detcnat crs , will seldom, if ever , result in a methane ignition

when detonated in an explosive atmosphere underground.

The problem arises when. as a result of poor tr!lining.

insl'£ficient experience, and a lack of attention to detail and

disc.ipline. Minera drill shot holes off line, longer than the

depth of the cut, and then cha;:ge the hole with poor coupling of

explosives. primers incorrectly placed and insufficient stemmins•

.~requently Mine r-1anagementp.ay little. if any, attention to the

relationship between hole diall1etE~r and car t r Ldge diameter which

further aggravates the p:tohlem .:taullIingdesensitisation of the

eJ::plosives.

()
~he8e omissions provide the re~ip. for
carried out in the presence of methane
practi~es referred to in this chapter.

a disaster and when

l~ad to the unsafe

Vastly iaprov.d training of Mining Enain.ere in the use of

explnsive. underground will increase their awarene.. of the

dEl~a.u at't.di..a.! t~ hhulting. Improved supervision will ensure

adequate ventilation to fac ••' and considerably reQuc\t i:t~ ::i~lt I':

of an explosion aa a result of shotfirina.

I'
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mathematically quantified. It must also be realised that the
intrinsic factors are by definition uncontrollable. The:ce£ore if
one wishes to prevent self-heating incidents it is necE;ssar.y to
establish the severity of the intrinsic factors and then design
the extrinsic elements in such a manner as to avoi:l unsafe
combinations.

The various factors involved are briefly summarised on Tables 2
and 31)

Table 2

Intrinsic factors favouring spontaneous combustion
-------------, -----------------------------------------Coal Constituency Geological Environment
Low rank
Rich in reactive macerals
High sulphur content
High alkaline content
High porosity
Easily ft'iable

Thick seams
Highly hulted
Poor caving characteristics
High virgin coal temperature
Outburst prone
Carbonaceous strata or roof

-------------------------------------------------- ------
Table 3

AccUJnClations of broker! coal
Stress d:istribution causing fr&cture
Low production rates
Limited ventil~tion th:tougb worked out areas
Heat from machin ••
Relative hWilitlity differential btetween air and coal

Extrinsic factors favouring spont snecus combustion

------------------------"._--"
These intrin.i~ and extrinsic factors highlight the inherent

problem of spontaneoU8 combustion in burnt coal zones in 'the

South Wd and lolatalcoalfields where factors such.s "eadly

fdab,le" • "hl.ah1y faulted". "outburat prone" and "stresD
distribution" a rei:all pre".nt. Dv.ntually the coal ignit.8 and

J) v

provide. 3!1 ipition source, when the methane/air mixture is

within the ftXploaive ran, ••
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5.4 INCIDENTS

The major incidents involving fires in the goat or at the goaf

edge may be listed as follows:

5.4.1 NUMBER AND DATE OF INCIDENTS

Glencoe Colliery. February 1908. Brattice cloth caught fire

after a methane explosion ca1.'Be.d OJ! blasting. 77 killed and 8
injured.

Cambrian Colliery. June 1908. Almost identical to the Glencoe

C·:. :"liery di~aster. Nil injured. Great damage to mine.

Nata wigatiol>. Colliery" 1912. Spontaneous heating of top

coal in the goaf led to a fire which caused a series of firedamp
expl(lsions. 'Nocasualties.

Natal Navigation Collieries. 'No.3 pit. 1917. :!.gnition of gas

due to spontaneous combustion {n goaf. No ca8uelti~s.

((
Consolidated Collierie~. October 1945. Ignition of gas caused

~Y heavy caving in stooping section. 1 killed.

Northfield Colliery. November 1951. Spontaneous combustion in

goaf. 3 ~illed and 2 injured.

Rlobane Colliery - No. 2 pit. M'lrch and :IFril 1952.

out" goaf line tiJaber. Coal dust nploaion. 1 injux-ed.

Blasting

Northfield Colliery. March 1952. Gas coueentntion .,in goaf

ignition sources matches. Nil injured. J.pril 1952. (',.as

conceritntion in 80a£ - 1 killed and 5 injured..
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5.1 INTRODUCTION

Pillar extraction or stooping has been widely pract:ic~d in South

Aft'ica since the turn of th~ century. The techniques used ".:0

achieve maximum extraction of the coal seams vary from the

complex double seam st,:)oping practices in Natal to the most

modern methcd of rib pHlar extraction and finally to longwall

mining using powered supports. The goa£ or waste is tha.t part of

the section where thp- pillars of coal have been partially or

totally extracted and the supe rd.ncumbent; at raca allowed to

collapse into the r.esull:!l.ng void. The goaf line is tlla.t line

across the section wh~re the faces being worked to reccver the

pillars lie adjacent to the goat itseH~ this line may lie at

45° or Beross the ti~c;tion at right angles to the barrier pillar.
I':

I!
\1

Pillar e:!!trac:tionmethods aCCl,)unt for 9% of South Africa's annual
COal production.

Many serious .thane aDd coal dust uplo.ions have occurred on
the goaf lin& and in thE: loaf iuelf a. a result of fite. ari8ing

froll .pontllneou. COIIb1.!i,tionin the goat and fires caused by

methane explosions whi.ch explosions have been initiated by

blaltin,. naked lights and electric: faults at the goaf edge.
'.;,

Un1••• proper precautions are ob.erved in stooping sections the

of methane , .. which can be i&nite~,~!~.,afar.a b.c.:Q ..... a reaervoir.,
in the loaf: or .th. methane i8 evacu.At.d. by fall. of roof or

~; (1'./ (Ibaroutric pr....ure ch&14,e•• into tHe werking. on the loaf line"
.~ c

1

B!r iu very na~\lr~. e.pec:iaUy when it is worked at a 450 angle

to the lin. of retreat. the &('Iafline ia difficult to ventilate

eff4tCtively. (r'"
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Frictional sparking caused by the caving process is also a c z.use

Cof methane explosions but this has been dealt with in Chapter 2.

The causes cf several serious explosions have been examined and

th~n sUl!!Ularised. Exampl.es of explosions as a result of mine

fires not in stooping sec t Lons are dealt with aLso,

PrE'!c8utiona.ry measures to be adopted to prevent explosions under

these cLrcuast ances are then discussed.

J
J(
"
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5.2 SPONTANEOUS COMBUSTION

A study of methane and coal dust explosions in South Africa

initiated as a r.esult of spontaneous combustion reveals only ::;ir.

incidents; a small pe:::centageof the total number. of methane and
coal dust explosions reco rded , Yet spontaneous combustion in the

goa.f remains a danger .f()t' tl:>e following reasons:

invariably the heating proceeds undet(~cted;

the goaf or waste areas are inaccessible and hence mine

officials are unable to deal with the resultant fire;

usually large quantities of coal or burnt coal are involved

making it di~!fficult to douse the fire with water - which in

tut"i1 could lead to the production of dangerous quantities of

hydrogen (wnter sas) (Morris 1987);

much valuabJ.e tillle is sometimes lost due to poor

conditions in attempting to load out the burning ~oal;

roof

v.ntilation of goaf areas is al.ways difficult and in

instance. the methane/oxygen mixture pas_es into

many
the

e:s:plosive range re..sulting in successive explosions. In

additio!l ventilation may b. just auffici4tnt to provide

ox;rgen but insuffl.c ient to reJlove the heat generat,d due to
,(;(

tho o~idation pt'OCe8S:
'7

/J
:/

.pont.neous colllhu8tion is cla.8ifie<1 ... a natuul fire (as

opp".. d to ... n-ma~. fir .. ). (Morrill 1984).

Table I depicts the type of fh·•• which hav9 occurre~ on an area

baai. betwe~n 1910 and 1985.
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Table I

--------------------------- ,,_.,_-_-----_._------
Witbank! Vaal
Ermelo Natal Triangle Total------_-

7 25 38 70
15 31 9 55
12 10 4 26
1 2 3
9 2 1 1"..
2 1 ".:._~

---. ""'_-_'<_-"".

[16 69 54 169--

Category

Spontaneous Combustion
Electrical
Methane
Cutting and Welding
Others
Unknown

Tota.l

5.2.1 Fa.ctors governing spontaneous combustion

Generally spontaneous comb'stion Occurs where large quantities of

broken coal occur coup l« j '.;;;..,..hventilation which is sluggish - in

other words. sufficien.t oxygen i"l available to support the

oxidatiou pr~fesf.l but the flow of ait over the coal favours the

acculII.u1ai,,.on of heat rather than rellloving it.

Sp~~taneous cotnbulltion of coal is the cause of mine fires and is

related to l~ coal oxidation phenomenon. This complex reaction is

exothermic.'! If tht' heat of oxidation is nat sufficiently

dissipated. the coal h~at8 up. And ~ince the rate of. oxidation

increases upottentially with temperature. the heating rate

accelerate.. If & steady state i8 not reached bfttween the heat

produc~d and the he.t dissipated. the initial .~lf-heQtin& will

lead to .pontaneous combustion and give riBe to a mine fire.

Wade. Phillips and GoUY8 (198?) in a paper entitled "Spontaneous

coJDbust:i.onof South African coals" have atated:

"The d.ax-ee t., -:'hich th.'61 conditions are satisfied depends on

i"int riD.ic '

geoloakal

factQrs. such

environaent.

a. the coal constituency

together with extrinRic

an~ the

factors
tl8.oci.ted with the mining and ventilation method. Tl:-le vadous

component factors are well knownbut are .s yet not
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5.3 MINE FIRES AT THE GOAF EDGE AND WITHIN THE GOAT!'AREA

Mine fire& which occur in the goat or on the goaf edge may be
classified as follows:

flames from blasting operations:

plosive flames
bl"w, out shots

sho'::holesholed through into goat
detonator flam~s

flame. and sparks from faulty electrical gear including
aU:II:iliaryfans with faulty motor••

.fire. ,tn.ratee, from methane and coal dU.8t explosions which
subsequently Bet alight

brattice cloth

tiab.r

100•• coal

o

incendiary ~p.rki~a{this hac been dealt wit~ in Chapte~ 2);

liahtniD, and .trlll1 currents (thitlh.. been cult with in
Chapter 3),

aatcbes and faulty fl&ae .af.ty l.ap8.
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Natal Cambrian Colliery. July 1956. Methane conCtntration at

goar edge ignited by faulty auxiliary f2n. 2 killed.

Northfield Colliery. June 1962. Methane ignition in goaf as a
result of blasting. 10 killed and 12 injured.

Durban Navigation Collieries. Septemr<=\r 1965. Coal caught fire
after metl.ane ignition in face. Nil ur Las ,

Northfield Colliery. Februaty 1969. Explosion in goaf of
stooping sect ion. Nil injured.

Balgray Col1iet.·y. April 1979. Blasting fenders on goat edge and

resultant fires. Three succeas i.ve methar.e expLosIons , 2 killed

and 9 i~~ured.

Springfield CoUiery. February 1981-

edge. 2 killed .nd 11 Lljured.

Methane ignition at goaf

'~~
Ermelo Mines. October 1984. Metha:ne ignition ~'\ goaf

1\,\
1isblnia, and .tlay currents. 6 killed and 18 iajured. \\

Springfield Colliery. June 1985". HethantJ ignition in goa·i. No

injuriee.

5.5 Details of Incidenta

A diacu .. ion and analysis of .811 the incidenu {.referred to ill.

it .. 5.4.1 would nsult in~a lengthy dinertation and the author

haa chosen (0 examine only 5 of these incidents which are
considered ..oat relevant .to the project.

5.5.1
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(a) Glencoe Colliery 1908

'l'hefollowing extract is taken from the Natal Government Ga:t;ette
No. 3726A dated 22nd Decem1.ler 1908.

"Desf'ription of the colliery.

The GJ.encoeCal~.:ery is owned by the Clencoe (Nata.l) Collieries
Limited and is situated about 4.2 kilometres east of the
Hattingspruit Station on the Natal Gove:mment Ra i.Lwayu with '·',!1ich
it is connected by a private line.

The maximum number of employees was seven hundred and sixty two.
The colliery is worked on the "pillar and staHl! system. The
s'?sms are intersected by thr.ee dykes running i:n a no!'thwesterly
and southeasterly direction which do not. however, throw the
seams. The two shaft I': are three hundred and fifty seven feet
(109 iIlet.:es)in depth. the down.cl'Istshaft being twenty one feet
ten inches (5,4 metres) by seven .fect (2.1 metres).

The upcasl shaft is fitted with a single deck cage for us~ in
(.I

case of eme~gency and is connect~d by a fan drift with a Capel
Fan. fifteen feet (4.6 metres) in diameter. the capacity of which
is statbd to be 120 000 (58 m3/sec) to 150 000 (74 m3/sec) cubic
feet per minute at 100 revolutions a minute.

The two aaams are separated. by .,llband of aaudstone varying an

thickneaa froll two (O~6,metres) 1:0 five f.et (1,52 lIe'i:res) The

,_)

<: following i8 art an•.1Y8is of a sample of coal taken bJ the Coal

Technical COlI&ittee and published in the Nat&l Covarument Gazette
in Government Noti~. No. 70. 1906:
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'No st eps were t aken by watering or otherwise to minimise the ,~i8k

which is always p re serrt where fi:n.i:"! dust exists, and it is evident

that the d.anger which arist::s from coal dust in mines was either
overlooked or not apprec.i3tp.d. 'rhis situation is identical to

that which existed at the UniversCil Colliery at Senghenydd in

1901. and 1913 prior to the two coal dust expLos i.cna , the latter

being the most dLsaot roue incident in British coaL mining

history.

'\entilation

According to the evi(~encej immediately prior to the expLosLon,

the mine was velltilateu as follows: the quantities of air being

those taken at the last measurement made before the explosion on

January 14 1908:

The Main North Level was the main intake from the North, North

western and North eastern dIstricts. the quantity of a it,
" 3 \~l1terin~ this level beirl.g 88 230 cubic feet a manute (L13 III /sec,.

Th(; Western district was supplied by a I:~plit carrying 22 080

cubic feet (11 m3/sec) along the Maln West. splitting at the enu

of this road; one split travelling round the fU'ct;!s northwar.d and

jcining the air trom the northwestern distr:.cl~ near the end of

Ogilvie's Road.

;/

'ihe Ea,~tern district was ventilated by s. sF-lit from the Main
....

Noi.'th. carrying 33 600 cubic feet (16 m..J Isec) along the Main

East. splitting at the en4 of thai: road - one part: travelling

along the faces to the south and thence al.ong the b-.irt'ier dyke to

the upcast shaft.

Th~ remainder <of the a.ir ill the Main North Level 3/. t">Jl' (,abic

feet (16 m3/sec) tT.avelled n:>rthwards to ti1~ J. 'st (,talls

ou":bye the dyke. Splitting theta. part travel~.ed 'A<:.~twardsround

the feces and jo:ined the air from the Main Wet';ttN~ar the. end of

Ogilv it!' III Rl)8.d f~t: ..rrnLng with it to the upcast *
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as had been ar-ranged between the Manager and himself. A

commencement of one dam about 0.46 metres high was subs equent Iy

found.

About 19~100a severe explosion took place which caused the death

of the whole party of five Europeans and forty Blacks. This

explosion was B in the opinion of your Commd.ssLenexa, due to an

accumulation of firedamp in the Nain North heading, ignited in a

similar manner: to the previous explosions. the force of the

explosion being accentuated by accuau LatLons of gas Ln other

parts of the Northern Districts of the mine.

The most serious explosion took place at about 08h30 on the 14th

February. by which M:.'. ..'l:ui1.",the Inspector of Mines. six other

Europeans. and twenty Blacks lost their lives. and, in the

opinion of your ~ommis$ioners.

firedamp at the seat ~~£the

originated from an ignition of
previous explosions. Ogilvie's

explosi()lna i-)ad\'broken dot.'tl the ventilation and caused further

faEs of roof. This. taken in conjunct Ion with the time that had

elapsed - thirteen hours - rendered a much larger accumuiation of

gu possible. The explQsion of gss extended ti) the coal dus t ,

and Wal thus propagated over il~arly the whole of the mine

Responsibility _.FinCiins

Your Commissi.oners find:

accumulation

morning of the 13th Feb1.uary 1908 there was an

of gas in the face of the Main North Heading. when

Phillipa fired the shot w~ich caused the fiut

Tha t on the

the Miner

explosion.

Phillips must. or ought to have been aware that the shot fired on

the 12th Februaty. had

s. misfired; or
b. chambered. or fissurEd th4~ coal.,
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and met Ogilvie coming up, returning together up the Level.
they were a little inbye the second aircrossing a still
violent explosion happened, which shook the aircrossing.
was about 14h50 and the men then went to the surface."

When
more
This

80m2 12 hours after the first exp Losdon , whi.ch had ignited
brattice cloth in the 'North Main section (Phillip's sect
decision was 'taken to seal off the affected area. The

the
a

}line
Overseer, Ogilvie. and 44 other employees entered the mine at

20hOO (13th February) with a vie.w to er.ecting the seals when a
violent methane explosion killed the entire party.

The evidence then descr:i.besin detail:

the call for assistance from neighbouring collieries:

the re-establishment of ventilation appliances which had

been df!8tt'oyedby the explosion as far back as the Main West
~nd Eas~ haulag~s (Bee Figure 1);

- \ the fear of another explosion;

the need to rescue Ogilvie'a party;
\\

- the instruction not to attempt the exploration in the

neighbourhood of the explosion b the North Main.

serious accumulations of methane and a1ao coal duat blown
o

into h.aps on the haulage. by the blast of the successive
explolliona.

Finally the decision "•• taken at 07hOO on the 14th F.bruary 1908
that Mr. Muir. Inspector of Min •• p and
should enter the mine to repair .toppin,_
third East and We.'!; roads (a.e J.'isure 1).
is d.. c:cib4d in t.h. evidel'ka whicb
devutation of & coal dust explosion.

a party of 33 persons
"between the second and
The fate or this party
al.o hiahlight. the
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Gas continued to be. given off by the borehole until the heading

was opened up at the end of May 1908. This is the first recorded
incident in South Africa in vJhich a borehole was drilled from

surface to drain off methane from the workings.

An almost identical set of circumstances occur red at th·;; Cambrian

Colliery at Dannhauser in June 1908. and in this instance an

art empt was made to seal off the fire. 'fhis failed and the whole

mit!.e wa:::ravaged by a great coal dust explosion - fortunat .:'y all

the workmen had been withdrawn from the pit. and no lives were

lost. The force of such explosions can be gauged by the remarks

of the Inspector of Mines in Natal nn the 4th Octobc:r:1956.

!fIn 1908 a violent expLosi.on at this same mine blew the cage in.to

the headgear and a second explosion some 20 r:dn~.1teGlater blew a

fully loaded car of bricks from the shaft bottom (which was

213 me'".;:'esbelow the surface) up the shaft and clean through the

bottom of the cage on the s1):rface. This was quickly followed by

five othe ....explosions."

(b) Durban NaviGation Col1iedes. 1965

An bcide'Ot a the Durban Navigation Colliedes on. the 6th

\~eptewer 1965 xesulted in a fire which wall caused by a methane

~)xplodon in a section r.oadway.

At about OShOD on the 6th September 1965 whilst two men were
drilling a bottolli hole. thE: eighth in a round. on the face of No.

2 lORd in Section 25 at the Durban Navigat:lon Collieries. all

ignition of m~thane took place (Figures 2 and 2a). Both Drillers

and a VentilAtion Attendant who vas also in the end at the time.

managed ~ ) escape withQut injury and repolted the occurrence to

the Miner in eharge who~ to'cether: with the SbiftboH.Ii. returned to

the heading and found .'! fin burning near the bottom of the face

on the left hand side.



Percent

Moisture
Volatile Hydroc.arbons 18.75
Fixed carbon

Sulphur
66.69
0,97

12.82Ash

OrgaT:' ic conc;tituents:

76,27
Nitrogen and Oxygen

Specific Gravity
5.29

1,389

The mine 1.8 worked in sections. the coal fr.om thl~ faces be Ing

brought t() the Main North and South Levels~ and thencE! to the

eowncast shaft.

Endless rope haulage is '),sea in thl.!Main North and First East and

Wet:t Roads. The rope was not. however. carried on rollers on the

floor f'ln :Llnport!lnt issue as "'ill be "",'en later).
I;

The mine. with the exception of a few isolated pl.aces. j,s dry.

l!enditicllS of the mine

M~thar.c gas was pt'f~sent in ccn' iiderable quatl~~,~:tyin variouft palts
n

ofdl1e mine.
/'1/

\\
~,

From time ~I) time the roof ha~\b~en bzoke ". ~own
of gas and occasionally borehol~~ had !~.obe put

\\1 1,\
\' '

by the ptesr.ure

in to ·Jr~in the
gas from th.e upper seo.~ ...'

At ugh the 1l11"le Ulay not be conside-::ed to he except Lonal Iy

dust,., there il1 110 doubt that a ccns Ide reb Le quantity o~ dust was
Ci

allowed to collect in the main Ivlulage roads. which c'WLt'Sto the

tra£fil'.! and the haulage rope draggitlg along the f1no!', Waf!

reduced to ~ fine powder.
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The SC<lthezr, portion of the mine was ventilated by a main split

carrying 48 :HO cubic feet a minute (23 m3/sec). which split at

the Slope Rl)ad.

Causes - Finding

"lour. Commissioners f.ind:

That em 12th February. a shot was .fired on the West s1.de of the

Main North Heading. which failed to do its ~1Ork.but chambered Or

£issul;ed the coal. causdr.g a cavity in which gas accumul.at ed ,

That the shot fi:t'e:d on th,~ morning of the 13th February was

charged with three cartridge1..1 of "Carbonite" and was intended to

remove the coal which had not been brought down on the previou.s

day; and that under the circumstances the charge was excessive.

This shot was fired by a low ten+aon elect~,;,c detona.tor ruse , and

ignited the gas and dU.:Jt in th~ chamber or HssurEllt the

explosion of which was comtlunicated \"0 a ft1'Pther quantity of gas

in the heading_ Your Commissione't·s ate of the opinion that under

these circumstancE!" an explosior. wO'lld most probably have

occurred with any other explosive.

The explosion s~t fir~ to the b~atticin8 in the heading which hed

the effect of stopping the v.~nti1ation through the dyke. The

fire spread from the brattice to d Po prop. and 'Coal. The heat of

t he fire caused the roof to fall 'ii!hich formed 6: dome-like. cavity

in ~'hich gas collected. A series (If explosions of fitedamp.

ignited by the fire. followed. each ",ne increasi'lg in violence.

the sLtth and last of this serie. which oc:curr~d about 14h50

damaging the second aircrossing. \ \

BetWf:en1ih20 and lShOO it was decided to buiJ.d off tn.e fire. and

a party under Mine Captain Ogilvie went underground shortly aftet'

IShOO to ca(ty out the work - the Mine Capte.in taking )iith him

plans showing the positiohs at which the damBwere to b~ erected



and that under these circ.umstances. not only was the charge

three cartridges excessive. but that no shot ought to have been

fired.

YOl1t' Commissic,ners axe of opind.cn that had the _..gJ.ound

t1anager at the Glencoe Colliery car.ried out his intention - shown

by ordering mated,al to be sent into the mine - promptly built

off the fire. further cxplcf'l~.ons would have been prevented and

that he erred in assuming that the fire had been extinguished by

the fall of roof. the conditions pointing to an opposite

coneIus inn.

The Man(l.ger of the Clencoe Colliery was engaged on other work

outside the management of the mine~ which '9,~'l.S apparent 1:;'

acquiesced in by the Directors. The evBenc-= disclosed laxity of

control and .supervision. From his own statement " it appeared

that he hl;ldnot visited the Main North Heading for a period of
two months prior to the explosion. and. taking into ccns Lderat don

the conditions which existed in that headinl!.f and the danger

which is always present in gassy mines aftl~t a dyke hilS been cut

through. your Commiasione. ·,find that the MaZ'lager rleglected his

duties."

r:gure 1 shows a plan of the northern area of the underground

workings of the eolli.ry and the direction 6£ the force of the

lII.ethane exploaions which in ~urn resulted in a coal dust

explosion. Ventilation quantities are show on this pl.an ,

The udous situat:l..o:"l 'ohi<:h exiaud at: 10hOO on the a",)l:1ling of

the 12th February 1908 in the fat:"p!of t1.l~ North Main ha',11ag1( is

d~.8cribed in the evid.ence quoted below - Ogilvie I s: t~.Ul
'~ \\

a.l)&um.ptionthat thtt fire W8111 out 18 inexplicable f~(.\111 th@

.vi~~nc. liven. /.pparently thee co+lap.e of the Did,tone .:-cd 9id
,11

the fire frolll their view .n,1 it wa. on thi8 fact alone tb$1: the

judgemePt w•• taken that th~ fire had been extinguished.
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Ogilvie, Clark and Davis remained to watch the fire. it b(':ing

then about lOhOO. It is stated that the fire was blazing in the

face. the brat t Ice and tLmbers burning, and here and there small

flames on the face of the coal. While they were watching, the

aands tone parting be tween the upper and lowet· seams fell, about

t'.;enty three metres from where they WEB:'e st.::nding. The upper

seam and its roof then commenced to fall, and continued to do so
for some time. This fall hid the flames from their

they had better return. and they retired

about two hundred and forty metres - down

expressed the opinion that the fall

view.

Ogihi.e said that

stoops length -

eight

the

level. Ogilvie had

extinguished the fire, .md Clark made two journeys up the level

"to see how things were going on". After his fi:tst journey he
reported that "he could not see anything wrorlg" but he stat ed

after his second journey he reported to Ogilvie that he did not

think the fire was out. Ogilvie then proceeded to the surfa.ce

where he told the Engineer not to send down any mote "dagga" as

the fire ~~d "put herself out". This was about l1hOO. About

09hOO. or soon after, instvJctions had been .given by Og;.lvie icc

"dagga" to be sent into the mine. in case it might be required to

bl.dld off the fire.

This poor judgement is eobGtantiated by further evidence.

"About ten min\\u. after Davis had r.eturned to the North Level. a

Bull expl,osion took pLace, ~'hich slightly burned Some Indians

who were lfngaget\ in the timbedng work. It was agreed that Davis
I

should gc:, and 'br5.ng all the Blacks in his sf!'.ztion outs l'hu wall

done. Clark and '.I'hompSQllretired two stoops length to Phillips'

croaa he.ding. While they were there another small explosion

took pl".ce. At th~,. time Ogilvie bad SOCle towards the shaft.

Clark. '1'hompson and their JIIetl,then ;retired to the second East and

WC!!st. which is

explosion lk8king

further distance

a180 known '.as "Clark's Road".. wi.ell another

• 10.4 r,p.F~ took p(j:e. Tber the" ntired a

of thr~e btoo~S. By this t~e all the Blacks in

the Northern part"a of the Dl '.liI! had bee:1l withdrawn. A more
( \

violent explosion occuxre ..cl. and the party l:eti:bitd down the ,,Level

I'.1
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"A party. under Mr. Muir. consisting of Thomas Crossan. John
Borland. James Reid~ Alexander Campbell. J.E. 'W'hitacre.
J. Lindsay and about twenty seven Blacks, went underground soon
after 07hOO.

At about OahlS. an explosion of great violence took place. A

dense cloud of ~mcke. dust~ stones. and other material was
emitted from the downcast shaft. described by Mr. Heslop, ·iho saw
it from the St. George! s Colliery. as being several hundzed
met I:esin height. b lack and very dense.

As dcsc rdbed by Mr. J .B. Pender. the Engineer of the Glencoe

Colliery, there appear to have been three emissions from the
shaft; the first. to about twice the height of the chimney of
black smoke and dust; a. second of a brown grey colour.
accompanied by stones, sticks and other t.hdrigs , This had
somewhat died away when the most violent emission occurred. the
whole lasti1l6approx.:i.rnatelyfor three minutes.

One of the cages in the downcast shaft. weighing 1701 kg waG at
the time hanging eight metres from the bottom"of the shaft. This
",as bloW'llup to the pulley wheelal:at the top of the headgear"
which was greatly damaged. the wheels being brok~n and the gear
disi,laced. The cage had alGO c,utthrough the beams to whicb the
safety appliance. were attached. The weight of the ~a?~ and rope

(,)
together was 2082 kg~

At the tiae of the explotion four Black. w.~.carrying another
Black on a 8tretcher down the Main North. n~~~ the first
airc:ros.inl. They wer4i carried by the uplo.ion to the
where they found theuelves. or.. recelvering consciouaane •••

.haft"
('"fur

• ow. search. tb ..,. weI1t able to find 'tbe siena1 wire which wall

pulled and the "b. 11ft was he.r4. at the surface."

Dur~g the recovery operation •• which took 6 weeks.. borehole
va. drilled froa tM lurface into the North Main hudinS. close

to the face. t~ draw off ,a. which wa. aceuaulatingin the area.
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They attempted to extinguish the fire with water, stonedust and
fire extinguishers and when they were unable to do so th€;y
notified the Mine Ove!seer who in turn notified 1:he Underground
Manager. By the time the Underground Manager arrived on the
scene the fire had taken a firm hold and the coal was burning fo r
some distance back from the face. Four proto teams were called
out and the fire was fi;:tallyextinguished at about 14hOO on the
same day.

The investigation into the fire revealed that about 1.1/2 hout$
before the ignition both the Shiftboss and Miner had inspected
the heading and had declared it to be free from gas. They also
stated that the ventilation. which comprised two ventilation

'lpipes through which ~ 2.8 m~/second wes being forced to the face.
was adequate. In addition the return air from No. 3 Road was
coursed into No. 2 Road by means of bratticing meking an alleged
total of + 4.7 m3;second with a velocity in the region of 0,3
metres/second.

At the time of the ignition the Driller's safety lamp was
suspended about 1.4 metres above the floor Bome 6 metres back
from the face and according to the witnesses the ignition started
from this vicinity. The lamp had b~en left unattended for some
30 minute& after the Ddlbrs had allegedly tested for gas.
After the fire had b~en extinguished the disintegrated remains of
the safety lamp were found amongst the rubble on the floor. Also
found amon,at the rubble were .twocoal drilla - the one which had
been in operation at the time of the ignition and a second one
which had been brought into the headin'~ shortly before th,,'

\,\

ignition.

Charred r... in. of the neoprene ventilation tubing and bratti~~
cloth were also unearthed which ..... to indicate that aome air
had be~n ventilating the end.

Extensive coking of the coal was found to extend some 27 metres
back from the face and charring of headboards extended a further
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12 metres back. Had the fire not been brought under control so
rapidly it could have enter.ed the main return airway with
disastrous results as sealing off would have been extre!!'f'ly
hazardous. It was indeed fortunate that an adequate ~upply of

water under high pressure was available so close to the seat of

'the fire.

Dur-Ing the inspection in loco a strong emis~' ton of methane Wf,S

found issuing from a drill hole in th~ middle of the face on the
left hand side. Gas had beun encountered illthe particular road
some two wE'eks previously shortly after the face had passed
through the dyke. This was cleared without much difficulty.

The cause of the ignition could not be accurately determined a.'~(d

could have been due to a faulty drill cable. safety lamp becolDi,~,~g
overheated or nOllle other unknown cause , j

The drill cable was tested after the ignition and found to b~ in
order and as. no contraband cO\lldbe found it appears as if .the
safety lamp was the cauae o~ the ignition~ In t~ditio~ it is
fairly certain that the ventilation was not as good as wa.
claimed and 8. the roadvsy was risinS the .a. accumulated until
an explosiv. mixture waa reached. Meatiwhile the un&ttended lamp,
in vbich ,a. was probably burning. heated up until tho flash
point of _thane as rl••ched with the subsequent e:xp~.oJ;ion.

A di5~i.tina feat~re of the construetion of the Wolf safety lamp
was broulht to lilht after the ilLition. A lamp .a~ deliberately
dropped cauaJinl d...... to the t'tff) pillara. An e:xaaination of
this ~aap revealed that th. rivettina of the pillars had become

i.,1

loosened caueina a ...11 leak between the aasket WAd al.... Thi.
••• not QQticeab1. fro. an externLl ezaaination and an apparently
safe 1.., was rendered un.afGo

,-,

No c:aaualtie. or fataliti ••.'r••ulted frollthe fire.
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5.5.2 Methane Explosions in the goaf as a result of

spontaneous combus~ion

(a) Northfield Colliery. November 1951

The area concerned is sit"9.teo. Of' the North-West side of

Northfield Colliery (refer Fig,,'!;, 3) .:.i.1(:1. its closing dovm meant

the loss of + 2 000 000 tons of ;. r~h quality coking coal;

950 000 tons in pi11ar.s and 1 050 000 tons in situ.

T~e goaf fire in this area and the associated explosion caused

the loss of the lives of two Blacks and one White and also

severely injured two Indian bricklayers. 'Ihis disaster took

place in November 1951. The section involved was No. '+ sd.tuat ed

North of the Majn West Haulage and which was almost fully

developed into 30 metre x 30 metre pillar centres. the panel

measuremants being approximately 300 metres x 300 metres and

enclosed by barriers. Pillar extraction had commenced in the t~p

right-hand ~orner of No.4 panel. Three pillars (Figure 3a) ha.d

bean extracted in the 'bottom seam only. when signs of heating

manifen j.tst:!Jf.. Thi9 appat·,,;ntly caused no concern for W1:>tk

continued in the area.

!rom all accounts ten section woriters were gassed on one cccas Ion

and the .following day a further twelve ~1e're gassed. The section

was then doubl~-s~!ifted with a view to rapid extraction: the

objective bein'i to smotber and arrest the hesting. This had ~~o

effect and, the situation became worse. A decision waGtaken t,\")

seal off section 4 at the first dyke whict~ was eutbye at:

pillar 20. Mu<;htime was lost due to the rl!u.::o\~eryof lJIaterid

from the sectic·n and also the prep~ra:tion of se\:+ittS sites and,,\
the eection wu aealed at three position. marked };"S. and H on,

Plan 31\. The DUlin and right hand companion stoppings were new

walla 0.5 metres thick but the left hand c~mpanion wall was part

of an old stopping ~hat had been used as a reaulator. Th~s was

filled up with brickwork and plastered over to effect 8 ~eal. No

production took place from the area during this time.
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The following day an inspection was carried out of the stoppings

Wit~l the vier,' ':,:, strengthening the left hand companion stopping.

Whilst the Shiftboss and two helpers were making this inspection,

an explosion o~~urred behind the stOpplllgS~ killing all three

outright. The stopping on the left hand companion and main were

blown out.

A second attempt was then made to sec.1 off the area in the three

zoadvays through the east and west barrier (marked 5. 6 and 7 on

Plan 3a (I.t Pillar 17). This again failed, as another explosion

occurred. :i.njuring the three bricklayers.

The Mines Department then intervened and made the decision to

erect three explosion proof stoppings at points 8. 9 and 10
marked on Plan 3A i.e. apprcximately 120 metres along the west

haulage; the stoppings wel:e to be built in a large dyke.

Details of the stoppingd are shown on Figure '-I. No fUI~ther

explosions occurred and the gob fire was eventually e::ctinguished.

In September 1963. the area was succes s fuf.Ly re-opened and pillar

extractl.on commenced.

5.5.3 Methane and c0'11 G.ust ('~!:~li')sionsas a result of

blasting or electrical faults on the goaf edge of

pill"'~ extraction sections

(a) Hlobane Colliery lkl. 2 P:i.t. March 1952 (/

On the 6th March 1952 in a ;pillar extraction section, in th~

coking coal seam at Rlobane No. 2 pit a timbet man Titus Khu~~lo
/ \

suffered 2nd and 3rd de2ree burns' "':,0 hie face. neck. arll8" h..t\ds
\

and back as a rasult of a coal dUbt explosion which was ignited

by the illegal blasting out of 7 lOaf edge timbers using 60%
C-eligniu non-permitted explos:i.ves tied to the timbers.

Subsequent evidence of the Miner in charge of the seetion was

that it was 8 cOJDllonpractice to blast out goaf edse t~ers by

drilling holes in each timber and inRertillg a detonator into the

hole and blasting '~he timber out. The goaf edge was dry and

dusty. some 25 msn. of fine dust and coal lyitlg on the' floor. No
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methane of any signific.!lnce was ever dt~tec.ted in this seam and

the mine was non-fiery~ In adc!itioa Blacks who were not

qualified miners. were performing blasting operations. Following

a similar accident in the same section a month Lat ar , Ln which a

man was "~dlled and five were injured, the following letter wat:;

submitted to the Inspector of Mines (Piett~rmaritzburg) =

"Ur. J. Ferguson, Manager. produced a stat emerrt Sworn before a

membezof the South African Police, by ZweHngima Dyantj L, to the

effect that Ganger vall Staden did not carry out the blasting

associated with the coal (~ust explosion but that this was done by

a Bll~ck who used coal dust to tamp the holes.

Mr. Fexguson further stated that he is not prepared to let the

matter reat here.

What linE: of procedure 'do you ',gant adopted " taking into account

the infoi\rmation you have had from the Gover'lUllentMining Engineer

in this ,~onnectiort1"

Signet .Deputy Inspec;tor of Mines: Dundee, 21st April 1952.

The Miner Zvel.ingima Dyantji was inju~led in this coal duat

explosion.

Figure 5 depic.ts the goaf line and the scene of the accident

which was not reported to the local Inspectorate until. three

week. later i/ an almost identical ineident occurred killir.g 1 face

worker and ,taUSing sever. burns to ~>, other workers. It was only

after thi, accident that the first incident was reporte~.

I

So~ pertinent dfttail. of evidencfi froa the Inquiry are quoted:
I

The Deputy Inspector of Mine•• Natal. atated:

"While I was investi&ating an accident in which certain persons

were burnt in No. 1 section of Rlohane No. ~ Colliery on the

2nd April 1~52. I was told that therp. had been a similar
'I

occurrence: ilh Uo. 1 section aome three weeks praviously.
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On the 4th, April '1,952 the Sub-Tnspect ox of Mines and I inspected

section 1. I ,;,,··tited for firedamp at var Lous places using a. flame

safety la.mpaf1d th~ Mines Del':'lrtment M.S.A. Methane Detector. I

also obse rved whether there we:r:e any areas of the section y:hich

were dry and dusty. I found ;.:;wolifts which were approximatE.>ly

in the vicinity of the positiO':'i where a worker was inj'.zred on

March 6th. 1952, according to Figure 5, the pLan submitted by Mr.

Nelson. These two lifts were dry and dusty. I tested ror
mett"lne in five apparently freshly drilled holes in these lifts.

I could detect none with the flamQ safety Lamp but the M.S.A.

detector showed ~~thane in every hole.

The dust on the f.l(!or in the two lifts was mixed with fine coal

and waS about 30 :J1"Jl to 50 11m!. thickness. Some of this dus-c

could quite definit:ely be raised into a ,~lou<iby the concussion

of shotholes being fired.

There was no indicc\tion of stonedusting being or having been

carried out m the coking seam area."

(\

The injured 'fimbflt1Q.anstated:

c:

On tbfl.t day (pf the accident) loUth.be and I were engaged in

dr.vinl tiaber from a verkina place.

~ tied explosiv •• around s~ven stic;s (timber supports}. The

"., least nUllber of shots which we tied around any one Itick. was suo
Around 80•• we tied 8 and others 10 shots.

Th. Gena Leader tben arriWd. He went strai,ht and lighted the

fu••• of all the chargEs.co At the tu.e he liahted then fuses. we

r.t;-eated to a ~et of pointl whic:h were further" bac;':. After the

Gana ~~/{1>,4erhaC li&hted the £U.... be al.o vent bae"'.
\ '
-, .,j

Several shot. vent off in.,~de. And whilst they were goina off It I
fell. I f.lt hot air bumin, ~ which re.ult.ct in uy fallinS to

the floor. The clothin, t had on cauabt fire. Aaron Khuulo
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came and put out the flames of my bu::ning clothing. r was around

a corner '.bout 25 metres from uhere the nearest shot was fired.

The pLac, was dry. I did not I:H~E! any s t onedust; in that area."

The acting Shiftb,')ss in ..-harge of No.1 section on 6th March 1(JS2

stated:

"I visited the place ~here Khumalo was later injured. Everything

was in order. The place was dr,' and Lcade xs wef'€:st ill
all the fine coal on the floor. This coal was from the

loading

blast.

No stcnedust had been distribllted. T":'swas not at that time

done on this mine (stonedusting). When iJIJ}, "r has to be drawn I

rep')rt to :the Manager or Mine Captain who sU.i?e:rvise it.

There was no indi~ation of 6n explosion or ignition of coal dust
to b. aeen. I have not had any experience of these matters. i

noticed no indication of burning. I did not notice any charred
particle. of coal adhering to timber. or any indication of
cokinZ. ! thought that an electrical ahort circuit had occurred
and ye. responsible for the acc1d.nt a. I wa. told the injured
per.OIlwall aittinJ on the rai18. There .... no olectric cabl. in

thi8 plcc. or va. there aD electric winch. I could find no
abort ci~u~t. 601 Gelianite blastin, cartridse. were in ue. in

No. 1 section on' 6th March 1952.

Dust i8 reaoved fro. the floor in No. 1 section by the loader.
wbo clean it up with their. shovel. a. the face advance ••

(/

,
No

.,
broou were und at that tiaae."

The Actina Mine Manaser etated:

nOn the 6th Karch 1952 Hloban. lkI. 2 Colliery was not a fiery
Iline, it was declared a fiery .ine by tbe InapectClr of Mines in
hi4.~etter I.H.N. 52/11/18 of 3th April 1952. On 6th March 1952

I "a. under the iIlpru8ion that aeaption frOilthe require.entll
of Regulation 65 had been granted and this 18 the reason why.,no

\,j
,/ ,\. i

stoueduct wa. applied i." any of the .ine working.. I had an
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electrician sent down to check the electrical circuit for faults.

He reported that he was quite certain tha-:: the injuled wor.ker was
not burnt by eLec, deity."

Fr.oN the foregoing ev idence , it is possible to form.the following
conclusion. The acc Lds.nt; was directly due to the instructions

given to two Timbe:rmen and a Cang Leader ~i;l Learner Miner to

draw timber props on the goaf line by blasting the props in an
area which was dry and dusty. Acting on their inst'Wctions. the

Gang Leader blasted seven rrops using excessive charges of 60%
Gelignite. The evidence does not di~~lose how many of the seven...
charges exploded before the ignition occurred, but it is quite

certain that the first charges to explode raised a sufficient
concentration of fine coal dust 'Whichwas ig.'lited by a succeeding

shot A*t, far ac. can be aI'K,"rtaineti.. the inflammation only

extended over the dry and dusty portions of the goaf and
adjoining roadways ~oncerned. This area was limited and the
remainder of the section workings. being in a damp or wet state,
precluded propagation of the flame. The inflammation was not
attended by violence to ""y considerable extent.. No inflammable
laa had bean been detected in thia aine hefore or since the
.(!c:ida~ except in drill hole. and then by .eana of an H.S.A.

c'

_tl Ie detector and emll in ... 11 percentaaes. .The Timberman
was bunt at u apPt'oziaate dbtanc. o£ 25 aetres froll the point

¥t which t~ char.es were fired. It. .oHd eoal p~\llar of dimenllion
30 _tres s 17 .. tres .silted betwOll hwelf and the charles.

""~
Altb"uah the 4.:tin& MalUlaer. in an attempt to defend himself for
not repor~inl the accldent. .scribed tb~) burns to either

I
iI

elaetdcal abort c:irc:ui~or the infl .... tion of atombed

•• li.;nite. all other po.. ible cau... than ianition of coal dt.u:lt

)\ by the as- cy of ~plo.iv.a can b. rul" out.
:1 r~
((Ovin. to tht. accidut cominS to tbe not:...:.of the Mine.
n.I'art:If"lnt some 29 day. after ita occurrence (offieial report was
received 33 day. aftwr occarr.nce). the Rcen. could no~ be
inspected but a ... pl. of coal dust tak.*n froll the u.e seq in
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the vic"..,ity. exploded s Ix tilll(!f$ and inflamed twice in eight
consecutive tests to which it was subjected in the Wheeler
apparatus.

No stonedust had been applied in the accident area or for that

matter in any other area in the mine notwithstanding the fact
that the Inspector of Mines. Natal. in his letter of exemption

from the requ irements of Regulation 65. I.M.N • .52/2/33 dated 9th

June. 1942, stipulated that exemption from .:the provisions of that

Regulation were granted "lith respect to those portions of HJ.obane
No.2 Col1ier.y where the amount of moisture pzec.Iuded the

possibility of coal •.hlSt b~ing raised as an e,,"p1osivecloud. In
a modification i)f the abox...e exemption. I.M.N. 52/2/33/1 s Lgned in
Pietermaritzburg ~!\n5th Mit,rch1952, the Inspector of Mines made
the same stipulation but. as this modified exempt:ion eeu.Id not
have reached the mine by March 6th (the day of the accident). the
earlier exem.ption is c01'u>idel.'edapplicable and legB1ly binding.

The. only dust sweeping in the mine prior to the accident was
carrie' out by means of shovels. No brooms W&'t'eused.

(b) Natal Cambri, ~olliery. July 1956

Thi. accident, which res,ulted in the lO6.h of two lives. provides
a good example of the danaeroua conditions which arise with high
.«thane cOo1C.ntrations _',ong the loaf 11.l\.. inlluftif;if!nt

ventilation and possible faulty electrical equipment coupled with
negligence on the part of two Mi~.r8. SubBequ.nt methane

explosion. iIlp.:rin,d the live. of llenior officials and rescue
brie.d •• aeu int",'lt on rescuina the two Ilen in th~ section. The

/)

dangers of 8witchinS off power and tru.nQubaequently re-instat.ing
, \)

~ power toa.ther with po~r training and commun~cation i.

niahli~bted. Most of tb. ~vidence of the tw .iours i. unlikely

to be true.
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Evidence given at the Ila'1.'liry by the Mine Overseer (Acting
Manager) is as follows:

"I am the Mine Overseer of the Natal Cambrian Collieries Limited.
Cambrian Colliery.

On the 22nd July 1956 I was act Lcg as Manager. as the .0·.... _r was

a,way on leave. I am. not the holder of a Mine :iahagerf s

ce rt ifica~e. I was appointed to act 15 Manager £lom '::L1," Znd

Jul~r 1956 to the 31st July 1956.

On the 22nd July 1956 (Sunday) it wag It-potted to me that an

~xFlo8ion had occurred in Section 9 and that two employees had
not come out of the mine. Two Miners had coae out to surface.

Fi&ure 6 depicts the scene of the accident.

I proceeded to the pit head im.. diately arrivin& there at about
12b30.. The Kineu reported to lIle that "hey had examined the
auxiliary f.ms in Section 9. found no ,a8 at the faniland started

thea up and t~en proceeded with the two Blacko Out of the
••('tioa. When they reached th. ,ate end .",-itchin No~ 9 haulage

they noticed that it had tripped. The Blaek. proce.deli up No. 9
i)Branch Main. the Kiner. switched on the gate e~d switch and -soon

afterward. an explosion occurred. Th. two Blacks did not return
from No. 9 Branch Main.

I ,:Iubait uer."hh a plan showing No. 9 section "here the accident
occurred (figure 6).

The one M~.r complained of an injury to th..che.t and,t~~ other
mad. no e~plainU. Th~y lost no shifts a. a result of i1jurie ••

r then notified the
the Min•• Depart ••nt.

Rescue Station and reported the satter to

At about 14h15 acco.panied by tbe A.. ilJtant Inspector of Min..
and two proto t .... I went under,round and proceeded to No.9
Se<!tion.

If

If
i'

'\I,



Figure 6

·"BRIAN COLLIERYOF SECTION - (",nPLAN

Ii



We procaeded to the Lrrtezsect Lon of No. 9 Haulage and No. 9
Br::ltJ.ch Majn in fresh air. Periodic tests were made in t~le return

airways and in No. 9 right hand companion we found .04% carbon
monoxide and smoke (400 P.P.M. of r.arbonmonoxide).

At the intersection of No.9 Braneh and No.9 Haulage I left the
Inspector and a member of the proto team. while I. with another
rescue man. proceeded up No. 9 Branch in £t-eshair.

We proceeded about 110 metres when we heard a noise like the
uneven running of a fan. We then decided to return to fetch the
rescue team when I felt a rush of wind from inbye. I presume
that this was caus~d by an ignition of firedamp. We retreated to
the intersection. The time then was about HMO.

The possibility of entering Section 9 to rescue the Blacks wac
then dililcussedand I decided to seal the area and leave them in
the section.

I consider it unlikely that the two Blacks survived the first
ignition. I was told that the firat ignition va. violent and
there were indications of this in No. ~ Haula,e for 4 distance of
about 600 metres outbye of the intersection~ this could be
judged by the fine layer of dust along the haulage. In addition
there.were heavy concentrations of carbon monoxide in the return
air from this section.

I consider that a fire had been started by the first ignition and
th~re was dan,er of fUI'therignitions.

I later discuued Illyd&eision not to relilcuethe Black. with the
Manager of Ballengeich Colliery. ae aireed with my decision. I
reported to the Manager" who "all in Durban. and he abo agreed
with my decision.

I then ..de arrangements to build .toppin,s in the dyke at the
point. marked A (Figure 6). The initial seals were completed at
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13h45 on thl!!23rd July 1956. There were heavy concentrations of
carbon monoxdde in the right companion and dense clouds of smoke

and the seal in thi~1 road was built by the prct;oteam.

Later the stuppings were reinforced and production was

recommenced on. 27th July 1956.

We had no trouble with gas in No. g sect Lon prior to the
explosion. It was suspected that trouble may be experienced
there because this was a gassy area of the mine. Gas had neve r

bCN!n reported from the secti.onprior to the accident.

Gas had been encountered in the areas marked Band C on the plan.

Development in No. 9 war. done on the bottom seam. Stooping
operation. had been commenced on the left hand side of the
section and both seams were being "xtracte~ in the nomal. manner.
r suspected that gaB may be given off frolll<theupper seam.

It was nec••• ary to put auxiliary fan. in the section to boost
the ventilatiir. Originally two fan. w&re put in the section and
the third ... put in because of the •••• The third fan was put

iD on the 218t July 1956.

[)

Ga. va. reported at the point D on 19th July 1956. ,When I said
"that ,•• bael Dot been detecteel in the ••ction. I ••ant ·{~atprior

to 19th July 1956 ,a. had not been detect.el. The Sa.watl not

cle.red. I went to the .ection on 20th July 1956 anel on 21st
\)

July 1956. On ~Oth July 1956 I found 4% fire damp on the goat
4id,e. On the 21st July 1956 it va. about the 3U1e. I then put
in a third fa .. rked 'E on the plan •..'It did not clear the sa.
b ~b '--1" h . f . ()1 h f h· .ut • out __ '"an our a ter .tartl.ni~ t e an t. concentratl.on
was reduc.ct to 2.1/2%. r left the plaee fanced off.

The accident happened on a Sunday. On that day .arth continuity

teata were to b. cat'ried out atld the faus lI'Ouldtherefore stop.
/(

The Minerl! tNre ..ent down to .tart I~'he fan8. One of the two

Miners is the Miner in Section 9 and he knew about the gas.
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The other Miner went underground on a fire patrol which is done
every Sunday_ The Miner in Section 9 went down because he knew
of conditions in Sect:i.on9 and to learn the routine carried out
dur ing the fire pat roL, The two Blacks wen;.;as their ass:i.stants.

I was told that the current was off from 06hOOto lOhOO. The
quantity cof air during this period in Section 9 would b.e
decreased as a result of the fans being stopped. I would expect
gas in the: goaf , It is possible that the concentration of

methane could increase t~ somewhere in the explosive range during
the period the fans wer: scopped , I would not expect gas to

reach the fans. The main fan on surface was running and there
would be a certain amount of ventilation in the section.

I have no idea what caused the ignition. Stooping operations had
been in progress ~or a couple of. months. There were no
indications of b~ating in the goaf. It would not be necessary
f or the Mihers to do any blasting. There is a possibility that
the ignition was caused by the fans.

The 3.1 KW Meco EF4 fans were all electrically driven. They are
all flalleproof. The fans were in order. I know of nothing e18e

which could have caused an ignition.

Flame .afety lamps were issued to the Miners before they vent
underground. 'rw lallp.wen issued and to my knowledge they are
still underground. The.e lamp. were No. 39 and 21. The Lamp~an
rep~rted to m. that they were not returned to the Lampr.OOIl. The
Laap.an infQraed that these laap8 were nDt to the pit head for
the ainen. Two electric cap laaps are also lIi.sin,_ 1: do flot
kno..,the nwabera of the.. tamps.

No atate..nt was made to •• for what reason the two Blacks
returned to the .ection~

On 22nd ,ruly1~~S6I noticed that
on position.

the gate end (~witch was (~n the
'I
!,I
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I do not think that coal dust played any part illthis ignition.

The Banksman usually challenges persons entering the mine for

cont raband , I do not l~now if he challenged persons on the 22nd

July 1956.

The waiting station is apprcxirn:ately at the pointed marked F.

Shortly before the second ignit.ion I noticed that the gate was

closed.

By the Manager:

On 21st July 1956 I examined the br."ltt;i.cesin the section. At
all of them there were slight leaks from'\ntake to return. There

was no recirculation of air taking place.

s,. Court:

There i8 a possibility that the gate end switch had tripped, but
that the hall.d.lereaained in the "on" po;l!ition.

No f.urther questions."

:rieur. 6, a plan of the .r-tion. ,~epic:t. the ventilation
arrangeaents. position of fan•• gate end .witehe. and the final
8ea1s erected after the explosions. Bleeding air ov&r the goaf
to r.-ove .ethane was not pr*ctieed at this colliery. Apart from

-'/'

the fact that ther..was insufficient ventilation in the section
(fans were put in to boost the section ventilation) the leakage

4of ventilation through the brattie .. in the s.ction couldi have
been high especially at brattiee G on the ..in haulage.

"\.~i!
~ r~,\ .

The intua to this ventilation district wa. 15900. ;::~,,J,:{;,/- fi~\;
.3/.econd) as shown 0.,\ Figure 7 which depi-:u the ;'I,!Uecte(f,
section in relation to th.,... in haul.I... ; (; ((
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The evidence of the electrician is important as far as tha
explosions were concerned.

The Electrician stated:

"I am the Underground Electric.ianemployed at Cambtian Colliery.

By Court:

On 22nd July 1956 I went underground at 06hOQ for the purpose of
carrying out ear.thcontinuity tests. It is necessary to cut off

the power to carry out these tests. I cut off the power at 06hOO
and restored it at 09h55 after completing the tests. The fans
would not start after restoring the power. 1'1: would be nec.easaey

to go to each fan to switch them on. There is a s"':itchat ~ach
fan. Th~ gate end switch would be on.

The gate end switch controlled all the powe~ supply to the
section which includes a coalcutter ..drills and fans and a winch.
There are also two electrically driven pumps. Thes~ were not
running o~ the day of the accident.

It is not likely that the gate end s'IIi'itchwould trip &.s a result
of a fault at the fan. In such a case the switch at the fan
would trip.

I did not enter Section 9 on 22nd July 1956. I only went as far
as the transfo:cmet'situated at 600 metr4!S outbye of the section.

I left this transformer at about 08h4!)and r~turned to surface.
on my way out I saw the two Miners. They were ~n their way in.
I do not know where they were going. I saw them at about 09h15
in the Newca.tle Main. 'Wedid not speu about work. I asked
them what the weather was like on surface. There were t\~ Blacks
with them.



On 21st July 1956 I installed a fan in Section 9. This fan was
then in order. 011 17th July 1956 I tested the electrical
equipment in Section 9. I round no faults. I have no knowledge
of any electrical faults in the sec tLon immediately prior to the

accident. A faul~ .>etween the fan switches a.nd the gate end
s,\Titchcould cause the gate end switch to trip."

Question:

III had per~'ission to isolate before I w~nt underground. ".1.here is

only overload protection 01 the gate end swit~h. It is not
provided with a no volt release.

No further questions."

No attempt was made to prevent recirculation at the three fans
as evidenced by the acting Manager~

a'rhe fans H. E and J were open in the roadways. There was no

brattice clotb to prevent recirculation of air taking place. Fa.n
H had a tube about 30 metres long attached to it. Fan E had a
tub~ abo~t i5 metres long. ran J had no tube. It is possihle
thnt 80lle r .:.dre..tlatio/ if the air wg.s taking place.,. The general
circubt1-oll of the ai':)-:":li the se-::tion \ta8, however. improved by

the install/ __tion of the fans. :::>

I purp08elytook, no 8te~s to pr.e'lent recirculation at the fans
because. in the calle of a fan t'Cipping. the flow ~f flit ~ould be
restricted to that which would pass through the fan itself. ~he
disadvantage. of recircul~tion were overcome by the improved flow
of air through th•• ection."

"The installatior. of auxiliary fans in a~s.ction will not increase
tbe quaut ity of intake air - tilem,l}, .~vantage to be aained is
that ~ir Itlltering the section t.:.~>~e delivered to remote faces

-,.~,'.'I

thrt:Jught~~bil'llmore effectively than face line brattice.
1'\
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Ev~dence gathered verbally many years later revealed that a
sub+Inapec.t or- of Mines had decLa red the fan at site to be

flamepI.'oo~ provided that it was used in Lntake air wher.e no
r ecLrc. Lar Lcn would tak> place.
flameproof. The section wal3 never

remain entombed to this day.

Th(,;fan waG apparently not

1:e-opcmed and the two bodies

(e) Balgray Colliery. 1979. Two killed and 9 injured

Balgray Colheries (Pty) Limited. a wholly owned subsidiary of

Natal Ant,hrar,:ite Colliery Lim:itt!d. operated a colliery in the
Utrecht d:i.strictof Natal. The \~olliery; an adit mine. produced

a low volatile an~hracite from the \~tS seam.

At the time that the explosion occurred. the colliery deployed
two conventional mechanised sections aad two single snift handgot
sections to produce an avexage of 40 000 run of 1\')inetons per
month from 'i Ojeamwith an average thdckueas of 1.5 metres.

Mining was by th~ bord and pillar system with s~ven headingg

be~1 developed at 23 metre centres for a. p,Mel length of

e,pproxwuly 750 metres. Bord width. w~re 5., metre.. The

pillars were / \"~tracted after completing the de'l1~lopment of "a
I 'panel. .

The colliery 'tiM classi.fied "Hety" but prior to the explosion

had not ba·;! a ..i.tory cit methane e~:i.uion.. From time to t:iJlle

small quantitieu of In' "~ane had been det ..cted during the course

of cormal minini operat~o~s.

By 23rd April 1979. th~ 102 panel had been d~veloped 730 mettes

inbye of the 101 panel conveyor drive and pillar extraction had
cOlQIDenced. FOUl rows of pillars had been e:l'tracted.

On the 23rd April 1979 pillar extnction lias in progr~8s in
Section 102 as depicted in figure 8. Details of the ventilation
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into this area is shown. The practice of bleeding v~:ntHati(ln

over the gcaf was not prac.ticed presumahly since the co Ll.Lery was

not l:egarded as a Itgassy pita.

Pillar extraction was by the wel1'~prcven method of pocket and

fender which had been successfu1Jy used at Springfield Colliery

in the Transvaal since 19'10. Coal was won from the sec:ti'.:m using

conventional equipment consisting of a mechanical loauer. twc

shuttlecars and one coalcutter.

Figure 9 shows a detailed plan of Section 102 at the time of the

explosion. The evidence ot the In$pector of Mines who arrived in

the section an hour after the ignition is quoted since this

providp.s a lucid picture of the area just after the explosion had

occurred.

"I tam the senior Inspector of Mine" stati.oned at Dundee.

On 23id April 1979 I was notffl.ed of an explosi~n at Bdgray
Colliery. at about 12hOO whilst I was ho)ling an enquiry at

Ua"ala CulHery.

"I arriv~d at Ba1aray at 'about ~3hOO and proceeded underground

with the Surveyor to 102 section. There I met up with the

Manager '.lud .act ing Mine Overaeer. Theae persons w;ere busy
rearranli.nl the ventilation brattice8 which had been dellItroyed in

'the blaat. There were ne. eye vitne.a .. ~ to the 8cd.dent at the

tiJlle of .y und.rar.()und inspection. All the crew. including the

Miner lind the ~hiftbolle; had gone out of, the l1ine.

"I have seen the plan Figure 9 tend.red by the Manager and agree
that it repr."entll the conditions found in the sectiQfI exc,ept

that on the .:outh;:Bide last road the .. thane reading was 1.2% Ilnd

not O~8% as shown on the plan. Similarly on the North sid. the

methane read:Lul vaa 1.4% and not 1.2%' a. anovn.

reading. mYlu_lf. a,.inrit the roof.
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1 examined the brattices in the section. At No, 1 pos i.t Lon ! saw

a rail agairlst the roof. it:Qmwhich a brattice could be hung, but

there was no brat r ice and I we.'::'told that this b rat t Ice had been

blown away by the blast.

At No.2 position r cannot remember what was ·chere.

At No, 3 brattice there were signs that r he brat t Ice had been

scorched.

At No.4 brar r Lce position section peraonne L were busy erecting

brattices and the Mine Overseer informed me that these brattices

had been :tolled up (presumably prior to tr.(, explosion).

At No. 5 brattice position new brattices had already been erectee

but there were pieces of .corch~d bratticf~ lying in the direction

of the tipping point on the haulage.

At No. 6 brattice po.itian the brattic. bad be.n badly burnt and

blown 0 out. A new brattice had not ,..t bflen inatalled.

At No.7 brattic:e po"i1:10n the brattice I".. alao badly burnt and

blown out.

It ..,.. pointecl out to Be by the Manasel: and Mine Ovetae\tr where

the KiD.•r vaa at the t~ of the ezplos:Lon i.e. neu' the po8iti.on

urk..4 blastin, battery (n,locl.r) • The exploder had been

reJlCl"edbut tlMt bl~,.tiD. cabl •• were atiH in position. We then

vent int~ the place. vhich bad been 1;,l.. t,'!!i just prior to the

ianition. It W&8 pointed out to .. that a fc!',der and a split bad

b!en bl •• ted lIialltaneou.ly. Ther. ftre DO si!~.of. violent ~"'~:;

aplo.ioD in that plac. bee.u •• an ... poty explosive. carton wa.:~·

lyinl there and it had net been damaS.d or burnt.

In the nut: road IIAlrked "electric drUb prier to ignition" the

split had been cut and so.. hole. drilled in the face. SOUle

larae piec' .. of coal had fallen from the face. obviou81y .after
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the blast. The Mine Overseer informed me that he had removed the
electric drills as well as flame safety lamp No. 31 from this
place. He had moved the electric drills back along the road to
the position indicated and the safety lamp to the vicinity of No.
4 brat t ice.

I ex.amined the flame safi!ty lamp No. 31 and found that the
striker: mechand.sm was not work "g. there was no spa rk dt all and
it seemed as if the flint was missing. The pillars were badly
bent ...

In the vicinity of peg 537 it was pointed out to me hy the Mine
Overseer that he had four.c,~,t fir#:) burning there. Ht! added that
the fire had hO:!enextinguished using fire extinguishers and water
hose~. I felt along the area indicated and the area was cool.
There was no sign of fire nor atay smell of £ireo A Draeger
carbon monoxide test was made and gave only e slight trace. A
plastic bag which had contained wllte:r;:tamping ampoules was found
in the vicinity. The bag was burnt except for the ampoules which
contained water. It was cl~ar to !lie that there had been a lot of
heat there.

we proceeded aloD& the .ection in a northerly 4irection. At the
plae~ near No. 6 brattice there were! 8ian8 that the force of the
explosion caa from the loaf at~d travelled in 4ll vesterly

'dira.e.tion. A bu~'" wet suit jacket:wa. found in this vicitdty.
Thi. jacket wae b~lY burnt. The conditioD of No. 7 brattice has
already been de.cribed. We then walked back towards the tipping
point. From the direction in which the br~~tice had been thrown
it Walll cle.r that the force of the explosion travelled froatnorth
to south. It was po:lnted out to me where the now dece~sed

the tall end conveyor. The structure
had
hadbeen th:t:'(:lwna,ainat

'-'
bloQd stains and bits of tissue on it.

The intake air was measured and it wall found that 18 at3/s was
enteriDl the section. r alao asked for an Electrician and he
examin~d all the cables on the machines. All the cables were
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found to be in order except for one cable on a roof bolter that

was not in use at the time of th, accident.

r asked the Mine Overseer for the fireman!s r~port for. the day

shift of the 23rd April 1979 and he said that he could not find
it.

r also went through the r~c:o:rdsin the lsmpl:oorc.and found that

the Miner had signed £"r four safety lamps on that day. Tl':'Xeeof
these 1z.mps were back in the l:;tmptoOIll and appeared to be in good

order. The fourth lamp was No. 31 "/hich was found underground.

By Court:

"At No. 4 brattice positioll personnel were re-erecting the

brattices. It is possible that they (Manager and Mi...e Overseer)

added one or two more br~ttices. These brattices were not
scorched and I accepted that thf!se were the bratt:i.ceswhich had
beE:n rolled up at the time of the ignition u stated by the Mine
Overseer.

b
The striker mechanism of No. 31 safety lamp turned but no spark

was obtained. It is posI,ible that the flint had been use,;. ~p."

Once ventilation had bieen re-•• tabld.shed in the section arJd

lIethan. bad been cleared froll the goaf. a dee.ision was taken by

ain. una, ...nt to establish bleeder roads to ventilate the god
I!

before proceeding with .1IlY furtbet pillar extraetion. 'l"hi~ plan

of action is shown on Fiaure 10. The logic behind this decisic;n

wa. that the loaf contained larae quantities of .ethane and th'lt

this dan,er should be relloved by ventilating the soaf.

Norul work was USlUl.ed iii ~lw panel on the 24th April 1979.

Table 5.1 ahows the analy.is of ,a.e. on the 24th April after

work bad re.uawtd:

\\
I:
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Table 5.1

Initial results w=re:
co C1l4

Roof layer

General body

of air
Left hand side returns
(a:.ir rout ed through goa.f) 100 ppm
Ri;-;ht hand side returns 100 ppm

1,,8%

After 8 hours results w~re:

Left hand side returns
Right band side returns Nil

Nil
Nil

10 ppm
Nil

However. dt 18h40 and 19hOO on this day two further explosions
took place in the goaf - soae 31 hour. aft.r the fir~t explosion.
No bl~ul'!:ing operations were in P~OI1".S' antf.it ia concluded tiuat:

i) An undetected fire in th. loaf as a r.~ult 0·£ .the tint
explosion bad caused these two «tploBion •• or

ii) Yrictional he.tin, durinS 'beevy goafing ~d beec the cause.

I.>

Twointer .. ting pointe arh~ at thi. IUS.. 'iratly. coal lyina

in the ilpliU bed caught fiI:" .~fter tlwl first uplosion and these
fir•• ~re extinluished with fire extiogui.bers in the Bection.

Secondly the Kine Over.eer reported in evidence that on the 29th
Karch 1979 aud 30th March 1979 heavy concentrations of lIlethane

(in exc••s of .5%) were detected in the right hand side loaf of

soetion 102 the scene of the first explosion. The Mine
('Ovprseer cleared this gas himself that niaht. He reports that:

WI found +5% on the roof just behind the breaker line.: tbe
layer flas about 15 em thick along the roof.
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I had to install a temporary support and
gas. The gas took about 2.1/2 hours
continued working afterwards.

brattice to clear the
to clear. The section

The following day (30th March) gas was again reported in tbe same
area. The Ventilation Officer and myself found the gas. I

re:pairedthe brattices which I had installed the previous night
and the gas cleared. I again found 5% methane against the roof
in the form of a layer.

\This gas accumulatic,)was discussed with the Mana~fi!rand it was
decided to hole through one of tha roads which .ad previously
been stopped. This was done and no furthet accumulations of gas
were found. The Ventilation Officer and I discusstd the
ponibl;~ity of III bleeder road on the: right hand side (of the
section) but as the section narrows down to one return through
the dyke ~ did not\~hink that it was a feasible idea. I cannot
r...aber diSdt8$ini bleeder roads with the Manager.

I
know if the entilatiou Officer did or not."

I do Dot

rollowtoa the•• thr.e explosion. a decision was taken to seal the
nectioe with 6 .toppin,••• shown on Figure 11. The in8tal~ation
....coapl.ted. at 23hSS on th. 26th April 197~.

At 13hlO on the 27th April 1979 ~ xurther .xpl(;,.ion(the fOUrth)
occurred in panel 102. Several incidents of technical interest
now Clecurred:

I

s ; rait:l.als•• u.na of the pan.l and ,a •• naly~b

liaurtl 11 !lhon the 6 nUilbend .toppin,s which were installed.

It ws abo decided to seal the panel a. quickly a. possible and
thus only the 0 :i.nnerwall. were to be built initially and the

the inner walls.
be subsequently coepleted.
all personnel weL~ tt, be

outer wal!f and
On co.pleti¢~ pf

sandba,ging we~e to
"

withdrawn from the mine for 24 hours. An e.sential requir~m~~:
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in the sea.ling of the panel was tha.t; any gas build up had to be

deLayed until the l<1st poss Jb l.e n-omerrt , hefore effeet.i.ng the

final. sea l.,

In this pa r t LcuLar instance :i.t was neceasary to diJ.ute the

methane bei:.~g gene rat ed in the gcaf area by mz.intainit'g G. flow of

ail' through ".:hegoaf while the sealing ope rat Ion was b prog reas ,

Tho CO!lGt:tueti.on of the Btoppings waG

t:h~~ .f.Ol:1..0WirLgsequence - A 13 'J;' D E and C. aDO lml\ x 800 nllll X 2~'

tam thick steel doors were to be built into <ltoppings C and E. To
maintain the flOiV of a.ir into the panel. the doors were to be

ke·'.~topen dur i.ng the sealing ope rat.Lon and wen.~ to be closed

tlimultsneo!.lsly when all the walls were completed.

b. Gas apalysis equipment

The decision ha~ing been made

Inspector of Mines. Dundee. ~as

25th April that the Chamber
equipment was re~uired at Balgray.

to seal tr.~,<e ~at\el. the Chief
advised at 10h40 on wedne~aay

L-

of Mines mobile gas analysis

At 17h40 on the 26th April the ga.. analysis unf t from Witbank

arrived at Balsray and was co_inionea and made ready for use.

r'i

The gases contained in th..air returning on the left hand side of
the section durin, construction of the inn~r walls did not
exceed:

CO
GH4

14 ppm

1.21%

20.6%
0.00%

The impol:tance of havl.n, the gas. analyses unit available at the

cc.ll:l.ery cannot be over emphasised:
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Results of analyses of air samples are ava i.Labl,e within 20

minutes of de.1iwn:y to the unit.

E"u:ly in.dications (j£ a build up of dangerous ccnd LtLons

allows action to be taken. to minimise the danger to work

partLes as soc i.at ad r~;riththe eme rgency ,

c. Drilling ::;If borehole from surface into the goaf of Pane l. 102

The planning committee decided that the Chanbe e of Mines 200 mm

diarueter rescue ~ril1 he obt adned to dd.ll a hole into the gaaf

a rea , The p r imary aim was that air sampl.es would be taken thus

fi.rst 1y pl.'ov'1.din.gmanagement with deta:i.ls of: the gas 1"ixtures in

thq goaf and secend.Ly providing an ear-Ly warning system of

dangerous gas ;)ui ld-ups in the goaf which could Lead to further

explosions. It had been assumed (correctly as was later

establ.ished) that one or more of the seals ha~ been destroyed
..turing the fourrt h explosion and the inun(;>diat.~objective was to

replace it tbllfl allowing production to bl~ resumed. The authcr

was present at the ,-=olliery during these discUfiJ!ions. What Wd.S

not rea1i~ed at: the tim~ was that the hole could ~\lso be used to

evacuate dangancue quantities 1)£ methane from the gos f , When the

hol'! did finally penetrate the goa! area the hot gases blew out
of the bole at a high velocity and it wss not necessary to use a

standbye fan to exhaust these gases.

Figure 12 is a graph of the gas samples taken at tbe borehole

after the damaged seals had been replaced on the 30th April 1978.

This was • crucial dB}' since the decision had been taker. to

r..-place the blclw out stopping. The percentage methane:in the

goaf'was appro:a:ima'tely 60% I1nd the oxygen percentage was at 4,5 -

8 mixture clearly outside the eltplosive triangle (lifter Coward).

'l'he I\utbor was present and itl charge i')f the building operation!; ••

Of concern to the team at the building site ("D" on Figure 11)

'was the gas anlllyais at 13hOO(zn hour before the final sealing)

which is shown below:
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Table 5.2 Analysis oi ajr sam~le at building site

Oxygen

CO
CO2
CHA

15.9%
0.22%
0.48%
l &55'~(thiG tad :increased frorn 5.5% at 08hOO)

o .O~~

The methane/oxygen mixture is within the explosive triangle
(after Coward) 'bat it was judged that. since the methane! oxygen

mixture in the goaf , where the suspected fire existed. was w(~11.

out sLde the triangle that work should proceed on the final sea L,

Figure 13 depi-:!ts the type of seal that was finally erected on

the 6 roadways ShO,,"1O on Figure 11. This seal was considered
explosion proofe

Arter the last brick had been plac,ed in position, the crew

ha.stily wi.thdrew from the s';·,lo?ti.avelling in Kersey scoops or

trailers to sudace$ close:1y followed by the proto team who were

on sta.ndbye at the fresh ai.r base. The judgp.ll"lentproved c .::ect

- no" further exploJili.o~soccur red, A new fire ratio has
\_,)

suhsequent ly been developed by Hard.s which. int.er alia. may be

uSEd to determin~ whtn 4n ~¥plosion behind eeal. i£ imminent.
The ratio developed il:1 N...-...

(CO +-C02)
and Figure 14 is an example of the Qse of this formula in a
sealed off area.

versulJ time

Fron Figure 14 it may be stated that at the time indicated
bet,~en points 1 and 3, the fire is active, whilst from 3-4 the
area had been sealed and the fire area was becoming extin~t. The
sUbdl~quent rise between points 4,5 and 6 coxrespcnds t" a

resurgence in the activity of fire du~ to the holins through {,~f

the eoal pillar. After sealing, the result becomes apparent if

one ohserves the smooth flow froll1 6 to 7. Point·~ 6 to 12

inclusive, reco rded over a .Iix hour period. indicatea a definite

ce,..r.ationof activity within th'i\ fire area. which uy at

stage be termed extinct. \\
this
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5 .6 SUMMAR'rOF THE FMCT! CES REVIEWED ABOVE

The incidents described in item 5.5 deal mainly with explosions
in secondary mining (ut.oopLng), Unsafe prac tLcea which arise in

these Inquiries which are of importance to Mining Engin~e:r:s and
serve as a point of departure far the formulations of

"precautions to be adopted" are summarised below:

Delays in sealing off fires or dealing promptly with this

aspect in some other.manner. "Better is 11 good retreat than

a bad stand". It is sometimes beneficial to seal off a fire
area at SOtu,: distance from the source of the fire and not

directly adjacent to it (aee Figure 7). When a. fire has
been detp.cted. for instance. in the goai. then attempting to
smother it by increasing the pillar extraction rate is not a
safe alternative.

Aasuming that fires have been extinguished when they. in
fact. continue to provide an ignition source. Thirteen
valu.bl. hour. were lost at the Glencoe Colliery in which

sealing-off operations CQuld have commenced ..a a re6ult of
incor:ect judgements tha~ the ~~re had been extinguished.
At Balgray Colliery it 11'" the opinion of Officials that

there we. no fire in the soaf .fte~ the first explosion 8

fatal opinion.

Senior officials engagl!d on other work outside the
m.nagement of the mine. In addition Manasement often .ake
decisions ~nd statements o~ matters ~ithout tAkin~
cOlni.e.nce of technical .spe'~t.. After the coal dust
explosion at Hiobane lio,,> 2 pit'.in 1952 the actins Manager

vas of the opinion that the i~jured Buffered burna a. a
result of "ato~i8ed gelianite explosives".
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Laxity of control and supervi3ion.
W~ning Officials from the Manager

The author questions how
dOW.l t(l the Shi.ftboss

could continue to allow a Miner and his workers to overload
shotrhol.es, use coal dust as tamping and remove goaf line
timber by blasting these supports using non-pe rm.Ltted 60%

gelignite. In evidence. under oath» the same junior

Officials indicat(',d that no goaf litle timber was ..Tithdrawu

until the Mine Overseet/Section Manager had peen notified.

Officials failing to direct their full attention to areas

where problems (gas. poor roof and faulted ground a.nd dykes)

have arisen. Tliis is described as a lack of a sense of

pr\ )ortiQn - g~tting the prioI'ities loirong.

Di.luted supervision. insufficient officials appointed to
"1,\~~rvise difficult eonditions.

\

Minet$ in cM.t'&!t of sections which are too large in
co.pl~••n~,of people or in ar~a to b. properly contI'oUed

and m&ri~led.
'XI

\
Work.ing .'~¢tions ....ith n,., qualifi£-d Miner in charla.

I.U•• of inflqaabl. brattite cloth (still in use today).

Ir~tina temporary brattic~ cloth in splits instead of

erectina p.~\nont brick stoppings.

Lack of stone(.\usting in sectio.us.

Lack of building aaterial at a particular .ite to froaptly

••al off an ~ffected area.

The oc:c'urrenc. of .baets of whinsl:one (dole1'ite) in the

strata overlyioa the seam which foras an iJDpel'Vious layer

and tend. to retain aa.es within the coal .... as oppd1led to
Al10wina tbe ,as to escapo to surface through breaks in the
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strata (this will be dealt "lithin the disaster at the
Durban Navigation Colliery No.2 Pit in October 1926).

Extraordinarily high methane emissions in pillar extraction
sections from unworked coal seams which overlie the seam
being stooped - this gas finds its way into the goat; major
subaidences may initiate explosions due to frictional
sparking in this case.

Spont.aneous combustion :in the goaf area as a result of
snooks being left in the waste; excessive loose coal lying
011 the floor. COlllp~tentroof immediately overlying the
stooped piliars may not totally smother the crushed snooks

with the result that large void. may be present in the goaf.

Dry and dusty condition. existing at the goat edge in splits
- no stonedust applied to the area along the goaf line. In
many instance. the dust on the roadway floors was measured
at 50 .. thick and contained 82% combustibles (Blobane No.
2). No atteapt was made to .wep tho 9.r... atld load out the

duat. Neitber.a. th. duet .11.y.4 by vat.rinl down which
.. _ • pt-.rftClUiait. to beiDa ,ranted a.aption by the
ta.~tor of Min•• frl.)ll .ton.dou.ting (Rlobane No. ~).o

uatra~ .ad uceertificated per.OD. in the .ection charlina
up shot:ho,1•• .o4 bl.satia&: reao'Via&loaf lin. tillbera by

iIH.aebul" .~icka of up10.ive. with priser. to each timber
.. tllea bla8tinl the tillber BU~port. outz uae of
nou_"xait~ed .splo.tv.. in the above practice.;
QvercharliGs.hothol •••
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Blastir.g goa! lite fenders without the prior te--ting for the
presence of methane.

Allowing diverse breaches of the Mines and Works Regulations
to occur in sections:

i) failure to notify the Inspector of Mines of

reportable accidents.

ii) Failure to report a coal dust expl.osLon to the

Inspec.tor of Minan.

iii) Failu~e \0 appoint a Mine Overseer to assist in
the management;of the mine.

iv} Fallurp. to report breaches of Regulations to the

Inspector of Mines.

Use of contraband (matches) to light cigarettes while
T"ol"king in splits in th~ goa f ..

Faulty and non-flameproof electrical gear installed in the
vicinity of the god.

Duly appointed responsible officials not carrying out their
dutiel. and leaving the examination of the gas-filled goaf to

untrained incompetent persons.

Insufficient attention paid to ventilati~n appliances on the
goaf edae re.ultina in the build-up of denaerous
c:ot.U:eotr.tion8 of .. thane in thll! vicinity of the goe£ edae:
leakina brattic ••: br.ttice. rolled up to allow the ea.y
paa.a,e of mobile '_c:hine,.
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Dangerous qua11.tities of methane on the goaf edge were nor

dealt with in a positive I1IBnner.

Loose coal igniting as 8. result of a methane ignition.

Failure to install bleeder roads and gas dzalnage holes from

surface in pillar extra ':,on sections. In all the Inquiries
examdned which deal with. )me form of secondary mining there

was an absence of methane drainage in the gcaf resultil.lg, in

a build-up of me~hane inside r::u~goaf and at the goaf line -

in many irlC.idences the ventilation appliances in the

sections and in some instances the air quantities delivereu

to the area were inadequate to rem.ove the methane and rende r

it harmless.

Lack of brattice curtains at auxilial:Y fans •

.Blown·-out or overcharged shotholes (see Chap\~er 4).

I.s.ck of adequate fire-fighting e.ppliances in a section -wbere

a fire breaks out (water supply at adequate preasute and

quantity and £ire extinguishers). The fire ...bich developed
'- II

after the e:~plosion at t_J '" ~!,1rbanNavigation Col1iedeG was

quickJ.y doused using lIater and fire extinguishers.

Roadway. which have penetrated gykes are more than likely to

be poorly ventilatea and. paradoxically. to encount~r
o

excessive methane emissions or blow~rs. These two aspects
(/

lead to a dangerous co~ditiou in the form of an explosive
.ethane/air mixture. Furtberaore thie danger i. exacerbated
by poor roof and sidewall conditions.

Methane explosions 8$nd out shock wav•• which blow coal dust

in 1:0.d•• 18 ,,\,d haulage,. into hO.p8. thus increasiug the

danger of co.l dun explosions.
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A coal dust expl<.'sion in a colliery IDCl.Y render 5_t

inoperative for anything from 6 to 20 weeks due to the total

destruction of all ventilation appliances. In acme

instances the colliery could be closed permanentLv (Wankie

Collier.y 1972).
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5 .7 Pl;ECAUTIONS TO BE ADOPTED

The prec~ec.ing aec t Icns have provided details of
dccument.ed and researched incit:ents. Based on these~ the
following conclusions and observations can l.>e 1.iStElrl.

.5.7.1 Bleel3er roads at the furthe,'3t extl'E!lllity of the goaf

In order to prevent the occur renee of !l\ethane!coai. dust

expLosi.cnc on the goa f line and inside the goat two critical

object i.ves should be met , These are:

To adequately ventilate" by coursing. the goaf line 1:)0 as to

remove dangerous methane concent rat Icna ,

To simultaneously ventilate the goaf in such a marm,er that

no dangerous quantities of meth<ll.e accumulate in this

The alternative to these recommen~ations would be to prcctice

piJ.ltu: extraction '\litho'.J.t bleecer roads and th~. (',",au! iI'l:u<iies

lnve.tigah·d have !nd,;ic.1ted that the goa!: l:i..:reatenda to bec~tae 4..(/

use~oir.' fer"t,athane wItich HnaU'iY find. its W'~~to the workipg
, ".I;".

fae.ll.)LThfJ G's remain~g in th, goaf area coull{ a180 leecl t'o th~
• /l ,. j

bUl.ldq·up of an ~x?l()s1Ve ml.JCtur.~~

'Itlerfe aI'''' uV'erd alternativ.. ~.il"bie fori; the bfeeditl~ ot

methane from itl<tividuel panels - t\.tal ~~~r.ction or incom;lete
<·c

e.tJ:6ction. Total ,,~xt;"aJ~<ionof a p~\ducticn panel involv,u the

"aecoed lIIininen of aU 1.'os8ib1..."! pillars in the panel." Air 1!lUl:1t

be ab to floW' '<t:ht'ou~h the goaf that remains aft'~r the

extrn('(lion is compute~i.f; In man~ Cal&e8. after extraction is

~:'>'lIpleted. the roof in the goaf falls tightly. ccapae t e ttself.

or even cements itself tog,.ther. in such • m.nnE\~ that it will (lot

a11o;.· air to .pus over the goof. The practicf! of bLsed Ing
,'requires that a diffe>:ential ai:r pressure be estebl;'shed l:l:at
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will cause air to flow from. the goaf into the bleeder. returns.

The (me aLterna tLve to total panel extraction is incomplete panel

extraction. which is the' prac tLce of systematically leaving a row

of pillars to provide an air passage thzough the panel.

Incomplete panel ex'c rac tLon should not be confused with partial

pillar ext rac t Lon, which is the practice of extracting individual

pillars ir: such a manner that caving of the mal:.. roof is not

achieved.

Figures 15. '\.6. 17, 18 compare the fOU1~ methods of total

extrsl:tion.

The thitd altenlat.:ive consider.s leaving the two, barrier roads and

the brick at.oppdngs intact and return::.ng the bl eede r Vt:ntilation

along these roads to the main return~ This method is only used

when bleeder roads are not availab1.e at the end of the pane I

where pillar extraction commences. The o~e disadvantage of this

.ystem is that roadway(lrush may damage brick stoppings thereby

allowing bleeder ventilation to shott cI.rcuLc and not clear the

fi~af of :II.thane concentrations. This method has the advantage

tt,at if the &oaf 'pack.s tiaht!. and reduces the bleeder r'bad air

quantities. brick Htoppings marked "An for instance can be

reaQ'"ed thus incre.sing air. flow to the loaf.

!,i,lur~ lS abolW8 details of bleeder road ventilation where the

&o~l dO.3 not •pack t iaht' a.nd air pa.ae. ov~r the area for the

duntion <.,f pillar extraction it) tiu! panel.

However. it t. often the ca•• that the

ticbtf and r,~uce~ air flow through
goa£ eventually

the bl •• der roads

'packs
to a

quantity of alir ao.. 40% of the t.rgt~t quantity.

ci tu.t iota OC~lU the m4Pthod .how in rigure i6 :I.e,

the bleeder road to the a4j&Cfmt uXtato.dp.d panel l:f.1

moved to "Jolloy tbt1 stoopi.ng line.

Whel' this

L'! t!(\ wl)~/~eby

" >.cesdully
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Experience in the South Rand coalfield particularly in the area

~here the overlying strata above the seam ccns Ls ts of a competent

sandstone is that,. apart f rom one recorded instance. all goafed

areas eventually 'pack tight' and limit b Leede r rOlld ventilation.

Intake quantities of approximately 40 m3/s,econd should be

available for piUar extract:i.Ol'l.sections of which 45% or some

13 m3/seocnd should be bled over the goaL

Figure 19 shows a typical ventilation ar-rangement for pillar

extral!ti.on.

5.7.2 Methane drainage from tl.e goaf thr(lugh surface

boreholes

Notwithatandins the use of blei~der. roads th~ removal of methane

accumulations il, thp. goaf is not totally guarant eed as is proved

below.

The exp.rien~~ at the Balgr.9Yexpl.osion in 1979 ,,'!hen a 200 mm

'diaraeter: borebole was drillec, from surface to th.'! goaf indicated

that it ~•• not neceBs~ry to use a fan on ~urface to evacuate the

atmospl:~~rein the loaf: tbe &0.1. atmospbere. wben the drill bCll<!

reached the 10~~. blew out of the borehole - against the 1'.ine fan

pre.sur .. - similar to bloW-'outs exp..rienced in gas WftU8.

In addition tl) bleeder r06l.ds15 .. db.etcr boreholes are drilled

fr(.)111 8urfac .. to the aoaf,.at the Durban Navigation .nd Sprinafielc!
\\

collieri.. to drain uceu a.ethane to surface And It is

raco_ended that tbis practi\~e b~ us.d in all •• eondary ll'ininS

methods (including lot!.iwallin,). 'i'bill lIleth,')d i8 ~xt;ensively used

at the Island Creek Coal Companyin ';lest Virginia. U.S.A. where

higb metb..,neemi8oion8 are experbnce\'\ (~ their 100g1ol811panels.

o
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Skow (1964-1979) states that when virtually all the coal is
extracced and the roof allowed to fall. a zone of tight.:.f
compacted rubble (goaf) is created. Air does not flow easily
th'!:'oughthis rubble, and large quantities of methane Dlay flow
into the goat from the fractured strata. above the coalbed. The
Laege volumes of methane that accumulate in the goaf areas
frequently cause severe ventilation problems during mining of
adjacent ar.eas. When the barometer falls. the methane-laden air
in the goaf expands and may enter portions of the mine where a
spar~ source is mOre likely to be found. Even if sealed. goafs
are ','lotcompletely airtight and can leak methane··ladellair into
the active portions of the mine.

'£0 assist the conventional ventilation systems in some gassy
mines. vertical boreholes are drilled from.the surface into tbe

overburden ahead of mining. When the mining face passes the
hole. roof suba idence causes cracks in the overburden. and
methane that r!ormslly ....,::lUld be released into the goaf area flows

to the borehole and is drawn to
3remove as m.uch aF 2800 m./day of

the surface. Such holes can
methane frorea mine and reduce

methane emif"sion underground 'by more than 50';. Bureau.of Mines
tests have shown that _ "short hole". one that .terminates well
above the coal is just as effective as a hole drilled within a
fe" feet of it. i. less expensi;;e to drill. and discharges 8. gas
having a hiahsr .ethan~ content.

Plow rate. fro. goaf ventilation holes tend to drop rapidly. for
"example. froa 20000 m3/de.yto only 2800 .3/day over a period of
one year~ The concentretion of methane al.~ decreases with time.,
fro... much ea 100% to 501 or 1••• within several months.
Despite these f.ct~rs. ,a. drai~ed from 10*f8 can be used as
boiler fuel or for 138 turbine seneration of electricity_ Since
vertical borebole. to loaf 81·.a. are .imple. .ffective and
relatively inexp.n8iv~. they are b&inS widely used in the coal
mining induGt r:y •
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The 200 mmdiameter drill hole at Balgray Colliery (drilled A.fter

the three explosions) was drilled primarily to allow the goa£

atmosphere to be analysed for me.thane and oxygen. The results of

the analysis we:1.'eto be used by management; to decide whether it

would be safe to senel men into the roadways leading Lnt o the

section to replace seals blown out:by the third explosion. What
'Was not realised at the time was that the hole could be used tel

dr,ain methane from the goaf - either by natural ventilation or by

forced exhans t means.

The holes are drilled prior to IT'sximuwoxt rect Icn commencing and

are drilled at interval&: of 30:' 400 metres apart along the

cant re l~'i" of t!1e panel. The dept h of hole depends on caving

character.istics. Wher~ the superincumt~nt strata caves to the
base of a dolerite sill holes should be drilled to a depth of
+ 20 metres below the base of th~ sill. Where the superincumbent
strat~ does not cave more than 3C-40 metres above the extracted
seaJil. h.oles should be drillf\P to an horbon .:!:. 20 metres above the
seam.

Figures 20 and 21 contrast the different drilling depths reqUired
for differing caving heights.

\~

\ (a) ,,;
-I\,~

aesults obt~in.d fr~. recent studies at Springfield
Collie4'1

!'ig'u •• 22 and 23 show rellpectively the stratigraphic column ino {1 "~,'

the B900 area .nd a plan of the sections .here pillar extraction
r)

took place and indicatin& the .ethane drain.se hole. to Burface.

nle hole on surface is covered with a plastic U-tube to allow
methane 0 ••capa to atmosphere throulh the ••~er in the U-tub~.
A plude U-tube 18 u.. d so as to not attral~t lilhtnin, strikes.

S~.Filur. 24.
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Barc..netric pressure is r~corded on a continuou$ basis :ndicating
that a 'high' pressure is experienced during the mOrnings and a.

'low' pressure during the afternoons.

As mentioned. thiz phenomena has a great influence on the
readings obtained. (',as samples. by means of a Mogul gas pump.
were taken Oll a weekly basis and sent for analysis to the Chamber
of Mines. Testing for oxygen. carbon monoxide. methane and
hydrogen was carried out twice daily (mornings and sfterncons).
The results were reco=ded in a book and any trend could be easily
followed. Handheld instruments. 10.;:a11y obtainable. were used
for daily testing.

Results {

Methane gas escaped to surface via the surface bor~~ole prior
,_:/

goafing. This phenomena continued for three days before
to

the
methane gas tapped in the strata above tne c~al saam was cleared.
After this initial period of three days the air in. the hole
became stagnant and the only change of air In01V:':lIIentin the hole
was caused by the influence of the barometric pressure changes~
No furthEr methane readings were obtained from the air emanating
fro. the hole until t~e first goat £ppeared.

For a period of 10 days after the first goaf had holed with the
borehole. air wa. constantly cpeasted through the borehole and
sometimes contained meth"ne gas ~f I.:pto 63.5%. Thereafter the
aix" started to downcast cone inuouIily for a period of 74 days.
After this period of ":4 days the air Again started t·:) downcast on
the low baroaaetric pre.cure period of the day (pill)and upcasting
during the hiah pteuure period of the day (.. ) • Methane sa.

readings of up to 27.8% (28 Nov.aber 1988) were obtain~~.
Table 5.3 &howa the details ¢f the
drainage hole and the'le fiaures are

Figw:-es 25 and 26.

methane recorded in the
gr •.pl:d.cally represented in
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Gas analysis of methane x ........rage borehole No. 1

Section B902 (stooping)

No. Date Methane

1 22.8.88 63.5
2 22.8.88 36.3
3 24.8.88 25.5
4 2.9.88 14.6
5

s
7

8

"9
10

11

12

13
14
15
16

2.12~88
2.12.88
7.12.e8
13.12.88
n.12.S8

4.1.89
9.1.89
11.1.89
16.1.89
26.1.89
2.2.89
10.2.89

24.1
25
27

28,2
27.8.

36.6
36

25.7
35.3
28.3
33.9
36.6

(b) C~nelu.ion

%

CO Oxygen

5 2.8
10.5
15.5

Pressure
Barometric
Pressure

difference of

4

o
o
o
o
o
1

o
o
o
o
o
3

o

15
5~6
5 ..1

4.8
5.6
5.3
3.1
3.3
3,,9

4,2
5.7
1,1

2~a

kPa
gas EX hole

Fa

84.88
1\

60
100
200

70

110

20

300

20

60
80
40

84.88
84.44
84,.79
83,43

83
83.04
83.23
84.4
84.15
84.73

The initial upcasting of 'the air in the borehole before stooping
COll!llencesis caused by thf.1 release of. gas which is trapped in the

overlying strata and contiJined under pres.;;ure. The relE:ase of

the trapped gas c!'eates a lower p.'t:~.sure at the cavity from where

the gas escapes. This in t\llrn allows gas t(, esk~pe from the coal
II

seam via fissures leading ir.\to the exposed area !~nd further into

the bor~hole - Figure 27.
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Eventually the gas pressure in the borehole and the barometric
pressu~e on surface becomes equal and the release of gas ceases.
The influence of the change in barometric t>ressure now causes the
air in the borehole to either upcast or downcast resulting in the
movement of air into or out of the overlying strata and the coal
seam.

When the goaf line reaches the bcrehole. a direct connection
between the mine ventilation net.vork and the borehole is
established. The air im:nediatelyCQIl'.mencesdowncasting. as it is
directly influenced by the negative pressure created by the
surface fans. However. at borehole No.1. at section E90~. ten
daya lapsed befor.e this happened.

I'II

i j
!

After ten days. a constant flow of ail:.' do'llr"tlthe hole
monitot:ed for a period of 74 days. Any make of gas in
vicini/~ of the borehole was removed by the t'i'!1:ura1flow of

if ' ~
in the section and over the goaf through the ble~d~r road.

lotas

the
air

Goafing in the worked out erea continued and the borehole once
more beea.a separated from the ventilation network underground.
Thi.swas noticed when the air in the hol~ again started to UPC6st
during high pressure end downcast during the low barometric
pressure period of the day. A "solid" goaf. which separates the
bot.hole from the influence of upcast fan pressure, is c:re:ated
and gas is relDOVed through the ,(boreholefrom the sealed area at
the back of the goafed area.

It is also calculated that. depending on the percentage of
meth6ne gas emanating from the surroundings. the l1ethane gaf!~·ay.
in fact. overcome the pressure created by the surface fans ~hd
might. in som~ ~ase •• lead to the upe.sting of air during the
original 'dire~t connection' period due to the low specific
gravity of the methane (0.5) and the heat in the ~oafed area.

!.I \ \
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The process is il1ustrateu in Figure 28 which depicts the five
stages of methane drainage in the hole and the upcasting and
downcasting cycles.

5.7.3 Prompt $ealing of fires

The author in dC21ing with fixes underground (an.d spontaneous
combustion heatin.;;:s)has been guided by the paper "Opening an old
fire area at Northfield Colliery" by Wat~on (1964) who .stst~d:

"From all accounts ten persons were gasaed on one occasi.on (in a ./

stooping section) and the following day twelve were again
treated. 'We are told th~ section was double-shifted with a view
to rapid extraction so as to smother and arrest the heati~g.
This had no effect arid the situation beca~e worse. !t was then

decided to seal off ,the section at the first d~ke-outbye at

Pillar 20. Much time we assume was lost. due to the recovery of

Il8teria1 frail the! section and .lso the pr.ep..ration of sealing
sites. " Watson then concl~.~ed thl1t the delay i.n sealing off the

0
affected section finally resulted in the explosion 1f~ich
destroyed one of the seals.

At ()B.a).&rayColliery in 1979 lINch tiae was lost in sealing off the
affected ~re. after the second explosion and at the Glencoe

ColU,t'Y '1iuster in February. 1908 it i. recorded th~t:

"Your Co_issioners are of I)pinion that had the underground
Manager of GlencoE Colliery ca:~.jed out hi. intention - shown by
orderina u'l:erial t o be sent into the mine - and prollptly 't>tdlt

off the fire. further explosion. would have been prevented: and
that be erred in assuming that the fire had be~ extioauished by

the fall lof roof. the conditions point ina to an op'~osite
cone lusion. 11
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Unless the fire can be speedily dealt with by either loading the
coal out of the mine or dousing it with water it should be seal-ed

off ~ith the greatest speed.

The dangerc which arise as a result of underground fires and
spont aneous heatings can be classified as ful1ows:

The toxic effect of fires 011 the mine atmosphere.

'I'he asphyxiating effect of fires on the mine atmosphere.

The danger of methane explosions.

The danget of coal dust explosions.

u
Geneul dangers.

The toxic and asphyxiating effects of mine fires falls outside
this invel;tlgation which itlvestiglition tends to highlight the
explosion$ which have resulted from fires.

An active fire provides the ignition "ource to initiate a methane
Uplo8iolf'and pioneer wo~'\(, by Coward (1929) who researched thE'
£elationsnip ot various m1Xturea of methane. oxygen and nitrogen
led to the ,we 11 known "Co,..ardstriangle" shown in Figure 29.

C~w~rd (lq29) at.ted t~at if the proportion of methane. oxygen
and nit rogen in a mixture o.ft})e84l three gases dre known.
reference to Figure 29 wi.Ll show at once whether the mixture is

exploBiva or not. or whether it can be made explosive by

admixture with air in Buitable prcportions. All that is
neeeuary is to find in which area the point expressing the
c~.po.ition of the )~ixt\:.reli... !'or (!!X •• ple. if .s shown. 'the

mixture contain. 9 percent of methane and no acre than about 1.7
percent 0: oxygen, it will neither explode nor. can it fo~ an

explosive mixture with air. wute'lrer be the propol·tion i1"'..> which
they are mixed. If however. the (.xyg.n content lie& between



I----·~-·
I
I
I
I
I
I

2i
20

17
'1'6
15
,:
1'+

t- '"r , )

W
\..J

c::
tJJ
c,

Z
w
\.::'I
>-
X
0

4
3
2

0
0 , 8 9 10 l' 12 13 14 1S 16 17 ~8 19 20

I'1ETHAHE PER CENT

1

I
I
I

. 'Igure 29

________________~-----J

RELATIONSH!P 8F.T"·!EEN THE QUANTITATIVE
COt'lPQSITION ANO THE EXPtOSiSllITY OF
MIXTUHES Of METHANE OXYGEN AND

NITROGEN f AND ("ARBON o:oxrOEI

COWAPO'S J RIANGlE



482

about 7;7 and 14,4 percent. the mixture. a l.choagh not explosive
itself can be mixed with suitable amounts of a:Lrto form an
explosive mixture. When the oxygen content 1.iesbetweeu about
14.4 and 19.0 percent. the methane remaining at 9 percent. the
mixture per se is explosive.

A generalised form of Coward's (1929) diagram :!s illustrated
overleaf in Figure 30.

In t'igure30» point A represents pure air and line AD mixtur(;Gof
flammable gas with air. Point B represents the lower explosive
limit. and point C the
gas in air. Point

upper explosive limit ox the combustible
N. commonly termed the "nose point".

represents the oxygen and combustihle gas concentrations below
which ~o mixtures are explosive. In constructing this diagram.
point Band C are initially plotted from the Lower Explosive
Limit and Upper Explosive Limit of the mixture.

Line EN is then drawn such. that, if conr Inued, it would pass
through Point A. The composition point. X. for the sample is
then plotted from its oxygen and combustible gas content.

'\1\
Three,regions in the diagram are of interest. If a sample point
1l:,t!sil.nthe araa BeN it is It~xplosive (capable of propagating
£lime after ignition). Samplf!s lying in r~gion DeN! Are not
explosive. but would become so if th~y were diluted ~ith air
(~oteutially explosive) Sample$ lying in the region ABNEO are
n~t expl06ive and ar.enot capable of for-mingexplosive mixtures
with air'dilution.

The diagraa also convey. info~ation on the effect of composition
c,han,e.on explosibility. 1£ a lIl.ixtureis diluted with air. such
a. in the opening of a sealed area. its point on the diagram will
move alena ." straight line towa:r.ipoint A (direction a.
li&ur~ 30). This is eapecially importa~t for samples initially
in a potentially explosive condition. since air dilution means
that they mu~t pass through an explosive state.
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Di:.ution \IO'ithan inert gas will cause a sample point to move
towards the origin. point O. (direction i). Increasing
combustible content of the mixture causes a L iift in direction C.

An impurtant asp~ct oJ this is that increasing combustible
conrent of a mine acmosphe re may result from not only the

Ipresence of increasing vQlumes of combustible gas. but also from
r4'!ducingthe air supply to an area by sealing. Thi.s under ..:,ome

conditions. cou Id take the atmosphe re through an explosive state.

Coward (1929) continued that heated coal p roduce s , by

distillation and by partia].,combustion. methane. hydrogen. carbon
monoxide and other inflammable gases and vapours. To represent
by curve. and tables the explcsive properties of all the various
possible mixtures of. these with air and blackdamp 8S was done for
methace alone would b~ an endless taak.

r:
''.t",_JUniud Stan. Bureall of Min.. (1978) e:a:ploaibility triangle
i. ba.ed on the conversion of methane. hydr?&en and carbon
IlODoxi6. in t~ atmosphere into an ef fe('.t iVG combustible content
and the nitrogen and carbon dioxide into an effective

non-c:cU:I(a.lltib1e (inae t ive) contoiiUlt(see !ilure 31). A value. R.
~,hich repr •• enta the relation betweeA methane and the total
aaoUtlt ot combustible gaaea. ia uaed to calculate the are.cof the
e~~loaibility trian31e. The plotted position of a specified ga.
aixture on the dia,r.1I is calculated •• follon:

III 1\
)j
I'
II

Y = Effective combustible ga.es
c %'''~4 + 1.25 (%M2) + 0.4 (X Co) (3-1)

~ = Effective incombustible , •• ea
c'X !xe ... N2 + 1.S (% Co2) _(3'''2)

Where: __ (3-3)

And
I Normal N2 = (79.04/Z~.93)(I02 ~ s••ple)

= 3.78 (X 02 in sample) (3-4)

R = ~ CH4/ {% CM
4 + % H2 + % CO) (3-5)--"

---.~--.--- .
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The Goward triangle (1929) was in general use as recenr Iy as

1977/78 in coal mInes in South Africa and is still in use on some

mines.

It has however beer: generally superceded by the United States

Bureau of Mines (1978) triangle. The advantageb claimed for the

USBMexplosion triangle is that; it takes into aC,C()Ul1t hydrogen

fJ!ld/or carbcnmonoxd.de which is present in the combustible gases

1n the yeo-ordinate.

Where a heating, glowing or active fire is vlc'qle to nrine staff
(coal. timber f other inflammable material. E,.,.ectric fires) the
seriousness can be guaged and the necessary act Lon taken

immediately especially when the presence or otherwise of methane
gaa can be determined using uethanometers. The primary aim is to
load out or douse the fire and if this fails to seal off the area

with the utmost haste ensuring that the atmosphere contains a
methane/air mixture which is not:explosive.

An example of this situation wafi the £ire which developed in the
bottom s~e.1:Iworkings at Springfield Colliery in 1952. The bord
and pillar workings of the South Rand CollierYe which had ceased
production in 1934 were flooded. These 2.5 metre high wc:r.ki1}gs
were on the floor of the 20 metl:ethick coal e~am. irw'henthe New
Springfield Colliery commenced production in 1950. one of the
objectives was to dewater the old mine workings via the South
Rand vei:tical shafts and drive declines into the dewatered
workings and commence top coal:.i.ngthe old roadways. When the
three declines reached the South Rand workings and these were
ventilated.;'!- visible sp::'i.ltaneouscombustion fiu broke out
within four days. The area was quickly sealed and the fire
doused by pumping water back into the old workings thus
successfully avoiding further problema.

leur ga. ratios are available to the Mining Engineer for use in
detf=t1Iliningwhether or not a fire ia dev3loping in areas which
are not easily acceBsible - for example. the goat .rell.old
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workings or return airways which have recently been rendered
inacceElsible- and to determine ..hat her the fire has reached th~
stage of forming an ignition sourc.e.

These ratios are:

i. Graham's Ratio (1926)

This ratio attewpts to relate the level of carbon monoxide
production to the rate at which oxygen is being absorh~d in the
oxidation process. The oxygen deficiency value used is t:oi:the
"difference betlo,leenthe oxygen concentration :in the sample and the
normal oxygen cont~nt of fresh air (20.95%). In this context. an
oxygen deficient atmosphere is one in which the proportl~~ ~f

oxygen to nitrogen is less than norl!lal(normal being 20.93:79,04

= 0.26:1) and the oxygen deficiency is the oxygen percentage
which would need tv be added to reetore the proportion to normal.

An example C'f the calculation of this ratio follows:

Sample refOult&
CO
°2
HZ
Normal O2
Normal N2

o .OO:Z,~ percent (29 PPIIl)

zo .18 perc.nt
Jf

78.92 percent J;
in fresh air 20.93 per~ent
in fresh air 79.04 percent

0" corresponding to 78w92 percent..
Na = 78,92 x 20~93 = ZO.90 percent

79.04

02 deficiency = 20..90 - 20.18 = Otj'2 percent
CO/02 deficiency = 0,0029 ::100 = (1.4 percent

0072

The author ..de extensive use Qf this ratio when dealing with
fires at Springfield Colliery from 1968 to 1973.
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ii. WillE-tt' s Ratio (1943)

This ratio takes all tbe gases in the sample other than air (th:.e

air-free ana1Y5i&) and expresses the carbon dioxJ.de as a
percentage of these gases.

The formula is:

x tOO
---.~"':'- ,.._

/ I

Excess N2 + Total Combustibles ''f''15,2.

iii. Young'. Ratio

This ratio could be referred to aa the carb':li< dioxide oxygen
defidef!cy ratio and i. given by the forlllUla

x 100

iVa Morril Ratio Mo. 7 (1988)

Thia ratio N2

I'
clearly indicate .• wlutn a firf: iii act ive or pa8f; :.ve. It ia alao

very 8en.itive to a chanae in the .~ate of aase. witbin a se.led
are••

The intention in this section of the conclusion is to indicate
the use of thea. ratios in detectina a fire and establishing
whether or not it is active. Graham'. ratio haa been
succe8afully used to deter»ine thi. trend.
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Graham showed that as the temperature increased, so the rate of
CO produ~ed. to the percentage of oxygen absorbed, also
increased. This is indicated in 'rable 5.lt,.

Table 5.4

TemperatUl:e

Carbon monoxide production
as a percentage of
oxygen absorbed-----------DC Percent

20
30
70

100
120
140

0.7
1,0
2,0
2,.8
5.0
7.0

An. interest ina COiA1Dent was made by Dr. Haldane:

·Por trackina down incipient aoaf fires I believe that Mr.
(,Ct'abu'... thod will be very valuable - if. indeed, in face of

the extraordinary new ~~gulati(m whicb has just been forced on
the coal industry. any Manager will eare to look tor 80af fir~B
till ••oke or flames appear. Mr. Grahaa'. method is probably far
inferior in delicacy to the sense (If Alllell: but, the se'llse of
sllellbecome. very quickly dulled when one is present in an
odoriferous atzo.phere. and may be unreliable ftcm otber causes •
•5. for instance. the adsorption. during pasaage througb finely
(Uvided 'Zeal. of tbe odoriferous substances."

He[l,ce.a8 aaapl.aanalYlilisindicates. an increasing ratio derived

from Grab•• '. formula so the proite.8 towards an active fire
(ignition source) is plotted.

Pigure 32 ehova the result. obtained from a devp.loping
apontaneous combustion fire whicb deaonstrate. tbe need to erect
seals promptly. These results were recorded at Springfi~id
Colliery in 1971.
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r angers do exist that an explosion may occur behind t!le ae aLs

while the work of creating seals is still in prog res s , A

coep rehens Ive ana l.ys Ls of the three main fire ratios (Graham.

Young and Willett) has been rob-de by Morris (1988) and he has

derived a new fire ratio which may be used to determine whether a

fire behand the sea1&\'nas become extinct and furthe-r: when an
explosion behind the seaks is imminent, This ratio is 'H2/CO +

C02 and and i.eat es when the fire ls active 02:' passive.

states that:

Morris

Ii
II
J~ \. h" .. "" " . h h.urtr.ier. t loS ra ..ao 15 very sens i.t ave tQ a c ange in testate

6i thp. gases within a sealed f,ere zone and.imay be used to inform

mine pe raonne l, that en explosion within the fire seals will occur
'I
)1 in time to with4raw workmen from the mine.",j

5.1.4 Sectio~ ventilation appliances
(_<

In studyina th~1 69 methane/coal dust explosions wh~h have

occurred i"~iSouth Africa $ince the turn of the century in alL-lost

£11 cases an overridina feature i. the lack of attention to the

ventilation appliance. in sections. This defici~ncy finally
r .. ults in ina·leqt ..ate ventilatidn delivered to the coal face

thereby allow.;.ua ';'anget{ '\ accwaulations of methane ,~o occur.

Thi inci,lftntJlJdee\lt \lith l41'1'i this cha:>ter highlight:

Section'rattice cloth tied up to allow the easy path of

equipl'Olent. This H!Rults in section ventilation being

short-circuited and thus not reaching the wot'kit,ga1'e8S.
\_')

rans inatalled in pO"ir:ions which alloy recirculation •

Not installing check curt.ina at • ux.tliary fsq.' to prevent
recirculation.

'~

Broken vet,ltilet ion ducting cr;, duc.ting which bss been
',~;J..)

throttled to divert lIlor. air intu another face.
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Supervu:ioll. discipline and proper trait1~.l1g are the three

ingredients neCeSS8!y to ensure adequate ventilation to all
faces.

Since brat t Ice cloth tends to allow .nO'l::(~ Iaakage of air to the

return airway than brick stoppings an- ::he object is to pr-event
air leakage it follows that bri.ck stoppings should be erected as
soon as is practical in a section to replace brattice walls. The
Northfield di.aaster in 1943 reference l.M.N./1943 is a good
example of the result of a failure to erect permanent stoppings
as soon as possible.

All auxiliary fan instal1at~ '2lS. and start up procedures$ should
be documented into a standa r« procedure file wh:i.chshould be used
to train all those concern-ad with theve fans and their operations

(see Chapter 2).

Rolling up brattice curtains to allow the passage of equipment

defeats the objective in erecting it :in the first instance.

When sealing off a panel in which a fil:e is known to be pl:'eser.t.

the two seals in the intake road and teturn airway road
=.

respectively s~uld be aquipped with steel Ioozs , These two

doors should r4main open t.hereby allowing a passage of air

through the sed~iQn until all seals are complete. Both doors

should then be closed f>imultaneously and workmen temoved from the

district.

Roadway. which have developed t/prough dolerite dykes require

close attention to ventilatioll and gas testing - this aspect has

been -iealt l7ith in Chapter 2.

5.7.5 rire.

Non-inflammuble brat t ice only should be permitted undergre nd,

Photograph 1 shows ti:le test carried out on brattice cloth
curre~tly Ln L underground on fiery coal mines. A new
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non-inflanunable bnat t Lce (Frace Nanufacturing Group '161;33) has

now been introduced. Photograph 2 indicates th2 danger of using

pipi.ng underg round which burna, This piping ahoul.d be removed

from t.he !Dine"

Adequate fi:,:;! fighting equipment should be installed :in all

hauLzges and sec t Ions ur de rg round such that in the event of a

fire occurring it may be doused immediately. The only effe;.:dve

method of ensuring thaT. these standards .::.pply is:

to deveLcp standard procedures to prevent and fight fir(~s.

audit or overvie" th~ installations at frequent intervals;

develop mock fir,~ ",ri.l.18 to test th4! effective!',<:.ss of the
V.ystem.. An example of suggested recommendations is set out

beluw.

It is danl.rou. t.o aUUlIln that a fire is out. Mining Engineers

lllhould.uke use' of all thE. fire detection ratios avaibble

tosetber witb .ound exp.ri~nce to scientifically determine its

state.
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5.7.6 Supervision

Mining supervisors thr.oughout their daily work arE!called upon to
perform a multifarious set of duties. It is l10t the author's
intention to attempt e set of guidelines for intensity and
training of supervision since condie ions and methods of working
differ considerably. Rather by etudying the nature of the
various incidents wi11 n1"lP he able ttl form an idea of ...hat degree
of superviaion is requi:::edin a par~:i.~ularset of c.i.";;::~'l't1stances.

/)

It is fact» proved by experience, that Mining Engit1eers. who
absent themselves for lengthy periods from their operations.
cannot and do not provide adequate technical guidance to their
staff - officials are also quick to take advantage of this
failing. as are they when supervision is weak Dnd diluted.

Dec:ision-makin& without technical support such as the theory of
the acting Manager at Riobane (I.M.N. 232/52) that the er.plosion
va~ due to Wato.i.ed gelignite exploaive." cab be countered by
t·eque.t~a .. technical report of a spec:ialilrednature a£ is shown
belo,,:

To the Inspector of Mines. Dundee.

"Your minute No. IKNA 245/52 of the 13tb instant refers.

Fro. your d.scription of the aceidentsa I should ••y that there
e&r. b. no doubt that in both in.tanees they were dne to coal dust
explosion ••

Mr. Nelson'. avbmia ..ions ar.t rather \~8eniou8. but in my (:piniotl
without substance.

Hilh explosive •• which c:ate,c\\l'Y,;"tlclud•• th«l various dynamites.
gelilnite~ and detonatora. ~~ detonation decompose prectic:ally
i~8tantaneously and this ha\~pen. irreapective of whether the

Iiexplosive is confined or i.a o~!: in the open.
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ThE: explosion of these explosives is a phenomena which is
dependent upon the transmission of shock. When. fer instance. a
quantity of 60% ammon gelignite is initiated by means of a

detonator. fire from the safety fuse o't'the fusehead in the case
of el.ect rIc detonators, acting upon the top layer of powder in
the del.onater cause it to undergo a rapid chemical transformation
which produces hot gas. and the transformation is GO rapid that
the advancing front of the mass of hot gas amount::; to a wave of
pressure capable of initiating. by its shock. the explosion for
the next portion of pOwder. This explodes to furnish additional
shqck which expl~~es the next adjacent portion of powder and so
on. the explosion advancing through the mass with incredible
quickness. the velocity of the shock inc~easing until the maximum
velocity for the particular detonator is reached~ which for a
~tandard No. 6 detonator, i. of the order of 12 000 feet per
second (4176 metres per second). The shock wave from the
det\;!'lator then paBses into the ammon '~li&nite which it induces
to explode i~ the same way.

On occasious an explosive uy becolDf!so inli:lensitive.for instance
through absccption of excessl.v,,: lIlOisture. etc" that it either
doe. not detonat;fJ at all or detot1~teB incompletely and only

partway into its ~s •• leaving the r~.t lar~ely intact.

Mr. Nelson's th~ory would seem to be that the ~trst charges
detot..ate.d. only partially and. in the process. pulve ..ised the
unexp10d.d portions to such 3D extent that they formed a cloud
which was ignited by the f lame from e subsequent charg-a. Tnis is
inc:c.nceivab1.• An a:plosive dO(!8 not require oxygen from the air
for combustion and if the explosion wave in a charge was so
powerful a. to pulveriae the b.c~k. cartridges. tht! gases

accompanyin, the wave would have been still at such a heat that
the pulverised material could Dot have failed to explode there
and then or. at the very least. have caught fire immediately and
burned out long before reaching the bend around which the boys
.heltered.
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It has been confirmed in practice that when a mass of
detonates incompletely the explosion wave start!>

explosive
at a low

strength, increases up to a maximum and then decr.eases until it
dies out, leaving the undetonated portion more or less intact.

Signed - Chief Inspector of Explosives.

5.1.7 Spontaneous combustion in the goaf

Spont~neous combustion in the goai presents an ever present
danger.

ItL pillar extraction using cyclic mining mschitLel:yand the
closed lift method fenders and snooks which cannot be

entirely removed should be destrvyed by blasting thereby
preventing goat hang-ups and subsequent crushing of snooks
in the goa f ,

Pillar extraction should
into burnt coal zones

sufficiently wide barrier

net be practiced adja..::entto and
which flank dolerite dykes. A
pillar should be left on either

side of the disturbance so as to prevent crush on the bu~t
coal zone &nd subsequent heatings occurring_

All goaf bl.e(~er roads sh('luldbe monitored on a .frequent

basis for carbon monoxide build up.

Stonedust should be blown into the goaf through the check.
curtains at the goaf lin. by mechanical means. Thi~ will
render any coal dust in the noaJE incombustible.

5.7.8 SY8teu.tic Rehabilitation of Airways

With the passage of tUlleintake and return airways deteriorate
(especially in thick (;(181 seams). Roof falls. floor heave and
pillars ide 6c6ling resuJ.t in the:
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lowering of the safety factor below the planned safety
factor levels.

increase in the mine resistance leading to lower ventilation
qv.antities circulating throughout the mine.

possibility of spontaneous .:ombustioll occurring in main
haulages and returns.

'i.sleet of the unel.tory examination of return airways sit.ce
the •• eventually beeome impassable. due to accumulations of
brclten coal.

A8 a result of the••
C_u.atiOD &ad thea

real 4aD.,_r.

cirCUlll8tane.a the danger. of .pontaneous
min. fires Ie.dina to explosions become a

II

o
I -,

1\
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5.8 CONCLUSION

This chapter has been devoted to metha.ne and coal dust explosions

which have their o'rLgi.ns in and a t the ~dg!'?of the goaf in pillar

ext net ion sect ions. and also in bord and pillar sections where

fires have resulted in an ignition source.

Spontaneous combusti\:;u in the goaf and fires cn the goaf bdge as

a re~urt of blesting operations. faulty el~ctr:ical equipment and

c.ontraband coupled with poor supervi:don. inadequate ventilation

and the circumventing of standard procedures and the Mines and

WorksRelul«tions have been analysed. ~ires in development

sections have led eventually 'Comajor coal dust explosions which

ha·.,eravished the whole mine and partially destroyed tne shaft

.ysteu. In other instances. the prompt and efUlcient attention

ee f:i.res has resulted i.n the minimumdisruption to operations and

tru. reatora!'ion of the etlvirooDlent to a safe condition.

Methods to be adopted to prevent in the first instance and
.eco~dly deal with the.. incidents when they occur are discussed

with particular reference to the draining of methane from th~

loaf cavity, and preventint recircul.tion of the ventilatiun at

auxiliary fane and adopting training and operational procedures

to improve the safety of mines. It i. incumbent on Mining

Engineers to increase .upervision when ".,ajor work is llecessary to

load out coal frOll old workin,8 (fa..ll..., (',f roof and I~palling of

ribBid".) and repair the roof and pillara. Operatl,onal staff

tend to isncra this work in {avon;: of production. Coal dust
which has lathered in roadways throulhout the .in. dee to one

cause or another .hould be sy.teutic~lly swept up _!lidsent out

of the mine. ;:\

II
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6.1 INTRODUCTION

The Hloballe Collier.y explosion on 12th September lS83. which was
initiated by an electric spark in a silicon controlled rectifier

panel of a battery operated scooptram. highlighted the danger
which exists in the use of electricity underground , The trend in

coal mining. particularly over the last 4 or 5 decades. has seen

the replacem.ent. on all incrE!as:ing scale. of compressed air and
steam as a motive power by the alm.ost exclusive use of
electricity. Supply vo Ltages used have also increased from 500
volts to 6.6 kV.

The f11xibility provided by the use of electricity has led to the

(;."ntin~\ed increase in both physical size and power of coal
"\

winning equipment. together with the introduction of po~table

auxiliary vlantilation fans of 37 kV each. Larger substations and

distribution equipment of greater capacity have been a logical

step ir. the inc:t'eased usage of electr.icity underground.

An examination of th~ causes of explosion!] initiated b!' lin

electriii.!al source reveals the use of unapp.coved (known to be

unsafe) apparatus. poorly installed equipment. in some instances

mechanically dauged equipment (falls of roof) and gE-nerally

poorly maintained equipment especially the mobile flameproof

.quip~ent. In one instance. the author is awar&of an explosio~

resulting in a multiple fatality as a xesult of the use of

"ho~;i&.. de" fJ.aal!Pfoof (:ontrol boxea on mobile secticn equipment.
if

~ti'hercurrents through (.'.onductora and connections which result

£n overloading. short circuits and earth faults cause ove=heating

which results in insulation failures and failures in connections.

Overheating can alsl) occur due to inadequate ventilation and dirt
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any joint. varies acc.ording to the volume of the empty casing and
the nature of the apparatus but is usually 25 mm. However,
widths of 1B mIn and even 12 mm are sufficient fer certain small
.enclosures such as bells, telephones and lighting fittings.

The methane explosion whier. occurred in Section 16 at Springfield
Colliery in May 1957 ::lndwhich resulted in 8 fatalities and 11
injuries was causE'd by

fabricated in the mine
the use of a coalcutter control panel
workshops which did not conform to

flameproof standards. The swi.tch was t.urned off while the

Ioperator reorganised his cables. 'l'hecontrol box cooled down and
methane was drawn into the controller through the gap in the
flameproof faces. While starting t.I.p tn~ coa Icut t er a flash or

arc occurred in the controller igni::ing .::h~ meth:,l~emature. The
faulty flameproof design allowed the flame to pass through the
jQint faces and diametrical clearances. thereby igniting methane
in the t:' sing heading.

The most likely causes for incendive sparking fro~ the various
type of equipment are li.ted below:

'I
I'

i)

a. Svitchaear and Control Gear

Thi~ Iilwit,j:hgearis uaed to isolate various circuits on the
I,

undoraround circuit and is non-flameproof. Initially air-break
switches which permi.tted long and pt.!uistent arcs were tolerated.
but when it vas e.tabli~hed that oil immersion of the breaking
contacts reduced the arc oil circuit breakers became no~al
prartice for a number of years. Oil is a potential fire hazard
and current pract ice is to us. oil-free .witchg.i'~:

Physical d._ge to this type of equipment could cause, a possible
short ci1.'C:uitacro.. the live conductors. With the uniU only
being semi-dust proof there is a possihility of coal dust
eateriDe the arc suppr.ssion unit again causing excessive
sparking. possibly an ignition.
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on electrical equipment preventing adequate heat dissipation from
electrical equipment. This leads to insulation failure.

High surface temperatures on motors and transfor.mers due to
overloade and faults and on light fittings due to excessively
large globes can ignite methane and lead to methane eXI'losions.

Flashes and sparks occur ""henCOhl,.l.ictors mechanically fail while
they are carrying current and when insulation failure results in
short circuits between live conductors and between live
conductors and earth.

Electrostatic discharges are not produced by faulty electrical
equipment and so they have beeen grouped with lightning. stray
currents, light alloys and friction sparks.

'lhe teq~irt!m.ents for the prevention of methal:le and coal dust
explosions as ,:I, result of electric: spark:i..IIgfrom faulty

electric.al equipQ~entis discuued in this Chaptet".
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6.2/ STATISTICS

An analysis of the sources which contributed to explosions
betweet1 1970 and 1986 is given in Chapter 2 (Table 2.5).

Electrical faults caused 9% of the exp Los i.ons and resulted in 58
fatalities and 16 persons ~Djured.

Of the 123 explosioDs which have been recorded in the Natal
Coalfields between 1891 and 1984. 8 have been as a result of
electrical sparks from faulty electrical equipment. The first
record*d incident o! this n&ture was at Utrecht Colliery in 1941.
In the Transvsal and Or.angeFree State. 'I elec'C':ically related

explosions hav~ been x'.corded up to 1988.

Fieur. 1 sho". tbe inct'Qase ill kW of electric UIOtors installed at

British Coal Min9s from 1912 to 1954. By 1958 the installed
power had rieen ,to nearly 3Soo M'W.

o

"

"
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6.3 THE CAUSES OF ELECTRIC FAULTS LEADING TO OVERHEATING.
FLASHES AND INCE..'l,jDlVESPARKS

6.3.1 Outside Hazardous Areas

A hazardous area is defined as an area whel-e there may be risk of
dust or other eT.plosive material. It includes

any area with,., 180 metres of a working face. any return airway
or any other area declared hazardou~ by the Manager. Only
fla~eproof equipment is used in these areas.

The electric.:1 equip..nt used in non-hazardous ateal; is gen.erally
£1 __ - f' 1 l' . d '1 . ifnon- ...._.proa 1.e. norma qua l.ty 1.nustl;.ta equ1pment.1.\ A

flameproof enclosure is defined as cne that will withstand.
without injury. any exploBion of the prescribed infl~ble gas
that may occur. within it under practical cortditl0ns of operation
within the rating of the ~pp.~atua (and recosnised overloads. if
any. a.sociat~d therewith), and will prevent the transmis6ion of
fla.e such as will ignite tha prescribed inflammable gastI which
may be present in the surrounding atmosphere.

The Regulations (1956) stllte! "in any part of a mir.e b-.low ground
in which inflalllJllablegas. although not 110r.a11y prelSlent. is
likely to occur in a quant::.tysufficient to indicate daf.ger, nc
electrical apparatus shall he used if there is in the not'lla!

working thereof a risk of incendive sparking therefrom."

('i'laaeproof apparatu.\~is categorised into Groups. Group 1. in th~
United Kingddm. which includes equipment for coal .ines where
Regulation 22 (1) applies the gaps bctveen joint surfaces and
diametrical clearance. for operating rods and spindles are
restricted to a Ja&xi..mu.of 0,15 JUl. The minimum breadth of all
joints. and the length of the flueproof ~ath through or across
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b. Transformers

Usually these are oil filled and if any fault develops within.
this could ignite the oil under the co rrec t conditions.
connections which could be caused due to vibration

Loose
would

ove;!:heat. If tap changing facilities were operated whilst the
transformer was on loe.C:z.his would cause a rc i.ng, /(AtCi:t.1g in oil

creates hyd.rog~·"and acetylene - both of wi, .~.are more exp LosLve
than n:ethane.

c. MotOTS

Badly lubricated bearings would cau~e heating and if left
undetected could lead to the 'rot(lrcoming ~.nto ccct ac t with th'Z'

stator and the stator windings. ceusing a short circuit and hence
o

sparking. Phyr.:ical ds.mage to the connection box could lead to a
.hort circu1t across the terminals.

d.
G

\\
The us. o!.unprotected lamp. would result at 80ae time in a globe

bein& broken and expo.ing ~ive eou\lections. If a metallic object
tlutn ea... into contact with these th...result 'fuld be sparkina.

A fall of roof onto the 8upplf1cabl •• woulc(~>\ing a whole length
"",,_, ,_)

of liahtft doVft with the same effect.

e.
(1

Where traction batteries are used with open term?,nals any

set.liic object coming into cantliet with a positive and negative
terminal would cause a spark. Great care lDuat also be taken in
cbargins stations to protect ~he charging cliibl.. from physical

dause.

f. Sign.ilia, Wire.

()..Where any signalling W1res at_ u••d that are not supplied from an
intrinsic.lly •• fe soutte. Clven th~u,h • low voltase 8upply lI1ay
b. to uoe. the chancea of inceudive 8park. are highly probable.
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g. Control Cables

the most likely occurrence in this case wo~lc be from physical
damage. Outside the hazardous area. these would nOl:'mal1y be

col1e("tively sczeened cables and the chance of a short ci.rcu+t
would hfc' hir:h.

h. Lighting Cables

As with cor.tr.olcables. the most likely occur.rence in this case
would be from physical dame.g~. Outside the hazardous area. these
'Wouldnorm&lly be collectively screened cabl<=sand the chance of
a short circuit would be high.

i. Power Cables

As i:lbov(..but with the added problem tbat overl('1sdingis always .a

prubIem, 'Whenoverloading occurs any turminati.on which has not
been done corr.ectly is a very high stJ,'esspoint and will overheat
!l1')d: possibly but" .;'Iff.

Instnumentation and Intrinsically Safe Equipment

When referring to instrumentation. the most likely place to have
a problem would be on a current or voltage transformer. When t~e
secondary side of a current transformer beco.es opec circuit this
causes it to burn out and therefore high temperatures are
p".se;~t.•

The ~ftrtific..t:i.onof inttinsic;allyufe _pparatu£ means that
whilst maintain$d in its original condition. this equipment
ee-~,ldnot be ahle to cause an ignition. Th~ only problem is
that the components rendfrringthe equipment itlt"7insically s.de

! \,!

are ::lot easily tested or seen. '/and hi,lure of thea. components
d6e8,J~ot (!8UIU! Il8nymal'function of the equip_nt. tharefore there

" i

is alWays a slight pOlISibilityof an ignition due to co~~onent
failuu.
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enc Losure Ls not required. The decision as to whether a
particular device is intrinsically safe rests mainly on practical
tests which are described below, but research has been undertaker.
to' try rc discover what c.<lrl3cteristics of a spark determine

whf:!ther or not it will Lgni.t gas.

The definition of Intrinsic Sa ': ty and a description of t he
relevant test ar.egiven in B.S. 1 9 (8) and in the M:... istry of

Power l',est Lrg JI;~morandUl!lNo. 10 The tests make use of
various form, of "Breakflash Apparatus" it' which a switch can bi;>
mechanically operated to give repeated and conr rolfed opening and

cLosang, the contacts of the switcb b4{.,ngenclosed in a chamber
fill.ed with the 1Il0st easily ignitabll .1 mixture. Many forms of

breakflaah apparat4s have been devised. but they all have these
basic features.

If any part of the equipment under test is liable to produce e

SP&rk. either ig the course of itlil normal. operation 01'." in the

event of any kind of fault or Ii". dent. then temporary

0 connections .rtl lIIade frOIDthe pou.t' the equipment where a

spark aisht appear to the contacts of the break£lash apparatus.
Thi. arnnleaent silJlulatt. the c::orttHtion in ~~ich ,the equiplIlent

I J

milht, produce IIp.lit. i:1 an explosive atmosphere and allows an
a••• t1't!lI1entto be made of the marlin of safety as.inat ignition.

SIillltedevices wbich are not normally intrinsi.::ally safe can be

lII&d~&0 by the additiou of an electrical "safety device". A

co..o~ procedure is to add one or more metal rectifiers at
appropri.,te points in the circuit. The use of such recti£i~rs in
suitable c-.... can oft'In" make an. otherwis. dangerous device

intIi.naicall". safe by providing a ufe .ii.char.ge path for energy.
especially en.~&y stored in inductance. which would otherwise bp.

di.si~.ted in 8'0 arc or .apnk.. SOllle circ::uits~sing tunsistou

also lend theN."; \leI to thi. type of safety at'rGngement.

Another common safety

short-circuited windin1
devic~ is 1:\ copper sleeve ot: a

'",",,:; in addition to the nor meL
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winding of an inductive devLce and oas the effect of reducing the

rate at which stored energy ir·:dissipated. It is essential that

safety devices should be effective and should remain effective
during the life of the equipment. and the normal procedu re for

intrinsic safety certification appraisal LncLudes an examination

to ensure that the sarety devices. in common with $11 other parts
of the appa raeus , are soundly constructed and properly fitted.
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6.5 INCIDENTS AND PHENOMENON

As fa.ras can be detern-,inf."d. the following 13 incidents represent
iii complete list of methane ignitions in South African coal mines

'il/hieh were caused by sparking of el~ctrica.l apparatus:

Utrecht Colliery. 1941. Ignition of methax),e due to a
damaged 500 volt section power cable on the haulage system.
15 killed.

..,_ .

h. Cambrian Colliery. 1948. A coalcutter severed the trailing
cable while flitting out of a sta:i.l. Nil iPjuries.

1949. A <o.lcatler
Nil injuries. ,\

Utrecht Colliery. damaged the cable of\~-

an electr~I"-\cirl.ll •
./ -('/~\

d. Cambrian CClliery. 1956. Firedamp was ignited short 1y
after a booster fan wa9 switched on in a stooping section.
2 killed.

e. Schoonge&icbt Colliery. 1956. Methane ignition caused by
,faulty electric avxil~ary fan. 8 killed.

f. Spdngfidd Collie,ry, May 1957. An electric spark in a
non-flameproof coalcutter control panel:: ignited lltll!thane

causing an explosion. 8 killed. 11 injur~d.

i;. Springfield Colliery. 1962. A faulty booster far. in a

section caused a methane explosion. 1 killed.

b. Indumeni Colliery. 1967. The .. in fan had been stopped for
rapair. over the greater part of a ve..kend and firedamp
accumulated in the workings .s a result. The electrical
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the cover he restored power and menipulated the switch which

ignited the firedamp_ The Electrician and his two Black
helpers wet'e killed. Coal dust did not contribute to the

exp Los Lon, 3 killed.

k , Newcastle-·Platberg Colliery. 1979. Scooptram cable pulled

out. 1 injury.

1. t!lobaneNo. 1 Colliery. 1hh September 1983. A methane and

coal. dust explosion was initiatf.:)d by a non-flameproof
Bcooptram. 0~ killed.

111. Ermelo Mines Services (Pty) Lituited. 25th February 1984. A

6.6 Kv cable exploded and ignited !llfltharte which resulted in

a methane ex.plosion. Nil injuries.
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U) Mobile Equiplilent

To generalise. it should be stated that all the possibilities for
the ex i.s t enc e of all ignition s ou rce ment Loned for rixed apparatus

apply to mobile equipm~nt how€:vet". due to the mobile nature of
thf'c equipment, thE! vibration inherent in the machines and the

dange r posed by ro t ar ing parts. the abovement ioned dangers become
more prev~)lenr.

iii) Portabl~ EGul.pllent
i'l

a. HandToola

MoBt band tools such as drilb are n9t fl_eproof Iln~ the danger.
a. with all portable eqll~puDt. i. that the tools are easily

tai".en into a section where Il~th.an. i. 110 lit likely to t-e

encountered.' The meth.n. explosion in the incline shaft at the
Coalbrook Co::l:eries in 1961 (lee Chapur 7) which killed 1 men
was Ihe 'C'e.ult of the u.e of portable equipunt in an explosive

.tmo.ph.t~.A~nl may result du* t9 dirty bru.l~ear or f.clty
"contacts.

h. ~ •• raa. and Inat:u.ent.
o

'rhe greatest danl\er thea'!: nor flameproof

.,,!tct.~.aris inad"ertently

fan, h.,. b••n the cause of
u.ed a n hazardous'ire.so

motl)t"a and.,
Co '

'trt8bl~
/ ,1

many exp,lolliona: iLtalMproof
?

fat'!.

lIlotGTi>. ha'1e been rep.had or. surface t;nd returne~~\1nde=aroup,dand
declared flu.proof when in fact th.y are not fl".eproof (see

('a_dan ~olHery explooictl,in 1956 - Chapt6t Sl.
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6.4 THE NATURE OF ELECTRIC SPARKS

6.4.1 Intensity

Intensity is d&fined as a quaHty or amount of some quality such

as force. brightness or magnetic field.

There Clre two main w"Y~ in wh,ich electrical e-nergy can be

rele5aed in such '. manner. that it might ignite inflammable gas.

A wire or other conduct cr carrying an electri.'~ current may become

heQted: and if the current is strong enough the wire lIlay becO!Jle
"

80 hot tbat it can igtifte ,... dir'iK'tly. Secor.d.ly. an

spark. capabl.. of. ig~~ina gall tiy pass between the

conciuctgrs which 8r, <:1':18. tCle,9ther but not actually

electric

ends of
touching:

for ex•• pl., i.f a wire carrying a current is broken. then

i.ltud"iate1y affer !Ith. b':-4ullt occurs the br.oker.ends are close
1/

~O&.th~rand a spark. •• y pAU
?1l.ncend1.vctspark. can l)-. c&used

I
ii' I: c.

'I( ...-;:;/,;0

A h~Aia conductor; is used as the filament of the electric cap

lamp bulb. and Iparks a,t'e produced during the ,normal working of

many Idtl,ds of electrical equip:oent. includi.ng electric beLl.s,

addition.In

by el~ctroEtatic discharges.

(,relay,.. tel.phon~ generators. elect ric: motors Ibnd switches which

vary frOlL'a ,"uple pt\sh l)t.<tt,::mto a lIlain circuit breaker.

SPIlr.~S can a180 be produced as a
, )

re.ult cf accidental short

circuit, or open c rcuit Bnd electrical faults can cause

l~I>v~rheating. It lIlight therefore be thought that t~.,re is
\\ .. ,

cons~d.r.~fe risk in ~.ing any of these devicQ8 in partD of a

cos) . IIin. where the presei~se of WlalllMbl. gu is a r~88ibility.

but fortunately. method .. h6-.e been develClp.d. by which eq.uipme!lt:

.\
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of these types can be designed. manufactured and used so thet the

risk of ignition is infinitesimal.

The minimumquantity of electricity which can cause an igr.itiol:l

is. by the standards (Jf the power Engineer. vety small.; it is in

fact less than 0.5 millijotile (1 joule = 1 watt-second). This
means. in principle at least. that a comparatively slight fault
iu electrical equipment could lead to the release of energy in
sufficient quantity to ignite methane. The continued Browth in

the azeount of .electrical equipment and in the size of individual

units means that: there is CI. tendency for the possibility of

ignition of gas to increase and the growing complexity of many

electrical installations means tbat2 in addition, there are more
a~d mor~ ways in which a fault could occur.

Kitlgborn and Evans (1989) state that "very .10\1 energy sparks are

capable of :ignititlg methane. Except for sparks from low energy

intrinsically safe cLrcuLts el~ctric.al sparks are incendive".

'l'hi;! intenHty of electric sparks which do not ignite inflammable

mixtures of methane and air are dealt with in paragraph 6.4.4
(intdnfl:icdly safe equipment).

6.4.2 Duration

A spark is not, by any means a s~ple pheno~enon: it may be any
One of three quite distinct kinds of e1ectrical discharge. or it

"maycomprise tombinations of two or all three of thest) kinds of

3i8cbara... It oCOINIIOfi form of discharge is the electric arc.

vl.ic:h is chal':ac tedsed by a feirly I..'teady flow of eur rent ,

perl,ap. a rey ampere,. in the calle.;;-f I!!inin, equiplIIenl:,; with &

voltal:e drop of perlulpj :!Oor 25 volts between the ends of the

w11'08 f\'I1:'lIi\l1 the electrodes betwee'l which the arc: aprean.

Another ldnd of discharge 18 the flow diac:harge in whi\:). the

vultage b.t~en :the electrodes ic often in the relion af 300 or

400 ·"O.4U anC~)the third kind of dischaX'ge is the oscillatory

di8('harge i.n,/,'~hich the discharge is 'repeatedly ut,lbl~'fJhed and
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extinguished. All three types of discharge are capable of

igniting gas. We have records of sparks which. although they
each 'sted for only on~ ten thousandth part of a second.
exhibited all three kinds of discharge and changed char ac t ez four

or five times during this perIcd,

It is not yet known precisely what charae t eri.st Ics of <.1 spark

determine whether or not l.t will ignite methane/air mixtures. It

is known that ignition is very unlik.ely if the eLect rtieaL energy

dissipated in the discharge is less than a third of a mi1Hjoule.
for example. less tha.na third of sn ampere at twenty volts for a
twenty-thoussndth part of a second. It is also known that ill

some circuits a discharge which dissipates considerably greater

energy than this ttlay be quite safe. On the ba~is of our present

knowledge* it is possible to examine th~ circuit di~gram of a
piece of electrical equiplDent and oft .., to bp. able to mak.e a
forecast of the character Qf the sparks which might occur. for

e¥ampl~. when switch contacts open or close.

possible to estimate whether the~e sparku wi1.l be
£n some cases it is

\\

c epab Le of

alligniting gas. but this cannot be, done with
of equipment which is

conHdence in

forcases pieceana every received

examinatioro by the :rec(:l~~sedtesting authority is therefore
subjected to practical te~f'~,

Kinghorn and Evans (1989) further state. as 8. general rule. that
caDle faults are cleared qUick~y and th~ £1... retardan, sheaths

e~~u....e that burning sheaths extinguish the moment the fault u

cleared. A caule for concern it, short circui.ts in long cabLea

with h'U,ll conductors in low fau1\: level.syste... Under these

circuaatanc.R ehort circuit curreht~ are of the saa. order of

ugnitude a. full load currents and L1hort circuits uy not be

cleared by the prott!cti.on. A au.td.ned ~'hort circuit will cause

the cable to burn for aB long a. the ahort cit"cuit i!! all(Jwed to

continue.
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6.4.3 Temperature

Ramsey and Hartwell (1965) in dealing with the temperature at

which various mixtures of metha.ne/air igtdte and the lag of

ignition. state that the temperatures of an electric arc can be
(I •

2.500 C or h::.gher.

Various pecpl~ have attempted to find the minimum temperature at

which '~er.hane may be ig{lit~d. This temperature varies

considerably with the conditions in which the determination if;

made. but igl.lition at hot surfaces can be fairly readily obtained

at as low as 600°C to 700°C and ignition by adiabatic cOlnpression

lIlay take place Ilt comp::essions producing tell1peratures no bIgbe r

than 450oC. Howevar. when 8 methane/air mi~ture is to be ignited
,.

by .1 hot surface fr..ely tlxpos4P-d to convection ventiJ.ation. the
minimum ir;.nition temperature ill; in excus of 1 OOOoC. Figure 2

8ho,,~I\some o:ypical results.
'))

From the abov. we may conclude that in order to ignite
methane/air mixtures within th~ inflam!l\8ble ranges (5.3% - 14.8%•met han ..) t_mperature8. fi:~m hot ~urfaces such as copper. 8S low

oas 1050 Car .. nece •• ar.y.

IDtriDaiu,tly Safe Equipaent

Almoet any piece of. .~le'=trieal equipment is 4ble to pzcduce

It'sI'd,.•• either in the C()UUP. of normal oJi'erat;:~onor in abnormal

conditione re..ulting froll a fault. misuse or ~alll~ge. The dar-ge:;,:

that ..uch a spark might ignite inflammable gu can be removed i'\¥

placiug the f!:j.uipllent in flameproof .nclo.urea. 1:'l'..~t the". are

heavy, bulky "nd expensive and it "Il1u1dbe very inconvenient to

~ro'lide a fluep'l:'(lcf box for every electrical; davi.eo on ~ modern

face. It has been found, however. that the 3park$ produ~ed by
'.:0118lIull devices au incapable of igniting gas. and this has

~ed t(l the establishment of a e18.8 of electrical equipment which

baa the property of ~intrin.ic .af~ty" fOT whi~h a flameproof
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power ~ables serving that part of the mine had not been
isolated. It would appear that either when the p,:)werwas
switched on whellthe fan repairs had been completed. or as
the result of a lightning flash during a severe thunderstorm
that took place while the fan repairs were in progress. open
spark ing occurred in the gas filled area. There was no one
in the workings at the time and there were no c'lsualties.
Three sections were extensive.i.:? damaged. Local coking of
dust suggested that coal dust contribated to the explosion
to some extent but the mine was well stonedusted and this
undoubtedly limited flame propagation. Nil injuries.

i. Indumeni Colliery. 1967. ~he explosion occurred in the
breakaway workings off the bottom of a newly sunk circular
shaft some 210 metres deep. The workings were force
ventilated by two fans on the surface supplying air" through
ventilation ducting. One of the fans was stopped for
repairs. Shortly after it had baen restarted Ii violent
explosion o('cur::-edwhich toppled the headgear. T!l.eelectric
cable supplyirg power to switchgear at the shaft bottom had
not been isolated. It would appear that either a "plug" Qf
f:i.redalUpthat had built up during the fan stoppage was moved
when th~ fan was restarted and encountered an open spark or
an alectrostatic spark of sufficient intensity to ignite the
gas was generat.::dby the :Clapping of • plastic. tube
extens;.on, to the ventilation ductIng, There was no one in

"the workings anfit~ere were no casual~,ies. It is unlikely
\\

that coal dust played any part. Nil injuries.

j. IndUllleniColliery. 1967. An electric pump was pOSitioned
in a main intake airway just outbye of a dip created in
negotiating a fault which was giving off water and methane.
The switch at the pump broke down and put th~ pump out of
commission. The water rose in the dip and sealed off the
flow of yentilating air over the pump gear. Firedamp
accumulated. An Electriciwl removed the cover of the
flameproof switch and.repaired the switch. Before replacing
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6.6 DETAILSOF INCIDENTS

In orde r to il.lustrai:e the t8Se with which electrical sparking

can lead to an expl.os Ion , thrl.:!e>ps.t,ticular incidents will be

reviewed in detail~

6.6.1 i.rmelo Mines Rerv~~es (Pty) L~ited

Details of the Occurrence , I,

is a particul\\t"l.y
. \~

expl(J&,l.on~ 1\
, il..

I, I

This mine. situate~ in the Ermelo distriC't.

gassy pit~ as is shown in the evidence of this

, :'i~\"" . .{

Methane explosions occurred in two s~ctions s'imtiluneouslY when

the cUt'rent wa.' switched on from approxiJDately 2 km away and a

6.6 kV juint box blew up'.

Nobody waD killed or injured by the explosion while damage to
equip~~ent va. minimal.

, ' '~

v 1\
'II,

Circuutacc.. l.adin, to the Explosion

Refer Figure 3 and 4. \,\

The main surfacE' far1 had been s~rj:,tched

nours for repair ••
off for &pp~oximately

Ji

One h~ur after the f:~n had been switched on agai1;l. the

electricity sup~ly at the distribution substation was switched on

near the shaft: " Due to a defect in the switchgear in the

intermediate substation. the current flowed througb to the

section. Eu route a (6.6 kV joint box exploded and ignited a

tongu' of methane which resulted in the explosiona.
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Inspection In L~co

The in loco inspection was carried out withip flours of the
eXF,,·I)$'jon.

Walls. cross-overs and other minor structures ....ere damaged in two

separat e areas , viz. Section 10 and the right hand side of

5(.<tion :3. while the conveyor belt wa}~thrown off the structure

in and opposite Section 10.

~~plosions occurred.

This indicated that two separate

The joint box is indicated on Figura 3 and -4 and comprised two
"halves, c.nebeir..ga "Proof" and the oth~r s "B ICC" type. The

":8 ! C c," section exploded. Tbis joint box was sit.uated against

the roof on the fredb air side of a brick stopping. The stopping
had openinaa of approl!:_mately 2 em between it and the roo"f.

1.11 the electrical unit. in the .ections were inspe('tedby the

In.pectQr of Machinery and. except for a mi••ing bolt on one of
the .buttlecar •• they were all found in a flameproof condition.
There were no indications that the explosion resulted fro. tbe
non-flameproof conditioo of tbe shuttlecar. During the
.ubsequent teata deacribad belov~ no aaa wa. found at any of the

electrical switchboard.. transfon1era and oil circuit breuers

near the "ections.

During a te.t carried out subsequently. t.he.ain fan waR switch~d
off for 3 hours and testa for ga. were carried out. The res~lts
are ind~cated on Fiaure 5. Considerable .ethane build-up. were
encountered in Section 10' and the rilht hand side of Section .3 in
spite of the fact that there va8 atill 7 alIa air flowing through
theRe ~'ection••

The f.n vas then switched OD again and witbin one hour these
acc~lation8 were dispersed and the hiah.st concentratio~ of
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methane obser.ved was 1,9%.

Tests conducted at the
the restarting of the
2.8% on the retur.n air

original site of the join.tbox prior
ran. yielded a mathane concent raei.on

side of the stopping and although

to
of

the
Gtopping had been sealed since the explosion. a concentration of
almost 2% was found close to the stopping on the fresh air side.
No source of methane other than seepage through the wall. could
be found anywhere in the vicinity of the site on the fresh air
side.

Discussion of Evidence

From the evidence it was clear that the Shiftboss,. who was
responsible for compliance with Regulati<..n10.13.3 (c)• conducted
no methane &as tests other than in the substation where the
switching on took place. The Electrician had assured him that
the current would not flow pest the next substation which was
still approximately 1 000 m from the sections. A:though the
t''', '~ard procedure governi.,g this inspection prior to switching
0" was vague. the Shifto,:.,-,t'ladmitted that from previous

oexperience he knew exact).ywhat to do.

The nl8.SOD why the intermediate substation did not trip out on
"no volt" was because the coil was burnt.

Ther~ ¥as no way in which e~ther the Shiftboss or the Electrician
lUi,hthave known that the current would not be interrupted at the
jntermediate substation.

The evidence of the Managet"~rC)vide. & &8neral overview of the
state of the affected area.

Itt .. the eerti£i.eated appointed General Man.ler in -charge I)f

Endo Mine. Service. (Pty) Lair.d. a c"Introlleo;fiery coal mine
in \'h._gist.rial district of Davel. Transvaal.

On 25th February 1984. the 7 West JUlin sCl?tioncomprising working
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sections. 3. 10 and 11. formed part of the Ermelo lIline, being
underground sect inns in the Ta£elkoy area.

\\On that day I 'Wa~ informed of an accident which occurred in the 7
West tnain area arld being out of town, I
21h50.

arrived at the mine at

I was then informed that there had r~en an ignition of :'
this area. Nobody 'Was killed or injured during th~s OCCI!' rell(t."

I procee~d underground wi+h proto teaas ,and in the pre6 ....nce of

the Inspector, ~e. and Machinery and,~ther per8~ns. A fresh
air ba.e was est.blished and the proto teama inspected the
affee!:ed areas before we entered/'to ascertain the, cause of the

incident.

It appeared that tn. maiD 8urfaoi fan ~t iI'l'afelkot' had been
.witched off at 12bOOon 25th !ebruary 1984 for ~~c:e.sary repairs

an4 \llaintenanc:e. Once rep.ira had been affected. the fan was
restarted at 17h45. At 18h45 the Shiftb';:Bs proceeded underground

to e l.ar the "rea. tbat i8.

Rcl.,aar",;o declare i~ .afe

to .. ~in. for methahe and if
'\

~or reauaption of VOl' and

found

the

restoration of the electrical sup~l:Y"to "~hesection.

At 19bOOthe pover 'tIP!!!. r.nore4 i:I. this ar •• "by the Electrician

and1t"at thi8 time the explosion took plac~ in this at;ea.

Durins the inspec.tion in loco in Section l'.Q. it "aM found that a

considerable aJDO~;'.~ of daMse wa. cau•• d to air eros.ings ••

shown on Fisure 4. The original condition and layout bf the area
il!! t1epic:ted on lilur. 3.

Ventilation ductir.g had been torn 40wn turin& the uploiJios1. I

fomld two broken cable.. one! '.rvinl an electric bn and the
other cer¥8d the rootDolter. There was no 841riou. structural
daaase to any aquip.ent in this 8ection.



! was informed by the M'lnager that he thought that he had found
the cause of the explosion. We th~~\ visited Section 3 where it

was noticed that a cable joint box. i~dicated on Eigures 3 and 4.
r

had blown up , This was a "B I .,. C'.6.6 kV joint box. It was

positioned against the roof and it was obvious t hat it had Givt~n

off a considerable atiI'Ountof heat or flames.

The rest of Section 3 was similarly damaged when compared to
Section 10.. Several bricks toppings and two partially built

air-cro8sings had been blown out. There were aLso three pieces
of burnt wires &t different pegs , namely. numbers 7861$, 7674 and

7648. All the ventilation duc t ang had also been torn down. Very

little d&lNlgewas ob~4!rved in the left hand side of the sec t Lon
except for a few bratti~es which had been blown down.

The only damage to equipment was to the explosives magazine which

contained 7 ea.es of (lxplo,dvea. This uaazine (a portable unit)

bad b.fm bloVl'l about 20 11 from its original position next to the

briekvall - •• e Fiaure 4.

Oppo.ite Section 10 the force 1uifi} r.. oved the r.:onveyor belting

from the structure .s indicated o~\2igure 4.
!J

I canDO\: explain why tha force of the explosion. which in my

opinion occurred in Section 3. did not blow the conveyo.r belt off

the strt\cture opposite Section 3.

It ~~. clear t~t a methane explosion bad occurred and that this

was trillered by the blow-up of the connect?r box or joiht box.

referred to above.
I!

At the tiae of the ind(!ent. the fo11rovinl pen(ln. wefa i."l charle

of tIOrkinS 7 West lI&in area:

UDder,round Man_aer

Min. Overllear

Shiftbo ..
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IJnderground Engineer-

Senior Foreman

Thu only persons underground at the time of the incident were the

Sh:i.ftboss and the Electrician who were at the station. a di.st ance

of approximately 2 km f:t"'omthe explosion.

By Court:

The 7 West main area has a hd.stozy of methane occurrence. If

unventilated. metbane can be detected in the working fDces 'within

30 minutes. Bleeding holes are drilled at all Lnt eraec tLena to

relieve the pressure on the roof and methane Lssues frOIl'I these

holes. Methane is also givell off from the freshly exposed coal

where mining is done.

'rhemine operates under a standard procedure in the case wllt~re a
main fl::lnis switched off for some reason. Tk..i.s procedure
dictates the following:

Power supply to the underground workings will be automatically
switched off.

UpOl.restartinfj of the fan, the underground electrical supply
-';1.11 only be switched on after verbal instructi'Jn to do 80 has
been re:eived from the Shiftboss in charge of each ventilation
district. Before f!,ivingsuch an ~nstruction. the Shiftboss is to
m~e su~e that there is no danger of any ihflammable gas being
ignited by such action. Although not detailed in the standard
procedure. I see this instruction as making it incumbent on the
Shiftbosa to inspect hi_ entire area. that is. into his workjng
places. for methane gas before giving the instruction for the
power supply to be switched on.

There is no written standard regarding the time IdPs~ from
switching the main fan on until the current is restored to the
workings.



The Shi£tboss doing such an inspection is also r aquLzed to enter

the resu l.t s in a boc.,k. I WIlS informed that the Shiftboss had not

carried out this instruction.

A s ImuIat Lon of the cLrcumst ances was car.::ied out in the same

sec.tions on 3rd March 1984 under the supervision of the Manager

an~ he was accompanied by two Inspectors of Mines.

F'l;'om the results of these tests. it was obvious to me that. c.tter

the main fan had been sw:it~hed off for 3 hours. it was found that

approximately 7 m3/s of air was still circula.ting through this
/ I.,· \

section. This was caused by t¥ie two main fans operating from
-:

another area. After ~hree hou1s it was found that the gas

bld~~-'up was up to + 5 percent in Section 10 while in Section 3

from 2 to +5 percertt had accumulated J.uring this period.

The coupling which exploded was an Approved coupling.

Section~ 3. 10 and 11 form one ventilation dis~rict. The total
prodW!tion frOll these sections is approxiaately 1 200 tons per

.h~.it. The air flowing into th.. e .ections is about 60 '14'3/8."

The .erie. of eVQnts whiC;hled to the explosion are described by

the Shiftboaa and the Electrician who were sent into the mine to

te:~for methane. in8pec~\ the workin, place. and restore the,~
electricity supply. 0/

ROc 25 February 1984 I was th, Shiftbo8S in chargo of work in the

Taf.nop are. when the explosion took placo at appro~im.;:ely

19hOO in 7 Welllt .. in.

I arrived at '!.'afelltop shaft at about' 17MS on the day" ~f 2C
I \r..bX1!.ary 1984 to acc:olllpany the Ilactrir.ia.n to, teat for ,as '...ild to
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inspect the work places before the electricity supply

restored.

On the way back from TweE! , t::in shaft I called at thf} madn fan

and ascertained from the Enginee.r that he was busy switching on

the fan. "' .... was abeut 17h55...I. ..

At about 18h45 I went underground. I found tha~ the ventilation
flow was strong. I tested at the station for methane gas and as

far: as the E substation near the shaft. I used a r.;etha!ICmeter.

I also examinea the E substation for methane _, it vas negathe.

l!'igure 6 shows the electrical distribution into the mine.

The Electrician was with me. Wearranged that he would switch on

the power in substation E. He assured me that th~ power UQulc

only be switched on to substation F from E. Substation F is
'\

abeut 1 km from substation E. I 8tr)od -.at the entrance when he

switched on the power. However. i~d;.tely after the power had
-;,Olll. 061. it vent off ..gain. lie said it seeaed a8 if something

was wrong as the "power did not want to come on. I do not know if

he tried to iwitch on for the second time. I heard or felt
nothing during the switching pn.

Wethen left for substation F. '1 did not teat for !D.ethane at

substat.ion F before we switched on the power at substation E.

About ,;0 m before we reached substation F. there lias dust in the

air. I then te8tltd for the' first time at substation F. There

was no ~aR. The Electrician went into the station and said that

the switch68 had not cut out. He then switched them off and we

went to ststion E and en route examined the cable for defect8.

There vere none.

then the OCB ."itch the Section
<-;

beltWe WIlt i~o at 3 ~.(Jtlveyor
.",\.. .

head next to the roact. There were no d~fects oti'lithe cable. WE'
I'then went into Sections 3. 10 and 1t. ,I

------- -- ..----..•- ...,------------------~---
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At the air crossings between Saction 2 and 10 dust was noticed.
I tested for gas and it was negative.

At the belt head in Section 10 there was a great deal of dust and
we noticed that something abnormal had occurred.

We went to this side of the Section 10 air crossl.ngs and moved to
the transformer. There were no cable defects and neither was

Jithere ariy gas.

When I reached the air crossings, 'f Section 10. I saw that
something abnormal had occurred. The section was full of dust.
We tben reported the accident.

By Court

Wheft tlw Pin fan bas stopped and be!or<a the power supply can be
I} <>

/)
restored. one ~~. to test at .11 the switchgear for methane gas.
an4 also s~ the section fan. before they are switched on.

I reali8e that before I gave permission to switch on the E
substation I should have te.ted in both E and F substations for
aas because the power would tlwn have or~ly been reatored up to F
station. If the power were to be switched on from F to the
.ection •• I ahould have first cerried out teats At all the
awi.tchaear in all the ,.ections.

I know what the procedure is through pteviqus eltperi4!nce.

I diu Dot tellltin the F 8ub8~.tion because I auuaed that theu

would Dot have been any ,a••

I did not make the nee ... ary Dote. in.y 101 book on iih.t day.
Because of everything that had happened that day. it slipped my
Ilind.

II \., \

No further questions.
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On 25 February 1984 I was the Elt!ctrician accompanying the
Shiftboss to swi.tch on the power: supply to the sections. When I

switched on the power in substations E th~ CeB fell out.
However. it did not trip because of overload or earth leakage.

I then tried to switcl1 on again. H then showe.d that it had

tripped on earth leakage.
position.

I locked the switches in th~ down

It::!. the ,'!.rea.vf .substation F there was j,lst in the air. The DeB

had not fallen out. The power would therefore have (/flowed
throu:;"h\~hesubstation to the transformers outside the sections.
It was strange that it had not tripped. because when no power

flowa through the unit. it automatically trips. I then switched
ojf the switchgear.

By Court

When I switched on at substation E. I assumed that the Rw:t.~h~ear

at ¥ station hod tripped on n~lo.d."

Conclusion

The .. in surface fan had been s~itch.d off for Approx~tely 6
hours for repaira.

'..,\

"ODehOl.&l":,aiteLthe h.n had ba. switched on ag.ain. the electrical·

.UFPly\~t the distributioll substation was switched on near the
shaft. Due to a defect in the switchgear in th«t intermediat~
suhetation. the current flowed through to the section. En route
a 6.6 kV joint box eZl?j.Q4edand ignited a tongue of methane which
re.ulted in the explosions.

'roa the 'vidence it was clear the the Shiftboss. who was

responsible for comp~iance with Re8ulatio~ lO.13.3(c). conducted
no •• thane ,a. tests other than in the substation where the
switching on took place. The Electricisn had aSllured him that
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the carrent would not flow past the next substation which was

still app!'oximate1.y 1 onn IIi from the l':.iection~. Although the

st<;n<iard procedure ~;CJ'~. -:::r:.ingthis inspection prim:' to switching

on was vague , the Sh:iftboss 3ci~itted that from previous

experience he knew ex,z,.ctly what to do.

The reason why the intermediate subst."t::ion did not trip out on

"no volt" 't7<1S'bec8us.e the coil was burnt.

There was 1'1.;'1 way in whi~h either the Shiftboss or the Electrician

might havs, known that thEl cur-rent would 001: be interrupted at the

intermediate subi:ltatio:L

Eveu if the ShiZtboss h,,:"clchecked all electrical installations an

the section$ the observ,,\ i.on. made du~:~''$ the subsequent tests
l ~_~r

indicate that he would not? have :!Soundg88 at such units. It is

Ilnlikely that he would ha\7e tested at the joint box. the

electrical unit where gas ii:as present.

lUI.dttle current been :f,n~err\;.pted at the intermediate

this would not have pre\~;~~ted the explosion.
'r--

substation.

,..

Th~ "B.I.C.C." half of the joint box was 8ubmi~ted to the SABS

who fotJnd that the! bloW""out was. result of a phase to phase

fault on the box.

Thill type of joint box has previously caused similar blow-out

proble~.

Although approv~d. this half of the joint bo):; did not displ.~y the

GHE 8t~ of approval. This is the r~mult of a factory errer. and

th,;r,:.inf.l erred in ueili'S equiplllentowhir.:h did not fully comply with

the conditions of approval.
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6.6.2 Inuumeni ColJ.iery

Within a per.lod of one year this colliery was to expe r i.ence four

serious metbane expl)o:inns. the third explosion causing the

deat hs of three eapLoyees , 'rhe dates of these explosions are

given in Table 6.1 belclw:

'l'able 6.1 Summaryof E.xplosions at Indameni Colliery

Date Details of lncid' at Casualties

10th April 1967 Main tan was stopped fo lade
and motor changeou t , An eXl .s Lon

devastated 2 sections after the ESC
power was restored Nil

Explosion deloitroy~d new vertical

shaft headgear and shaft bottom

infrastructure Nil

15th De~esber 1967 Explosion occurred when power was

rlliltored to • flameproof ."itch

wh:i.chVal being worked on by an

Elect de ian 3 killed

26th March 1968 Blown out shot ignited methane in

a development section Nil

In the first uFlo8i.on on 10th April 1967 it wu fortuna.te that

no perree 111 werct underground since thft force of the explosion

devsstated two .ections.

On 15th December 1967 a methane uploaion in Section 300 killed

an lUectrician and hilll two Helpers 9 The accident occurred at

091'.30:Andthe proto tei~ who enteJ:'ed the section reported that:
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'rhere had been an explosion in the Main road A of Section

300 as shown on Figure 7.

That 3 bodies, one v.'hite and two Black .. had been located.

That the electrical sw'itc:h near the pump motor had been left

open "dth th~ cove r off and the cover holts neatly packed on

one £lange of the switch bcx ,

reflected on E'ig;ure7.
The position of the pump is

That the water level in Road A was some 1.2 metres below or

inbye of the pump position.

That at a position approximately 5.5 ~tres inbye from where

the water started in A. the level of the water was
apt,t:ox:i.3Mtely 1 metre below tu'i! roof.

The slfI!quenceof 1!Vent8 pt':i.Clr 'CO the explosion were as follows:

On instruc;ions by the Kine OVelseer who said he had examined
Section 300 on 12th December 1967. the Electricj~n and his two
helper. went through the ".itinl place on Uth December 1967 and
replaced a push button .tation on the puar starter. Prior to
•..,itchi,;on p01Mr after the repair he replaced the flsmeproof
cover. The pump was started.

However. on Thursd4Y morning. 14th December 1967. the pump Gang

Leader reporte~C\ that the pump had stopped. T~ Gang Leader
accompa~ied by tbe Electrician and hi. two Helpers again entered
the section inbye of the waiting place (tbb time on the
instructions of the Shiftbor,s) and r.pe~ted the repair work of
13th December 1967. They started the pump.
I'Ii
Asain the pump stopped 80.e time thereafter and on 15th December
1967. the Electrician antihie helpers went into the section. this
time to replace a contactor coil in the starter.
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On this occ asLon , after replacing the connact or coil. he had the

POWI~ ... restored to the switch at the No.2 section isole.tor before

replacing the flameproof cover. He wished to test the switch by

sta::'tin3the pump. When the contacts operied, an arc was drawn

between the cot'f.actors of sufficient :intensity to ignite the
methane/ail" r~ixture in the roadway. The switch was sao volts and

i'

the spark d',r flash could have been as much as 25 nunin length.
,I

The switch ~as 30 cm above the floor of the roadway.

An air quantity of 2.03 3m /seccnd ::-1188 circulating through the

section prior to the ~xplosion and before the wat.erhad risen to
the point wht:.re it closed off the split C the reb; .toppdng all

a~r flow to the section. Tests taken after the explosion when

~ ventilation

J,lncentrations q,i

was re tu rned Ii to normal. showed methane
0.2% to 0.4% dh the general body of the air.

emitted from a \~mall blowr in the floor near
v-

oThis .. thane was

the"puz!, 8itll!!.

Electricians were not equipped with methanometers and it follows

that the 'Electrician would no'i: have ,been aware or the presence of
',I

.. thane at the F,UIIlP site unless he had been accompanied by a
penon qualified and equipped to Ust for: methane (Miner.

ShiftooS!l or scme other senior Official).

Evidence was that with 2.25 m3/second circul8ting through roadway
C the methane content of the ventilation remained at 0,4%.
Methane wa. therefore being emitted ftolD the fissure at the pump

3at a tate of Q.008 JI1 Isecond.

The vCllume of.air in the roa«. a.y A froll. the srlit D to the fac£:

when the water level.. aealf!d th~! split C is calculated to be
appro:dmately 240 ml.

With ~ methane emi•• ion of 0,008 .3/s~ond and the split C sealed
by water, a conct!ntration of 9.5% .ethane would be recorded 47

lIlinutt!8 after the split was sealed hy the rising wa.t~r level.
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This confirms previous tests at the Durban Navigation Colliery

and elsewhere that dangerous methane concentrations are liable to
be recorded in roadways in gassy seams when ventila':.i.on 1.8

disrupted.

6.6.3 Uti:echt Colliery

Introduction

Fifteen workers were killed in a section at the ccaaenceaent of

shift on 20th November 1941 when a fall of roof in the main

haulage of Soction No. 1 resutted in an electric cable being

pu1YJd out of a junction box. The res~ltin& electric arc ignited

me~ne which was pre.ent in the haulage and the 'explo$ion

eXJ!'pded into the return airways on the 't"ight hand side of the

~( ),n. where dangerous quctities of methane were present. The
"' •../

fo-:c. of the explosion esc&1.t.ted and destroyed all the section

ventilation appliances.

The ventplation to thlll flectien "dS :dUllish {l.25 •.3Isecenci], ,\lnci

had to be be;oaud (to 3.75 .3/88COO(\) by the use of an lluxiHary

f.n. Three dyke. had been penetrated anci several day. pripr to

t:ha u\)loBion a £inure in the floor of the left hand c(')lIlpatlion

cOLmeneedii~ing off methane at hi&h pressure.

Figure 8 ia A plan o.f tJ:1e section at the time of the explosi(;.n.

The explosion occurred at 07hOO. Figure 8a is a plan of faces of

Section 1.

At 12h15 in company lfith .. rfLscue teu. the Manaser and. a

Shiftb08s. reached a point in No. 3 North Haulage soae 300 metres

outby. fr~ No.1 Section waitina station. There were signs of

carbon monoxide in the ai:: 76 .etres iubY<l I>f this poir<.t.

------~------- .. ·~~~_. ....... B...__ ... "I\'W' ... _ ......... ·.IN""'.,.""'''',_.$l,IIi(A·''''i!:'> .,
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On the way in along No. 3 North HJ'\ulagethe bodies of tht't:e
Blacks were seen in the haulage engine chamber of the No. 2
section haulage station. The body of a fourth Black was lying on
a trolley: 370 metres outbye of the No.1 sect Lcn waiting station.
These bodies had been carried out from where they had been found
near the No. 1 section ~aiting station.

A preliminary ~xploration of the explosion area was made by

rescue men wearing Proto apparatus who reached the face in the
main road between the furthest inbye dykes. They r.eturned to
report the presence of over 5% of fi~edamp and d.ngerous

quantities of carbo" aonoxicle in the vi~.inity of the waiting

station. sufficient to kill the canary th~Y (·arried with them.

i/t
T_ boOi... all Blacks. vere reporte4 to be lying iri C_:':.:t~l!

iaaaediate neiahbourhood of the weitins s~ation.

i
A .hort ¥hile later. rescue un ul¥/lored the No. 1 Sectit.:,n

,Ii

the maint and inby. of the furthest
',.'

reporud j' to be pte.ent in t heee
F

workinSS. No a"J:e bodi •• were report~ij lound.. The vorkina placell
I

explored were on the intake eide of No. 1 Seeti~n.

wodd.lla pUces to tM left of

dyke. Much .firedeap wall

,
F
Ii

It ftS clear that no livina persoll/re .. ined in the affected area
and fr.ozthe reports of tbe res~ue un. wbo had carried out a

'I
I,:

seemed lllo8t i.aprob&blf~ that a fire iii'll>

!
pa~tial exaaination. it

bumin, inaide.

The now of fresh air into the/section wa. utromely sluggish And

it .a. evident that until the noxious ,a.es had been cleared no
useful pur~(uJ.eould be .erved by further explorati.on or other

work.

The Man.,'ar went into the return airwy from No. 1 Sec:tion hy
I

,oin& thrQugh the ainale door separatins it fro. No. 3 North

Haula,e .rod found a strong after-explo'lion ... 11 and abont 3%
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firedamp. This door is situated 210 metl:es inbye from the No. 2
Haulage s'.:ation.

At 10hlO 011 20th Novemler 1941 it was found that although the
ventHat ing cur.ren'C had not improved appreciably. despite the
bratticing off of other splits. it was possible to reach the
holing in the main through the first dyke inbye from the waiting
station without Proto apparatus. Beyond this point firedamp was
present to over 5%. A start was made at the temporary repair of
blown out stoppings with brattice cloth.

Ten bodies w.re found at the waiting station or its immediate
vicinit~ and were sent out of tb~ mine. The other four bodies
had been .ent out previously. Points where the bodies were found
were ..rked and tne only ..ans of identific.tion then was by
takiD& the aWlher of tbe lamp. if any. found at the body. It was
.subsequently found that the laapro01llrecords W£!re 80 incomplete a
and badly kept that no r&liance could be placed. on them. It is
therefore not poetsibl. to indicate where each particular person
.. fOUAd.

The lAra. f.ll in the main whi.:hhad taken place at a cross-roeds
bet.... the two .furth.at tDby. dykes and on top d'f a three-way
jW1Ction bO¥ on the 500 volt power cable. was inspected. The
cavity in the roof was clean and there was no trace. of firedamp
in the cavity.

On Monday 24th NoveMber when detailed ....urements vete being
taken. it ... obs.rved that at 1\ junction box. on the 500 volt

\;.

power cable. lIituate4 292 .. tn. fro. the face of the .. in and i.n
bet_en the third and !ourtb dyke. t'roa the face of the main. the

o .

inhye ead of tba cable had been pulled riaht out of the box (8ee
Fiaure 8).

The freed enclllof the throe conductor. bc~e no sian'"of sparking.
nor wa. there anythina el.. in the vicinity to au&&eat that there
bad been a strons electrical flash. It appe.red that the cable

--------~~----
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had been under no electrical load when it was pulled out of the
box.

'!he large fall in the main on top of the 500 vo l.t power cable was
c le3.red &uffid.ently to expose the threeway junction box on
Wednesday 26th Novembe r , It was found that this junction box had
been protected ":;j the stack.ingof timber round it and that it had

not been damaged by the fall. Th~re was n~ internal damage to
the box and no signs of any sparking.

On Wednesday 25th November the broken junction where the cable
had pulled cut was rEpaired and the Electrician tested the cover
and reported it to be safe and undamaged.

By then a we~k had elapsed sine'l!the date of the explosion and
nltho1Jghstoppings had been re~.!Ui1tand plastered with cemerrt
instead of clay and brattices had been restored. it was found
that the ventilating current into No.1 Section was inadequate to
clea~ the right hand side workings of firedamp in order that an
in~p~ction could be carried out with safety. For this reason it

was considered necessary ~jostart the auxiliary fan.

~,\

The link~vere r~rlaced in the three-way box at the No.2 Haulage
station and on Friday 28th November the auxiliary fan was started
without untoward incident. the fan and switchgear having suffered
no damage from the explosion. Improvament in ~be c~nditions
regarding firedamp resulUd and the work.ings en the right hand
side were inspected. Several extensive f8.l1.were encountered.
Their position. an: shown on the plan (Figure 8).

"

Tabl. 6.2 below sets out the vent~lation re84ings and gas
concentrations taken in the section In the 3rd and 4th December
1941 after the stopping. andi'brattices had be'lnrel:ltored. The
.. in fan vas operating at the tille.

--_.,j,._._-
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Tabl.e 6.2

1. A:t auxiliary fan drift in the l·"ft hand compand.on

a. Aux:i.liary fan runnLng

Quant ity flowing inbye 5. ',5 ,} Isecond.
M.S.A. methane detector ::\\tad:.Lllg 0.25% to 0.3%.

b. AuxUiary fan stopped (17 hours)

Quantity flewing inbye 5..22 m3/second.
M.S.A. methane detector reading 0.25% to 0.3%.

2. !n main road at th. Iliner;s box

a. Auxiliary fan rJnning

Tlle air IIIOvedinto the main in all outiJy" direction but so slowly

that th~ anemometer would not register the flow. M.S.A. methane
detector reading O.5~.

b. Auxiliary fan stopped (18 hour.)

1\

The air moved into the main in .fl inbye di:t~ction but 1':10 slowly

that the .•nemolleter 'WOuld not regit-ter. K.S.A. methane detector
reading nil percent.

'3. In rigbt band coapanion '\t holing through furtheat inbye

clyke

a. Auxiliary Ian rull11ina

~lantity flow;~1 outbye 3.02 1l
3/second.

M.S.A ... thane detector readinl 1.0% to 1.1%

------.------.--.------.----~~-
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b. Auxiliary fan stepped (20 hours)

Anemometer fafcled to legister the slight current moving ourbye ,

M.S.A. methane detector reading 3.2%.

4. In right hand companion at holing through third dyke outbye
from the face

a. Auxill:ary fan running

3Quf.ntity flowing outbye 2.839 m /secorid.

M.5.A. methane detector reading 1.0% to 1.1%.

b. Auxiliary fan stopped (20 hours)

, 3'Quantity flowing outbye 0.99 m Isecond.
M.S.A. methane detector reading 2.2%.

5. M.S~A•• ethane detector reading.

On 4th December 1941 the auxiliary fan having been stepped for 18

hours.

'"
At the junction b~ wbere the cabled had pulled out nil X.
At the waiting station - n1 '~.
At the min~r~' oox - nil %.

ilIn the return ~t the door 213 met~es inbye of No. 2 haulage
station - 9%. 1\ ~

~
At the face in he.dina to the left off the left cOlllpan:i.on inbye

of the la8t dyk. - O.l%.
C)

In the left batld companion et 1':heturn off to the sbove In..ading
0.3%.
At face of left hend companion - 0.75%.
At face of .ain - over 5%.
At cro ••road. 18 metre. outbye !to. f8¢e of main - over 5%.
At compres.ol' - 3.01.

II
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It appears that pri.or to the explosion an eT.plosive mixture of

air and firedamp had accumulat ed un the ~,orkings on the re',-.,,!,:n

side of No.1 Sec ..ion. If the auxiliary fan was sta.rted on the
20th NovC?mbera portion of the explosive mixture roayhave been

drawn into the main road from the right hand companion as a
result of ineffective brattice doors or Leak ing s t.opp i.n

the main road and the right companion.

!letween

Due to the fact that the af fec t ed section was damp md well

frtonedusted. thta explosion did not develop into a coal dust

explosion.

After the explosion and when cLrcueat ances p"'r1nitted inspection

it was Iound that firedamp was being give! ~f f'reely froul. 8

crack in \:he floor of the heeding to the left 4jf the left

I») cOII~anion and :Lnbye of the dyke. This crack istarted. some

6 ..tre. from the face of the h~ading and when first observed on

21st November •.~a8 not extensiv.. hut during the next week it
;',<;_~,

developad .nd reached back to the cropsroad at the left

companion.

Althouah firedamp was beina given off freely and bubbling

vilorously thf!re were no sians that a blower of any gxe,'lt

violence had existed there pleviously since IIOst of the crack was
covered over ~ith .lUll coal.

1/

At the face of the left hand companion a moderate amount of

fireda':r> wa. iuuing froll the floor. liredup was beina given

oYE freely at ..the face of the main where 5% and over WaF

detected a fortniaht after the explosion. There were no 8ianll in

itny of the wod~ni pbce8 that an outburat of JIIQthane had

occurred.

The view wa. eEpressed that during the night of 19th November.

while the aux1liary fan wu litor ed. firedaq> W88 being given off

it'eely frOll the exposed c'Jal facetl and the floo!' of th. working

ph.ca. inbye of the last dykE and wae carried S1 ")w1yaround
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towa'rds the right hand side workings by the feeble ventilating

cur-rent; of appcoz ImatreLy 1 m3/second.

The f1tsrting of the auxiliary fa!'. on 20th November. shortly

be fo re t!le explosion. would have had the effect of driving the

f i.redamp into the re tu cn, It is clear that a. considerable body

ot elll;plosiv;~firedamp-air mixture must .have lying 'Co the

right of th~e main road p<£!tween the working £acE~s and the fourth

dyke outbye fr m the faces.

At t}1e time of th.~ explosion the (.!lectrical te1;ic:ulation of t he

sec don was as !:o:":OWS (see Figure 8):

.A2000 volt cablt> was carried along the left side of No. 3 North

Haulage to. a tran8forller located at the No. 2 S~ction Haulage

tum off. From this transformer a 500 volt cable .. carri4!'d along

the l~ft side of No.3 North Haulage. took pt.1'wX" into No. 1
~)

Section ••• far aa the iaolating .witch at the compressor.

A 230 volt liahting and silll.l ca1:;lo va. insulled along the

right band side of No. 3 North Haulage. Light box~s wer.
'i1
il situllilted 45 •• tr:e. apart. Ea.:h liaht box was fitted with a two

pin socket.

The sdh volt po~er cable fro. the transformer extended to a 3 way

box It No.2 haulaae Station. One lead ran from h~re into No. 2

Section to supply the coa1cut :.r

No. 1 Section for supplyin:~

and the other lead ext1!nd~d to

the"power for the coalcutter,

aU%iliary fan aDd the compreslJor.

An overload trip switch i. in pLsc between thE' 3 way box and the

trans;forller.

In.idle No. l Section a lead froa the power cable was taken f:rolll.a

3 way !lli.d'p. junction box to the f,lIn aotor.

~,I
The lights an No.3 North Haula,e and along No. 2 North Haulage

were on the same cLrcuLt; and should any short circuit develop
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this cab:e was protected by a fuse located at a lighting

transformer situated to the left off No. 3 Haulage some 1+00
metres fro~ No.5 West Haulage.

On the mOlning of the 20,;h November after the explosion it was
found that the switch at the transformer at No. 2 Haulage Station
had not tripped. that L:. power was still on in thq 500 voli:

cab le into No. 1 Section. On instructions from the Mine

Overaee r the switch was closed. .I.t..E' fuse f,J'l~ the lighting cable

had hl,;}wn.

On Monday 24th Nove1llber it was brought to the McinagerJs notice

that sparks were coming from the No.3 North Haulage ropoe at No.
S West Haulage~ near t:~le No. 3 North Haulage engine. On

investigation. it was found tnat a Leakage of current was taking

place to the fcsme of the haulage anF-ine through the cuter
;'1

armouring wires of the lighting cable. Th::L$ was as a result of

an electric light lead with defective insulllt.tion suspended from

the lightin. cable by a piece of wire. The ,puter arlllou:i:ing wires

of the lighting cable were thus being earthe::i to the frame of the

haulage engine.

In a.idition~ a b:t;idge earth wire bet'Ween thlt armouring wires of

the two light cabIn at this spot were "broke'n.

At the source of the fault the v~ltage betWiten the haulage rope

and any ::;!arth was low .and, the sparks wf'rf:!nPt intense. Persona

were unable to feel any shock on touching the rope. 'rbe f_f!t,lt

was causing the fUB,,}· at the lightwg trausforlller to blow.

The inquiry established that this fault did not exist on the

morning of the explosion. as t '!: haulage lilJhts had, been on day

and night •. The fault would have been appar,!It:.t on the day after

the QxtlloQion when the fu.. at the lighti.ng transformer was

replac«~d. After this fuse W&!'1 rfOplaced the bult did not develop

until three de.ys litter.
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At the auxiliary fan motor in No.1 Section were two switches.

One was a gate end switch the other a star mesh starting switch.

Both these switches are trip switches. that is. if any electrical

fattlt developed on the outgoing connections fn)l:.l these switches

they would t r ap out, , The :::;w~t("heswere not fi.tted with "no vo Lt "

release devices. If an overload were imposed en the fan the

switches would trip. It is doubtful if any vibration in the air

would cause these switches to trip.

It would have required a considerable force to pull the cable out

of the junction bex where this happened on the haulage into No. 1

S~ctiotl. Tfi~ cable could not have pulle1 out had the vibration

of the explosior shaken the cable loose from wires suspending it

from t&pes causing the junction box to \irop 2 metre to the

ground.

Check. on the .arth;J'li sy.tl!lI!f. in tne section after; the exp(14)sion
(. ,

indicated that they were i:~ ,''''~.r l?ith the exception of the ear.th

wire which wa. broken betw.£u twc Lighting cables.

Eight metre,. helow the seam being worked was at1ot'ber coal

1.5 .. tr •• thick. Evidenc. given by the mine Officials was
\'

it wa. cO~bon for cracks to appear in the floor of the

se8ln

that

uppet

seUl. E'\1ideuce is that the cause of ~h~ cracks could have been

due to either pre .. ur~ from the coal pillan or fissures whil..h

existed in the partin~" It was possible to see into a c rack to a

depth of '. metre of lI.ore and water i,sued from these fault r

planetl. Two weeka after the explosion (with the auxiliary fat'. in

oper4tion). methane tests indicated 0.7% methane in the left hand

c.ompanion" 5'1 in the face of the main and 2% in the genex:a1 body

of the air in the return airway.

Does this evidence not tend to show tbat. though on the night

hefore the explosion there may have bee';, a considereble quantity

of firedamp c:.olnng off from the crack , nevertheless aufficient
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fir~damp was coming off fr(Jm the f3.ces to form an expLosLve

mixture with only 1 m3/second of air f:1owing into this section
when the auxiliar.y fan was stopped.

The auxi.1iai7Y fan. in the section was flways stopped at the end of

<1, yshift by the miner (16h30) and started up at 06hlS on the next

shift.

Details of the main and auxiliary fan (in Section 1) are given in

Table 6.3.

Table 6.3 Main and Auxiliary ran

Main fAn - (at adit)

Sirocco ~"centrifugal

Diuel:er - 3.2 metres

Quan~ity - 20 .3/spcond

Pressure .~ 249 Pa

Drive - squirrel cage motor 46 Kw

Auxiliary fan (Section 1)

Qu~ntity - 5 .3/cecond

Drive - 7 Kw, 500 volt squirrel eage electric lIIotor

Air "as coursed throt3gh two other sections before entering

SectIon 1, The reason given for stor/ping the awciliary fan at

nighl: was that no adverse reports wet'e receivitd on lIIethene in

Section 1 during norlllal operation".

No r••scue sets vere available on '~h.colliery.

Place of orisin of the explo.ion

It is possibh!: frolll information :~ow .'Ii.ii.bIe. to indicate the

locality of origin of this ~xplosion.
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PartIcuLar importance was attached to t he dir€ctions in whi-:h
stoppings on the main road (between thi:iJroad and the return
airway) were displaced by the force of the explosion.

The stopping furthest from the face of the main road to be
displaced was at a dLstance of 320 metres f:tom the face. This
stopping which was designated as No.6 had collapsed and the way
lias t hus open to the return airway on the east side.

The five succeeditl& ,.toppings on the same side of the rosd. at
distancea of 30 metres apart. had been blown in the opposite
direction, from es.st to west. The four stoppings opposite (on

the left side of the main road) were not disturbed. Further in
towards the face. on the left hand side, the two br~ttice cloth
stoppings (which acted as entrance doors to the fan) had been
blown in towards the fano a150 froa east to west. The stopping
at • distance of 30 metres further in and on the left side of the
main road was undisturbed. Th~ remaining two stoppings situated
at 76 and 106 metres frell the face in the left hand clOlllpanion
were as_ill blown out from to. east side toward. the we~t.

It will b. ob•• rv\f,~,t ,that ten stoppings (including the two

bratt ice doore) were blown cut. It will .1180be noted that nine
af the•• _~r~ displaced fr.om eaRt to west. One only did not
appear to have been blown out. but had callap.ed$

It il\, certain that at the time of the diuste::: en explosive
atJ!JoBphereexistad on the right hand or east side 01 the mairL
rO$ti.including the retu.rnairway. because the force caueed uy
the exploalionwas particubrly developed on that side.

If the explQs:i.onhad originated anywhere on the east side of the
main road it is certain that every 8toppini( between the main road

Iand the return airway would bave been ~~.plac.d in tbe same
direction. There could bave bf:1enno excE:~~ion as waa the case
with No. 6 stopping.
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It is clear that th8 force which collapsed No. 6 stopping and
opened the way to the return airway came from the direction of
the main load itself. This vic.1 is further supported by

examination of dust deposits on the timbers between No.5 and No.
6 stoppings. ThesE>. indications point to force advancing f:-oru
north to south before reaching No.6 stopping.

Conside.rillgall the evidence of the directions of forces set up
by the explosion. it is the view ~hat. at the time of the

accident. an explosive mixture exi.,itedin the main road in the
vicinity of No. 6 stopping. c .. (;tfhiSexplosive armospbere had been
anWtl through No.6 stopping by the action of the fan. which is
by no meann an impossibility in the ventilation conditions
existing at that time.

The accuaulntion of inflammable gas became ignited. The fc)rce
developed b:r this igni t Len was sufficient to collapse No, 6

stopping and it passed out towards the return airway wh~re~lpon

the flame at once extended into the more highly ~xplol!live
"

atUlOsphere in the return airway. Here the exploElic;.V·became Illore

violent. travelled down the return airway blotling out the :Eive

other stoppings (froa e.st to west) and extending also with gl:eat

violettee t'brouahout JaUchof the older workings on the east s:Lde.

Thull the greater force did cO'lIlefroll the east sid", of the laain

road. though the origirt was not on that side ..

Source of il1litioll of explosion

It is significant that between No. 5 and No. 6 stopping is the

locality where the el.ctric cable had ceen pulled froQ its

junction box.

The junction box had. befo~e the explosion. been suspended fro~

timb~rs. It can h.. a~id th~t. i! this ....hIe had be~:ppulled out

whilst there was an p.lectrical load on it. such as would have

been th~ case if the auxiliary fen had been working. a

consider.able fla~lh of flame (or electric arc) would result. The
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temperature of such flash would be sufficiently intense to ignite

an explosive mixture of firedamp and air.

T:)unde ra tand how the cab Ie became disrupted from its box. it may

be pointed out that it had extended from this junc;tion box
towards the face a further distance of 152 metres whe!.e it

ente<red another junction box. a leed being taken off this box to
the left to convey power to the fan.

This junction box was situat~d on the floor. on the left side at

the crossroads. and it was hare that it had been decided to take

d~wn a portion~f the roof. The roof was. in fact. supported by

props and it 'll,clS only necessary to reIl1OV~, these to cause the roof

to come down by its own weight.

In anticipation of this deci.ion. the junctlon box on the floor

had been well protected by _an. of a atronai fraaework of twer
i

which had been pl.acei around and coverina .iti~

Evidence i8 that en Ncveaber 20th thia porUon of roof did in
,

fact break away by its own weiaht. The fall!1 wa. a heavy one. the

diJlen8iun8 beine approximately 7.6 otres b:~ 4.5 .. tree by 1,3

Mtree. The wstern end of the fall .t:r1~clt and covered the

freMworX. p:rotectina the electrical ~-unJeti\')n box anci the

explosion followed immediately.

Althouah this t..avy fall did Dot daUBe the junction box because
it was 80 well protected. it did nevertheless rush the, entire

framework of this timber guard (which eur eeunded the junction

box) forward for .olle distance. This in t~.lrn eat up a sudden

Full on the cable attached to the box ~pich :~ulled out the other

end £X"o. the junction box near No. 6 .topping~ One intense flash

va. produced and became the ignition point of the explosion which

t.mediat.ly followed.

That a flame actually did appear on the main road near this
"

locality is confiraec by the evidence of lorager Banda. At the
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time of the explosion he was walking to work along the main road
and when at a distance of wh&t is indicated 3.S being some 120
metres outside the first dyke. he saw a blue flame which seemed
to him to entirely fill the haulageway. He tt.rned to run away

but waR knocked over by the blast from the explosion which

followed the appearance of this blue flall:i.e.

The b~rue flame described by Forager Banda fila.y have beet!the flame
produced by the electric f Laah which would occur with the
disruption of the cable fl.·om its junction box (which has a

characteriatic bluish colour) followed almost instantaneously by

the £~redamp flame which also is of bluish cvlvur.

Considering the evidence. it is concluded that on the morning of
Noveaber 20th, an explosive atllo.phere (Q:isted in the ViCi:Llity of
No. &. stopping_ which mixture bee8Jlle ignited when the 5010 volt
electric c:a~le was pulll!d out of the junctioil box in the salle
locality. The fan vas at work. the cable vas under electric
load. therefore a considerable flash was bound to result. No. 6
.toPpinl collapsed when the explosive .ixturE: present becane
iaoited. The £1... of the explosion pa••ed throUlh into the
retut'Dairway where the 8xpl08ion oee.... greatly intensified

bec.us. of the rir.her .~plo.ive mixture there and which blew out
sll the .uc:ceedina stoppings froa •••t to ..at.

A deaonatratioD on surface several weeks after the explosion in

which. 0.04 cable carrying a IS U!.p load was pulled apart.

shoved • distinct flaah but no burning of the terminal vir, ...
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6.7 SUMMARYOF THE PRACTICES REVIEw'ED ABOVE

Although methane had been reported in a workint section the
previous week. it was not attended to and was discounted as
being false and to be the excuse for low product Ion.

II
A holing into a retun1 airway:m a Saturday. which should
have been sealed off immediately. went unattended; this
caused a major short circuit in the section ventilation.
The substantial drop in the ventilating quantity (.Ie" the
weekend resulted in a dangerous .ethane build-up in the
.action. The ~oal seam was emitting some methane which had
not been detected.

The aac hines in

flaJaeproof.
the section were not 4111 proF'erly

Water was not available at the start of the shift o~\ Monday
,/'

reflultin, in dry and dusty conditions. .~:'8 dust
exacerbated the force of the resulting .ethane explosion.

Miners often do not teat for methane at the coma.nce.ent of
the shift and thus do not detect the pre.ence of lIlethn"e-
before allowing men and machine. into the section.

l-'

A non-flameproof .crooptra. in the one are. of the section
initiated an explosion a.. result of a faulty silicon
eorltrolle~ reetifier panel. containing contaets.

kuin.tion of laaproOfl reccird. .how a aerio". state of
nealect with rea_rd to the correct recording of laQPs
inued.
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Polypr.opy1ene brattice cloth was innamma.ble in terms of an
S.A.B.S. or British National Coal Board specification.
However. as a. result of the explosion the bra.ttice cloth was
extensively vapourised producing large quantities of carbon
mono~ide and carbon dioxide.

Air ls coursed from one section to another as a result o!:
insufficient ventilation in the mine as a whole.

Another company took over the financial and managerial
~ontrol of 2 mine in June 1983. Only top management were
cbanged , so theorl!tically a minimum of disruptio- -, should
heve tsken place. However. whatever the caus~. it ~ls clear
from previously mentioned incidp.nts combinecl with other
irre&ula:rities obeerved" that ('discipline was of a poor
standard. Continuous rumours preva.1ent over many months
about a possible closure of the aine ~uld undoubtedly have
bad an unsettling effect on Personnel.

Considering the low seam heights and physical discomfort.
the area to be covered by e~eh ainer with all the

Ii
required

~.~;:.tut(;ry duti •• to"be carried out during his shirt. wa•• if
I

~~ythinl. too sprend out and led to serious physical
dillcollfort.

The .toppinJ of main fans for mainttenance and repait work
allow for thlt build-.1,lpof lIethane in ~ection.. Start up
procedures. once the win fan lm8 been start.li. as far alii

restoring power to sections i. concerned i. often haphazard.
The u"e of methane bleeder ho''? from over or underlying
coal .e.... increases the rate of CIl.e.t~nf'build-Up. A lack
oi c:omaunic:st'ionbetwen
when re.toring power. add~
occuirina·

.inina and engineerin,
t~ the pos.ibility of

Personnel.
ian it ions

Usi"'l non-approved electrical 6.6 kV j01nt hoxes in the
electrical reticulatiov.. The.e joint boxes had previously"



:)

~65

given prublems in the form of phase to phase faults.
Suspending t~esa boxes from the roof only increased the
possibility of a ml~thar,e ignition when a f'l111 t occu rred in
the box. 3.I.C.C. joint boxes are of the pin type.

Aft~r the main fan had been started. the electricity supply
at the distribution subs1:ation at the shaft boctom was
switched on. Due r.o a defec t; in the switchgear iT! an inbye
intermediate substation the power supply nowee through to
the section where a 6.6 kV joint box ex:ploded end ignited a
tongue of methane. '!'hI! miner had not tested 'formethane in

the section since the Electrieisll)?;ssure,,\
would reach the affecte~1 sect :01"1. ' ...-

that no power

Assuming that unw~rked head~,tl~l'are adequately ventilated.
" I

who ' have minlng
i)

"Allowing Elec:tricians. had little
experience. to work o~ electrical switchgear prior to

C\ examining the fa.ceafor the presE'nceI,)fmethane.
Q

!l.etrid.ans re/,:der fla••proof switchgeOirnon-flaaept'oof in
.1

()

working face. or hazardous area.; and simultaneously
restore power to the opened unit "to test for faults.

AllO'lJlingwater to build up in sections which then seals off
roadway. required for th$ ventilation of the .ection.

C:I:...

~n.dequa~.'etraining of Electricians with regard to the
dangers of methane and it. detection.

Switching off booster fan. in a .eetion at the end of day
shift and rostarting the ian
of .ueh fans can lead

the next .oruing.
to recirculation

The

of
siting

s.etion
ventilation which Ilay contain danseroua quantities of

! "methane.

__________ • .u • * l'......_,_
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Electric cab Les carrying in excess of 500 vol t.s can be

pulled out of joint or di.at r i.but Lcn boxes as a result of

some excessive force such as a fall of roof onto the cable.

The installatie,i,1 of non-fhmepp'.. electrical equi.pmerrt

(control boxes and motors) in cLose proximity to working

faces ..,hich are giving off methane freely could lead to a

methane explosion as a re~ult of arcing between contacts and.

brushgear.

Mobil. auxili&ry· fans which reci:-culate "Ientilstion lind &,~ e
-r-,

result .. y drav methane fr{;1D ,:~,e'~'face over ~ faulty fan

aotor or switch.
1(,':,

J'l.uaeproof boxes "hich do not conforlll to/C.M.E •• t.andar da ,

Poor discipline and ,l!Iupervh:i.on with respect to dee'trical
I.

tHatrib.ution instaU.don. l~nd maintenance of electrical

IUchinery.
i,

The u.. of open vire Ii@,ndlinl .YSt.11I9 which, are not

,intrintJiedly ".fe. On 14th October 1913 at the Univ,fsal

Colliery in\ Sengbcenydd. ~dt.in'. worst ,mining disaoter

occurred wh.n. ,439 men lost their 1ives in a coal
'" I'explosion which devastated the colliery. John Brown

avsmari ••• the Inquiry:

dUI!'12'

(19~1)

o

(I
"So the two inquiriu had COM up with di\fferen.~ answers to the

sa.. que&tiou8. The inq~.t jury. voi(!i.~.e the opfniCins of thll'

Minin, Enaineen st;'.d Evan Willie.. saw the probabV/pobt o·t
u

oriain at the la:ap '.~ation and the nub point the flslle of an
u

open I_p. Redmayne. SeUlite •.od lIany Min•• In.peeters pluaped '.~'.
~ ~.

for the Maieking Hard HeacHng "'vi th ipition "t1:!'OlA'Iilparksfrom the

electric signallin~ ,apparatus or fro. rock5 brought down from th~

fall '.•

\
/



576

c. Flameproof Machinery

A very careful inspection of all the flameproof machinery in the
two '''ectionswas carried out (28 itell!s). Fourteen i.tems were
found to be non-flameproof for a variety of reasons varying from
damage probably caused by the explosion to lack of packing in
cable glands. By a careful analysis of the available €,!idence
both ~ith regard to the origin of the explosion and the extent of
the variation from required specifications it became obvious that
scoopt ram No. 56 was the ~.gniting source of the explosion. An
alarming di~covery was the pOQr state of flameproof equipment
that had allegedly been overhauled and restored to standard by
firm~ contractors.

d. Machine Design

The fact that the fuses on the scooptram ~re contained in a large
box with a heavy lid secured by 24 bolts in a relatively
inacceIJslbl4!lposition is regarded as extremely poor design.
Items that require rele.tively frequent attention should be placed
in conveniently located positions in boxes with round sCLew-in
type lid.. Mine •• when purchasing underground machinery, should
pay more attention to design features for easy maintenance snd
repair and also for operator comfort and safe operation.

4. Cable couplers/joint ·hoxes which are to be installed should
be positioned not more than 1 metre from the floor. Tne

three p'l:QngedB.r.C.C. type coupler is particularly prone to
phase to phase taults. Situated close to the floor it is
le88 likely to ignite .xplosive methane/a!.r mixtures which
will be Jayered against the roof.

When equipment faults continu~ to manifest themselves the
('

syste~l$hould b. immediately isolated and the cause of the
fault sought and then rectified.
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It would have berm all so very neat and tidy if the findings of

both inquiry and in.q'1.:!:>t had been idcmtical hut here again the

happenings of 1913 "Nere refle::ting t ho se of 1901 by no t providing
firm answe r..t~ th~ questions or s ource and cause. The inquiry

was undoubtedly more extensive 31~ techvical1y thorough tha~ the

inquest for that {~ason. Redmayne's conclusions can be argu~d as
carrying th~ greater wp~~ht.n

An electrical cOllpl(;rs ';nsulator cracks are difficult tv
discover. Thr£!e pin male/female type couplers such ~,5 the

B.I.C.C. ~YD~ are difficult to line up and connections are
n~t al~ay8 d~ a tight fit - this could lead to sparking

acrcas loo!!!:'! ;lin connections. This in turn lea,lc; to heat

and causes Ltittle insulation.
II
II
jl8/ high

.~

'Lack of propet'~~rthing across

re.,ist6t('~ fault occurs lDore he"t

couplers. When

can be gener.ated.

I ./
Surge current cout~ l--lr..w ,fie coupler as a result of:

('racked insulators

hiSh r"8:istance on pi.ns or poor contact.

It i. ~:.:•.;;i'::c!'~d bad practice r-0 lIlilt couplers: in othp,!,

,,"orde. hm'ing halve" which are manufactured by diffet-ent

8llpplier'i. This lU&y result in incorrect tolerances on male

and f •• ale P~8 and soe~~\"" "nil lud to arcing.
<-u'

,~ Couplers u. made up und.~rlround where the expertise and

enVir07'.Ht'~ is not .cConduci'"e to lood workmanship.

()

Bridginl ("'it. by Electricians. of witch •• th4lreby re8ulting

in trip. r~(ttoperatins when • fault occurs.
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6.8 PRECAU'rIONS TO BE ADOPTED TO PREVE1i·r IGNITIONS BY

ELECTRIC SPARKING FR0!1 PAULTY ELECTRICAL EQUIPMENT

The prec(.'!oding

documented o.nd
sec t Lona have pr-ov lded details of sev:ll:'al
rcr;earched incidents. theso , the

fol1ow:tng conc Ius i.ons and cbse rvar Lona can be listed:

1. The dilution and removal of methane 1.$ a prerequisite and.
this subject has been dealt with in other chapters. The
provision of adequate ventdl.atLon to min:!.ng districts is not
the sole factor in diluting methane £::miss.ions. 'lentil:!t:i.ou
appliances have to be properly' instai.l€,d and maint':ir~ed.

The photograph be:!.ow shows a well installed brat.t i.ce curtain
in a section.



569

High standards of Lust aLl.at i.on and maintenance of all

undergr-ound e l.ecr r i.cat d1.stributi':>n systems and equipment is

necessary. The fol1oy;ing photograph highlights the above

statement.
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3. The events which l~d to a methane/coal dust explosion in a
colliery are described below and provide the point of
departtI~ for fnrther discussions on precautions to be
adopted.

u. Ventilation

On 10th September 1983. a cut was madE' which holed through the
r~maining coa l in roadway No. 17 between intersel.::tions C and D.
Figure 9. The miner in charge I)f section 10 reported this fact
to his shift'boss who gave him no instructions. Later during the

shift. the coal "8S blasted down. Bpcause of the booster fan on
the Gus seam. Figure 10. the air in th~ retUl:n airw"y was under

highf';':I" pressure than ~n section 10. and. air wa.. thu!' blown in,(;o

the aec t i.on through the "holing. rli:ver.ning the flow of air on the

left hand side of section 10. This dis1."up~·Y th~ vLntilation.

and cb a supply of air to section 5 was :~duced by F :'l'Ie60%. A
diag't'EUIUIlatic.fe:r>reS'llltation of th41 ventilation '1ft:ai the holin.g

is sh.own on Fig~:;l3 11 •

ventilation of sect Ion

reconstruction of

The ll.gOT.e of 60% I:eduction in the

5 was arrivtad at by Y ..~ e~pari..ental
ventilation ar angEl1k~nts after thethe

accident. brat. t;i'clUI.Under these circumstance ••

stopping. and 30 on. were in perfect cond~tion. It is reasonable
to a.sUll. that these ideal conditions would not hll'1. been the
ca.~ on 10 Sept~mber 1983 and that the reduction in the supply of

air to uection 5 was thus ~n excess of 60%.

The Miner reported the holing to the Shiftboss who told him to
close it off. TIle tfiner said that this was not possible ali it

was r.i.ear the end of the shift. he was short of labour r..nl! ~is
only roofbolting machine was at the opposiU end pf t,:hlt section.

Ji->:

~e Shiftboss told him to make ,,~ plan snd left thf! •• ction. He

rflplUe:ted t:o the 'Ilofine'Over.eer that tha Miner 'bold been told) to
~. ~

c10'.1~ off 'che h~l~Jlg. As waf, to be/·-.J.:_pecte4. the H:i.ner did nq;7~/'

'seal off thl, hOI~~~~gand itt spite of ~i~ f4Ct that both were we{{

awa2:e of the impo~\::ance ot'doing ';0. no further action was ."taken

the.t: wflekend; not even the elementary precaution of asking the
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