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Hiner whether. he had managed to get the p1.ace sea1ed or not. The
scene was thus set for the accumulation of methane in the
northwest corner of section 5. whi,.~ was also the highest poi.nt

in both sections. with the roof sloping upwar-dsto this point.
An additional factor which probably played a part in the release
of methane from the coal seam is the pr.esence of a very deep low
pressure system. associated with a storm. which pa~sed over the
mine on Sunday 11th September 1983.

b. The Early Examination

On Monday mornLng 12th September 1983. the M~ners were delayed in
going underground and reached theit' section waiting places in
section 5 and 10 at about 06h30. >fhere are no witnesses left
alive to describe the early examinations or lack thereof. carried
out by the miners, but the inquest court was satisfied that with
the amount of methane that must have been present in the north
western corner of section 5 and with the stirring action caused
by persons moving in a seem height of 1.2 III this gas would have
be.,.,,,detected if a proper test with a fl8.l!lesafety lamp had been

I

carried out. The conclusion of the court was that the Miner who
vas in charse of section 5. failed to carry out the statutory
teate and that he was thus primarily responsible for the
accident. No trace of the initials and date required by
Regulation 8.9.4 (b) could be ~ound anywh~re in section 5. while
in aectio'rl10. it val'sobvious from the initials and dates !'ound
that this Miner had examined about 60% of his w(')r~ing places
before the explosion.

c. Ignitinl Source

F. 'm a~ ttx&minatiq,nof all the available evidence. there is 110

dou1)t that the igniting source was the silicon controlled
rectifier panel of, battery driven 8crooptr&\ No. 56. This

/

m.acl.";:a: was found near 1;;hesource of the 9xplowicn .,ith ita motor
still runnins •• fter the accident. The cover of the fla~eproof
enclosure of the control panel had at 80~e time been replaced so
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that a conductor was caught between the flanges of the lid and
the box. resulting in a gap of some 10 mm.
adequate for the proFagation of a flame.

This gap is more than
TI1e panel had been

worked on on 9th September 1983 and there is little doubt that in
replacing the relatively heavy cover in an awkward place in the
confined space of a 1.2 m seam height. the conductor was trapped
and when one of the securing bolts failed to go into its hole.
this was ignored. The machine was subsequently removed fl:'ol'lthe
mine for welding repairs and only re-entered the section just
before the accident. so tha.t it was not conclusively proved that
the repairs on 9th September 1932 resulted it"} the non-flamep:coof
state of the machine on 12th September 1983.

Matters al1iFlingfroill the investigation

An intensive investigation was carried out and the following are
SOMe of the more important matters that arose from this
investigation:

a. Laaprooa

The records kept in the lamp room were found to be chaotic and of
virtually no value in the identification of the bodies of the
victims. Had the explosion been more violent this omiuion could
have had very serious consequences.

b. Explodves Cot\trol

',I

A large rtumbf\tof contraventions of the regulations governing the
use of explosives ..,ereencountered and it is obvious that the
control Qf explosives and the discipline exer~ised by supervisors
was extremely weak. The!'e was no indication that b:l!':plosiveGor
blaoting had played any part in the explosion but this may be
;!;'egarded as fortuitie,us as untamped holes. charging up in close
proximity to e~ectric drills or any of a nt'=b~r 0:( other
explG8ivu malpractices could have caused an ignition of gas.
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5. Only GME approved exp Loe i.on protected equipment shal I be
used in hazardous areas. Permission must be given by the
ConsultIng Engineer and exemption obtained from the
Inspect'r of Mines for the use of ncn-explosion protected
equipment in hazardous areas.

6. Mainter:ancE'areas should be well lit and have well drained

smooth impervious floors.

Care must be taken that oil and g.'tease washed off the floors

does not accumulate in sumps Or old workings.

Permanent maintenance areas and workshops must have concrete
or imperviolJs floors an~ 'Wul1s paint ed ,

Maintenance areas must be kept clean and well stonedusted
and be provided with B or C class fire extinguishers.

7. Lights and cables must be kept well clear of storage drums
and spillage must be avoided. The storage area must be'

kept .:1.an. wel(1 .tonedusted. and fittl'!dwith B or C class
fire extinsuiahers and fire hydrants and hoses on the intake
.id••

8. Audit or overvie" teams consisting of ..ining. mechanical an~
electric Bngineers should. o~ce a quarter. examine the
.1.ctrica~ reticulation. sub.tations and electrical mobile
fac. equip ..nt and report on the .tandards of maintenance
ctnd installation and highhght hazardous situations. At
l.ast 8 teama of 4 !nf,ineers per team should b~ d~ployed in
the overview to ensure that the whole of the underground
operations are adoquately covered. Check lists should be
provided for each teaa. A total mark of below 90% is
con8ider.d unsatisfactory_ lollow-up visits on
which have been highlighted should be undertaker.c
delay_ Seconding team members frOllotl:er coU:i.eI·ies

har;ard,s
without
should

en~ur8 a more objective view of the el~ctrical operations.
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9. In the relatively low fa'ult level systems traditionally used

underground. well designed flameproof enclosures have proved

very successful in preventing cethane explosions.

10. A more serious problem has been cable faults. Because of

the abuse to which cables. particularly trailing cabLes , are

.,subjected, cable faults are fairl~r common. Even with the,
\:~r~stest protect ion tr~e enerr re Ieased in a short circ~..lit is

Yei~{considerable and :is aIm, certain to burst the cable
'\

shed~h and ignite any methane j_'nthe surrounding atmosphe re ,

In order to red,.lce the energy t'f,<{~a~ed during a fault it is
necessary to ensct~ that the fault starts as an earth fault

and restrict the earth fault current to the l~west value

that can be sa'fely detected. In trailing cables this a.s
D done by surrounding each phase core with an earth scree, '~nd
by providing an imptl!dance·between the transformer neutral
and earth. The flash duE'!to a 8ma11 earth faul'!:current is

likely to be" contained within
th~ .heath i. punctured the

th9 cable sheath"~nd) even 1f
\\

sm&l1 "park is ijblike1y to

extend any distance. from the cable. TltiS;\reduces the

likelihood of Lhe spark comins into contact with metban&.
There is the pouibility of two phase. going to enth
simultaneously to prod11ce a shQ!tt circuit if the cable i.

", t>.
cr"..l8hedbut the')great ujod,:,; \:>f faults are sin~le phase to
e.,r,thfaults.

An unwritten rule .xi~t. with re8ar~ to trailing cables that
c'

with the exception of shut€lecar cable damage. &11 other
cabill daaas- h dillon entirely dUll to * r?l.aek of disc;pline.
If cable. are proPerly suspended in operating .ections they

will not becolle daug_1! with the conaequenti.1 po.. i.bility
of providing an ignition £ource. Shuttlecar cable. are !IIore

likely to be damaged 'du. to fault} reeUna and spool~ng

device. a situation outside the control of the Operator.
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Equipment gener;,tlly. and mobile equipment in particular. is
subject to more abuse underground in coal minps thaI' in
normal surface applications.

Large heavy machines moving over uneven floors in confined
spaces wh i.ch are frequently poorly il1umj~ated lI\akc

accidental impacts fairly common ,

s~verely overloaded.
Ma.chines are often

Coal dust. water and oil do nee 1/
make lot' an,\

\\

environment for th~ operation of electrical eqU1.plllent.

Roof heights of between OIle end tW(\metres and drive widths
of six metres place lioit tions on design and.make ha(,'Odling
of large units and long lengths of heavy inflexible cable

dHficu1t.

The regulations require armoul'.ed c3bles -,to C'! uded
uadarground in c<')a~.I'\in"11 except for flexible cable for

poro:able appacatulil. The, requi:.:-e that every cable

unprotected by
~

a {'lIIet&llic
',:/

covering shall as< far as

~racticabl. be!lo suspended as to protec.t it fromOdamage.

The operatur of a mobile or portable e14ctric41 machine

served by a flexible trailing cable must take all reasonable
n

.... ure. to safeguard the flexible cable against damage nnd
cut (1ft the supply to the trailing "~able b.fore ,leaving the

r_, \_,..-'

•• etion. Ivery flexible cable must b. ex.mined .t the

beginning and again at l~•• t onc.. during the ehift ..
:,

j!ii

Th~\ inference i8 thnt f.lexible cable i. not as safe as

araoured cable. Flexiblo trailin. cable. are suoject to

IlUch Itore abuse then I'Irmoured cables .ad experience hAS

shown that .. 11 desianed f1~?ibl. crai1 f.,ng cables ''''.d:h

in<iividual'iy set-esued phase cor.~~llnd the cer rece protection
,-:\ () , \ cr'

are conaiderahlYfa.fu' than armoured cables.
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15. Electricians should be equipped with methanometers to test
for methane in areas where they work. 'I'hi.s provides a.

double sa~eguard for methane detection. ProvisiDns fe. the
issuing of aut.oma t i. methane warning devices to IJsers of
electric.al appar~(tus and other selected categories
work..ersehou ld be iilade.

r-

16. No flameproof equipment lr1hich has been repa i red on Sill: facE!.
for instanc.e an auxiliary fan, s!1.o111d be returned
underground until it has been declared to be flan!eptc-of b;' a

suitably qualifi~d and e~perienced Engineer. Proceduresij

$eared to the specific i~spection of flameproof equipment
should b~ standard practice on every colliery. Such

examination should be recorded in a log book provided for
this pu!'pose ,

17. The path to earth when an t:lle~tricalfault occurs should not
b. allowed to follow a route to i:he roof of the workings in
a &".8Y S8U. A methane .xpl~8ion occurred in the face of a

18851 pit whfm a trash or a.rc '(':oolt p1&ce in an auxiliary fan
starter. The ttl.ctric leak tr"~11ed along a suspended wire
and f1ash~d theignitingacros. a

methane/air mixture.
\
~;,

The ignition o~curred when a force f.~rhich had been moved(, "\
tl) a plann .." new position was started'\ No casual ties were
recorded ..

() Figure ~2 showlil the layout of the section of ~ht~ mino
workings where the incident occurred.

)
The oJ.edon 'Iir.ali a conventioudlY Dehanilled developDlent

\
...ction work.in1o \on oil double shift basis. A :t.5II thick

dolerit-.:-' dylr,e haJ b.en encountered and all Ttl': t'c..d.:l r=
through the dyke and in clean coali~ NOl. 1 til' { ::, 'oad8// had,

riot 'Jet .dvan~.•d to a point wher\! .. holing coe be eq~cted

between the~ t~ good around cqnditions.
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Heavier than ~sual firedamp emission was nor~al when the
first cut went into clean coal on the inbye side of a dyke

and usually persisted until a holing ncross
companion roads
ventilation to

was effect;ed enabling the

b~tween
through

be brought fONad. The layout of
ventilation arrangli!ments in the section was as shown on
Figure 12 with the intake splitting left and right to the
return airday on £ither
... 40.0 m3/second. t'aces

side. Total intake quantity was
were .ventilated using 37 kW

elec'trically powered force f~~ a.1·d 760 mm diameter
""-~ ,f1.. ;i'bl.~flame retard4nt. antistat':~enti1at:i.on tubi.ng.

This tubing wa. suspended along a length of No. 8 galvanised
wire 8.cured to the suppGrt roofbolt washers at 1,2 m
interval.. The .nds of the ventilation pipes were kept tc
withi:n 5 .. t re. of overy faroeat all tilles. Fans w.re
iuteiloekad with the .eetion i.ol.tor *0 that the section
isolator eould not bit Iwitehlld on unle .. aU connected fana
.. re ruoninS.

,iaure 13 .hoytllthe l.ft. hand sid. of the ••ction draw to •
o .lar..r 8cale. Roadway. 1 .n~ Z are relevant. The fan

ventUatins No•• 1 an4 2 road. wa. .u.f~'dingat Puint A with
the ven'tilation ~olulIISui"in tbe podtion. as .hewn. Brick
veatiletioa .toppina. were up to data with t~ last one

<":::i

~inl c:a.pl.t.~!on Wedne.day end of dayshitt. Because of
the dyk.. the line of stoppinss had been offs.t to kMp the
:r08. ventilation as C1088 to the face.1 po••ihie. With
cOIlpletionof the la•.~ .toppinS. arrange.aU were .a18 lor
the fan .arvin& loads 1 and 2 to b~ .oved forward to Point
B. and s~ at t~e and of the we~nesd.y night.hift the
Electrician Itayed on aft.r sbift to put in a length of
cabl. ift tho f.ed to the fan so that the fan could be .uved
fo~ard on the followina ao+Di~. 8hift.

Putting in the Ienath of cable ..ant stoppin, the f~rt.

disengalins the interlock. with the soc:tion'iaolator.and t:lf!

figure o'l eiaht coilins of ~"..cable eo that the Illovecould

\ )
\ i
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be done without interfering with the rest of the section.
The No.8 gauge suspension wire which was still there from
prftvious ventii~tion pipe Installations was attached to the
usual hitch point on the +op of the fan housing. ':' This wire

)i

extends angled down from the r oo f to the fan.1:I1 car ry the

ventilation column over the spa". See Figure 1/;.

The ventilation piping along the original rOute to the
{nten1ection at Point C was taken "!'wrt and the section from

Point C to the fan in its new position was installed. See
"'. ,~"1.gun\ ....1.
good fi.'ew

The Shiftboss checked and found that there was a
of ai:: passing the new fan site and that the

atDlosphe~e around the fan was clear of methane. He

instructed the
depressed the start button at:

put on the power and
the same time checking

immediately tripped all

then
the

Electrician to

gland. The ,(,fanstarted but
\\

power in the ~~ction beccuse the Electrician had re-engaged
II

the interlock a\\ the section isolator. He turned to the
C1"«:"'" ;..J.pervisor \'() send for the 'Electrician to show him the
fault and saw the~\rew sUp@'t'Viaorpointing excitedly towards

the face of Road ~. 2. The whole face was burning right

back along the roof \~ the inter.ection.

.. \
it w~.established th. \,thQ cau•• of the crac)::lingsound flnd

~
the smoke frl)m the' g ~nd was what was termed a "hot'"

connection of one of the 'ph.s... in tha starter. and that a

the

flash had occurr€c to the casing" The.only othar fault that
could be found was that there W~l •• rubber seal missing in
the sland whera the feed cable entered th~ starter. An
independ.nt specialist in earth ,::i.ul.n and stray

w&s employed to investigate the set up unde,Fground.
15 c2.ndicatu th. set up.

currentH
"

FiJure

All 't,hat could be .stabli,,~'.d w.~that no electrical path to
cc.

earth could be found at 'any of !lthe roofbolts to which the

wire waa suspended' except the l.l~t 0". in th. face. All the
other pointE! were found to be r'~!;I\:yand non-conductive.

11
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11. With electrically powered rubber ty red equipment the risk of

electrocution is high if a .:t.ult OCCUt·s to the frame of the

machine and the f~ame i~ inadequately earthed.

It is gene ra Lly accept-ed that: touch potentials '.,f les.;; than

50 volts are unlikely to be lethal parti~ularly if the earth

fault is cleared rapidly. 0

Th"" llSE' of high itnpedancl~ neutral ear t.h r es t r i.c t i.ons ,

sensitive fast pilot circuits for monitoring th aarth bond
anti s ena Lt.Lve fast earth leakage protection make it possible

to limit touch potentials to safe values on 950 volt
systems. At higher vo Lt s.ge s it becomes :nore diffj.,cult.

lj

12. Since underground work is less popular, amongst Ele.ctricians

than surface work. it fetlow,s that wben shpr.!:a.ges of

Electricians occur on a mine. undergrou!1d will ~uffer tlost;

~t is thus a fact that 81:1 inexperienced Electricians ai'e

employed there is a temptation to short c~ccuit th. training

and induction procedures and deploy these El~~,t:rici8ns.

undergrcund asu soon. as P9Bsible~ See" Chapter 2 tor a
;'

sugge<' 1)id induction progrhmme for. Electricians and

procedures for re-establishirlg power to underground b':d.iqns

after a power trip or shut do"rt~.
"

13. _~All pow~ fee::! c.'able£ should, b~ I:luspended r.rom the roof in ~.
<r: "\\

('14.

n.~'" lUnner where they ,,',tn be pt!ri,)di;?ally e~carr.inecJ.
Ii .,/

~ang.rou9 roof ano si(jewalls should t>t! made safe imti.edi'ately
/ q

f to pr.v~,n" fall. f romda.. ,~ug such cables.

Specific procedur.es should b~ laid doWn f'dr the isolation of

pow~r t o areas whir.h have 'be~~.,,;~E!mpo)\~rilYstopped; i~\'I\ for
« '~any reason the power--,hils to 1'e.£in on in this area. special

l.es/procetiures E.hould 'b. enforced governing the use of
"s"itchgear anII mach~nes in the areA. Initial inspe(.tions

'(jor methane build·-I.11l's and ventilatiq,n arrangeL'l'!!lts should be

made.
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The final conclusion was that when the flash occurred in the
fan startex. electricity travelled al.cng the suspended ,,:ire
and f Lashed across either at the r sofbo l.t; 'dJsher or in::d.de

the roofbolt hole thus igniting the gas.

t.Jben electric equipment and cables are moved the sys tem
zhould be examined for damage particularly to cab1es and
glands.

Strict degassing procedures, as standard practice laid down
by the Mine Manager. shoula be employed when sta~ting a fan

whetf! there is an accumulation of methane which stretc.hes
back frottlthe face and ove r the end of the last verrt i.LatLon
pipe in the bee. For this specific condition ...he column
should be brok~n at certain points so that the ventilation
pipe can be blown clean especially in the first few lengths
from the fan before full degft.sing commence~.

Previou.,! experienc~, Ifith ignitions had led mauagemetlt at
this lD.in~to have 2 r;f the 50 kg fire ext.;".nguishers plus 8

\.,
of the l7.'h\kg exting1i:i.~hera in a spEcial fire ,fighting

\
equipaent tr~~ley at the Miner's box. Tbi. is in addition
to other exti~~~i8heTs at the various usual installation

\\
!!Iitell. The adv.nt,gllS of the 50 tts ext\tnguisher are its

range ( !. 12.0 .. trft~) and its lonser continuous life when

in use. Previoua,;experi.nc~ has also definitely IlIhown that
the speed wib~ whic)f suc~ an igni.tion can be extinguished is

vita!. In Dl~nut:e. the whole end can b<ecome a, raging
\

inf~rno. In this respect it is vital that Personnel be
trained and cOlllpetent io procedures to adopr in such a

situation without delay. Tb. maint~nance of fira fighting
equipment. the availability of ston.dust ~nd of water under
adequate pre.sure mu.t alway. rec.ive high priority.

18. The author quotea frot the Report on the Hlobane disaster in
1983 in which the Deputy Governaent Mining Engineer state~:
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"The whole subjec t of the Supervisor structure on the mine,;

is beyond the scope of this rp.port. hut it doe:' seem that a

revision of ro Las and responsibilities is needed. In

addition it appears that in this case the Miners a:1d
Officials had a rather rudimentary knowledge of ventilation.

More emphasis on proper training and retraining of Miners

and OffiCials in verrt i.Lat Lou prac t Lces 1.$ recommenc,:,d.
CO!lsid(:!r;,ltiort sjlould a Lsu be ..giITen to the possibility (If

giving some r.iore weight to the reports of the ventilation

department. It is not considered nececsary at this stage to

contemplate ndditional legisJation hut if a copy 0f routine
repoT.ts.was routed directly to the Manager. with another

(!

copy to thd line Officials. more attention may be given to
the reports by the latter parsons."

'The proper trliE.ning.education ..~rld eXl1er~~nce of thl'derground
i i

Employees is a thread ~4hit:P':/~~,.,i!'11;rougho1.1tthis ptoj ect
\, ,.' ,)' -~~~~;;' "report.

1:;)
Signalling vires or other elll!ctrical inaU.1lations ..hLch

/ re8or~ to blllrevirl:!conductors should be made intrinsically
.afe Caet!! defit.itiorFunder ium 6.5).

20. Booster fan in.tallattions underground which upe.rate at
hiaher quantities of air and pressure than the main fan
could eause methane-laden lCf!turnair to be blown ~hrough
stopping. into the intake
electrical equipm-.nt is used.
at Sprinafield Colliery in
Jl'ig!~1:'~16.

airways where non-flameproof
Such an incident was record~d
1953 and it is depicud in

An ahrt Shiftboes and Electrician dincovered (lver 3%
\,

methane in the fan motor house (A on Figur~ 15) and closed
c

off all power to the installation ilDlDediately.An added
danger of possible methane ignition were the non-flameproof
.1ectric lights on the haullige and bare signalling wires.
Stoneduiting was not practiced at the collier?_
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f. Pressure

In many of the p.xperiments pressure records were obtained both by

manometers placed in the gallery walls and by special gauges
placed at right angles to the direction of propagation of the
explosion. The latter &ive a meaSllre of the wind speeds that
occ~r during the explosion. In general two types of pressure
~aves are observed. one preceding the flame and being a
pioneering blast wave with a steeply rising front of shQrt
duration (which may amount to a shock wave). the other a longer
pulse or pulses having a duration of a fra~tion of the order of a

second or more following the passage of the flame front. The
magnitude of the peak pressures of these pulses ~ay vary from a
few KPa depending on th~ sp~ed of pro?sgation. If propagation is
detonative. {'on the other hand, these pressures may considerably
exceed 10 000 KPa.

7.3.'5 Ttl. Mine A'Cllo.pher.

The initiation of propagation of a coal dust explosion i8 not
appreciably affected by the normal v&riatio~. in the mine

(!i

attaosphere*"epe-rtfr01l\its content of firedamp. The presence of
firedallpincreases th..-explodbility of the 'h".,.d tilst •• riously.
in proportion to the percentage of firedamp in~ the air. The
British experimental findings aay be most simp!y exprc~;~1 thua:
for each 1% of firedamp in the air. the pe rcr, ';:.age of
incombustible mattEr in/the road dust muat be increased by one
sixth of the percentage of coal dust in the mixture just not
inflammable in the absence of gas. Whilst the additional
PGrce~tage of incombustible content required for each 1% of gas

in the air is therefore less the high~u the incombustible matter
requirf:ldin the absence ot'ga.. it may not;always be !lppreciated
that the weight of the sdditional incomb""stible matter needed is
greater, as is shown in Table 7.6 (Mason an~ Wheeler. 1931).
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Table 7.6 Effect of presence of firedamp in the air 00
ioflalllDlahility of coal dust for two coals of widely
differing inflammability
Weight of inert dust to be mixed with unit weight of

coaJ. dust to suppress propagatton .of explos:i.on

N,o, firedamp 1% fire~l~.D1p 2% firedUlp

Avet;'~ge
addition
fot' each

1% firedamp
Coal A
Coal B

0.6 (38)
2.2 (69)

0.9 (48)
2.9 (74)

1.4 (59)
3.8 (79)

O./~ (10)
0.8 (5)

(Pereentages of inert content in brackets)

Thus a concentration of firedamp in the 8enera~<~OdY of
of a magni.tude that is just detectable wi,,,ha flame lamp

the air
(abou~

1.25%) uy hav$ a m!irked effect Cll the explosibility of the coal"

du.t.

7.3.6 Bxpl~.ibility of South Airican Coal.

'1'be value of the e~~ploAiqri1ity of the various coal. is given by
"the co-efHcieSlt o:~.xploaibility vb~cb i. the K9X "alue.

In ,eSlerai. the hilh~r the Kex value. the lower i. the optimum
dust e~c.ntritio~. For osaaple. for Kax value. up to 70 the

,
optilW. dust concentration is at leut 450 S/l ""hile all sa.ples

with an optiJd'Uaconcentration of 375 g/l or below heve Kex values
.'of 100 or .ore. All samples with K.s valu.. of 60 or below

refused to azplod. at " dust concentration as low as 200 g/l.

The r••ult~ of various coal sample. are given in Table 7.7 below,
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Tabl. 7.7
! (1 Optimum Volatile

coal dust matter
Concentrat iot\;;Medium size content, Maximum

No. Area gil um raw coal Kex-value

1 Ut racht. 19 7.2 10

2 Area - 725 16 7.0 30

~ Anthracite 600 16 6.7 25
0 4 Seam 600 17 7.4 10

'.'\ ..

5 Vryheid u•. 16 10.4 50

6 450 21 10.S (j

55Area -
7 Anthracite 475 16 11.3 60
S Se.. 21 10.1 55

9 Dundee 15 22.8 10:1
() 10 ~t'..- 19 2\>.5 :;'00

11 Coking 18 19.6 90
()

12 Co'8:1 ~.)'I 425 17 2~.7 105 o

13 500 18 21.6 100

() 14 South Rand 450 21 19.2 7e
15 COalfiele! - 450 20 22.3 95

16 KJin S.8JII. 400 16 20.8 90(-:.,
17 425 21 20.1 95
18 475 17 22.0 85

19 Vaal Ba.in 475 16 21.5 95

20 ~.am. .400 16 22.0 90
21 500 19 23.1 SS
22 450 17 2j.l 90

I'

23 Vierfont.in 375 15 20.1 105
24 Are. 475 16 21.8 95

25., 525 21 20.0 9S

26 15 13.8 55

\
\\
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Table 7.7 (Cklntd. )

OptimUfll Volatile
coal dust matter

Concent.ration Mft~,:·..,4size! content, Maximum
",

No. Are& gil WI raw coal ~~'~value

27 Witbank .300 20 25 "~ 120 ";

28 Area - ~2S 21 2;;.1 1t5
29 No. 2 Seam 325 19 '26,1 100
30 425 17 21.8 90

'~
,1.1

;'::J

31 Witbank 475 18 25.1 9S.
/'\::),,' 32 Area - 450 17 23.0 un

33 No. 4 Seu 450 15 21.0 80
34 450 17 22.8 90 \'b

'"'-- ( )

35 l1itbank 400 16 32.3 150

36 Are. - 450 18 21,1 90
"31 ~/. S Seam '"325 17 2"1,0 120

1:/

38 300 18 33.,9 155

':,
39 Veyh.t,d 425 21 19.3 ltO
40 Arear 425 17 20.5 d' 110
41 "'BitJinOu, 450 20 19.0 l 65 :::,.)

42 SeUl 4'50 20' 22.7 115

43 Arnot 450 ~8 22.7 85, \
44 Coalfield 475 11 23.4 90
L.S 475 is ..... ;::,'> 95L_.~>- ••

46 450 19 22.7 8S ».

47 1/ ']'2'5
J'Witbank A':ea - lit - ..-~ 21.5 80

48 No. 1, ,Seam 450 21 27,1 90

49 1.litbankArea - 450 ' 16 29,7 140
"

/jSf No 5 Seam 425 17 30.7 150



7.3.7 Tha Du,ban Navi,ation ColLi.ria" No. 2 Pit diluter.

8th October 1926

This "II the WQr",t coal dual: 4IiIxplo.:ton ever t'ecorded in South

Aliricli. Th~~\~otal r::i,ht .hUt labour force (including one man on

the dOlill1lealli~i~haftbank) of 125 ..en "er"! killed.

o

The Durban Navia.tion Collhri •• No. 2 Pit
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The salient po i.nts of the evidenc~ are set oux below;

1. A methane explodon, caused by a blown-out shot, occurred in
Section 10 some 1 300 metres from the shaft bottom (see
Figure 4).

2. This explosion ';!eveloped into a coal dust exploEl.,Lonwhich
traverse~ the whole mine.

3. The force of the explosion is shown by ar~ows on Figure 4.

4. The E!xploaiorl spent itae-1f at the top elf the upca se and

downcast shafts and in the South main se,;:tionG"

"

3. The explosion destroyed the fan drift 1
0m the upcas t shaft

and did consid6uble damage to the b81:lI-~ of the downcast
I,)

shaft. 'lb. COllpound Manager who was ab')1..t 200 lDetres frOIll

the shaft st.t'dS in reply to qUClstio:~el at the (lffici,~l

Inquiry:

"Where vere you at the tiae of the "Ixpl.oadon? - In rIJy zooa ,

r. that £21: froll tne Pitt ...At Dueh.n'. ~toJ~e (200 metres
frue th~J~t). ". lj

Did ;OU (••• tything of the expl(,)do'l? - I jUilt ,!:turd a

r.port. \,

Was' it 11 loud report.? - It sounded to lIle like the craCK of a

rifle.

No louder? - No. I looked across the square alld saw a cloud

of dust &nd smoke.
You sa"" no flame? - There vas a bi'\:. of a flllDe, yes.

Roy hiah? - It is very difficult to judg ••

Giva us som. idea? - It was about the height of the top of

the headgear.it

The winding engine Driver gave .videnc~ a. follows:
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9. There if: nothing in the evidence to suggest that. because
the colliery was gene:'1.11y':ry i"",nddusty. that water was
used to allay and s~ttle the dust. Wet cutting was only
introduced into the collieries in the mid 19505. At Hlobane
Colliery, two coal dust e~plo5ions petered out in wet areas
of the sections concerned.

10. Evidence indicates that there was a tendency for dust to be
emitted from mine tubs. ~1ithout the aid of firedamp it was
calculated that 9,01 grallllDes of dust per cubic metre of

ventilation would cause ~l coal dust explosion. Under the
prevailing ventilation conditions. this would equl'.l dust of
3.17 kg per second di8ch~,rged into the air to maintain a

dust explosion. This 8l'I1(lUntsto 35 desl!lertspoons of dust
per cubic metre - such an amount would produce a dense cloud

inpenetrable to the viciorl. With such a dense cloud it was
concluded that a fla.. or electric arc would have caused s
coal du.t ignition.
~.

11. That a coal dust explosion travol. at hiih speed and great
pres cure is confirmed by the inju~i •• to an eleetrician who
was wotki.ng in th. shaf~ bottom at the time of the
e.plodon.

"What was the cau'. of death? - The riaht si.de..of his head
"a8 crushed in. Right ribs were fnctuied. Righi femur.
S••d. fac•• and n.~k scorched. skin pae1ina off hand (palma
and fingers) multiple abrasions. Burn on left side of chest
and left buttock.
No,,_ this injury to the bead. would yO'll say that
considerable force had strucl~ him? - Ye•• tr«ldilendoU8 for.ce.

You .a, tremendous force~ - '~es.
And .th.oe same caus(- would aCC(lunt for th9 fractured ribs and

\ .\ "'

the'right fellur? - YeB.

12. Pre••ures of up to 1050 KP~ have been obtained under
experi.ental conditions in coal dust explosions.

'"
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15. The evidence of the Chief Inspector of M:r.nes for ::atal
regarding the ventilation at the No.2 Pit is pertinent:
Do you no~ admit it is one of the best ventilated mines in
Nat?l? - It is a splendidly ventilated mine; one of the
best in the world. I should say.

16. Evidence of the result of the explosion given by the Lampman
is stated below:

"YOtl heard the explosion? - Yes.
Wher.e were you at the time? - Just by the single quarters.
How many metres from the pit head? - Just over 200 metres.
Was it a loud explosior,? ~.'~:e.:l. it '.:as not too loud. but it

WQS very deep.
Did you hear any sound besides the actual ex.plosion? - I
felt a slight tremor.
Did you see any pheno~enon after tho explosion? - Yes. at
he time of the explosion when I looked. ! aaw flames coming

out of the air shaft (upcast shaft).
Mr. Milne: You mean the fan drift? - Yes.
Chairman: That is the only place whe~e you saw a flame? -
Yea.
Mr. Milne: Was there any s.oke? - The saoke followed it.
At the same place? - Yea. the £lam. followed it after a very
ahort duration."

17. Good ventilation in a mine is no guaeant ce that the mine
will be safeo• 8S wi tneued by the evid~nce of the Inspector
of Mines after the explosion.

"So far as you could see, the venti:!'.ltionat No. 1.0 section

w8S suffic~ent before the explosion. Yeu said the
ventilation was quite good? - Oh. yes. when I hav~ been
underground I hav~ found the ventilation very good.

~)
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"You saw no smoke? - I was all in darkness an~,} was covered
ill dust when the thing took place. \

You could see nothing? - No. my view was completely gone.
By the dust? -- By the dust and the dec'ris.

That was all caused by the explosion? ._Yes.
Were you knock~d down? - No.
Your vision was obscured? - 1eR.
You saw a flame? - No. I did not.
Were your cages at rest? - Yes. they were,
The one at the top - the right hand one, and one at the
bottom. the left hand one? - Yes.

,)

The cage whic!-.Iwas at the bottom of the pit) at the time of
the explosion. what happened to it afterwards. do you know?
- I don't know what happened tc the cage,: it seemed to be
jUllled and we could not set it away.
w•• it still intact? - As far as I know.
Wa. the r®e on tha wheel of the cage? - No. it came off.

~I

The Chairun: How long aftar the explosion we":e you able to

Photograph ~o. 2
'COl1ier~~o. 1

-~---:::;:;;:;./cage "6n surface.

work the cage which ,as on top of the time of the explol!ion?
- They started to work that a. soon as they could get the
pit head clear.
'What tirae wac that? - I should 8.y about OShOO, betweert

01h30 and OShOO but I waa not paying any attention to the
time, time was no object then.·

I!\
s1~ow.the pit top at the Durban Navigatior.
Pit with the west compartment double deck

speed between 20
A coal dust explosion. which travels at a
til per second ¥nd 2 000 m per sftcond can

- Ii,=
wreak havoc at the top of such a ahaIt adding to the

,pd.ifficu!tties fAcing management after such an event.
Photosrapbs 3 an<1 4 -~aken at the Universal Colliery.
Seng~~hYt.d. after a coal dust explosion in 1913 support H.e
view of widespread de8t~ction of surface infrastructure
foll~ing a coal dust explosion.

V c-:
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According to eltioence, coal dust (together with
was systematically loaded into bags and taken

stonedust)
out of the

mine. This practice would have taken place only in roads
which were accessible such as the shaft bottom and all main

haulages. Th~: return airways which were only 1.4 met tes
high and totalled some 12 000 metres by 1926 were not swept
and cleaned and were also not re-ston~dusted. Fine coal
dust gene rat ed as a result of Illining operations (cutting,

drilling. blasting. Loadi.ng and coe l transport in tubs)
collected in the return airways and ws.. depositad on the
roof, fleor and sides of these returns. As the pioneer wave
of the explosion entered the return airwaYs, this dangerous
dUllt t7asreadily r.aised it~to a dense cloud.

What .tonedust that did"exist in the accessible areas of the

~in. (the shaft botto. and all ..in haulages) war being

•• pt up and sent out of tbe aloe thereby further increasing
the percenta.e combustible content of coal dust in these
area••

7. Stoneou.t c..p1ina and anaiy.i. wa. not carried out with

diU,.nca and replarity. The fact that 5 kg of ston.dust
c: 0wa•.~ppli.d per toft of coal .ined ia questioned.

In the return airways. with difficult acce.sibility. it is
likely that any .tonedust which did exist vas covered by a
layer of fine coal dust. Experiments at the explosion
tunnel At Klopperhos support the overs.as conclusion that
such. Ilb,ture. will give t'is. to!l flame when subjected
an ignition source. No dust ignitions o~cur when

)\stoneti•.~_.t and coal dus:tare lI.ued. )1'
\liI .

to
the

/1

8. Stonedust dispersed

epr~ad cousi,tently
roadways.

by hand and not by machine
over the whole perimeter

is never
of the
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13. Coal dust has been ignited at temperatures less than 600°C.

14. The Chief Inspector of Mines fa! Natal. under cross
examination. stated:
«You know it is a fact that the majority of authorities
agree that the coal dust at the face is not so inflammable
as the coal dust in the main roads. which have been lying
some time and exposed to the drying processes of air? - I d¢
not agree with that statement.
You do not agree with it? - No. I do not.
And you say that the coal dllst at the fp.ce is the mest
inflammable you have? Yes, slightly mere liable to

~. 0explos,,("jl""than the dust further back from the face.
Now. I want to quote you a passage from Caleb Pamely's
Colliery Manager's Handbook. as at Page 875. "The
coaparatively high temperature which prevails in most
underaround workings. doubtless assists the fine division of
dust particles. du~t remaining a long time subjected to thig
heat. become. drier. and it'may be that it absorbs oxygen or
undergoes 80ae chemical change which makes it 140re

1\

danlQrOus. On the othac hand. long exposure to the
atmosphere probably causes it to pl:lrtwith some of .its
~olatile 'a.... It i. known that the capacity for absorbing
oltY,enb greater in freshly worked coal than in that which
had lain some time» but it appears that the newly .mad. coal
dust i. not 80 inflammable as old dust. The chemical
changes which take place would therefore appear to increa8e
the dangerous character of coal dust. but the precise nature
of these changea is still unknown and requires
investigation"? - 00 you agree with that? - Yes. r agree
witb that at that date. That was in 189S. Pamely says that
invelltigati.ons haVE: to be made and since that time
consiCierable inve~:tig!ltionshave heen made and I haVE! heard
the results of some of theae investigations. And these
investiaetions are on a small experimental. stage.
Tha Chein.an: What is the date of these which you are

Ii

referred to? - 1907~ ten years later. P. Phillips. Bedson;
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Dr. Sc. and Mr. Henry Widdas. B.Sc. ignited coal dust clouds
i.n a stealI chamber by means of an e Lec t rLc current. They
tried various types of dust~ the? soaked them with water.
and dried them again. and they selected samples. from the
intake. from the returns. from th42 top of the chamber, and
various other places and the final result of these
e~:periments were summed up by Professor Henry LO'l:LS in which
he said that the experiments recorded 'Nould form the basis
of liny future studies that might be made on the subject;
and the data already collected sCf'lmedto lead to a number of
valuable conclusions. They showed that roadway dust was

dangerous than dust at the face. and that probably

attention would ha,~ to be devoted almost exclusively to the
dust which was being bzough t out with freshly hewn coal.

Mr. Crook: What is the date of that? - That is 1908.
And what about the later experiments? - I may qualify the
other statements by saying that all kinds of dust were
exploded including dust containing over three per cent of
lIlOisturo.
Haw you not looked at 8,ny later experiments than that?
But the •• were definite experiments which were conducted.
Under those circumstances. it is certain that my statement
;.,

a. regards tho •• particular dusts va. correct;.r
1_/

And your theory. then is that at the mine face this coal
dun was mo.:,:,. explosive? - Yea. slightly m01."e. It gives the
exact .BlOunt.
But it was impossible for it to explode .ithout the
assistance of the fire damp? - I do not Ray that fire damp
wa~ necessary.
Are you prepared to say that in your opinion this explosion
took place without the assistance of fir9 damp? - I am
prepared to say that it could have taken place without the
presonce of firedamp.
In your opinion. did it take place without the assistanc~ of
fire damp? In my opinion it is more likely to have
occurred with the presence of fire damp."
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Now, you consider this mine to be a dangerous one, do yC)tl

not? - I look upon it as a gassy mine, but it has good
ventilation and methane 1.s diluted to such an e:ttel'ltthat it

is difficult to find gas at the face, provided there is
noti.ing wrong with the bratticing or th~ ventilation system.
D~ you think it ha~

il
I I\ .. lo.·' h . ..~t'1nl( t e ml.ne :1S

_//-
'.,/ \\

I'

',1
II

been made as safe as humanly possible? -
well ven~ -ated ~nd stonedusteQ..,too.

\
\

) )
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7.4 NtJ'MBERAND DATES OF INCIn.."(NTS

1891 EUindslaagte

1897 Elandslaagte

Natal Navigation

18~8 Natal Nav1g&tion
New Campbell

St. Gecr~e

1899 St. George

South African

1902

Natal Navigation
Glencoe

Glencoe

1903
Crow
St. George

\YuI..a1 ( \

scuth African
i) 1904 '\

Ralnsay

!landslaagte

.1905 Cr.J)wn

Glencoe

Glencoe
Nt',..c~stle StON!

Dtln(.p.e Coal

South African

Thes~,Jgn;.tions "v"!reprobably all

) caused by the takir.g of open
1/

) lights into working; which"\

) contained an inflantmable
} atmosphere as a res.,tlt of

) in~~equate ventilation
)

4 killed. five injb4ed. Flame lamp

opened by a worker

6 injured. A bonne~ted Clanny lamp

Ii h..,d been iuued with01.Ot a gauzeo Nil hljUries. No record of details.
Naked light. No ca'sualties.

1 injury. Naked light cn surface -

in the fan drift during fan

8%a.in.t:ion
1 injury. W.v.d light

{Vi ki1l8do 2 injured. Naked Hght

No casualties. No record ot\ detal.is
;;.:.1

2 killed. 2 i.ojun~d. Naked light
/,i

1 kU1Ed. 3 inj1lred. Probably open

light

1 injured. Naked lighb
I)1 injur~d. Naked light

No ree.ord.';"f details. Pt'(\bably

open light

1 injured. Naked light
No record of detail";. No cuuaH.,-\",

~:,;., \1 i
1 killed. No record of cetaUs x, .:

1 injured. Naked light
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A major feature when studying the .in~ident is the t ot.a l, lack of

communication between Supervisots and Wc::.kmen. This is suppor-ted

by the evidence of the Hin(~ Res:i.dent Engineer.

"During the ",~ek 13th to 18th Ol'tober. 1941. j twas deci1ed to
dismantle the 2000 volt switch at the old No.3 substation and

erp.ct ',t at the new No.5 substation. Main South West HauLage ,

Bankfcntein Section. As I was under the impression that this

type of work cou Ld be pe r fo rmed on a Sunday without prior

oermission having been obtained from the Government Mining
Engineer. I instructed the Electrician and the Apprenth::e
Electrician to turn out on Sunday. 26th October. and recove the
switch and also connect up the new 2000 volt cable in the sub
haulage. At the same ti~e !instructed the Fitter to change the

pulley on the main fan on Saturday 25th October. 19L1.

\, On Monday 20th (ktober 1941. ! not ified the Manager that I

~~" intetded to do th~" clilblejob. that: is. t~f" electrical work$ in

~ Main South West: 11aulage during thi.:!I coming weekenc. I told
the~~~ger that t as I a180 intended to have the pulley on the
main f~\Changed. I was concerned about ur :ng a blow lamp in the

"haulage Wij~'l.tthe fan v•• stopped.
say there wa~nothing to worry about.
to apply/for ~nday Labou~ Permission to do the job as I had been

(,\

instructed,\cy t~~jMana!er to do the job as aoon a~ possible. The
Manager diJ\ not ..~,~t1allY instr~ct m. to do the job on Sunday.
Although I \~<i'1nS~~cted the ¥l.tter to change the pulley on the
main fan on Saturd~. 25th Oc~ober. I discovered. after the

"accident. that he had t'Umed out at 08h30 on Sunday 26th October

I understood the Manager to
I did not ask the Manager

to de the j~~. The ~itter had com~leted the work of changing the
pulley by 10b30 and then gave th~ fan a trial run. The fan was
stopped again for minor adjustments. which took about another 15
minutes to complete: The fan started up again at 10h45. The fan
is never .topped without permission having fir3t being obtained
from tho Mine Overseer. I arranged with the Mine Overseer to
carry out the alterati~ns to the fan and the cable joh during the
w~e}fend 25th to 26 Octobt:r. ~94:t.



1906 Elandslaagte

Elandslaagte

~907 Ramsay

190e Ramsay
j)

1909 South African
191Q C.'\mbd.an

1914 S.A. Colli..;tu

1915 Hlcbarl.l!

Hattingspruit

1919 Du,rban Navigation),
Co11ieri;,!!s No. '2

B21 Northfield

lUobane
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18 killed. 2 injured. Outburst of
methane from f Loor, A f l.ame safety

lamp was opened to relight others
that h:, become extinguishe'i

1 k i l.Le d , 2 Ln j uz e d , Defective

safety lamp

1 killed, 4 injured. No record of
details
1 killed. 3 injured. No record of
details

1 ihjured. No record of details

2 injured. A~flame lamp fitted with
....si)ngh gau~~eignited firedamp in

an inadequatety ventilated stall

inbye ot a dyke

1 killed. No r.cord of deu.i1s"

1 kill.li. A .bler punched five
<'.

hol.. in the SaUE.. of his flame
laap cre.uaably to make it burn
m~r. briahtly. ~an testina in a
hiah plac. in a head ina h.
ignited fireda.p and wa. fatally
burned.

1 kill.d. A worker intNdue.d a
naked lil~t into 8 ro~f cavity
1 killed. 3 injured. ExplGsion took
place in tho fan drift and tnttenl1ed
underground. Coal dust .ppar~ntly
did not play a contributoJry p.e.rt
1 killed, 1 injured. No record of
detail,

1 kill.d. Non-fiery colliery. The
mtner took his atcetylent:>hlllp and

his flame safety lUl~ into III

headi.n~, which had just pas.Hld

.throu,h J dyke. and ignited an
accumulation of firedamp



2 injured. A wor.ker ente~ed the
wor.king face prior to the initial
examination by the miner in charge
20 killed. The driving belt of the
main fan ~toke and the fan wa~ not
working for an hour and a half.
Firedamp built ap at the working
faces of a section. Most of the
flame lamp8 went out when the
workmen returned to the fac~s when
the ventilation current restarted.
A worker opened his lamp to relight
the others 4nd the explosion
resulted.
12". killed. Non-,Uery colliery. The
.. ia lan had be.n ~toppsd for Ilo.st

of a weekend. On the ()Hot\d",. the
.iner in chari. took ap op$n light
into an old end and i,'nl,"{:ed

i

fi.re4Ulp"that ha4 aec\UllU1.~t.i
cs

1 killad. 10 injured. No record of

detail.. Probahly naked lia4t.
No reeord of ~~t.il •• Probably
nu.~ li,h t. No e•• tad tie ••

South land !xploration 1 !njured. Isnition of Bothan. by

1922 Utrecht

Burnside

1923 Hlob.n.

..'}

1941 Utrec:ht

(J

o

t:

opei'\ flame 181l~

In e&('.h of the four casel one

worker sU8tained burn injurAe.
after iFitinS firedamp at the

o

working face with & naked light.
It was after this ••ri... of
accidents that the'mine "as
declared fiery
Due (\to the stoppage of an

auxiliary fan overniaht H.redamp
accUII\llatt\d at the working fa.::tuc of
the .ectio~ .erved by the fan. When
the fan was started at the



1941 Co~solj,dated
Collieries

1944 Consolidated
Collieries

1944 Tshoba

Hloban. No. 1

643

beginning of the next shift a body

of inflammable gas was driven out
2 injured. Methane gas was
ignited by a blow lamp

in the main road. The nn ne

was stonedusted and there was no
evidence to suggest that th~
Elxpl<lsionwa~ augmented by (:0<11
dust
1 injured. Burning cigarette
ignited methane
Non-fiery mine. A worker entered

r,\

a st&11 with a naked light prior
to ~x..ination by miner.
57 k!lled. 6 injured.
A.lthough cteelar"d a fiery mine.
fired¥mp "." of rare OCCurrence.
A heac:Hna had pas.ed through a dyke

and firedamp va£ beins liberated at
the f~c.· "here a~!electrical eoal
cutter "as operating. The,.iner
went into the place on an

-c

inspection round and the fla •• of

bi8 safety 1.. p0 My have been
.xtinluished by an explosion in
the la.p. 'l'helI!inerforced the lamp
open to a4just the relighter
mach.nie. which he thought to be
ino~erativ.. The explosion
resulted when he flicked the
r.li.ghter befon .crewing t:hebase
of the laap baek into the bonnet.

~o brattice line had been erected
to COUr8ft ventilatinl air throush
the heading whllch must have been

':! filled ..,ith ail explosive
atmosphere. There was ~sufficient o



Tshoba

1955
1953 Northfield

Carnavon Anthracite

1960

t961

1962

Durban Navigation
Collieries No. 3
eo.1brook Colli.ria.

Durb.n Ravis_tion
Collieries

1971 H.C.'). Contr.ctor.

;')

1/
"
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evidence to suggest that coal dust
contributed to the extent of the
explosion
No record ~f details. No casualties
5 killed. Naked light.
1 killed. 3 injured. Firedamp was
ign:ted by a cigarette lighter.
Fired~mp was iGnited by a f~ulty
safety,,\amp

7 killad. Flint lilhter and
c'xy-acetyl.~. torch ignited
lIethane in at. incHned hauling
shaft
Ignition on the 1urface at a pump
hou •• of inf1811UDab~.gu i..uin~
froa a borehole
1 killed. tfon;-U.ry cotliery. ('No

fi~.daap reported durin ..the m

" p~.dina 3S y.an). 'ire~allp

i,nited by • ·eh...... stick.·dudna
" \'

bl•• ttr '.operation.. SOI'iecolt!.na
of dust ...\t. ob•• rv.4 which
.uaa••ted that coal dust ..y hav.
played a minor role

o

Ianition of fired ••p. No ea8ualti ••

~, killed. 3 injured. Naked flame.
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., • 5 DETA!LS OF INCIDENTS /PHENOMENON

7.5.1 Consolidated Colliedes Limited. 26t:h O('1:ober1941.
2 injured. Methane in haulage road ignited b:'i :,10"

lamp.

\1 Intl"oduc.tion

The c~l.liery i. situa'ted in the Ermelo aua. The coal seams are

fouod at • depth of between 60 and 85 metre. and were known to be
...... y. It '~OOQ volt eh,ctric ~abl. Wall beinS extended to a new
substation ~it. on a Sunday and two Electricians were ~king a
jotDt in thi~, eabl,,! 'linSa blow ~aIlP' 'nle main fan had been
st:oppe4 ferr' t~paira for 3 hours durin, this period'dudng which
tiRe •• tb.~. b~~lt up in the .ain haUlage where the electrical

connection waa' \~'inl lIlade. It l!!ethane explosion took place

__ :doWily injUri~~ th\, two Eleetrician ••
r;\ II

~h~ IYeAt \
\\

~e Man'll.~. ~.nhi8\Vidence. st.a.ted that: "It wa. rep\1rted to
me at about 14hOO o~~sunday the 26th October. 1941. that the
~l.ct1;ician and APp1:'e~ticeElectrician had been ~av.re1y burnt b!
.. rlh gu in the Kai~, South West Haulage. at::; inspecting t~

scene. ~ foun4 t:l.at th~ accident had occurred at a point in the

haUlal,O who.. tho ~lec\,rici'''' ... to .. kina '. joint betwo.~ tvo
1.nlt~1I of cabl". TheY'\ had been usinl Cl b;ov lUip for this
purpo~.. The area. in ~hiCh tb. accidont or,:curred :I.. very
disturbed by faults. SO~\.;'"\:iIl8 previl)u&'1 to thb .~c:ident. 8&8

\
was found in thif; are. bef~~r..a c:ol'lnection bad been IUde to No. 3
vertical winze. As the co~,r in this are. varies from 60,metxes

'\to 80 metres on...can expect Ito find ges in ends which are not



adequately ventilated. When the t!1ain ventilation fan i.s

h . 5 3/ d . 1 h . h 1 ""1t e=e 15 til secan pass1ng a ong t 15 au~age. lIe
running

fan xs

situated at the bottom of No. 2 v~~tical winze and upcasts

through it. No. 3 vertical 'Winze 'e !,':,\.mcast and is Sltuat~d

2 300 metres from the No. 2 Win;.,,", .;'h"'t:l 1': took over the

Management of this mine. I realis,,·j thp.t sooner or later. g!\;-;

might be encountered. consequently r ..·;;uipped the mine with flame

~ oof apparatus. Oftly approved types of flame an~ e~ectric lamps

ate allowed in the mine.

Although this mine has not been d.",+l red a fiery ~ine. the

1\ '1tbt18 relating to fiery tIIines ate being observed. Every
1.

WDle, .ig place in the tiline is exatllined at the beginning of each \

shift for m~thane and repor.ted on. Only on three occasions in
the last 5/1.2 years haM gas been found in the workings.

It Miner was delegated to examine the haulage where the work was

Figure 5 chows the Main South 'West haulage.
()

tl ~rOUB faults and slips and the position of the No. 3 winze

tl' !r with the scene 9f th<e explosion. The Miner examined the

luaulag. b.tveen ~)8hOOand 09h:)O al1d found no gas; the rCXJf and
:,.:)

sities ~re I::~n order and thet'8 \ was a strong air current in the

h&tllage. •

'\
'1'''te Elect:c:i.d;:~n. who was injut:ed. gave eviderice as followa:

"

\\~ ~
\\

(I

"SometimE! 4~dng\th. week 20th to 25th October 1941. the Resident

Engineer t(;;~d tile \~'? turn out on Sunday 26th October 1941 to do
'\\

the joi'n!t in the ne~~ 200C volt cable Hne in the Main SOl~th 'West

On Ssturda;)\25th October 1941 the Ruident Et,tsinen
\ ... j ,

on tH ''Ilbday.! discJ ••(d what othei\wo~k had
II

instru<::te~l lIle, to take

to oe done

and

He

a

Iii.y Apprentice Und(h.grotlnd the

2000 volt switch f:::om the
following

remove old 3

sUbst~ItiO::k and t8k~ it dOWf!,to the new substation in the South
West Haulase. r was also informed that a Miner w.g.s going

Tl.":'ierr,roUind to examine for gas and b",d roof and to ~ee that
~,•.; ''';,7:Ythin? ~"liI in order.
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On going undar-ground at about 09hOO. the Apprentice and I went
stt;~ight to No.3 Substation with three workers and took out the
switch. The switch rflas placed on a scotch car and transported
along the haulage to the new substation. On the way we Ill:?tthe
Miner who informed us that everything ~as safe. 't-lestopped the
scotch car at the point where the junction in the 2000 volt cable
had to be made. After preparing the ends of the cable for

soldering, the blow lamp was lighted. I started making the
joint. It took about 30 minutes to complete tht! soldering and
vh i Ls t ",aiting for this to cool off. we moved back between the
trAcks to prepare the pitch fer the "through box". After the
solder had cooled off. I returned to prepare the "through box"
for the pitch. The Apprentice was still heating the pitch behind
me. Just as I reached the box he shouted look out. I turned

C)

around and saw a blue flame on the roof. I jumped across the

track and~ay flat on the floor. As I was jumping to safety my
risht arm was ••verely burnt by the flaaQ.

W. h~ b.~' ~r1d.g with 'he bi... l .. p for about 1/\.2

bafora the gas'\ was isnited. I cannot say whether the fan
hours

was
stopped whilst we ~ere workina in the haulaa.. I did nnt notice
any chanae in the V~ltt'Jr'.tioncurrent: all I ~ould feel wu the
heat fro. the blow l.mp~

\
\\

The fla.. on the roof aee"1 to break into tva. On. portion
trll".11.d towarda the mouth of\the adit and the other towards No.
3 Winze. A. the flame travellin~ towards tbe mouth' of the adit
went out after it had trll.~..~lled • short distan(!e I shout ad to the

A~prentice to get up and cOllie out. H-. saw that he waa badly
injured .0 I crawled about 10 metres along the h.ulll~e to where I
could feel and breathe frest~ air. I shouted to him again and he
got up and came to where I was restins in the fresh air. We then
walked along the ha1llage to the surface. As soon a8 we got to

the surface I placed the Apprentice in my car and rUBhed him to
the cvc"or."

~\'\
II
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Had I known that the Fittet' had not changed the pulley wheel on
the fan on the Saturday and that he intende.d doing ii.: on the
Sunday, I would not have permitted the Electricians to work ~;Lth
a blow lamp :in the mine. because from my coal mining exper.i.E'I'!!:e.

I have come to the conclusion that :i.t is not a safe p"actici': in
any coa L mine to work with blow lamps when the vent:Uation
current :ts l.·educed or stopp&d. I have no doubt in my mind that
whilst the f~n was stopped a eertain amount of gas (7(J~ed out of

of the
/1 slips in the haulage and accumulated in theone rj,time rou 1£1

cavity in !~ ;roof. <i'ud when the fan start-:?d up again this gastL!l!

was. draut down and i.gnitl!db~' the flame of the blow lamp'.
.:

The Mine Ove rseer inforllledm...that I,.ecould !';eeno reason why a
blow lamp could not be used in (,the main haulagfl':to make a cable

The Fitter who worked on th~C fan)stated that "at about 10h30 on
Saturday 25th October. 1941. the ~1esident Engineer inst:ruct~d me
to c:hange the pulley on the main Fan at thr. bottom cf No. 2
ver.tie~l ~in... Aft.r ~~tting the n.c••••ry too18 f" .ent
unier~ounil to do the job. I had previously been told that no
job~l'1mich would necessitatE.! IJtopping the fan. could be performed
without prior permission being obtained from th~ Mine Overseer;
consequently I went to the Mine Cverseer's cabin to ask his
permission. he refused to allow the fan to be stopped because
there Y8S a shift working underground. r then asked h,;'D\if he
had any objection to the job being done on the next day (Sunday).
Re said it would be quite alright. I then asked him if it would

'.: \1/ \be alt'i~'ht to stop the fan I! as there would be I' ~ouple of
I

Electricians working underground. Ha replied that as the
Electricians would be working ne.r No. 3 downcast Winze there
would be sufficient ven.ti1a:tion·· and that he could foresee no

danger. r turned out at abcut OShOO on Sunday 26th October 1941
to change the pulley. r stopped the fan at OBh30. It took me 2
hours to change the pufley.
I st"pped it three times

I started up the fan again at lOh30.
between lOh30 and lOh45 for minor

adjustments. The fan waR fully co~issioned again at lOh4S. I
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-;tayed at the fan until I 'Nas satisfied that everything was "in

order. ! went out to the surface at Ilh30. I saw the Miner in

the Main ft1esthaulage; it is pr;l~'sibl:J that he was ,in the min(!

when I stvpped the fan. I

l~lectricians entered the mine. r
West haulage towar.ds No.3 winze.

s topped the fan before the

saw~i~\emgoing ,?long the Main
I dldUnot speak to them.R

Conclusion

had increased in length.
\)

r.
He was not sure whether he had

0

was
the

the

lamp
~(drawn

the
,

the

At the time of the ignition the Apprentice Electrician

heating pitch with a blow lamp. Th'! pitch O'rught fire .nd

bl~)I lamp WAS ·..rithdrawn from the burning pitch. Prior to

" pitch catching fire he noticed thct the flame oLthe blow
\1 1_<'

\)

the bl~, lamp towards the roof when he withdrew it from

5bttrning \(pitch. The explosion occurred at noon and
c:

Electricians had be(!n working with the blow lamp for. at least two

hours before the e_xplosion.

The lIlIlin fan had been stopped for repairs fqr aplIt'oximatctlly 2

. hout"J whieh wrJ.d h.v~
South weet hau1aga,

allowed methane :::~build up in the Haiti

7.5.2 Northfield ~lli~ry. ~~th March 1953. ~ kill.d and
7 injurad. K..athane .xploaionz at 80af .dS. cau ..ed by

fl..e from .atches.

When firedamp was ignited by a worker striking a match at the

goat edge in S~ction No.1. Northfield Colli.ry. a fiery mine in

t.he M'agillterial District of Dundee at 09h!S 'on 'Saturday the 28th

March. 1953. th~ resulting ignition ~at.l1y burnt four yorkers
I',' '..'

and sedou~ly burnt A Learner Kine;;- and aix ~"'~1~l:w.)rkers.
\ .I

Histary
(
/,/,/
_ Ii
The section in question. lo'iguu 6. was tf> relcped ddriog De.:embcr

1949 on the bod and pillar system. During development. the area

'lie,s not gttssy. There is d large area of ground immediately
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beyond the section from which the pillars have been removed.
During pillar 2xtraction. for the past few months at least. there
had been pr.act:L::all~·no sign of gas. Th(~Sub Inspector of Mines
ha.dvisited the section only 12 days before the accident aui
reported that the ventilation was excellent and no trace of
firedamp was found.

Only the 'bottom seam is mined. The top seam is a metre above i".:.

Bcth seams are liable to s~l.ont"l1eotls combustion. 'Chere was a
dyke and burnt coal qn the ri~ht hand side of the section near
where the fire appea~ed to be.

Extent of Explosion

It would not have been wise or practicable to make a detailed
study of the scene aft~r the accident as there was smoke and 2%
of firedamp in the air some 8 metres outbye from the goaf fldge.

There was a fire irl the goa f , At any moment anocber eltpH)sion
could take place. The urgent problem was to ascertain the most
s~it.ble points for sealing the area to enable the erection of
aeals to tak~ place as quickly as possible.

Thera were no obvious disturbances or signs of burning at
bratticea and timbers whi.ch would indicate the extent 0·£ travel
of the flame in the section. For this reason it was necessary to
make use of the evidence of eye "itn sses to determine the
approximate area affect~d. TId.s is shown.shaded in red or: the
plan Figure 6. The ignitions that burnt the various persons were
not accompanied by much vitJlence. Persons in some cases wer~
thr~wn to the ground but were not injured through this cause.

The stonedusting in the section was good. Had .this not be~n se
the effects ~ight have been a great deal more serious.

\'

)1Po.dole Causes

The coal is liable to spontaneous combusticn. A great deal of
evidence was led. therefore. to try to establish whether it was
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not possible that a gob fire in the goaf had ignited gas. Ther",
is. however. no evidence of gobstink or heating. no! did anyone
complain of any headaches or other ill effects prior to the
ignition.

The Hansger smelt gobstink in the return air from th~~ cec tLon
some 6 hours after the i6nition and this was confirme~ by the
Assistant Inspector of Mines.

In view of the evidence of witnesses. the Rail Attendant admitted
that he bad with him underground. matches. a p\prtion of a match
box and a home-made cigarette. It is extreme+y li~ly that h'
lit a match to amoke hi.s cigarette and in dOinS

l1

so, ignited ~~~
&t the goaf ada.. I

\ J)
The burning gaft apparently started a fire somewhe~e in the {oaf.
Thellfire continued to burn ghing off sreat vJ~UIIles of white

IIsmoke And when the oYV~en became deficient it ga~e rise to the
-JO II

odour of S1:IOstink which was not evident immediat(~ly after t1\e
'\

\1
\\

S.qu.. ce of Bveutl!!

II
" II

\,
\,

\'

111. first ignition or igni';,iot1& appeared in th~.! form of\ four air
blasts at intervals of a few second.. ead( blast be\tng more

severe than the last. The fint blast was barely no rd ceab Ie ,
while the last was strong enough to knock down those \in tne
illllllediat.vicinity.

together: visited certain of the working faces
peraons were out of tnl! working •• Owing to the
inadviaab'i~ to go into some of the working faces.

the arrival of

Overseer, t.pey

to aee if all
s:Jlokeit wa,,>

The Miner. who ~as only slightly injured. awaited
I, I

the Mine Overseer. On the arrival of the Mine

They then proceeded 350 metres outbye along the haulage and
awaited the arrival of the Manager and the General. Mar-aner. When
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joined by these two OfficIals, they retur:ned to the section and
visited other working faces. There was a great deal of smoke but
apparent Ly little carbon monoxide as the canaries used and the
persons in contact were not effected by this gas at any time.

Apart fro~ the smoke they d~d not observe any evidence that there
had been an ignition. All ~;I'~br att i.ces were still in order and
the ventilation was still SoJ":'i c. "~.,y decided to go out of the

mine and arrange to sceel off the $It' r.I on , On their way out along

the haulage. they were met b, the Deputy Inspector of Mines who
returned w1th them to surface to examine the plans and to discuss
the most suitable point f~r erecti~g seals. On surface. it ~as

\\generally ,agreed that the mos, suit\~ble place would be the dyke
/' \'

at po:i'.l'tts1\ C and D. Figure 6. Th~' plan also showed two other
road •• ptering the area at 1 and G. \ It was not known whet her

\~.,

there wt,~e stopping. at F and. G or whet.her these roads were even
sec. nib).••

The Deputy'.,In.p.actor of Mines and the Manager then pfoceedf!d to
the sec~iott.,..to. make certain tests and to enter ~he old workings-. \..
at A in ord,..r ,to (lxamine roads F and G. The return airway

, ~!\

the .ection contained .aoke and 0.0025% of350c!~.:t,rIl!'! oti~bye
,,1. ,) I~ \;,

cubon ~Ot,oxf(t,. There vall l't'tl odot:.:rof lobstink in the return
air. ,At a ~~nt. abo\~f ~ aetres back froa the goaf in the
vicinity of poin~ A on the pla'l. there vas thick slIloke and 2% of
methane at roof level. !ric\r, stopping;;: vere found at F and G

after crawling o"'e:t:'falls. In order to effect the ir.iti~l slI!al.

it wa. necessary only to w811 off at B C and D and to repair the
stopping at G.

SOlie ,exploration on the left hand side of the section showed that
there was a good deal of smoke and the area was uncolllfot'tably
hot. The ventilation courses A~ound the section from right to
left. All then returned to Burface and lIet the Inspector of
Minel. who had recently arrived from Pietermaritzburg.
Arrangelllents were made to prepare for seaU.ng off. The first
shift wen~ down at 18hOO to prepare the sites.
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29th March 1953. At 12h25 on that day thet'e was an ignition
whic.h caused a strong current of air to flow past t he «all si tes.

At 14h05 there was another weaker ignition.

Building of the stoppings commenced at 07hOQ. At lOh15 wr.~~n the

main road stopping was up some 1 metre there was a severe

ignition which knocked everybody down 81:'--:i carried some of them

considerable distances along the roadway, fortunately without

inflicting any severe injuries. The bri~klayers ran out of the
mine and all work was sllspended.

c; At llh15 there was ano tbe r milder ignition, which. so far as is
known. wa, the last that occurred.

A~t.er IlUch di.cu88l.Qn and 'Iluch opposition from the General
Ma~.lller. it vas decided to ret!'.at to. dyke a long way· out bye
and build valla at pOr'nts Land t (Figure 6).

I \

'!'hedecision was made owin8 to the ~~trelle d",nger of continuing
buildin* at ! C and 0 a~d the lack of '~\suitable flit. inbYf!! of L'
and !C. \\(}

\
II
II

Seore. of tubs of building .. terial were t~n brought
\\

the haulage to out bye of Land K. rrepar.ti~~ of the
\:co.enced at 21h45. \\

\,1)

back aleng
wall sites

30th March 1953 The initial seals cilnsisting (>f 750 DID! thick
brick val b tat K and L vere completed at 12h15 on that day.
Everyone was then'·remov.d froll the tline with the exce~:·tion of an
essential Pump Attendant and the On.ettt".J.'at the sha.ft bottom
sbout 1 700 metres outbye of the .eals. rney w~re ins~ructed to
t'eport any sound froll the direction of the seals.

lat April 1953 Twenty fcur hours later the walls were found to
be intact. Stone packs 6 metres tl!ick in one ca.e and

\(
7 metres

thick in the other were built against the bd.ck wall and a
further 675 11m thick brick wall vas built against each stone
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pack , 'l.'herewas no further incident. Coal getting was perndt:ted

once the final walls were completed.

Coneluaion

It is clear that one of the workers contravened a Regulation. It

is reasonable to conclude that he struck a match to li~ht his
cigar.etteand Ln doing so ignited the methanE. thus resuLti.ng in
vet'Yserious injuries to himself and to oth~rs and in the death
of four of his colleagues.

Ir; dei:!idit!8 vbether or not to t~ke legg,l proceedings ageinst the
Min"r~ ther¥ w~ra two things to bE. borne in miud:

..
til faw.r: tht lou of life v}'.iehresulted hom his folly and the

o

Api..ut' th$ nry save~~t punishraent
Miner hy hb i!1jurie.~ for at, one tiu

already l~'lf1ieted on the
t:

hi. li~~ was endangered.
(i .

It h ~lliO ela.t thll!.t t'here wat have been fired8illp of sufficient

concentration at the point of l~,ition to i~ite and convey the
n... into the goaf wh"'t"e the b~lk of the CGIl was .lr.tJst
c.rtdnly c:oneentt.'.ted. o

All the available evidtit':c. showK; thlilt ther~ was no g•• found .by
Mineril;~orIn.pectors for ~OII. 1'lOnth.past and there was no gafl Itt 1/

the tie. of the Miner's inspt:cti,on ,.pp:toximat~ly 1.1/2 hours(l,

before the ignition. It c4n unly b~ assused ~h.t firedamp was

released by goaf IROVolGlentsand entered the place where the Miner
was eIRploy~d.

In addition to the strict precauti"nlt taken in the past, to
prevent persons frOll entering tho .itle with contraband. the
Manager nov offered pith.ad Guards A bonus of 50 eentu for ea(~h
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person found with .cone raband ,"hen about to enter the mine. While

this st~:r "r.H} be subject to a certain e-.lllount of abuse, it w'!.s

done in the interests of safety.

This incIdent dso highlights the fact t:hct multiple explosions
can occur in an are-a. In maltY instances it is difficult '.:0

sample the atmosphere i~~he faces in an attempt to anticipate a

further explosion. "!'1'i~ precautions to be adopt ed in this case

are dealt witb' 'in Chapter 5.

I
7. 5 .)~

J\

u
Coalbrook Collierie8 Liaite4.. 25th May 1961. 7 killed
Math.ft.u:pl08ion in transfer cb.. ber (if downcae:t

'.)

inelin. shaft caused by flint liahter and oxy-aeatylene

!ntr~tioa

Tbe colliery i. situated 30 km. south of Ver••nisinl in the
Rorthertl Orep rree Sta1:e. The two coal •• am. b.ing worked wer.

relatively 4..,. ,a •• y and Hable to spontaneous cOllbu,tion. In

January 1%0 a ajor pil.lar coUap'-l. entoabed and killed 428

Minar. on tho .fternoon I1hift. Further .ub.idence. in th. bot~OIIl
se_ later that y.ar re.u1t4l,~b tho workitl,8 beinl .ealed off.

During reclaaatioft of ~qui~~nt through the inclin~d .haft a
ja .. ed Sh~lVlin fe.der had to be relea.ed by cuttins lirders in
the ahaft transfer station. A violent ••thane explosion occurred
on the 25th May 1961 killinl) persona as a result of this act.

The sequence of events which led to tb~1!xplo8ion are discussed
and Maly.ed.

/ \.\

\ \

"The Vryheid Formation. which over.lie. the Dwyka Formation,
consists af 81lndstone with shale band. and cos1 sa ... in (,the

\"\
lower parts (Figurl! 7) • The successi.on beco... more shaly

towards the ea..t where it,attains a m.aximum thickness of 263 m.
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Three coal seams are prl?sent in the succession and are numbered
,J' ~in ascending order. (Figure 7). The Nos. 1 and 2 seams are very
) '\" Itimately associated and are separated by a sandy shale parting

c:- I ~;,' .~4.,' II

rangina from 0.3 m to 8.5 m in thickness.

,In the deeper parts of th~ Coalbrook Basin a thin coal seam. of
o /'

up to liS m in thickness. is developed locally approximately 1 m
be~ow the Number 1 Seam. This coal seam rests di.,,:-ectlyon Owyka
diuictite.

The avera,e Ji~rtina\\ thickness h.tween the No. ~\ Seam and the
I

No. 3 Coal Unit 18 20 .. tn. and consi.til 0(' interl.yend

.andstone. and shalec •

•tract ...

Owel' lIOn of'\the u.a the coal Haas are relatively flat except

for aiu<'t' t..odulations. Aft i.ftc~ •• in ,radienu occurs towards

the 84... of the eoalbrook Basin and i. accompanied by the
thinnina and ...ntual pinchin, evt of the ••a.. Against the

pre-l4roo rid,•••

il

The quality uf the coa1. on an air dry basi •• i. shown in

Table 1.8.

l'abla 7.8. Coalbrook B.. i'01: Coiai Quality

Wtwbor 1 Wuaber 2 lIuaber 3
H_ S•• s_.

Hoi,ature (X) 5.6 5.8 4.3
Aah (%) 24.3 28,9 29.3
Volatile matter (X) 23.4 21.3 19\1,8

"-~'I-.
Fixed carbon (%) 46.7 ,,44.0 46.6
Calorific value (MJ/kg) 21.7 19.6 19.9
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Shaft Syatem

Tr~ irisin
occurred)

coal h~uling incline shaft {where the explosion
2was 24 m in dimension by 500 metres in length ~,t a

grade of 1: 3. At the halfway point in the she f t ::las a ho rizorrtaI
" 'chamt>£'rwhich housed the conveyo r drives for the first' 250 metres

inclined lift. This shaft together with a 20 m2 vertical man and
material shaft were downcast. A vertical shaft was used as the
upcaat and on which was mounted a double inlet Sirocco fan.
Oampers ~re available to reduce the volume of air handled.

, . \~_\

No~al air velocity down the i~clined shaft _as 10 metres per

The iftclin.d ahaft w£a concrete lined on the .ide. and roof but
,.p. up to O~3 ea•• xi.ted between this lininl and the normal
lide. amd roof of the ahdt.

A.:Eterthe "jot' eollap.e 10 the Wo. 2 .e.. worldn,. in .January

1960 •• evere pillar er.uSb va. esperleneed in the vicinity of the

iac1i~ .haft. roll_in, a he.tin, in No.2 .e •• the aua vu

... led off at tbe be.inain. of JaOU4r,7 1961 and reclaaation of
equipaent W&8 un&.rtaken via the in~liaed .haft uninl the shaft
trolley_ Evidence i. that the Mine. Department vere not inform~d
of the iaainent do.uT:e of the shaft and the" withdrawal of
equi,..nt. The workings in the upper
and. UfIItn.ooIm to .oat !dn. Il\ploy••••

___"'-1

No. 2 se.. vorki.ttl,~,,vith the upper No:"3 seam:
,eneul arr6n18tav." ,'pf the ahaft is shown in

No. 3 eeQ ve1'8 kept open
an -anile drift" of 1:5

CCD12ected the
workin .. _ '1'be

rilUre 8.

//

Most under.round equipaent had been reclaiaed an4 h~uled out
the incline abaft, ~i/the belinnina of 1961 and the No. 2

workings \.iid b&e9;4~aled off near the ia.clint'.d .baft bottoa.
~/

-;:::::~-;:-,/

of

.ea.a
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A series of events now took place which finally led to the
methane explosion caused by a revolv~r type i&niter or the flame.
fro'i' an e.cetylene torch used to cut a roof girder in the inclined

l '

sht.tf\. transfer chambe r.•

~". Bumpingon surface as a r~"sult of pillar failure in the old

No.2 s.am workiugs in the vich,ity of the inclined shaft

cottom.

U. In April 1961 heating was discovered behind t ,! seal. in
the shalt bottOlll in N~}. 2 seUi. ven~~~tion was breathing ~
through the .ain seI.l n and out and high concentrations of
.ethane (in exeegll of 5%) ~r-e being emitted from behh n•

•toppin,s.

iii. 1b•• 'r. ~locity down the inclined .haft ••• 10 metre. ~c
••cosclwhich wail.sufficient to resaev.the ntbane .. i..ion.
frOli tH leak.~,n•• eala in No. 2 .eam.

tv. An oq-acetyleae torch ....uaed Oft .e"ftrai oce •• iQt>a, before
"the 25th May 1961, to eut steel structure8 and machines

dieta ftre kina re~d 'Via the .baft. Surf.ee auerd. at

the s"'t top aaarth4d lill. per.em. for contraband and t.. ts

were conducted for metbane by cOIlp.tent per80ns prior to

.u8in~ the oxy-acetylene torch.

v~ Three events now occurred which were to l~.d up to the

ilnitionl

Methene ga. ( + 5%) wa. detected by the Training
Offic.r ~&.inst the roof of the tippler ~hamb~r in No •

...,3 .e.lII.. He apparently t6:lIlOved this g..c concentration
by vavina a jacket in the air pocket. Hi. evidence is
•• follows:

. \"I made tQsta for sa. belon the explosion up to 1\ }

12th May. I made a daily examination at the incline
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and the top seam but I did not test for gas daily in
the incline. I dac i.ded on my own lolh~n and ';vhoo not to

t~st •

r found 4% of methane on the tippler level in a recess
above the tippler.
plant recess.

This recess was an old. de+dustec

The ventilation was very good. I could rest it by

feel. There was a strong wind. It was a strong
breeze. very uncomfortable to work in.

I reported the gas. once in writ Lng to the Hanage r ,

G
I)

On my lest day. I think it was the 20th. I ttg&.in found
, in the receflS. The is ..Dout 10 metres aboveaa~. recess

Ii /'tbe pum? I rapor-ted to th«rr/Manager in his offic~
after tb~ 1st May. I do not think he knew of the gas
before this. We discussed bow to get more ventilation
to this place. lie said 1. must remove the plates at the
bottom of the orepll... All tbe conI coming from the
top seam ran betweun
removed by the Welder.
the next day.

th(~8e plate s , The platef.i were
They were gone when I got back

On Sat'lrday 20th I went d<;t'n the incline. There was no
,.a except in tbe rftces. at the side of the shaft which
is on the !Jame level a."the tippler. It ia 3 metres
"ide and 1,8 lIIetl.·u high. Above the concrete there is
a 1 metre gap to the 1l1)ne roof. This gas was above the
concrete. I "83 unable t(( trace tbe source of the gas.
There was no gas at the ~eal•• I cbeC'ked above th3

\;'

II concrete in the .baft. There va. n_o g118.
I~'

!

! d~ not know ~bo tested for gas whan I taft. I never
saw the Welder. test for ga•• R
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Duririg the two weeks prior to the explosion, the sha Et;

Guards at the top of the incline were '!:'emovedand hence

no searches were undertaken of people entering the

inclined shaf'- .• As is usual. from experience. the

Superv i.sor who removed the shaft guards could not be

found.

The Fitter who was working in the shaft reclaiming

equipment complain~d about the high ventilation

velocity in the shaft. the dusty and uncomfo r t ab Le

conditions and the extreme cold (May month).

At his requeat and 'With the Manager's and Engineer's approval.

the fan dBmpers were closed to 200 mm which reduced the ail'

velocity in the incline shaft to 1,5 lIIetres per aecond. The

Fitter waS apparenL1y satisfied with the reduced velocity_

On the 25th May 1961 ., SherYin Feeder from the bottom of the

t.ipple~. whicn was being removed fr~ the mine. had ja~4ed

againat a roof beam in the incline shaft transfer chambet:. At

14hOO the Fitter and 6 Helpers vent underground with

oxy-acetylena bottles to cut the "'girder which would then free till;~
ja .. "d fe~'" No tests werlf! made for ... thane and no oii~

challenged .1a Fitter on au\ ~6i.t:efor contraband. He was also not

competent to teat for gas.

Ii
1\

Upon using the flint lighter at the tran8fer chambe't to 1igh,:, the
'\

oxy-acetylene .:torch a ml!thane ft~plot'lion took place kilEng all' 7"

men and severely damagin3 the ahaft.

The damaS. to the i~cHn. shaft was grea1=.
c'

The ahaft collar con~ret. had been ruptur.ed e.nd had fallen in.

For a distance of about 30 metrea the Hnins was not aftecud.

The wall' Ilre brick. the roof concrete and rail rein£ort::erl. From

30 metres to th~ transfer chamber, the ro_:;~~and sidE'S showed
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signs of gr2:at violence. In most p laces the roof wa:; down with

the walls on top or the walls down with roof on top. The place

was a shambles and it was nece saary to crawl down over the

concrete roof which had fallen. The concrete roof vas mostly in

large s l abs , The r a i.Ls wet'£!tent but: not twisted.

At the t rans fe r chambe r there were less r : ,.~ of viohmce. and

although the br Lck walls were high at t:· \'»',' there was much
less,damage than higher ur. The walls were still standi.ng ex-sept

on the East ::::.de of the ttims!er
.,.\ {f

a strip 1 metre wide. ,~~ests '£vt'
places further down and 11':,'\ plcc:es

for a narrow vertical strip
chamb&r4 which had col1ap~ed -
gas with a fl~me lamp at'~ few
behind walls. r~vealed no methane.

In geveral places wh3re there had been electric liihts. the
wiring ",as '~"in.d. In the upper '300 metrl!!.:1of the inclin~
.haft ,,,<J;h~Yrub~.Qrshewed no signs of heat. Below this poi~:t th(~

ru~~er had d~terior8ted either due to old age or heat.

In one place in the shaft 20 metreB below the transfer chamber.
on on. side of the shaft. there wa. a hole in the West w~11. one
and a half bricks in si.. a:~~d. brick hol.e on the East dde.
presumably left at the time of construction. This indicated that
the vall. Whr. not galli-tight. 'Further down the shaft the (l3ml1ge
appeared to have increued.
concrete roof had ~~.edown.

The walla had fallen in ar.d the

A'bout SO .etres below the transfer station, there was a heavy
fall of tbe n4tural roof 8trl,ta going up into the roof for 2 or
5 1l6tr•••

II \
The sc~ne at tbe sbaft bottom i~ de~cribed by the Rescue Team:

"On, arciv.l at the 3 seu. we foun~ an entrance East and West
with double doors. At the 1st door on the East side. the frame
work had shattered and the allallsteel door waa up against the
second steel door. The second door was not damaged.
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On the West side. the first steel door was bent and 'N'Ctuldnot
close properly. The seconi door was undamaged and formed a good
seal.

He then weI!t further down the incline and after a fe~J steps
noticed a str.ong odour. The Inspectol of Mines lifted his lamp
and comment-ed on the percentage of ga.., We saw about 4% - thE}.

lamp went out.

We all went through the West doors to the No. :;seam workings.
In the atmosphere in various places, we detected a small cap of 1
to 1.1/2% of CH4" The percentage of methane then increased. We
went into the left return, examined stoppings and tested fot gas

iil from time to time. We could not find anything more than a
~distinct cap of gas. We examined two bleeding pipes to panels.
'!n each case there was negative pressure. This cou ld account for
so little gas bein& present."

Su.ary

A Fitter and seven workers were killed by an explosion of
fired ...p in the Coalbl'ook North Incline Shaft. There were no
survivors. therefore this conclusion is built up from
circumstantial evidence.

The tividence shows that after the explosion. and presumably
before. firedlllll,")was being liberated into the incline at the No.

:_r'

2 seam hori:.!:on.

A fortnight prior to the 25th May. 1961. a high quantity of
!iventiiating air waS being downe.sted down the incHne. A week
before the 25th the ventilation velocity was reduced. On the
week of the accident. the velo~ity and quantity olair were IiItill
further t'~duced and indeed there 'Was probably little ventilation
down the in<:line., Ai:. the same time the m:i.ne atmosphere was
telatively warm and therefore light. and would 4'.:.ndto rise up

the incline ct....se to the roof.
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The conditions were such that firedamp could readily aucumu laue
outside the concrete lining of the shaft and not so readily

within the • ~ning and adjacent to the concrete roef. The lining
generally was approximately 601) mm clear of the shaft roof and
sides.

Evidence had establishet. th'it tihe re con Ld rt?adily have been an

accumulation of firedamp <P.: the transfer chamber. outside the

concrete1:in:i.ng or inside the concrete lining or both inside and
otitside.

The quantity and concentration ,:,f firedamp is open to surmise.
Two pump Attendants maintain that on their way up the incline at
14hOO on the 25th May 1961. they did not lose their flame in the
safety lamp. This means that the percentage of firedamp in the
incline and at a height of less than 1 metre above floor level of
the incline was less than 5% fir.ed.mp.

Again according to the Fitter was
eonscientious enough to test at the shaft bottom for firedamp.
and it i. therefore not unreasonable to assume that the Fitter
also attempted to te~t for gas at the chamber. There is.
however. a peculiarly significant llspect about the Fitter's ilame
lamp wh:l.ch w•• found after the ·accident. The wick was fully
screwed up. This is ominously consistent with a determined and
unsuccessful attempt to relight the lamp.

The !:1int striker of a lamp will not relight a wick if:

8. the striker is defective;
b. there is over 3.1/2% firedamp within the lamp; or
c. the lamp gauzes are sooty.

When the Inspector of Mines tested the lUlp on surface. (\n fresh
air. it readily relit.
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The inference now is that there was so much fi1:edamp in the
general body cf tho air at the chamber that the flint striker
could not re1.ight the lamp.

The Fitter was given the task of recovering mat eri.aI from the
inc~ine. One piece of material was a Sherwin feeder pan. which
was loaded onto a scotch car at the incline bottom and was then
pulled, by winch rope. as far as the transfer chamber brow where
it jammed against a roo! u~v~ girner.

The Fitter. who was apparently in a hurry. went to the Resident
Engineer who illegally g~ve him authority to take underground an
acetylene burni~~g set with a striker; the Resident Engineer
alleges that he told the Fitter to wait for an official gas test
before cutting was started.

The Fitter borrowed a burning $et. discarded the set striker but
took hiE!own rE!volver type striker. The set waa lewered down the
in~line by the winch. The Fitter and his workers went with the
scotch ~ar and within 30 .inut•• , there was a violent explosion
in the incline.

At the tiae of the inspection by the Inspector of Machinery.
after thtlexplolJion, he found the acetylene circuit valves open
to such an extent that an acetylene flame could be produced. The
striker, in working order. >u.sll~!!rby.

!vidence shows that the acetylene fluw! or strike.:- lIlore tha.n
Ukeiy ignited firedamp. fatally bu'cning the Fitter and others.

"A firedamp explosion then passed down and up the shaft. blasting
four wot'kers out at thi.!'incline collar - at the same time
wrecktug the be 1t ddve houaei on surface.

i)

Liability

Regulation 74(6) clearly prohibited the taking undE:rground of
matches or any other appliance for striking a light. such as a
flint striker. ,I

(I



670

At the same time Regul.atLon 166(1) made allowance for conditional
exemption. Had the Manager applied to the Mines Depar~i!le::lt.he
would probably have been granted conditional exemption.

The Manager failed to do this. and as implied by the evidence
apparently introduced his own system which he presumably rega
as equally safe. This included the use of a gas test
book and an inspection by a Shiftboss. The book appears to
been lost without anyone becoming perturbed. and it was not
replaced. It is doubtful if thE.: inJpp.ctions were meticulously
carried out ,~ch time a torch ~as used.

,:_~,~ ).
to '::;-',

..\~ ,;,

It may be concluded that latterly, if not always. the S1fety
precautions alleged to have been adopted, were observed ~n a
casUAl manner. so casual that it exeulpates the Fitter and
inculpates the Engineer aud the Manager to the extent that there

/,;::/
was criminal negligence.

co The Fitter contravened Regulation 74(6) by taking the striker
underground but all it vas with the eensene , if not at the <:-J
incit ••ent of the Rngineer.

The Engine.r may have thought that the Kanager had exemption fro.
the Mines Department to take a striker underground but his
failure to make sure. or to ascertain conditions.' and his consent
t.othe Fitter'. action. reid in conjunction with illegal f)'ravious
underground cutting tasKa in the incline. establishes a clear and
repeated breach of Regulation 74(6).

The Manager had knowledge or should have had kn~wledge of what
was loing on undarground with ae.tyl~n. <plants. Fie was therefore
alia guilty of: & breach of Relulation 74(6} read with Regulation
156 (1).

The fact that a gas inspection book syst •• had been introduced
and had been in use for some time. and that cutting hed been
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carried out after the book was lost and not replaced. merely
makes the breach of Regulations more inexcusable.

The fact that the Fitter had a box of matches in h~s possession
is a breash of Regulation 74(6). The matches played no p~rt in
the explosion but indicate a casual attitude towards Regulation
74(6).

Regulat ion 10 (1) requires tht! mine workings to be made and kept
safe. The Manager kr.ew that there ~'ere vast quantities of gas in

No. 2 seam workings and in portions of No. 3 Sesm workings; 3180

that the workings had been taking weight. However, he had reason
to believe that he had made and kept the incline safe by

circulating a large quatttJty I>f ventilating air dowr. the incline
and al*o that the Traini~i~~ine Overseer had made periodical

.\

checks to see that all wa. safe.

But the Manager authorised the .ain fa~ daMpers to be pushed half
way in. a not unreasonable procedure, if 1ft the same time extra
precautions had b~.n taken by way of careful inspection to eneure
that gas did not accumulate. Thart are no clear indicationa that
such in.~ctions were uniformly made.

However. on the week a+.artinl Monday 22ncl May, 1961" the dampers
ware pushed in still further. This action would re&dily give
rise to a precari.ous condition and some meticulous tnspections
should have been made to ensure that conditions had not
detederated.

Although there is no evidence to this effect. the Manager had
authorised the d&lllpen to be hal f . shut down bu~ no more. \$nd he
may not have known about tLe d..pers be ins, at~ll further ahut
down.

~ "~I\
~"'/

• "J '_"",'<
It is eoncluded that the workings Otl t'~.~;.,1i/~!/KaY~\1961. had not

'_,/ Fl'i \
been kept safe. alt u11.:!ir ...d by Regulation i/.f1«1) due ''t.othe
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additional closing down of th~ fan by p.ush~ng the dampers in
st ill fl1".ther.

If the Manager had no l~nowledge of this action, then the Engi.naer
c~ntravened Regulaticn 10(1) read with Regulation 177(2).

If the Manager had knowledge t:'f the addition"l1 clcsing dcw~ and
had failed to have special inspections made then he contravened
Re8ul~tion 10(1).

r he did not know what was going on then he centravened
Regulation 156(1) and (3) read with Regu1ation lOCI).

"(f

7.5.4 Sprucfield Colliery. 1989. Nil injuri.... The heat
iroa a ja..d return idler OD a .. in eOQveyor ipitQd

paper ad car-dbo.til.

<:aWleof the rire

IUIfer to the attacbed plan (P'iaure9) .hovine the locality and
seene of·the fire. The fire ... .oat probably caused by friction
cre.ted .~y • bottoa roller that j~.d. Th. area where the fire
occurred has aero ••• ectiQnal area of 4 m2 •• oppo.ed to th~

1 "normal 16 •• Thi. restriction W.6 cau.ed by poor ground
condHiona wh,r'chnecessitated the innallation of heavy steel and

tiaber support. AI a result of this .spect. a hiah intake air
.".locity. over a period of tiD ... had blown fine coal and scrap
paper off the conveyor belt at that point. The belt was also
p~~d,. alianed witb the one !lide.)f the structure attached to the
.teel sets. Tbi. cau.ed aome coal to spill off the belt. All
this coal and rubble accWIlulated b'.llow the belt and ev.ntually
cau.ed the roller to become jammed.

Tho heat .enerated by the
which ~as blown into the

frietia' ·\f;.dted nearby aerap paper

adjacent timber support. Prior to the
incid.nt •• crap paper had been placed between these supports and
this paper caught alight and. in turn. Sftt 80me of the ti~ber
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sets on fire. Figures 10. 11 and 12 show details of the affected
arEa.

Detection of the Vire

)""i
The l'i'le wss detected by a Shift Oversee!" and other pet sonne I
travelling towards the 'Shaft 't:l~ttO!ll.. The persons concerned were

t·'>:,
alerted by the 8~~11 of smoke when they reached s~ction G480.
Visibility was good and they continued to proceed towards the

origin of the )Jl!lok. and eventually reached the G201 area where
"the fire we8 disco'/ered :'1': the b~lt road.

The belt Attendant at the belt drive inbye of the fire (W3 belt)
noticed burning materisl coming toward. hiB on the return sid& of
the' W2 b4tlt. At that 8tt:\te ha abo noticed 8moke. He phoned hi. ,.

coll •• sue at W2b.lt dr~~e vb" illltediauly stopped th. belt.
IIloth thuG work.eu then il.tntelS pnt%ol1ing t.pe W2 belt frolll

o
either side to eatabt!sh whert the fire vas.

FtThey r.a~h.d the ,8CenEl of the fire 8t the SaM tiM aliitha Shift

tb.zl n"ly

!i
• \\ !

in8t~lled Davaon systelllCentral Ga. aonitorina

Ii

f

indicate,! .: "\ll inereaGe· in carbon IIlOn~xide in the GlOO return" I \
l4it'1tay. u·si'. did not reach the alara level {vhieh was set (,-at 2')

parts par aillionJ due to accid81ltal ~nterruption of the system

by untrained persQnnel. A grapb Obtained through the sy.t~1II i.

attachad as Filut~ 13.

\\1
"

Worker. tobya of tbe fire were \'-warnedof, t.he event. but informed
that no ~di8tE danger exbted. (J)'rhesutface cont~ol room was
infor.ed and ftenior personnel were alerted.

Fire extinguishers ~~d fire ho... were transported to the area by
'.q)

tractor and trail.r~· The Shift Overseer and other personnel
\:1
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extinguished the fire. using 2,0 fire extinguishers and water from
nearby fire hydrants. Fortunately. the fir!'!:was discovered in an
early stage and was e:l!:tinguisherlwithin 20 minutes of being
located.

Follow-up Measures

On inspection. :it was f<:lund that the area behind the timbe':
support w-a~ used to throw paper and other n>aterial away which wj~~
found on the belt. The area was cleaned of any unnecessary
COI{)ustible material. A thorough bel": inspection was carri.ed out
in, the rest of the lllin~ tq identify areas where a similar
incident might occur.

Soa. of the restrictions have been t;emoved to assist in
realigning the belt and installation of the stringers as

indicate<t on the plan. This now prevents the spillage of coal.

A non-standard fire hydrant W8 ..' found and was replaced. All
other hydrants in the mine have been ch.cked to ascertain that

they conforaed t~ standards.

Another Din intake air;.raywa. developed to enSure 8. reduction of
a,ir velocity in the belt road.

'1
,II

Proper trauling of all staff concerned in the \1S8 of the DaVlllon
Central Gas monitoring system was done. together with adequate

in.traetion.~ and procedurea displayed ir. the control room where
the monitor is installed.

Conclusion !I

This incide.lt has highligh.l:l.!c1 the necessity for prompt action and
th~i need to follow the correct procedures in an emergency.
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The actions of the Shift Oversel':!rand Belt Attendants indicated
that emergency training had heen effecti.ve, as no panic had
arisen and the fire was ext Lngud.shed qudck l.y and efficiently.

Once again the attention was drawn to:

regular belt patrols by senior personnel

special check ing of Iproblem' a:.:eas

ensuring that no non+s'tandard equipment is used. and

the importance of correct procedure and training.
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7.6 SUMMARYOF THE PRACTICES REVIEWED

Mines regarded as safe. well ventilated and well managed may
be subjected to the most violent disasters (No.2 Pit of the
Durban Navigation Collieries). In the quest to maintain
production. details :tre often overlooked particularly with
regard to ventilation.

Staff shortages result in unqualified 'Jersons taking over
positions of responsibility for tasks they are not able to
perfo~ safely and competently. An apprentice Miner
(unqualified) fired the charges which reiJulted in the coal
dust explosion at th~ Durban Navigation Collieries in 1926.

Inaccessible areas oj: a mine such as "eturn airw8.y~ and old
workings ara se ldom ("leaned and stonedusted regularly. It

follows that fine coal dust will thus collf!>i"t on top ':Jf

previously stonedusted roads thereby rendering the stonedust
ineffective and providing conditions conducive for a major
coal dust explo.ion to occur.

I'
t

Ineffective supervi.ioil and poor cOlUlunica~ions between
Mining Engineers and first line Supervisors, .1 lead to

dangeroas conditions in sections. coupled with dangerous \\
practices: for example. overloading shot holes with
explosives, not using any form of steJlllllingand firing the
charge. in faces where fine coal dust layers 25 mm thick
exist on the floor. Instructions given to have the dust
systematically sw~,pt and loaded out of the section have been
ignor~d. It is more often than not the case that poor
C01IIlIlunication between Mining Supervisors leads to
misunderstand~ngs. This in turn leads to actions which have
caused methane explosionR.
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Lack of stonedust barriers to smother the flame of a coal
dust e:r;:plosicn.

The most prolific cause of coal dust explosions ar~ rnethane
explosions and blown-out shots.

The violence of a coal dust explosion increases the further
the distance frcm the',or i.gin of the :ignition.

Coal dust explosions have been known to peter out in areas
which are wet (Hlobane e%plosion).

,':',

The application of stonedust and the S81j1plinttof roadways to
ascertain percentages of incombustible dust is susp~ct.
Those persons delegated to collect the stonedust samples
once a month in a .ine at,. \ able to salt the satlpJ.ewhert it

a~p.arc to contain a high percentage of co~u3tible dust
ther~by providing incorrect figures i~' Mining Enlineers.
The Author has this knowledge fr~. personal experienca.
Delay. occur frC'iGthe ti,~e of taking the samples to the

:1is.uin~' of the ana1YJl'!!&Hgurt'!:.
reston.dust 4n area is thus lost.

The urgency of having to

The aUiIlsed ute of ston.dust application at No. 2 Pit.
Durban lUlvi,ation Colti.rie.. prior to the explosion was 5
kg p.r to~ of coal mined. This figure exceed. the current
day norm which is considered sstisfactory (2 kgs of
stonedust p~, ton mined).

Coal. which have a vui ..ti1e content exceedin$ 14% will be
ttusc~pd:bl.to coal dust explosions.

The laek of adequate dust allaying systems (water sprays and
scrubbers) in producing sections and main haulages leads to
the m~ite and dispersement of fine coal dust throughout the
workings.
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Blown-out shots have similar danger as methane explosions in
thet the pressure of detonation raises a <:lustcloud which if

sufficient in density and of the correct fineness and
voLat ile content. is ignited by the flame and hot gases of

the explosives.

Coa I dust explosions do not always follow ~te route of
intake airways of a mine. as has been shown on\'the plan of

the underground workings of the No. 2 Pit Durban N:!·"ig8t-1> ~

Collieries. In this instance the force of the explop. .q'I'<

also travelled alons the IIlsin/-')Urn airways - See Figure '4.
n ':1 <._ ..... ,.I
u

(i

Fl:'011\ eye vitn.fils evidence. the dust cloud precedes the flarue
.;j

whieh 18 then followed by a C10l14 of amoke an,d"duat , The
roof over the pit head at No. 2 Pit. Durban Navigati'on
Colli.ri •• downcast ahaft wa. blown off.

The fl.lsteut{c clearing up of fine cod dust lnd .stonedust
appea1"s not to be .. sound ide. unle.Ii the area is

o
re.f?Deduated i.. odiat.ly.

j

()

Return airways are the life blood of a c:olfi.ry. and not
.. intaininl a state of cleanlin ••• ' in the.e return. on a
.y8te~tic basis could eau.e dangerous conditions to ariae

\"-".<

(in the fora of fine coal dust deposited on the roof. floor
and sid •• and t~~ec 8uppO~t).

Diaper.inl atonedust by hand is generally not ~ffective.
aince it is not spread evanly over the roof. floor and sides
of roadways.

tuin haulages (tubs and conveyor) are a s('Jurceof fine coal
du.t and measures are nece.sary to a1l4Y this dust. The
dust ariae. froll the run-~f-mine coal which is conveyed in
the.e roadways where gener.ally h~gh intake ventilation
velocities exist.
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Inadequate face venti1a:'~ion and the interruption of the
ventilation by stopping the main ventilating fans causes
dangerous accumu Lar Ions of methane to occur both in the

sections and on main' .c rage s ,

The use of any open flame in the underground workings of a
fiery mine mll$t be t-rl?et~dw~i.h great circumspection. Tw(i
of th£ cases investigated, indicate that explosive mixtures
of meth.l1np.existed in main intake haulages far removed from

the producing sections.
\~

/1,

Where ventilation to a particular area is redu~ed in
quantity the possibility of explosions occurring as a resu.lt
of a build-up of methane in such areas cannot be t'Q.led out.

The redu~ad ventilat.ion quantity may not
dilute (~d remove high .•ethane emislllions.

be sufficient to
Paradllx1calJ.;;O ()

te.t~. by Mining Engineers, fer ~ethane ar~ either not
carri~d oat or carried out in a dilatoey IIl&nnet'~whereas the
b%pt'fC:tat:i,on is that lHtbane ten •• in such cas •••..should .cbe

increased for .afet1 1"•• *on8.
I,

'\
c Lack C",f control~~ at the ahaft tgp to ..arch and question ~~n

for contraband can only be re,arded.s nelli~nce 0.' cth~
-,

It follows d8c:lthat; IfJek ofpart o.f Mining Engineer ••
diseipline underground in not
pOllla.sslon of

again this if'!

contraband can
pure {,lf~gH~~nca

\(

,.
reporting vor'i;aat\ who &!.'E.

also lead t'~ ignition,1i

on the part of Officials.

in
and

/1 C-;,()

l1ncontrolled u.,e of cuttins torch~8-:/iind weldi.ng machines
r ,

u!ld.;:groundis a dangorou8 practice. In many instances
those persons charged with gall testing prior to ,::;':le us~ of

J'

(/ .uch appa~8tus assuae , in~~f~t'lictly. that everything is :til
or~er and allow the oper~cion to proceed with disastrous

( ,

" cor'llequencelh

Slips and fault planes which exist in rs>adways. parti{'.ula:ly s:

where two or 1Il0re coal se... overlay one !~". "her. provide a
) \

/

(j
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natural path for the passage of methane to the upper lavels.

In many instances areas are sealed off and it is later
discovered that one Ot' more roads or drifts rem.ain op~n to

aUow the passage of methane f r-cm tb! :;ealed area to working
arEas.

In a 1:3 LncLi.ne , 'IIethane will find its 'W;lY up the

agninst at, air velocit,y down the drift o f 1,52 met r e s per

second.
\'

Not gil dange rous quantities of methane ale prope r l y
(G>

repcr'ed to Mining Engineers by Sup~%visors who detect this
si tuation. II

I)/,
In lIany finstsuces prior to th'3 use of flame curt Lng

und~:cg'round st.ndard procedure. are disre~.rded generally as

a result of haste.

A lack of systematic inspections olE all \~ain transport and

return airway r(lsds can lead to the. develo~ment of dans.!rous
Ii

conditions whic:hp if hot correct.d~ have cauGed fires and

explo.iol1S.

( )

ManyKinan. especially the unskill,.d. do not appreciat!! the

dansers of ci,arette Bnd pipe slIokihg in sections. The Mine

Overll.er. for whom the luthor worked ae a young Mlner.

cau•• d a .ethane explosion in n N'.tal Collier'Y t"!o years

later by •• okin, a pipe underarounri. I~ He lost an eye as a

result of t}li. aspIo.ion. He WIlli II man of great. experience
and one of the recipients of a Bravery Certificate for his

r••cuEi work at the disaster at the No. 2 Pit. Durban
Navigation Collieri •• in 1926.

c)
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7 • 7 PRECAUTIONS TO Bl: ADOPTED

The pl't}(~eed:i.ng sections have provided details of
documented and zasaarched incidents. Based. on. these. the
following conc:iuaions and abservations can be listed.

L All return Ilirws.yt.. hj~TeVer diffic •.:lt: to access t should be:

regularly cleaned and r(~-stonedu:>ted.

The acid test of well maintained and stonedusted retur.n
airways is that Mining Engineers should be able to inspect

these retClrns in a ::lameproof diesel Landerudse r from the

most :tnbye sections ':0 the main upcaat shafts.

The four photographs below support this statement.
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Hining Engineers inspecting a main return airway which has
been supported by arch girders.

Mining Engineers inspecting a main return airway which has
been cleaned but not stonedusted •

•
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Mining Engineers inspecting a main return airway which has

been cleaned and stonedusted.

tt'~9du.t poc.keta ;tack.d in ,~ ..in return air.ay awaiting
tb~ 4rrivtt of • fan tail aton.dustiDg machine to comaence

o

roadway .toneduatina.
,I

\i I

I, I'

411""-1:c.'"t ..... lncombuatible. in auch returns exceed. 80%r- _ (\

qd "oult! !lot .ut>por'j: the prop.c.tion of a coal duat
:$p1C.fIl!."

2. ti ...c31l1>1. of sta.1'!du4 proc_dura. u.ed to raau1&te the ~:~.
of n.. cutdn. \.quipaent undergrounci is given below.

~ ••e standard. 8urpl ... nt the require.enu of the Chief

In.pactor of Min •• pe~i8'iOD•• i£8U.d ,to each sin••

Cuttina and welding sball b. don. in accordance with
the In.pactar'. p.rmisaion.

I)

On completion of the vorl
for bot '-tertlala.

F'»
f/""/

th.' area aha!l b. inspected ()

Approved fl.ah back .~re8tor. and hoa •• are to be used.\,

Lo'I\"'pre8aure g.a should not be u••d undergroWld.
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3. It!~ a recurring theme in this project report that safety
-I""'

is l.lhanced when !1ining Engineers pay attention to all
details of mining particttlarly as far as ventilation is
concerned in the working faces.

4. First line supervisors are able to relieve absentee miners
on odd occasions without a threat to safety_ Hl)wever when
they cont:inually rel ieve such ahr:cmtee miners by running
produc t ion sect Lons , the following results may be expected:

Lo~s of continuity in planning and supervising.

Demor.aHsati.on of first line ,supervisors.

A los. of a sense of responsibility since first line
supervisors believe that, they cannot be held
responsible for overall safety within their area.

5. A self-satisfied attitud~ amongst Mining Engineers regarding
high standards of operations invariably and eventually could
l••d to an accident. Mining Engineers hav~ a right to be
proud of high mining standards but it req(ri.res continual

\'

»•• erted effort to maintain safe operationsi~
"

ref ... particul.rly to tho Durban Navigation d~lll.ri •••

2 Pit disaster in 1926 where the mine was I~e8(!ribed
"being well managed. clean ':'andwell vent~\~ated".
blown-out shot. fired by an uncertificated M~~er in

I

The Author
No.
as
A

an

6. Mini~g Engineers should ensure that tb,ir

unventilated .-ising he~ding which was describe~\. in the
II

.vid.nct!!by /,L~theMines Inspector. aEl being in a',\terrible
II

\\\
\
IJuniors un~~rstand

all instructions and the reasons wby the instruction~ have
b.en given. Follow-up of instructions is imp.ortant. 'II

condition. caused a major disasteT.

7. In order to prevent a coal dust explosiO'h from propagc_)ting
and extending from the source of ignition. stonedust

il

\1
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the following standards~
barri~rs should be erected in every producing section as per

7.1 Position of Barriers

In accordance with Regulation 10.24.9.

coal conveyo~ or endless ro~e haulage or road.
At least one stonedust barrier must bs installed in I each

The barrier must not be nearer than 140 m from the
face.

The barrier must not be further than 365 m from the
face.

The barrier must be advanced as necessary.

7.2 Type of Barrier

Stoll.dust barriers shall be of the Polish tyt:,e. )
Each barrier shall have two fixed roof:bolt braCket- ~r

alt'~r.n.tivel;1 adjustable trestles can be ~"nstal1ed, 0 which

shaH be placed a frame equal to the width oj; the roadwa
71

(frame

width 200 lIWl. depth 150 lNDi. Superimposed on the fralle rha11 be
boards. placed length-wl.(le to the roadway al\d spaced +: the

whatlewidth of the frame. thereby forming ... shelf. SfCh shelf
wi1\.~ torm the platform upon which the ston.dust shall ie Loaded,

See \~F:Lgures 14 and 15.
'\

'l'yP"~f Sh.lf

There s~11 be two type. of shelf.
\~,
\

\ f\
\ ,I

\ /:1
\
\ :

[I
II

\\
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Lightly-loaded shelf: which shall be 350 mm wide ;and shall be

loaded at a ratio of 30 kg per metre of shelf length (average

pyramiu:ical dust height to be 11+0mm).

Heavily-loaded shelf: which shall be 450 nun wide and shall be

loaded at 3. ratio of 60 kg per metre of shelf length (average

pyramidical dust height to be 220 mm).

Types of Barrier

There Shall be two types of barrier.

Light barrier: whi;;h t';11:l.~.1havr 100 kg or dust per square metre

of roadway.

For Ii normal 6 ttl Jt 3 road. a light; barrier shall consist"of 10

light shelves of 6 lC length and spaced at 1&5 m intervals and not.
more then 2 m apart. Each shelf cartyi.ng 180 kg of stonedust.
This i.snot normally used in th_ Greup.

Reevy barrier: which shall have 400 kg of dust per s~uare metre
of roadway. The heavy barrier shall coapriQe of lightly-loaded
and heavily-loaded shelves to Ii ratio of 1:2. The Ughtly-loaded
shelves .hall be in frent of the heavily-loaded shelves in
relation to the probable direction of An e21rlosion blast
displacement. Por a normal 6 m x 3 m road. a heavy barrier shall
eon.ist of eight lightly-Ioadad shelves (180 kg each) and 16

heavily"'10aded shelves (360 kilograms each). Such shelves to be
spaced at 1.5 • intervals sno not more than 2.5 m apart.

7.3 Mine Plaus/Record Sook

Each barrier must be shown on t~l mine plan.

In a record book. the following 'lustbe recorded:
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Barrier reference number
Total number of shelves a.id loading thereof
Dispersibility of stonedust
Roadway cross-sectional area
Date of last dust renewal. date of last inspection with
signatures of persons responsible.

1.~ Shiftboas - Inspection Barrier

Each barrier shsl1 be inspe~.~d weakly by the Shiftboss.

Such inspection sh2.l11 ensure that the bar rLer conforms to
the Standard.

In particular, each barrier must be examined for l"..:.:ing.

The Shiftboss shall ensure that the st.onedust is renewed
immediately after evidence of dust caking -1.$ apparent.

,.\

waterproof stottedu8t may be us~d where nlecessary.

7.5 Abandoned and Sft~i-inacceasible Area.
(I

Where there are abandoned
./ ." ....~
(, . )arf&a8 that cannot be sealed off from

curl.'.entworkings ana that~annot be stonedusted and sampled. the
following procedur~ Must be adopte~:

As much as possible of the a~~ndoned areas must be
i:

effectivelY~Bealed off with brick stoppings.

Heavy atonedust barriers must be installed and maintained at
the edge of the abandoned area to cover }lll roads cO~'mectins

it with the working area.

All roadways connecting the abandoned area to th~ workin~
area must be adequately stonedusted and the 1,evel of



695

incombustibles maintained by !"~jgularsampling and redusting

as required.

8, Hhile the taking of stonedust samp18s and analysis thareof

on a monthly basi.s is a legal requiremeat. the system is

cumbersome and does not p rovf.de Hining Engineers wi.th
immediate on-the-spot re~ults.

Krystolik et a1 (1985) gave a description of a portable
instrument with digital readout destined for quick
measurements of solid incombast:tble corrtent serving 3.S a

protection against coal dust explosions.

The United States Code of Federal Regul~tions dete ...:.inest.he
basic requirements put t~!l -anaLyze rs of solid incombustib~.e.
content in coal dust.

According to these requirements a portable 3.nalyzer should
be a self-coI1-~aiT'.,.;dunit suitable tor ser."ice in underground

\

coal mines and be equi.pped with a quantit3r:~ve indicating
device that is capable cf indic6ting the incombustible
content over the range ·':If 50-100% incombustible an.-lhavib~
batt~ties capable of failure-free operation.

The need for an (;:Jinstrt.mlent ~hich quickly determines the
incombustible cent-ant ;.s great where stone dusting is the
basic mnhod for safeguarding against <:oal ~'ust explosions.
'this is true for the United States coal mining industry and
in a very Large degree also tor the Polish and South Afr.icsll

coal mining industry in which stonedusting. together with
anti-explosion barriers ~. cons" itute the main prct ect-l on
ag&i••9t the propagation of 1':;0&1 dust explosions.

As a ~",sult of years of reseQrch work done in the Central
Mining Institute, an instrument was
purposefulness tested in mines.

desigMd. ,rnd, ,
\')
\

its
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to the Wsmkie Colliery disaster in 1972, all Transvaal

collieries practiced the water.t'ng dow!' of roadways as a

precaution against coal dust explosions. No stonedust was

applied.

( )
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A.t pre.serrt thf:1 Polish mining re gul.at Lons require that in the

tolish coal mining in.dustry 50:'~·-90"~of soli.d incombustible

matter be maintained, t:11t~ per-cent-age depending em rhe cca l,

dust exp l.os i.on hazard degr-ee ,

The total length of stonedudted zones is given in Table 7.9.

Tabl\~ :7.9

% of Solid Incombustible
Matter

Total Length of Stonedusted
zones km

90
80

3'5

416

131

600

It
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Tlle ma:i.ntair.it.g of the zones is becoming more and more

difficult sincn growing mechanisation and concencration of

our put; cause a more and more intensive depc s Lt i.cn of nl::'!w

dt.:.st laYI!!rs. The deposition

g/m2/day in return air;ways a'Od
Ii

/1

driven by h'!sding muc.?{lines.

n t 2-100

ga l l.e r i.es

rate is estimated

a.t 2-80 gh.l/ /~ay

To maintain the proper '1'1.antity of saHlll Lnccmbus t.Lb l.e

mat«er in stonedusted :l;oncs frequent checks must be done.
rr reguleticr;;...;.s do not>'JSt&te:precisely how often the checks

ar~ to be carri11d out. they demand only' 'that. the req,10red

amount of inct;tAlbustihle m&t.ter be maintained continuously.
Ieil

n

'~.
IIThe qu~"'k shifting" of the zones 'roses add'1.tional

requirements to the at.onedus t i.ng and the\\ settlt,t'lg of new
\\ .,;\.

dus t. layers ('"\1113 for Flmall~r in1('~rvals bet~,)en th.t>! chacks ,

Due to this situation the dl~termination of the cont.ent; of

solid incombu, DIe matter is becoming a mofe a~d more

difficult proh(l/ell1 for N)llie.ry' labc.r8tories doing check

ar-al.yse s , These analyses dapend on combus t+ng ,lust sam;::>les

taken underground during thr~e hours at a tempernture of
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48,)°C and on determining the Los s of mas s , In rno,ny
collieries more than 1000 samples are to be analysed each
month.

The need has arisen to develop a method fer quick
det e.rnri.na t Lon of s'o1.id incombustible content without the

necessity of combusting. weighing and so on.

In connectio~ with the progress of isotope technique. the-
id~a emerged to tak~ advantage of the radiometric methods

I':basf!d on tnterllction of beta ilnd samma radiation with
~terial - for i~termination purposes.

" D•• ign of the Instrt1Jllont

The internal vie,,)of Innabar PC is shown in Fi~llre 16.

The electronic system bas~d on integrated circuits ensures
correct operation" of the instf11!ent and a dire<\\ digital

\\readout of solid incombu8tibl1t matter content. "'''
')/

Ttle switeh on the back wall of the instrument has tyO

positions.

B~"i:aradioactive etront 90 is the radi.ation .o~:rc:e. The

radiation of stront falls on th~ dust sample in the
container after bac.k-scattering faUs on the

aemi-cond-:.tcive radiation detector which is specially made to
"the requir'l'mellts of this instrument (lin the Institute for

t-:uclear Problems.
t )

The radi\~tion source turns round together with the cover of
/:the com:-'!liner with the samtSle and therefore during the

change of the sample ti1E~ ope"t"&tor is not!,exposed ~c
radiation.
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ml./lal'toil
¥

p!:!'sf scmpft

d~eclor
Co.'J/N)! ~tan7p

SI' ;0Sl)l.I/'Ce

preamp,,.; ~I'
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o
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The radiation source, d:.'~ector and sample container are
housed in one block made of organic glass which ensures
steadfastness of mutual po~ition of these eleme~ts. small
dimensions and small distances between the elements.

On. the back wall of the instrument there is a 5witch having
two positions. Position "Calibration" serves for regulating
zero and the accuracy 1: the instrument. In this :position9
subae quen t measurements an~ done .'it a. shozt ened d.'lDe· ';,il at

only two significant digits. The tenth measurement has full
time and accuracy.

without
In position "Measuremer. " one

calibration is done. Position
"C',alibrationl'l enables quick calibration of the i.nst ruaenr,
After finisped

auto~titally •
the readl'lut s"'itch~.s off

Technical data of the instrument are 8S follows:

1\Measurement ran~~
50-100~ aloUd in~ombu.tible matter C.:lntent
Measure thte about 30 1'1 I.'

Ambient temperature range
178-3d8K \j

Dust .agple .aS8 about 25 &
supply Cd-Ni battery. 1.2 V. 3.5 Ah
Supply autonomy - minimum 250 measurements
Radiation t;ource - stront 90. activity 5 mei

Ma1t{mum radiation intensity - not greater than .:'mR/h

at a distance of 5 em from the instrument
Msss of instrument· 3 kg

Dimensions - 21S'x 80 x 175 mm
Electric system - intrinsical safely II BI.category i

. aaccording to !!C and CE~.LEC/ •

1. The Inflaba.r PC instrument me.tEo the basic requi::ements



of GFR 30/'29 and of Polish regulations and J.S suitahle

for use in mines.

2. TI'e instrument can be used for ~hecking ~he state of
stone dusting according to the so fc<'t vaLi.d methodology

of takictg samples. It also provi~es the possibilit~ of
quick and easy detection of places in whic'h

stonedusting is not adequate.

The Inflabar is vel'y use fu I for checking during the

operation of pouring out the stonedust itself.

The possi.bilities of the instrument will oecome evident

during ita operation on a larg~ scale.

\\
9. All coals with a volatile cont~nt of 14% or gr€latl!r can b.

regardnd a. sUBcept;.bh to,,>COAl dust explosions.

in such ilin•• shvuld thu. bo well _ton.dust.d.
Road"aya

10. '!'he lIlC,.t p:-clific cause of dust fora.ticn is: othe use of

continuous !linins machines. 'n1e ventilation Of roadway. in
whi!':~'the.e ..chine. era u.. d iB ,'~ \ "itt~.in Chaput' 2.

\'
'fJ'iaun 17 depicts tb. U8Q of fan. aftd .cr\bbeu on the

latest aene:ation eontinu().u~ainer torOth •• afe handling of
du.t.

()

11. That coal dust explosionl in bord and pillar workings tre-vel
up the main 'returns "ill a fact 'i.~",dBlore re.,'Ulrch i.s neeenary

to determine how this ph.nof¥~rl;n sht'uld be hlltilU.d. At

~re••nt the ..ethod ~f systematically and frectuently cleaning
an((1 re-stonedustitlg r.t~rn. b regarded a., th40l .afest

approach (1:/911 1 of this sub.ection) t.o ensure that coal

dust exploeio"s are unable to travel al~ng the r6.'turn
"airways.
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12. The modern trickle and fan tail stonedusting machines ar~
net only moh i.Le and easily rran spc rt ed hut e f f i.c i.ent; in the
distribution of stonedust. The e~ectio~ of stonedust silos
on surface at strategic sites minimises the bulk transport
of stonedust und~rground cvetr long disfances.

13. The suggested mine standards rega rdi.ng main fan st oppage s is
dealt with in Chapter 6. The stoppage of the main fan(/in a

gassy pit for longer "than 15 minutes is a serious event.

14. No open flames should be allowed undergrouud. Standard
procedures for the use of cutti~g torches and welding

(,

underground have been set out Ln , it..!!1 2 of this subsection.

15.( Senior Mine Management should be made aware immediately of
reductions in the ventilating current in any area of a mine.
When vent1.lat;qn ia reduced, for example in a shaft.

standard pt'oeedure8 should be drawn UJ:: which deal with the
~,\1" of" ¢uttin& equiplll~mtin sitch a ahaft including the

,t.•• tin, for _thane. 'c "

16. Senior Min.~na ....nt should enaure that all entrances to
shafts whore aen ilz-ato trawl are S!larded to the extent

that peuon. are .... rcb.d fot' any fora of contrabanC::. The

pd\; .... ion of cO'Dtraband oh peTaonll .hould be reported to a

ra.pou.ible official i...d'iat~ly.
c

\ i

17. The araatar the incidence of &eo10sieal' problems (faults.

alip s , d,')lerite dykes. burnt coal zones and poor roof) and

tilethane elld •• iona. the greatar the need for increased
supervisioD both quantit'ltive1y and qual~tatively. This
dissertation highlights many .erious incidants where
lIupendado!ll was inadequate. Such sitt'-'ltior'ts lead to a

lowering of standards. the taking of chances and poor
CQllllllun~.•':cltion. Mining Engim!!er. shouid be aware a changin,g

circumstances snd take the n.ce~aary action as shown belo~:

, \
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month)
1. New Mine and normal conditions (300 000 ROM tons per

Mine Overseer r
I

f
1
1

I

n/s Shiftboss I

~l1S Shlftboss T

Sect ion Manager
I
.1M1.nl;!Overseer: II

-1
Shiftboss IIShiftboss II DiS Shiftboss I

N/S Shift boss I Shiftboss ITShiftboss II

2. Same mine as Ln 1. above with poor roof conditions and gas
emissions in one area. and attenuated haulages and return
airwa.ys (300 000 ROM tons per month).

Section Manager
I

,'-"i

Mine Ovet:,l>eerI
y t

(Back workings.
return aintays
cleaning and
construction)

D(S Shiftboss I

N/s Shiftboss I

" I
IMine Over.se~r II

I(Production area, poor
ground conditions
and gas emission~)

Mine Overseer III

tProduction area

DIs S,hiftboss I Shiftboss II Shiftboss II! DIs Shiftboss I
Shiftbou II

N/s ShiftbiOs8 I

Shiftb~,sSII
N/S Shiftboss I Shiftbos8.I1 Shiftbosa II~

j
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The above or'gani.sat Lcna l, charts indicate the additional 1 •r me

supervision required an the second case to deal with
attenuated return airways and deteriot'ating ground
con~itions in one production area of the mine.

18. Senior Mine Management should ensur e that they are fully

aware of all roedways wh~,ch exist wl'wn sealing off areas
which are experiencing spontaneou::; combustion or methane
emissi')ns. Many instances have been encountered during the

of this research. whe;:-e n6t all roadways were
thoroeghly sealed because th~j.rexistence was not known. In
the majority of cases. this is due to Mine Surveyors not
being made "wale of faces which are being advanced and hence
not recording these faces on mine plans.

19. Enright (1985) in $tudies in Australia has concluded that
experiments in the 8 and 20 litre chaabers showed that
Wrlern c04l dust at 40 percent moisture content and the
Bui'i~ coal dust at 26 per cent 1Il0illturocontent were capable
of developing significant explosion pressure. and rates of
pre.aure ri... The lilllitingvalue of the added water
required to inert the -dust wa. considered to be that valu.e
which prevented the generation of a dust cloud in th~

'"laboratory .z:p!o.ion ch8lllben rather than that value which
inhibited a dust cloud .z:pIo.ion. It is Po.sible that dust
explosions could occur at higher moiQture contents if a
sufficiently turbulent dust dispersion sy.l'tewwas .vailable.

The ca.jorl.tyof dust explosion. that occur in underground
'.\c~al mines result from the ignition of a methanp.-air

mixture. The resultant g~8 explosion has a high temperature
flalllefront 11\'1d is capable of develtlping an extremely
turbulent air blast. These conditions m5Y be suffi~ient to
produce an exploBion with dust at a higher moisture content
than ths l:i.S1itJ.ngvalue found in laboratory experiments.

It follows that wet conditions W\71 not always
inhiriting the -:1evelopment:of coal du'st explos!_ons.

act in
Prior
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7.8 CONCLUSION

Mird.ng Engineers are often lulled into a false sense of safety by

having ilwel1 ventilated mi.nes" and "clean and well managed

operations". Unless they atte~d to the details of good and

eff:L(;ient face ventilati':tu. the systematic cleaning of return

ai rways , th' '. adherence to prope r standards and good day to day

ccmmurd.cat i.cns , methane and coal dust. exp LosLor.s are likely to

occur.

Two of the Lnc i.dent s re.ferrG!cl.:o i.n this chapter resulted in

methane exp Losi.ons a., a reSU.l.t 1j :"11 flames bei.ng used in :a
,

downcast incline shaft and a ma:l..ll unt ake haulage respectively.

IlL both situations the possibi1:i\::y of. a methane exp Losi.on

occurring .",'ould be considered. by Mining Engineers. to be remote.
;_-::

However, ip boch cases , the r~cipe for a disaster was present>.

The main verrt LLat i.on fans were !"-espectively regulated and at oppad,:
thereby reducing the ventilation considerably in the respective

mines. The act of reducing ventilatii:.m immediately allowed the

build up of methane to occur in the most unlikely places. the

sitilation being exacerbated by the presence of faults and II slips

,;'betTrreenthe different coal seams and the presence of a 'drift

which -'las not shown ?n mine pLans , and had not been ~ealcd off.
\ '. \

Tn:! indiscriminate us~ of a cutting torch and blew l~mp with no
prior tests being ccnducted for methane resulted in explosions.

Making aRsumptions that areas are free of methane and that the

use of open f lames is not dangerous is fallacious. Whenever it
is neceSii?ary to al l.ov open flames to he used the area should be

thoroughly exam i.r-ad fN' methane and adequately ventilated prior

to and during the cutting frocess.
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Mining Engineers should ensure that 3.dequate searcheS'

conduct ed to ensure that no contraband ~.s taken underground.

((

\i

:.::\

/1(/

are,
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8.1 INTRODUCTION

Several sar Lous methane outbursts have occurred at three South
Africa.n collieries over the past 35 yea.rs; however. such..
incidents are seldom reported on publical1y or internally betwaen
m~,ningcompan Les and are therefore not widely studied. MinilC!g

Engineers arE thus disadvantaged in t~'ying to deal with this

problem.

Meth~ne outbursts occur when workings or boreholes approach an
are. in a coal seaittwhare methane is entrained under high
pra •• ure. At a certain point in time. the in(:erve~ing strata
bfIt'wt1enthe workings/borehole and entr~f.ided gas ill weakened to a'

point where it cannot resist the pressure of the gas wbich \~then
escepea in a violent outburst. (I

Dan•• raus quantities of .. than. ent.r the w~rkin8s after blowing
hundntd. of tl)fl. of coel!_:'~)into the roadw.y. to be'.followed by I')

clouds of fin. coal 4~.t which, due to the shock wave. can be 0

depositad Oft the roof .id•• and floor o~ the .ection up to 400

••tre. f.roothe source of the outburst. Such conditions could

l.ad to a _than./c:ot;;";dust explosion.

This c:bapte~will examine the ph.no.enon of .ethane outbursts.
where th~.. are 1i•• 1y to occur and with tha aid of actual
experience at Sprinafield and Indumeni collieries. describe wbat
happen. when the ..thane Z.~ i. releas.d. Su&sested methods to
be adopted to obtain prior werning of such outbur.ts are
discu..ed. The char~lctflristic.of the cO.t.ldeposit in the South
Rand and Indus.n! coalfields is ana~.ed particularly in areas
where these outburst. have occurred.

((
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The first real evidence of the cil::cumstances surrounding a

methane outburst in ti;; i')uto Rand coalfiel,l included the

fo110wing account given p~~ a Gang Leader in Se"~ti()n 7 at

Springfield Colliery on 17th Or~ober 1969.

"Teko Rantho. No,. 2271/306597: sworn states!

I am a Gangleader in section 7. I relllembe!:" the day an outburst

of gas occur-red in the sec t ion , I was in the madn. near the
/:

compre aso r , I was w,~t:i.'Q.,gfor the blast to take place. Bla.sting

took place and I healid a storm in the sect:i.on. I was blown about;
;1

towards tht( faces. I realisO!d that something dange rous had

happened and I directed myworkers to, run away in a certain

dit'f!ctioti~ They ran away. There vas still a read.ng sound going

on".

'1"hb e"idence b corroborated by other witn.lllse. and provides
II

1i0M i4aa of thft farce of such a i!lethane(I>utburst. /

,\,a the coal excavation proe... tdte. place at Ir~al.r depth" and

at biaher produl:tion t••pos in South Africa! 80 will the

likelihood af in.t.nt.u.ou~ methane ~utbur.t8 in~.a~ •• The~. is

a n.. d to est.bIbh why such outbursu. occur/· n lUluive burnt
eoal .on •• which .~. found adjacent to dyke••

I
i

The •• riou.n... of the probl •• :b bilhHthtfd by Hargrave, who

,tat... I '
"'l'be Collins'dUe outburst in 19S4 va. fOl1Ld by .ev,'1al yoar.

of trial aillins and re •• arch. but the .i.If ~~. cl;g•• d t lar,ely
bee.nll~. of t:h.oun.olved outburst prahl_".i '\

U \
/1
'/j

,/
I,'
I'

(I
1/
/i/1
II
II
Ii
I,/
(I

Ii
/Id
II
J(
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()

8.2 S<>tIRCE OF METrlANE

8.2.1 Il:1 shu methanca ccnt ent

In the history of coal from
undergoes pa r't icu'l a r pl.·ogressive:

vegetation to ant hr ac i t e ,
"chemical changes (Stach et

coal
a1

1975). One of the results of this is to produce chclIl::'callythe
essential fluid products water, carbon dioxide and l!!.etnane.
These are piroduced in varying proportions throughout the whole
maturation 'pr!)cess to the end product. anthracite. in typical
proportion. as shown in ~Iigure 1 (Hargraves). Con(~urrent

I

physical ell_ngea in the ::o.!l include porosity and penuela.bilit1
!i

reduction. lincrease in density. and darkening of colour. From
beginnin& to end, the amounts of mi,ratory products are vast per
ton of lIUlttjred coal. of 'the order of 0.75 ton of ~ater. 600 m3 of
carbun dio:dde {C02} and .600 m! of methane (CH4) at normal
temperature: a1;'dpressure.

/

Mon of tlie fluids produced are not repre.ented in the seam
envi.ronmenl:• but have progressively lIligratec:taway. apart from
some resiclilel fluJ.da retained in coal at any one staae of
uturation. This"maturation go •• on under load of a cover of
rock to thll surface. rocks gen.rally saturat.d with ':laterup to
the water table - almost: to the lIIurface. and the fluids retained
in ih••••• are held at pr~>~.ure 'lIon to hydrostatic head hOIa

the water table. Conveniently, th. r.tenti~n of ,••• s by coals
is termed sorption to cover all lIodes of retention. Although
coal ha. a Btt'onger affinity
productiotlb of CH4 in the later

L::"'rogressive1y replace most of
stages. so that the seam gas

for CO2 than (~4' the greater
stases of aatul:ation is ah'la to

the CO2 retained from earlier
of hi,her rank - bituminous to

anthracite - coals is essentially CH4•
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1.Jher\coals. or cos.I measure strata a.re intersected by igneous

mate\\ial. the contact metatllorpnism. largely the heat of
'\

intr~r;ioll. may increase the rank of the cCJ~Ll. but more
impor~antly gases of pneumatolytic crigin especially CO')displace

\ "-

the cR,)'+ formed in-situ in the coal. In some areas this invasion
by C02~, if su'fficiently recent. exists to the present time. and
the r.dll forming CH4 has not had the chence to replace the CO2
aga Ln, Such a situation is rather rare on the world basis. but
in Australia both the Bowen and Sydney Basins are so affected.

How such gas is there?

The sorptive capacity of coal fo:t'cgas depends on the porosity of
the coal. which in turn is related to rank. to the nature of the
gas and to the pressure of th~ gas. Pigure 2 ghows typical
"equilibriua i.other1ll.obtained from 90 .ruaples taken from twenty
collierie. (Phillip., Wai.te. al). ,Ettinger (1949 )

invs.tiaated sorptiv8 capacities of 8 number of coals at a range
\!

of pre.sure. Figure 3, The 80rptive capacity of coal for CO2 is
two to three tiMe that for CH4• A. a rough guide. virgin seam
358 pre.sura can be taken a. about 7 1r.Paper metre depth. where
.6ter tables are .hallow. Another factor affecting ..ount of gaB
in a .... i..... thickne'8.

o

It is convenient to specify ga.. ine.. in term. of volume of gas
~r ton. isnaring seam thicknee.. Thus. ignoring the effect of
.tre•• in reduction of sorptive capacity. an approxillation of the
..ount of g.e per ton can be ..de on the b••i. of depth. rank and
iaotheras of sorption for the appropriate gas, composition.
Alternatively •• direct measure.ent of g5. press\'..\,ay be made.
replacina d.pth a. the approxu.atior. of g•• prltssure. or the

,~-

aaount of ga... y be .. aaured directly fro•• virli.n c".l II&mp1e.
or an indea: to a••• in••e ..y b.. ..de on 8 coal ._ple on an
eGlpirieal bali. (Harlrave.. 1962) co "

II
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Dete<..;!m:!.na"::in of in-situ methane content

Phi1lip~1. Ha~.tei:::t all l",ave stated that "very little is known of

the mechanLsus by which methane is released dur i.ng the coa I

excavat.Lon pr oces s and data on the in-situ gas content.
permeabiE ty and gas pre~,scures of Sout:n Afdean coals is

virtualLY 110n existent."

Twomerhods are available in measuring .;)1: determining the in-situ

methane c~cntent of coals. These are:

The d1;,:\;,~ctlllet.hod which 'Consists of obtaining a fresh sample

of co~D"$ enclosing it in
releas~: ,",f gas agaihft~.):i~e

Twodisauvanta~es arise from

quality Qf the field staff

a container,>and measllring (I the
since the sample was obtained.
using this ''tIlethod.namely the

II

and an accurate estimate of the

time that' the s~ple was first disturbed in th~ ncavation.

The !'i~~4"ir"ctmethod entails,:cmeasuring the te~Perature and

pre8S~r,'~ of the seUl gas whe,reaa the absorpd~n isotherms

for the coal a••• ··are measured in the laboratory. In "

essence this comprises the repressurising of crushed co.1
sup,,"... at const:ant teaperattlre and 'i.hde:r a predetermined

pressure of methane.

Using work by A.G. IUm in the United States. Phillips, Waite.

Billenkamp and St-::-ipp coneLuded that from t:h.eir tests glls
3 c=:: ;

contents of th~. (Iamplea teste.i contained from ~bout 3 to 10 m of

sethane per ton of coal. It is of interest to note that Kim has
determined that in th. United States of America a pressure of

1 MPaof methane rapPe.enta a typical pressure at a gassy seo at

a del1t;hof 150 metres.
,~.- _:- \

( , I
y....~~!;.lie:3 showing adsorption iaothel1ls for coal .~1"!rUC8t~8 that

deeper higher rank co.,.1 deposits are gassier. Also at higher

pre8I1ut:'e~~coals can contaia more methane. This' w()uld tend to
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explain the 8assy conditions leading to instantaneous methane

outbursts in the South md and Indumend, coalfields.

8, 2 P'lrfl:.eabUity

The Concise Oxford Dictionary def Laes permeability as 'ability to

be permeated" - penetrate throughout. pervade, :.''l.turate; diffuse

itself through. among; in other words travel t ough,
('"' -.
\ '

Geological studies have abo established that IllOSt coa. ds have

a dir~ctional penneability. due to sets of it'ltercom;'~cted

~ertical fracture planes within the coal. In coal termed blocky,

a set of prom~.nent fractures. or face cleats. are spaced 25 mm to
!\

150 am np.rt. ~ secondary set of fractures. the butt cleats.

occur at risht angles to the face cleats. In- coats that are

called friablf!. the fracture .pacing is less tl" an 25 lIU!I. and both

sets of clsats are equally prominent. In blocky coal, metharle
', /:'

ellll~.iontates are high~r along the face cleats, Rib stability

~d roof conditions are also related to cleat or Lenzat Lon,

Surface and photolinear ai' ,ods have been used to determine cleat

otientatiot1 for 32 co.lbeds in Pennsylvania. W6St Virginia.

Virginia. Alabama. Oklahoma. Colorado, and Utah.

Factor" affecting the retention and migration of methan~ in

coalbp.dsvere studied to provtde a basis for the more rational
design of co~lbed degassifiction systemR. The following
infortMttion resulting from the studies has been useful in
designing 1I0re effective systems for draining methahe from CO" 1

and essential in explaining apparently anomalous field results.

Tt~aphysical structure of coal. vith both very small pores and

lar~e cracks and fractur.es. affects the methane emission rate.

Methane flows from .the pores by dif.fudon: flOW' through the

cracks is laminar. In this two-step proce.ss, the relationship

between diffusion coefficient and fracture pe~e8bility. which
varies f.)r different coals. dete\.lIlines the methane' emission rate.



722

Methane emission was found to be retarded by the water normally
fo·.:nd Ln coalbeds. As the coa Ibe d is dew:tered. methane emission

rates increase. The burnt coal zones in South African collieries
are known to he dry - at Indumeni Colliery fa cloud of white dry
ash I was bLown into a roadway following a methane outburst.

Laboratory studies of methan~ adsorpticn on coal indicated that

coals that are higher in rank are capable of holding larger
quantities of methane. Also. at higher pressures, coals can
contain mo!"e methane. Since both rank of coal and pressure
increa~e with depth, deeper coals can be expected to be
substantially gassier than shallow coals. Adsorption data have
been us~d to obtain 8. rough estimate of how much gas a coal
contains.

Figure 4 is a su. race exposure of a coalbed showing the
orthogonal orientation of face and butt cleats and Figure 5

depicts the flow 0 f methane through coal :i.ntwo steps; from the

solid coal into fractures and then along the fractures i.nto the
mine workings.

The gas content of a coalbed is made up of two components - free
gag compressed in pore spaces and gas adsorbed in the internal

~~,

sl\rface of 'l:hepores The quantity of fne gas depends on the
porosity of tl:ecoal, ~;)ressureof gas in the pores and the
tempeuture.. It \lsuC{llym.akesup a small fraction. about 5-10~
of the total gas content (Mcl'f!>!son.1975)• HO\tever. for the
determination of tdtal ga.~Jontent. it is necessary to know this
quantity.

The greater part of the gas content in coal in-situ is held on
the surfaces of the coal pores and micro fractures in adsorbed
forti!as a .ond]~olecnl.r layer. Since the internal surface area

I 2 -1of coal can be as large as 90 lit g • the quantity of adsorbed gas
<)

can soaetimes be extr.mely high. It i3 th.refore important to be
i!

able to deter1Qine the lilltountof adsorbed methane accurately.
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FIgure 4

A SURFACE EXPOSURE OF A (OALBEO SHOWS THE ORTHOGONAL
ORIENTATION OF THE FACE (LEATS ANO SUTT CLEATS

S1£" 1

F(ow fhrough
froctuI'''' to III,,.

Flow from aohd IUllip
to fr(lI:tuf.,

______ J
frgure ~

METHANE FLOWS THROUGH CO.\L
IN TWO 51 E~Si

FIRST FROM THE SOLIO COAL INTO fRACTURES
THEN ALONG fRA CTURES INTO'THE MINE

"

I
I
i
I
1
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Free gas

Free gas :LS the mobile gas stored in the coal pores. To
dl£'.:e,:minethis quantity. th~ porosity of the coal must fi!.·stbe
measured. Porosity is the ratio of void volum€'to the bulk
volume of a porous material. The method of determination of
p'JTosityby mercury injection is not suitable for coal. since the

surfoce tension of mercury is much too high to permit entry into

the micropore structure of coal. A gas expansion method. was felt

to b~ mOre appropriate ior this reason. This method utilizes
:l3oj·le's Gas Law for ideal gases. It was" therefore. Important to

use a gas which has a very low adsorptivity on coal. Helium was

found to be suitable for this reason and also due to the fact
that the small size and low molecular weight of the molecules
Itnsure that it enters all the pores. most of them being
micropores.

The quantity of ft·e. gas can be calculated if the porosity and
gas pr~••ure are known. I~ is expresBed as the volume of gas. at
STP. per unit weight of coal.

(\ All adsorption iaothena is the clfl'Ve giving the quantity of gas
adsorbed a. ft function of pr••sure at a ~iven temperature.
Examples of ad~~rption isotherms ar.eshown in Figure 1. A few
points are evide:r.cfro. .:he figure.

(1) At .. given telllperature. carbon dioxide 12 more readily
ad,orbed than Mtfiar.e. which in tut'n is 1l00t'ereadi17
ad.orbed than nitrogen. iudicating that the natut~ of g8s

affect. this quantity .ianificantly.
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(2) At the satrleequilibrium presr;ure. the quantity of adsorbed
gas dec, ~.·ases as the t empe ra+ure increases. Starti.ng at
23°C. it falls at a rate of some 0,8% per degree for
bit1sruinous coal (Boxho ct aI, 1980).

(3) The quantity adsorbed increases with pressure and reaches an
equilibrium at a pressure that varies with the type of coal.
At this equilibrium pressure, formation of a monomolecular
layer is complete and the quantity of adsorbed gas does not
change with any increase in pressure. However. if the
pressure is increased beyond a critic2.1 point. a seconci
mo~ecular layer begins to form. causing a further increase
in the quantity cf gal~ adsorbed. This critical pressure is

normally well above that found in coal seams.

M()st important of the other factors is the dependence of
adsorption on the moisture content of coal. Gas content
decreases significantly when the tllOi:t.lre content of coal
incr.eases. However, if the ga~ content of dry coal is known. the
value for moist coal can be approximated using the Ettinger
fortllula (Boxho et al , 1980);

Q d {moist) = 1a s
Qads (dry)- """1-+-0~.""'3""'1-H('

where H = moisture content of coal expressed as a percentage.

AJ.s(.l. the gas content.: coal d(-lcreases to,T{th in<!reasing ash since
it is tllo carbcnaceous mattf~r inC'coal that adsorbs methane.

Ad&orption experl.tnent a!:e normally. carried out on m....isture-free
coai. To relate the results to ?ractical conditions. corrections
are made fo!" temperature and moisture. Since in coal mining
situations, gas pressure seldom exceeds Ih~4 MFa (600 psi).
expetiments were carried out up to this pressure.
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P~rmeabiHty decreases with increasing rank of coal and
permeabHity is markedly reduced by streo's.

Permeability refers to the ability of the coal to transmit gas
wher, a presaure gradient exd st s across it (the coal). KisSSlll

(1975) has repcrted that the flow of methane is partly ~ontrolled
by the degree of wat.er saturation of the coal seam. The
permeability to methane increases as the water. content of the
coal decreases thus allowing more pore space available to the gas
phase. '[his assumpt icm is based on.the ohservatio:..that as water
flow in an :i.n-seam hole decreased the gas flow LncTf>ased.

In a seam with low permeability. gas flow rates are very low.
High rank coal Laada to difficulties in methane drainage.

8.~.3 Seam gas pressure and temperature

Williat''Z(1960) :indLscussLng mine gases states~

"The pressure at which firedamp is contained in coal seams
underground has been the subject of many experiments. mest of
-.;;hichwet'e large1y unsuccessful due to leakage from borehcLas,
through breaks in the coal and its associated strata, and the low
permeability of the coal. About 1880. Lindsay Wood (a prominent
mine viewer) and others measurec1 pre~sures in underground
boreholes varying from 116 Ib/ln2 (SlO kPa) to 461 Ib/in2 (3i21
kPa). In later years very few cases of high pressure have been
reco~ded although at Point of Ayr Colliery pressures as high as
300 lb/in2 (2095 ltPa) have been registered. Further
manifestations of high pressure are sometimes to be found in the
occurrenee of outbursts of gas and coal, Recent workers in
Holland have recorded fir~damp pressures of 15 to 225 1b/in2 (lOO
kPa - 1571 kPa) in boreholes. Graham devel.oped. a method of
measuring the pressure of methane in coal ;;roma small coal

2EPlmple which gave pressures from A2 to 127 Ib/ln {293 kPa - 887
kPa)."
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The re Iative Lmpor-tanca of kr'owing
temperatures is to be able to llse

isotherms to pr.edict the quan+Lty of

the ceam gas p ras sut-es and
the equilibrium sorption

gas held in a certain sean
or area of a mine. Phillips. Waite ~ Billenkamp and. Stripp

recently developed a prototype packer for measuring borehole
pressures. The results of th~se ~rials are not yet to

have
gas

hand.
These authors also state that results of Held trials have
htdica.ted that bitumiaous coals are highly
anthracites a.re generally much tighter

permeable whi.te the
and have a lower

permeability. All t?Je reccr'dad methane outbursts in South Africa

have occurred in burnt coal zones which have a low permeability -
this fact makes it extremely difficult t~~determine seam gas
pressures and quantities of methane contained in the seam with
the E:cr.', objective of trying to predict possible methane
outbursts. Evidence given at Inqui-:ititshas all indicated that no
methana va. detected in the drill hole. in the face~ prior ~o the
sudden cutburRt ••

I!
}lc

«(
Ii
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8.3 GEOLOGY OF THE COAI.FIELDS

Both the South Rand and t1,e Endnaeni coalfields exhibit similar

geological featurec. most of whic.h are outlined in this section.

8.3.1 South Rand Coalfield

(a) Structu.re

o g
ThE! coalfield exhibits varied coal selim flow topography. which is

further complicated by two buried ?r~-Karoo hills within the
basin. The attitude of the: seam varies between flat-lying in the
centr& of the basin. to dips of SO and ~ore around the edges due
to compaction settling after deposition. In addition, due to
seam downwarping. numerous faults disrupt the see around b01:h
the u'L"gins of the basin and the buried hills. Major faults
which trend in an approximate East-West direction have throws of

up to 40 met';res • A significant nuaber of. minor faults are a100

encountered.

(b) Dolerite Intrusions

A coarsely crYGtalline dolerite sill up to 100 metres in
thickness overlies most of the colliery lease area~ but is absent
in the east due to erosion.

Numerous dol_rite intrusions exist throughout the area and var.y
in thickness frolll-.a few centimetres to over 20 metl:es: they vary
in attitude between vertical and almost horizontal with generally
no directional trend, Along the strike of dolerite dykes. the
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thickness. dip and direction vary over short distances and to
date exploratory drilling to supply the full advance i,lforma.tiDn
needed for mine planning has not been successful.

Dykes and sills Cduse unstab1.e conditions in thick seam areas
where the coal may be burnt for some dist.::mceon either side of

the intt'usion. Roadways driven in burnt coal require heavy
support to prevent roof and sidewall co'lLapaes ,

Surface magnetometry has been unsuccessful in locating dykes dae

to the masking effect of the thick dolerite sill. but modern
in-seam s'!ismic techniques could poss:i.blybe used in future.

8.3.2 Indu.eni Coalfield

The quality of the coal at Indumeni varies from fairly high
quality coking through to anthracite depending upon the extent of
devo1atilisation that has taker. place. ~lere unaffected by
do1.du. the coal contains roughly 23-26% volatilu and
produces. on washing, a cokinr c<:a1with a 5 Ot" 6 8we11. When
partially affll!ctedby doladte. the volatile contem: would drop
to the ranle 16-20% and yield only a bituminous steam coal. In
the area. "here the coal was Most severely Ilfferted. the
volatiles dropped to less than 12% yi~lding an anthraCite coal of
m04erate quality.

\\

nevolatili.ation of coal at Induaeni took plac~ on both a
regional and local scale. depending upon the intru~iv. agent
cau$lng the effect. On a regional scale tbt: agent caudng the
progressive devolathisation of the coal wall the Ingozo rlol.rite ..
Sill which occurs above the Main Coal Zone. When this sill
occurs at more than 50-60 metres abo?e the coal. no

, 1\
I i(no1riceabl~

Iabove the coal a'\ld appr':>l&chesth,~ coal lIa!lmS, thp. 1~01atile
C.I

efbct ist felt. however •• s the sill translr.essea the s~.diments

content of the coal is reduced until 8 point when the (~oa1 is
9ffectively a meta-anthracite. OI!~olati1isation of this nature
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does not cause the coal to lose its internal structures or its
inherent strength, in fact as the volatiles are reduced, the coal
effectively gets harder and is at all times capable of being
mined.

On a local scale many dolerite dyk~s were encountered at indumeni
and these naturally had a significant effect on the coal. These
dykes varied in thickness and in orientation and three distinct
trends could be noted. Si~nificant differences in the effect of
the dykes on the coal '9odo:> '.10t noticeable with regard to the
various trends of the dykes but was definitely noticeable in
relation to thickness. The thicker dykes invariably caused more
problems than -;be thinner dykes.

/;:~....,(
<,

Near the major dykes that were encountered in mining. a typical
s~quenee of effect on the coal could be identified. The first
noticeable effect on approaching a dyke was that the coal became
brighter and hardftr indicating the first loss in volatiles.
Gf!tting closet' to the dyke rhe re was an increase Ln the aacunt; of
calcite oec~rring on the cleat and the c~al became progressively

,1duller and aore gr~nular until finally the coal In£t all its
inherent structure and .trength ~~coming an amorphous mass of
very dull sha1, burnt coal. Ot), contact with tha dyr.e the coal
would b. ~~tally converted to a grey black ashy material.

8.3.3 Geologieal aimilariti ••

The coal measurea are ~,~latively deep compared. with South
Africa collieries - + 200 to 300 metre ••

The .e.m8 are g•• sy.

The coal lIleasures are overlain by thick ( + 60 me' "';)
horizontal dolerite Hktrusionll in the form of sills.
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Dykes and sills emanating from the major sill and varying in
thickness from a few centimetres to over 20 metres have
burnt the coa l seams for some considerable distance and
cause unstable conditions which require heavy roadway
support. It:is in these zones tha.t the methane outburst:s
have occurred.

)/

()

o
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8.4 INCIDENTS/PHENOMENON

Outbur~t~

This is the name applied to the violel,t evolution of firedamp

(usually together with large quantities of coal dust) from a

working face. Outbu~sts are known wherever coal is worked. Some
of the largest have occurred in Ftance. In 1907 the Nord d'Alais

coalfield an outburst of carbon dioxid~ blew out 4000 tOftS of
coal. At L'Agrappe Colliery. Belgium, in 1879. 520 tons of fine

coal vei''i blown out and fi::-edamp burned at the pit tops!. wi1:h

flames f'.'l1er 100 ft (30 metres) high. The largest outbursts in
'-._{ (',Great Britain occurred at Ponthenry Colliery in the South Wale$

anthracite ana • .,here in 1920 an outburst inv6.l~~,in8270 tons of

coal occurred with such viotl!nce that the airflow was temporarily
revarsed in th~ mine.

Certain featurea are commonto most outbursts:

1\'
,\

The outburst nOrlll&llyoccurs, in narrow "orkin,s or short
faces.

\)
the outburst frequently occurs at OT 'near some geological
diat'llrbance~ such disturb.nce uSll-&l1ycausing in:egulat'ities
in s~rua thickness;

Before the outbur.t tak. place the coal being worked becomes
very 'lively'. ssal1 lumps often being 'ahot' off the

codf.ee.

The outburst of g.. al~ay. invo1ves an outburst of coal
which is invariably very fine.
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'fhe area of tha minE.!where the outburst occurs is dry.

Table 8.1 lists the major incidents of instantaneous methane
outbursts known to have occurred in South African collieries.

TABLE 8.1

Location
Seam

Year Gas
Vol

matter %
~tank of
coal Fatalities

Natal Cambdan 1942 CH4 Not kno\.'l1 High Nil
Natal Cambrian 1942 CH Not known High Nil~ , 'Natal Cambrian 1943 (;H Not known High Nil.

4
Natal Cambdan 1943 CH4 Not known High Nil
Natd Cambrian 1943 CH4 Not known High Nil

Springfield

Springfield

Springfie1(i
Springfield

Springfield

Indumeni
!ndumeni
Indwaani

Ii
,;;

\\
8.4.1

1954
1963

1969
1985
lS81

CR4
CHj/
CH4
CR4
CH4

1970 014
197~ 'iCH4
1911l,,"CR4

Springfield Colliery

12
14

10-14
13
10

9

10

9

High
High
High
High

High

High

It':gh

High

Nil
Nil
Nil

':.::::.:.; Nil
Nil

Nil
Nil
Nil

fI,
At l.ast five incidents

Cj
of ins~antllneou••• thane outburatt~( have

occurred in the ~outh_Rand coalfield.

'iaure 6 "hows a plan of the workings of thm collittry in this

coalfield .and the ar •• in which the five incidents have occurred.

In every case these methane outburst. have occurred in an area

where dykes and burnt co•.1 &on~ are present: the outbursts have
((J:)

81so all occurred in the north'frl'l section of the c(lalfield where

geological di~turbances are mol:''' prevale!,t and where the coal

seams a~e relatively thick 0

.''''\ccc::", ..j)
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Of particular importance are the t.hree mos.t recent incidents. the

first of which occurred on the 2nd Oct obe r 1969 in Section 7 off

the Main West haulage and 1,o;hichincident is t.he most accurately

recorded and the second ",Thieh occurred on the 3rd December 1985

in a sur f ace ?:orehole which was being drilled to determine

geologie:al data of thE: coal seam and lying to the North of the

Grootvle i main haul age (see Figure .5 ) • The third incident

occurred in a. drive north of tI, ....Main West haulage in March 1989.

The ev i.derice of a shHtbosa who was in chavge of a section in t he

Rietvly a:rea of the mine in 1961, when an inst:dntatl~o"S methane

outburst occurred is as follows:

fll am a Training Superinte:ldent at Spt"ingfield Colliery. DurLng

1963 t was the sh:i·ftboss in Section 5 01 the R;etvly area. 8. part.. /'of this mine. We had just blasted through !l '~yke. The miner put

sliping holes into the rock, When he blastad these sliping '!toles
~)

a similar occur eence aEI thb Oi.1e took pll1t.ce. No··cpe(.)plewere
'!

injured.

The outburst va. acc()llpE~ni.d by a great dell1 of methane '''')II a~d

V6t"y £infO!dust,_ I estul4te ,jlbout 100 ton. of coal was blO\in into

the road"ay~

I· ,,,\ l' ~n thl.oI tnlltance. a1 the coal,was 10adeQ Otlt and w. reached ,the

dyke and blasted the co~l b';tween the two dykes.

Th. roof in the (')utbur8tzone after the blast was I!.lJproxima1.ely 5

..tus high. '!t

The most detailed dq~u~ent€ ir.~identoccurred in 1969 in Section
7 "ff the Main ~est haulage. Figure 1 shows the plan of the

Mction vhere the inci~S.nt occurred and Figure S a borehole

s.~tion of the coal seam a:'ld Pt!-ata in the affected (_~ea.

M<..cb difficulty had beeo expet'ient:ed in th,~ past :i.n developing

thA coal reserves lying to the North of the l'iain West haulage.
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In 1969 a decision was taken to attempt to develop these r?serves
by driving drifts to the floor C'''' the coal seam under previously
worked areas in the upper section of the seam. _, from the floor of
the seam the plan waG to then develop to the north and est:ablish
an area of reserves.

The roadways off the left hand companion encountered a massive
burnt coal zone and it was neces.:.ary to develop these drives to
establish a return airway.

While blasting a cut it! roadway "An shown on plan Figure '7 an
instantaneous methane outburst occt.rred. The author's evidence
of this phenomenon is as follows:

"I am the manager of Springfield Colliery. a fiery coal mine in
th. district 01 Balfour. On 2nd October 1969, it was reported to
me there had been a outburst in section i at about 1.30 p.m. on
the same day. It was reported to me that Miner F.J. Schuler had
been overCOL'te by gas but that he had been brought to safety by
Shiftboss van Zyl. Miner Schuler did not stay off work at all.

Likewise the section Gangleader gathered the section men and
brought them out of the section. By 3.30 p.m. it was reported
that all persons in the section had been accounted for. 'fhe

electric power to the section was isolated and the section was
fenced off.

Arriving in the section the next day there was evidence of a

considerable amount of fine coal dust deposited on the roof.
sides and floor of the main and also on various pieces of
equipment in the section. Apart frOil a pump in the left-hand.
companion which has been buried by t~e 100.. ('oal blown out from

(!

the face and 1\ ventilation tube which extended into the face
where the outburst occurred. there va. no evidence of any damsge
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to any of the equipment or appliances in the section. Samples of
the coal dust found in the main drive were taken with the object
of discovering its explosivenp.ss. its ash content, B.T.U. and
particularly its volatile content." Figure 9 depicts details of
the roadway where the outburst occurred.

With particular reference to the first left split off the main
where the outburst o~curred. loose burnt coal had been blown back
to within 11 metres from the main drive. All timber and girder
supports had been blown out and there was evidence of £al1s of
roof in the affected drive.

There was also evidence that the roof'boltshad been damaged.

The left hand companion constitutes one of the retu~n air~ays of
the section. There was evidence of a 0.6 metre layer of methane
gas being emitted from the face whexe the outburst occurred and
this gea was bleeding at a speed of about 10 metres per minute
into the main return airway.

A draget test in the layer of contaminated all"revealed about
.001% of Carbon Monoxide. There was no evidence of coal dust in
any of the workings approximately 15 metres north of the drive
shown on section A-A. In my ~Pinion t~~~ revealed ~hat th~ force
of the blast obviotls:tyspent l.t&el£out s.nto the maa.nand return
airways.

On the morning of the visit to the section, instructions were
given for reclamation of the section inunediatEly with the
following objectives in mind:

a. To load out all loose burnt coal in order to prevent a fire.

b. ~s a result.of a. to establish the geological featur~s which
gave rise to the outburst of gas which produced about 300
tons of burnt coal.
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c. To establish exploratory work and forruulateinstructions to
anticipate such outburscs in massive burnt coal ill the
future and thus prevent such an occurrence again.

Accordingly. with the above objectives in mind the section was
recovered by l.fondaythe 13th October. 1969.

The roof inbfe of the left-hand companion appeared to have b(,~en
bLown down as its height was now b0tween 5 aarres to 5.5 metres.
Some of the height could be attrftuted to damaged roofbolts whil'h
resulted in small falls of roof taking placp. Methane gas was
still being emitted from the top of the coal."

No signs of an ignition of methane gas was evident but the area
over which fin~ coal dust had been deposited is dr.awnon the

\,.'

attached plan of the section Figure 7. Power to the section had
(Ibeen isolated after the outburst. The miner who blasted the face

where the outburst occurred WBS overcome by the methane in the
section and was rescued by the shiftboss.

Rel~tively large quantitie" of methane were being siven off flam
the drive where the outburst occut:redafter the incident. From
the evidence it may be concluded that ap~roximately ~,7 cubic

(I . /1/,)

m&tr~. per ~inut~ of methane entered the airflow ih t~e section
of some 240 cubic metres per minute. AHsuming that the methane
content in the flow from the pocket was 100% the methane ccv.: ':nt
in the return airway would have been 11% - an explosive mixtur~.
In fact no utha::lew". det8"cted in the return airway an hour
after the blast thus indicating that the bleed of gas from the
outburst site was not laO%: methane. rigure 9 depict'Sa section
through the:'drive where the instantaneous oucbuzst; occurred,
Some 300 tons of burnt coal was deposited in the drive.

I'

Attempts to load out the loose burnt coal were eventuany halted
when spontaneous combustion took place and by the 13th October
1969 the split had been sealed off with a fire stopping just
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inhye of the left hand companion. Burnt coal areas at this
colliery are known to be liable to spontaneous heatings.

It was customary at this mine to cut the burnt coal faces using a
coaLcut t ar - the depth of the cut normally varied accord'Lng to
the roof and sidewall conditi.ons. In this particular insto.nce.
the cut "Was 198 metres deep and three holes were drilled above
and below the cut. Each hole was load,~d with 600 grams of Ajax
permitted explosive and the face blasted all holes
simultaneously.

\

\ I

The roadway where the methane out hurst occurred wa.s 3 metres wide
and 1.8 metres high; such dimensions refle~t the poor ground
conditions and the need to keep the ro..,dway narrow to prevent
falls of roof.

Normal face ventilation practice at the colliery was\.:':0 use 37 k!-l

fans delivering air to the faces through 60 cm diameter ducting
which was required to be at le••t 1 metre from the face which was
the case in the affected he4dlng. In addition. line brattice was
installed t? within 2 metres of the face.

Ii
No methane las had belln detected in the section prior t4i blasting

,I

the affected heading. jI
f
li

Stonedusti~g was not
Wankie disaster in

practic.d at the (;011 iory unt.:il1aftee
June 1972 and the gQn~ral method

the,
of

controlling dangeroua dust was to water down Poll roadways.

It was fort...nate that no igniting source was present during I)lnd
after the out~urst.

Explosibility teats of the burnt coal taken from the affected
roadway are recorded as fol1ow.~

Minimum. ignition temperature determination 850°C which is
approximately 2000: higher than that for normal bitum.inous coal.
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Proximate analysis

Moisture % 3.7%
Ash % 24.3%
Volat'le matter %
Fixed carbon %

10.3% - 14,1%

62.0%
Calorific value 23.19 - 24.07 M.T/kg

The comparatively low volatile matter of the sample expLains the
insensitivity of the material.

The Kex index for coal from the South Rand coalfield is between
70 and 100. while the Kex index for burnt coal is £l.pprox:.mately
50. Joubert (1981) has stated that coaJ. samp1..eswith a Kex value

of 60 or below refused to explode at dust concentrations as low
as 200 gIl.

()

('

'l'hefact that massi."e burnt coal at the Grootvlei shaft presents
a danger due to instantaneous methane outbursts is supported by
another incident in September 1982. The third le!t hand
companion (Figu'te 10) of the section was being worked backover to
hole with the advancing heading which had been stopped on a dyke.
The holing was necess~t:'y to secure Q return airway on the left
hand side of the section. A section through the coal seam is
shown in Fi&-'lre 11. The roof. floor and sides of the roadway
wei~ being worked in burnt coal.

Mining in the
dolerite sill.

No.2 road to the east. was aclvnncing towards a
Arch girder sets were bf'tingused to support the

roadway roof and sides.

In order to install the arch girder roat No. 36. the miner blasted
three drill holes. using 1 200 gramr.fofl explosive ill totl\l in the

,J,\

bottom. left hand corner of the f.ace at Otih30. No methat~' was
present before blasting. After waiting for 10 minutes for the
blastin~ fumes to clear, the miner returned to inspe~t the
results of the blast. When he was 20 metres from the face. there
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It will he observed that the gas concentrations behind the seal
passed i/,to i.he explosive range during samples 6-'7-9 and all

persons were withdrawn from the ventilating district dtrri.ng this

period. The area had been adequately st onaduat ed ,

8.4.2 Indumeni Colliery

On the 24th February 1971 at 18h14 a violent instantaneous
methane outburst occurred in a burnt coal zone in Section 700 at
Indumeni Colliery - 10 kms south of Du.ndee.

Figurer; ..,1...:» 13a and 13b show a typical. borehole section and seam

section adjacent to the affected areS.

~'igure 1'+ shows the 700 main haulage in rela.tion to the sha tt and

also the status of the ventila.tion arrangements at the time of
the inc',dent.

Some of the evidence given to the Chief Inspector of Mines at the
~',nquirywas as follows:

"On the 25th February 1971, it was reported to me that a large
emission of inflarrmsble gas had oceul;''ted during the afternoon

shift of the 24th February 1971 whilst blasting was taking place
in the second left companion of Section 700 at Indur 1i Coal
Mines Limit.td. It was reported that ther~ were no casualtl'l!s.

At the time of the emission the fol1¢wing pe1'Soq8 were in charge
of Section 700:

J.S.B. Erasmus
W ..Henning
H.J.R. Wessels

Mine Oo"erseer
Shiftboss
Certificated Miner
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WS:il an outburst of methane gas from the 1.'oofwhich dislodged

approximately 200 tons of burnt coal. This coal lay 16 met res

back from the face. The miner was not injured.

Witl'dn 30 seconds of th~ incident occur r Lng, the Jeffrey

continuous miner was r r i.pped out by its methane <ietE'ctt1r at

mathans , This taach i.ne wilS cpe ra t i.ng + 24;) met!:es from thE:

outbur5t.

MSA D6 methanometer and found +- 5% methane as far back as the
settion electrical switchgea! and ventilation f~ns. Electric",l
power was immediate'll switched eff at the switches and the
substation.

To ~lear the section of gas~
ventilation flow from 26 m3/s tc

the shiftbo8S increased the

40 m3/s by opening the section
re~ulator. W~thin/ five minutes ,'bf opening tho regutato~'. the gas
eoncentration at the electrical ~witchgeat' had re:liuced to 1.5%
mathane" The ,action was cleare,t1 of 1&8 by l1h15. some" hours

30 minute.s aftlu the in;:dd.nt occurred.
o

On investigation of the ar ea after the ';',cident it wa. ~oted that

a cavi.t;y sOIle 10 mett •• high had, been formed .nove the last arch

8;8 indicated in Filurfl 11. The dabris - ... illly burnt coal - had

been blown out into tbe roadway_ The di.tancG to hole into

No. 2 road r~lIain.d at + 4. and it vas d.cided that befct'e
further excavation should be att.~pted the f~llowinlwork should

be carried out:

Drill exploratory hot•• to a.certain whether other pockets

of IIIfIthan~exiated between the two dr:.ins.

An analysis of the lDethan./oxy,an"ratio. in the roadway where the I

out,burst occurred at the tim. of the outburst i. clee.rly not
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practicable. On the assumption that at the instant of thH
cutbur sc the roadway. Figure 7. is filled with an acmosphere of

almost 100% methane and that at a point in the return airway 300

metres from the outburst the air analysis is as fol1cws=

Oxygen 20.93%
Nitrogen 78.1

Argon 0,83 ) 79.03%
Carbon Dioxide 0.04%

then it may be concluded that at a point in timet as the section
ventilation di lutes the methane. ani' at some point in the sec t ion

the percentage methene/ail:- mb:ture will pa::-{sinto and t.hrough the

inflammahle and explo~i\le limits.

Samples of the mine air iiin a section after an outburst revealed

the following situa.tion:,

Table 8.2

,P'Oaition in Section
Ti••

after
Outburst

Point of
Outburilt

100 •• tra.
fro. Outburst
5% methane*2

250 .atrca frO'Cll
olltbunt -

rtttern ai1:'1fay
OOhOO *179% lIlethan. Not measured
02hOO 5% mathane + 2.1/2% methane N:i.1

20hOO 60 centimetre
layer of methane
5% tH against
tnof 16-9 me~r.s
per minute velocity)

Nil

The abseuce of one or other 'sufficiently strong ignition source
at tJOtllO point in the section wilece an explosive a.tmosphere

I.l

existed ensured taat a l'Ilt!thane/c.oaldust explosion did not OCCUl::.
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1<1Firedamp blower
CH4 - 79%
CO2 - 0.9%
N2 - 18,6%
02 - 1,5%

100,0%
'~2 The atmosphere had become ~xtinctive by diluting of the
airflow with nitrogen and inflammable methane thus decreasing the
percentage oxygen. Evidence was that tne miner. although not
unconscious had coLl.apsied and was dazed and ;-leakened by the
reduced oxygen content in the air.

Figure 12 depicts ~hp.res1l1t of a recent methane outburst in the
South Rand Coalfiel~ ~n March 1989. The outburst occurred 18
hours after a floor :,011 in +ha roadway had been blasted and
while the mechanical loader was l()ading out the blasted material.
Four men ('ere affected in the face by the methane and made use of
their self r'~~scueapp l Lancec to return safely to the fresh air
intake.

Photograph No. 1 shows the mechanical loader almost totally
buried by fine coal which after 24 hours showed signs of
spontaneous combustion (80 ppm of CO was detected under the boom
of the loader).
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,"I Firedamp b Lotse r
CH4 - 79%
CO2 - 0.9%
N - 18.6%
02 - 1.5%2

1'2 The atmosphere had become extLnct Lve by diluting of the
airflow with nitrogen and inflammable methane thus decreasing the
percentage oxygen. Evidence was that the miner, although not
unconscious had collapsed and was dazed and weakened by the
reduced oxygen content in the air.

Figure 12 depicts the result of a recent methane outburst in the
South Rand Coalfield in Malch 1989. The outburst occurred 18
hours after a floor roll in the roadway had been blasted and
while the mechanical loader was loading out the blasted material.
Four men were affected in the face by the methane and made use of
their self rescue appliances to return safely to the fresh air
intake.

Photograph No. 1 shows the mechanical loader almost totally
buried by fine coal which after 24 hours showed signs of
spontaneous combustion (80 ppm of CO was detected under the boom
of the loader),
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Table 8.3 shows the success i.ve gas analj'ses after the roadway had
been sealed.

TABLE 13.3

'RECORDOF ATMOSPHERIC GAS ANALYSIS

Sample Number 1 3 6 7 9 10--_._-
Sample Date 890311 890311 890313 890311+ 890315 890316

...---
Sample Time 16hZ6 09h15 14h17 llh55 13h13 12h59

Cylinde:- Pre,;s kPA 550 500 550 500 550 '700

02 % 20,6 B.6 16.7 16,0 13.7 12.5

CO " % 0,0015 0.0073 0.0107 0,0084 0.0072 0,0075

CO2 % 0,11 0.03 0,05 0.1 0,14 0,16

c"1i4 % 0.0 1.5 6,9 8.5 15.5 19.1

H:~ r. 0,0 0.0 0,0 0,1 O,? 0.0-
N2 ~r :8&1 78.5 78.0 75.5 74.5 69,8 67.4

It 0.0 1,0 1.0 1.0 1.0 1,0
o -....--

Gran .. ', btio 1,0 0.7 0.3 0.2 0.2 0.1

YOU11ltS Ratio f 62.2 2.9 1.5 .,2.7 2.~ 3,0

Willet', Ratiof 15.2 0,6 0.2 O.A. 0.4 0,4

X ...Co-ordi."ate 0.8 4,0 12.5 14.2 18~25 20.4____ ...•

Y - Co-ordinate 0.0 1.5 6.9 8.6 15.51 19.1

--Cr
'\. \l;;p / I,

'<II 'jI I
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The ground conditions in which the development roadways have
~een driven are highly stressed and tectonically disturbed;
roof conditions have been peor and systematic installation
of steel sections has had to be adopted to prevent serious
falls of roof as the faces are advanced.

'The incidents have all occur-red hi relatively deep

colHe:des - 150 metres to 230 metres below surface.

The volatile content of the seam sections has averag~d 9.6%
with a range varying between 9% and 14%.

The lower permeability of the coal is evidenced from the
fact that prior to and after the outbursts little if any
methane has been detected during 1"ormt{l operations i.n the
vicinity of the stressed zones (in b~rnt coal).

Tl!e affected areas are generally dry.

As much as 900 m3 of methane can be released in
instantaneoun outburst and pressures of methane 8R high
85 Bar have been recorded in the ourbur st;zone.

an
as

The ventiliition system in the section :;s disturbed
tell1porari1.y ~".ver:ited by the force of the blast.

and

All outbllrsts have occur-red almost illlJllediatelyafter a
round i17. the' face has been charged and blasted. (explosiv€.1y
induced outbur.sts or v~lley blasting).

('J

No met'h'ane ignitions have as yet cccur red probably due to
the ..'osence of an igni.tion source.

The outburst has been followed by lar~~ clouds o~very fine
coal dust which in all cases has proved to Dp.below the
explosive range.
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Workmenin th~ vi.cinity of the outburst have suffered from

anoxf.a ,

Beth roof and sidewall. coal has been blown ~nto the roadway

- up to 300 tons and steel roof support has been blown down

thereby encouraging further falls of roof.

Spontaneous combustLon of the loose and fhe burnt coal has

resulted.

I.ittle progress }as been made to date in adept ing

anticipative and coal winning precaution lll.€~asureswith the

exception of drilling pilot holes in the face prior to

drilling the shot holes in an endeavcur to tap the

entrained gas which is under high pressure-.

\1
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On the 25th February 1971 I accompanied the Senior Inspector of

Mi:.es to Section 700 and investigated the incident and I had a

p l.an of th(~ a!'eC1• drawn up. a tr.ue copy of w',:lich I submit as

Exhibit:\. The air quantities were measu:rGd by the surveyo r and

the pe rccnvage s of met hane were those recorded by th<': shiftboss

and mir:e.' on the night of the emissi.nn; + 40 rn3h~econd :i.ntaking
'3of whish nearly 20 ill' I~E~ccmd ventilated the second 1.eft

,.~ompanion •

From Irq 1hvestigatv:m ';"tc tt;e 1 :lc:l.del1t it appr:,ar.,;d S,," t.hough the

heading holed intu a zone of ~~h and iuflammable gas - the extent

Ls shovn in dotted :I.ines on Exhibit A as it wa~ not possible to

mB83~re the extent due to the ~tate of the ro~f.

The r.oad\>l~ywas being developed in burnt: coal towardH a 9 metre

thick dyk~ which had been penetrated by four. other roadways in
the sec t Lon , The fac£ of the second left companion was about
24.4 metres from the dyke when the @m1ssion occurred.

During thE inspection in loco wal.:er was being sprayed cn the
burnt (,0..1. the exposed sur ~~f;' ot which were at at:m<;13pheric
t'!mperatu!'1:.! but whtrn broken the suo:fac8s exposed were want.

Mr. 11.... 1. t.J~e that h. had fired 16. 1,22 ~et'" long

cha rge s on th!l hce of the roa.dway in" t~\o separate opezat Lons and

8S he bl6.f;·,~d th~ l.ast 'hole }'Ie h..:oked a10ilS the r0<11Wa1 and saw

a white c Lc.ud Tolf~,ng tvwf:nh: him so he m"de his way towards the

haulage but was OVe::tt3~'t!n by the; cloud. The Cl(~ud trs.vellp..J

against the '1nlake ail' b't neurly 91 metres before ~topping
I \I ..~

I' \
Mr. W"'ssels tested for bfla:nm:,iblc: Sus at the point ~~\own on~i the

.. \

ple~ and foun'.: + 5.. O~ - he u&~'d a: flame sa~ty Iamp , Ifhe c l.oud

was qu:i.ckly dispersed ao':'whe~ l'!1:. ijenni.n,J ar: .Lv(,don the scene.
he tested with t:. me t hanc: re r at: the silme t>oint and recc rded 3.0%

theCH4• Mr. H~nning went iOt? the hc+: s=!d tp.Sted for gas with

meth':tnon:ete~ 9l"fi vc co rdad S. 0% Li the rO'1dway with mo::-e
;,_/'

than

25.0% in the face. The venr.i.Lat i.on fan was rest~Y"ted and when 'i_
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i.nspected the roadway on the following afternoon. I found 0,2%

CH 4 ill the face.

inflammable gas.

Normal Ly theEe roadways axe free from

Mr. Wesl1els told me that aftfl:!:" the c l.oud had been d:i spe r sed the

place looked as though it had been freshly sccne dus t ed - this was

evidently ash.

From a. normal 1.22 metre Long round about 'to tons are broken but

from this partictllal~ blast 216 tons wer.e loaded. The area has

been suct::.essful1y negotiat!:"d and no more inflammable gas has been

df't(:'(.;ted.

A similar etl'.iss.;vnof inflammable gas oceur-red about 8 months ago

in the fir~i: left companion when the face was close to the dyke.

The pe$iticm of the t::avity exposed &.ft~r this emission is shown

on Exhibit A.. Both emissions occur-red on the top seam.

, negot5.ated.

1'\
It recol;ding ::nethanometer on surface reco rdac a r.ise from 0,8% Cl{4

in the upcaar air to 1,5i\~CH4 ovP.r·", peri,cd of 9 minutes - the

,Pe-rccntage Dl(\thane gr ••duaU\ fell blc~ to norae L over: a per iod of
'\

another 17. minutes. The quaft.1;ity upcasting ia !. 400 000 c. f.m.
\,

\\

\
A~ a ?recaut'l.i:>nary measure, 3,6~\iUetr. pilot holes are drill,,<].

witb, each round - this will be don~\until the burnt coal has been
\\
\'\

\\
\,

~,

Haris Juri", Hendrik Westlels: Sworn states}
<;
"'\.

!jQn the 24th E.~1,:~ary 1971 I

MO at Indutlletd Coal Mines Limited.

was the minor. 1\ charge of Section

At about 6.40 p.m. on the same ,,<;iey after I had blasted 16 x

1.22 metre holes on the face of the 1I.c.ond left compani6'rt. I

l!i::~e4 towards the face and e..~ a .,hi<:e cloud approaching from

the face .10 I tol'd my asslsurits to ~~l\ve and as I foll.owed them

to the hau Lage I switched off the ,e\\ectd.c currenf;: to the ian.
" '~

'" '\"
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The cloud enveloped us and I smelt something like benzine in the

air. There was nothing 'Hrong with the ventilation and when the

cloud teached the haulage it stopped and then dispersed rather

rapidly.

Wfie!1 I tested for inflammable gas at the point shown on Exhibit A

with a ne.me safety lamp the lamp was extinguished. The ash in

the air settled and th~ place looked as though it had been
freshly stonedusted.

Shi.Ftbos s Henning ar rIved on the scene about 10 minutes after the

emission and he tested for gas. and 1.Beorded 3,0% where my lamp

we.s e:lrtitlguishe~. After. the gas was cleared we started up tIle

fan and ~n route to the face detected 5,0% CH4 in the general

body of the air and +25.0% in the fac£. Shortly afterwards 'ChJ::;

ga~ ,..<1;-; cleared and since that time until now not mo re than 0.2%

has been detected.

I have worked in the 100 srea for the last six months and have

nl'tV€rfound gas in high perc.entages."

In June 1970 an instant.n«ou~ ~ftthane outburst had ~c~urred in
thlllfir~t left haud companion of section 700. Thi.s roadway had

developed to within a metra of the dyke shown on Exhibit A. It

had b-acomenecessary to :im!ltall. steel girder set in the iace

one metra beyond the last set since roof conditions we,."e poor in
~

tr.e burnt coal sone , Three 81iping ho1ea were drille~ or, either

ddt! 01 ~he face as shown in Figure 15 to square off t.he fs.ce in

preparation for the girder set installation. T.le sh~ ahotholes
I'

~erft b13.ted simultanecualy and immedi.t_ly ther~eft~r th~re was

a further blaat followed by a large dust cloud and m'!th"ne gas

which envelope.1 the miner and ,several of his rorew who were
sunding in the second left hand cOIll~nion 8.'.: pel 1.410 on

Figure 14 F.xhibit A. The ssct Lon ventilat.ion was telllporari1.y

rl'lverse.d and the C!'e'l1ll make an attempt to lts(,'~p.. eastwards i:rt'o

b\e intake airway.
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An examination of the first left hand coupand.on some time later

revealed tha.t a.pproximately 230 tons of burnr coal had been

deposited in the roa.dway for' a distance of 25 metres from the

face. all the steel .'lets in this length of face woereblown out; by

the force of the blast and the J:'oadway toof hl1d co~iapsed to a

beight of app rox imat eLy 5 metres.

It '>'las fortunA.te that. unlike the incident in the South Rand

coalfield. the fine lonse burnt cual did not spontaneously heat
and a 11 the debris was eventue.lly loaded out and the roadway was

t'l!supported.

Shorfly before chis event a ~imilar outburst had occurred in the

fiut right hand com.panion tit'> this section and yet no written

records exist of these two incidetnts. The author h38 been

fortunato in obtaining first hand evidence of these two methane

outbursts from ¥itnesses who were pr ••• nt in the section at theti.... No pntcautionary Ileasures were adepted unt:!1 the t.hird
event occurred on th~ 25th February 1971; the total l,ck of

sy.t ... d.c t€portins and dis.ealin.tins 01 technical d3tails of

!!Iucha .erious nature to the minii.1g fraterni., \f8 highlighted in

this •••• pl ••

()

The third incident· which occurr.ed at IndUlll.ni 0 Collie:-y is the

only ind.oent' in South Af!:icawh.re reliable ileasurement:a .re

availabl. of th. quantity of •• thane emitted by the outburst.

o

Figure 16 d.p~cta the percflnta •• lIl.th~. in the upcut shaft

prior to and atuX' the outburst. bas.d ojA: an U])cut quanti ty of

189 .3' •• cond the area shown hat~h.d on the 8x-!~phindicates the

total voluae of •• thane d.~orh.d froll the fac., roof and side. of

the ... cond left hona toapanion.

':, ,.,
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Quantity of air circulating in upcast shaft

';,iormal % CH
4

in upcast shaft

N(); ''11 quantity of CH, circulating in..
per "~cond

138~78 0.8

00

Average % of me Ll'me in upcast; shaft

from point A to point B on graph

Increase in % CH4 over normal
(1,17t - 0.8%)

Quantity of methane in
J-:,

regult of outhurst
\1

186, 78 fIIi~/sec x 21 x 60 'It 9...397

100

3= 944 1ll of CH4

8.4.3

=

3
m

::

::

.,
188,78 m-'/sec

.,
1,5 m~/sec

1.17%

0,379%

\,1

Conelu.ioua whieh .a1 be dr&~ fro. the pra~tical
avideDee

o

\,
following conclusions may ba drawn

discussed:

=c:

from the ind' o{ .. 'is
\ '

I~8t.ntan.OU8 .eth~ne outbursts have occurred in South

African c!'ollieries.

all occurred
~

in burnt
inttusi,ons.

coal z.ones near igneous
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8.5 PRESSUREOF METHANEGASESIN OUTBURSTPRONEAREAS

The pressu:re at which firedamp is contained in coal seilxns

underground has been the subject of many experiments. most of
which were largely unsuccessful due to leakage from borehoLes,
through breaks in th~ coal and its associated st rava , and the lew
permeability of the coal. About 1880. fressures were measurad in
underground boreholes varying hom 810 k.Ps to 3220 k?a. In J.ater

years very few cases of high pres sure have been recorded although
at Point of Ayr Colliery pressures as high as 2095 kPa have been
registered. Further manifestations of high pressure are

sometimes to be found in the occur renee of outbursts of gas and

coal. Recently workers in Holltlnd have recordl!d firedamp

pressures of 101 kPa to 1572 kPa in boreholes. Graham developed
..method of me8:'8uring the pressure of methane in coal froQ a

8..11 coal sample which gave pre8~ures from 293 to 887 kPa.

In June 1986 a vertical prospecting bort'tholedrilled in the North

\lest are. of the South Rand coalfield from surface to the coal

seall at a depth of 170 metres inte.u&cted a pocket of metharle ~as

under pre.aura. Just .prior to reaching the sediutent zone the
drill was changed to .. c,ore c.rill. At the first intersection of

the coal Slone thftdriller believed he had struck. a pocket or

cayity •• he could not apply down pressure to t~e rods.

llaali.ing that something m1l1.t be wron8 he commenced withdrawing

the rod.,.

As each ~uccessive pull was commenced the pressure of gas in the
hole puahed the drill rods up into the drill chu~k. As the last

three rod•• each 6 met're~ in length. were being withdrawn the gas

pr~.8ure pushed the r()ds out of the drill hole to 4 point come

3 m.tre. fi~.the rig. Following this final incident. water. gas
\ ~
\ »j;

,(
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and vapour rose to a height of 20 metres :hove the surface. An
initial smelI of hydrogen sulphide CHZS)gas ,;..as noticed and the

noLe continued to emit methane gas for some two years. While che

ma:_n core was lost at the intersection point» sediments recovered
wet'e in'iurated (baked by the proximity of dolerite sills and
dykes) • Unfortunately no gas aua lysLs from this hole was ever
undertaken.

Figure 17 shows a seam section from Bo reho l.enumber 92 sic.uated.

300 metres !:o the east of Borehole number 2005. The coal
mea::,ures are overlain by a dolerite sill some 80,9 metres thick
and lying at a depth of between 68 a..d 148.9 metres from surface.

The upper 3.16 metres of the coal seam including the immediate
roof is badly faulted and disturbed (slickensides). The v:ol;?;tile
content varied between 14.2% to 20.8% indicating a degree of
burnt ,~(;:l1. A 4,98 !Jletx:edoleri:::esiH has split the lower
portion of the seam into two, distinct bands both of which are

badly burnt (volatiles of 6,4%).

1.'hetechnical details of the drilling gear wh~n the core barrel
struck the methane pocket were as follo~s:

Dept\\.lof hr.l.
fore bUrrel diameter
~eight of rods suspended in hole
\1

170 metres
7,57 ems
2125 kg

Assuming that the gas pr~sgUre was able to just support the
weight of rods itl the bole then the pressure would be as follows:
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Pressur~ in Bars = H~ight of~rod~ in~
area of core barrel in square centimetres

- (170 ~~tres z 75 kg)
( 6~ )

( ('7r.. 7)2 "785L).. J., X U. '.. f

"" 1'.125 kg
l~5.00 square centilllett'flS

:;:: tf/.22 kgs per square cent i.metre
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8.6 METHODS TO BE ADOPTED IN ALLEVIATING GAS OUTBURST RISKS

Instantaneous gas and coal ourbuzscs pose 3 problem to the ruining
of the dp.eper coal seams in South Africa. Hitherto the
OCCti.rrenceshave been confined to coals of high rank, such as the
anthracite seams and burnt coal zones which have a. volatile
content less than 14% and a Kex index of less than 75 ; the fitle

dust clouds raised as a result of such outbursts are thus
unlikely to develop into a coal dust expfi.-;;;ionshould ;:\<1 ignition
source be s:i..multaneously experience<i.

The vast quant5ties of methane which are emitted during such an
outburst can create dangerous situations. Apart from its effect
as a dilti.tant in the normal airflow :inthe mine where miners
could be gass~d and overcome by lack of oxygen. ~uch outbursts
can seriously reverse the airflow in the affected section and
should an ignition source be pre.ent where th~ m.thane/air
mixture is within the explosive ranges a devastating methane
explosion could result. An added complication is the por.sibility
of spontaneous combul3tion occurring within the burnt coal
deposited. after the blast. in the affected roadway.

While t h.. coa l seam remains unworked the methane gea prc~surelf1
ret4l.linin eq :ilibrium with the. virgin coal. However. once an
excavation is driven in close pt'oximity to the z<lnes of high gas
pressure. areas of high stress are developed a~ound the
excavation especially in zones of faults. slips. slickensides.
doledte dykes and sills and,burnt coal and mainly these two
factors (exc4u!lsively h::.gh lIl(.,thanegas pressure and
stressed strata) lefad to the outbursts under disc:u3sion.

highly
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Of major importance to l-Hning Engineers. Geclogists and Research

and Development Engineers is the question of what can be done to

firstly antid.pate and secondly deal with the prob l.em with a view

to safely negotiating outburst prone zones.

Dr. Kevi1'1Middleton has divided the measures to be adopted as
either "ac t i.ve" or "passive". IIPassive techniques are adopted to

contain the effects of ourbur s tmg or predict the onset allowing

remedial measures to be introduced, Active techniques are

perfortned to prevent the problem occurring or to induce an

outburst under controlled conditions.1f (Middleton. 1988).

The author would prefer to div:i.dethe measures to be taken into:

Anticipative techniques.

Mining or coal winning techniques.

Ancillary techniques.

Antici.pative techniques are those measures which ought to be

adopted to alert miners that areas prone to outbursts are being

approach~d. Minin~ or coal winning techniques are adopted in

developing through the 'iJ.ffected area/areas.. and ancillary

techn:i.qu&sare those precaution. which need highlighting tiS and

when the necescary minl:1r,g techniques. are s.dopted.

8.6.1 Antic:ipath~ Techniqu."

These lIlay be divided into five lIl.jOt (:ategories as follf!lws:
.)

(a) Pro8p.r:tlna drill holes frOll surf.e.

These holes. normally drilled to intersect the coal seam

measures. provide the Mining Engineer and Geologist with all the

relevant information of the coal seam at that point. These

include~
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Depth from sutfac;;!- the clesper the seam the more gas likely
to be encountered and the higher the pressure.

Thickness of seam.

Nature of strata and coal mea.3ures. The presence of
dolerite dykes and sil Ls in the overburden and in the seam
itself. coupled with slips, fractures. faults. slickensides
and burnt coal wi1:i.indicate a high probability of stressed
soft coal which. following the examples given. would

indicate the possibility of encout";ering instantaneous
outbursts of methane. Figure 17 shows the nature of coal

(I

measures adjacent to a borehole where Ii netihane outburst
occurred.

The proximate ..and ultimate analysis of coal.

The pro::a:imatf:!analysis will furnish the moisture. ash.
volatile content and fixed carbon in the seam in "pe~ cent
by weight". ':1e higher the rank of the coa L the more likely

the seam wl11 b. to outbursts e.pecially in South Africa
(see Tlible 1).

MiddletOfj (1988) stat•• that as far as Cynheidre Colliery in
Wales is cencerned "the complex n.t\ture of the geological
conditi.ons around the colliery workings renders correlation with
outburst l.neidence very tenuous". Fre>m evidence in South Afri~a
it is pos8ible to draw s "hazard" plan of the future underaround
working. showins not only 'rooft hazards but possible areas prone
to outbursts - tl:b:.• plan would be used by the lIIineofficials who..
beec.. firstly avar. of future poor roof conditions but also
ljtburat zones. Dolerite dyke. and sU!.s. st.ructurally Jisturbed
cod which has little c:ompre!lsive strength a"ld contains 8

considerable degree of microf~~.urin& ~hich accounts for its dull
appearance and fd.ab1e consistency should be marked on the plans.
Figure 18 is an eXB.l'Ilpleof this r.&colIIIDendatiou.
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{b) ~torizontal in'-seam longhole drilling

Longhole in-seam horizontal. drilling has reached a high state of

perfection in South Africa. Holes up to lCOD metres in lengt~
arE: common. Until two years ago in the geologically disturbed'
South Rand coalfield Longhol e driHing had fa:i.led in several

respects. the main failure be-ing the inability of tbe machines to
dr:i 11. into and through maasLve buzrrt coal zcnes , Immediately the

core barrel struck burnt coal the friable nature of these
measures jammed the drill bit and the rods had to be withdca'im

Geological., disturbances at'e intersected and these

plotted on the future mining pbns thereby providing

vaiull~le~ irrfor111.1.tionon disturbed areas which. may be prone

t .... tb.... outilurau. They .lao provide {data fo<

prep~r.tion of the hazard plan shown in ~igu{~ 18.
\\j)

are

aad the hole abandoned. The informa.tion obtained To,'8.S therefore
'_'

very scanty.

Recent developments have ensured thad holes of '+00 :n.. t res in
I'length cQn be drilled and these holes ~~~.e two purposes:
d-":

/f
f

G,:lS p~>es8ures and rate of .das emissions can be measured
;/

providing valuable inf(lr~tion on desorption rates in the
cJ)a.l sea.Ul.

(!

the

Highly friable material and voids in the burnt coal

(iridic.ted by a drop of drillinJl presillure) would indicate

high risk area ••

(c) Methane drain.,.

Tyo aspects are of note in this .ection. The drilling of 6 !II~tre~
pilot h<>1•• in t~h. face of roadways a"van~ing in highly stressed
areas and burnt eo81 will b. dealt with In <the section "Coal

Winning Techniques". The second .8p.~t concerns horizontal
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in··seam longhole dd.i1ing in advance of the haad.i.ngs 0,: longwall

face. The author deals with this technique in 11 previous chapter

which :i_n.cludes methane drainage in gassy seams. such as those

mined at Indmneni ColEery.

(d) Co~l permeability

One of the maLn problems with regard to permeability is the
rel,\ti· ..ely low permeability of outburst prone regions when

c.ompared with normal coal zones. Thi.s is probably due to high

stress concentrations. The depth of th~ coal seam, tectonic and
mining induced stresses N:':;! considered to be res'!:'onsible for the

Thus gas whid: would normally migrate

. r.ilr.:'lugh micro-fissures 'c':'~ mining ta.kes place is ret£lined and
bursts out when pressure dttferences are increased as a result of
mining activity. Boreholes are thereforr, not likely to drain the

lIl£thaneto a degree which would minimise the risk of an outbu~~t.
Pilot holer in the advancing faces are covered in the rt~xt
section.

(.) S.i••ic Testiag

The exact.,definition of the protected zone is obtai.ned from gas
dynamic tetlltingirt the' .eu to be protected and the existing mine
road systell. Seismic transmission measurelll.ntllIare made and used
to .8.e8a the danger of outbursts in certain parts rJf the coal
I!'esa. The e.sence of seismic testing is that isolinea of the
seia.ie propagation velocity can be obtainlild for the plilne

bounded by roadway •• The 8oi8.ic wave velocity if.much falJt~r in {f

£oolid.hard rock than in hroken and loose structures. ,'t'he, u
boundary of the relax~rd :one can be obtained by comparing the
change in values obtained frollllIIe •• urClllent~ taiten p:d.or to and
following the mining of the protective seam.

Gas-dyn~~ic measurements can be used to determine the
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rearrangem(:;nt of stresses l.nthe seam to be protected. The
degree of loosening (f'ra,;.:.l.:.d.ng)can be establi&iled from the
volume c f gas drained. the 'Ii l pressure within the seam and the
change in ?ermeabilit.y. Alternat.ively. density measurements
based on gamma+gamma radiation may be used t.o determine the
degree of loosening.

The protective effe~~t is ext enr'ed to a much larger area than Ls
norma l.Ly indicated :tn pub lLshad literature. The time fscto;: must
be taken into accountJbe~ause the protection is time dependent.
Although compression' of the loosene.d zone will rpcur. "(he
outburst protection of the seam is unchanged. 8xperience has
incica;;ed that in low"stability coal seams that do not have
ign~ous intrusions the danger of outbursts can be eliminated by
desti'essing the seam by pre-~orking the neighbour~ng seams,
particularly if it i.e accompanied by seam injection water. In
the coking coal seams volley firing may be necessary to ensure
pre-fracturing of the seams. Seismic methods have not been used

in South Africa to date for this particul&r application.

8.6,2 Hiaing and Coal Winninl Technique.

Ae coal minin8 approaches suspected areas of potential outburst
activity. the mining methoi nay be modified 'ilS follows:

(a) AdvaflC'I drilli.ng of. the face.

Figure 19 shows the method ueed in .. saive burnt coal dli)i,vag"s:in
the South Rend and Natal coalfields whereby a nries ot 38 I.
boles each 6 metres in length are drilled bafe'!'~cutiing dri,1lij~&

! . \

and bluting the face. This precaution wa, tall:.enafter the S:i~S

i ~utbur.t ind,dent in 1969 in Section 7 in the South Ral~d

c~alrield a~d also at In~uaeni Colliery.

/ \ \

The int~ntion is to ascertain wbethe1:-..lIlethane is contained unde r
high pressure in pockets at some pcdnt ahead of the face:
blowers of methane. ar~ detected:
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a.ll work is to cease in the place

power in the section is to be switched off

the Section Managers are to be notified and they are to
develop a further plan of action.

It is recorded that several years ago in the South Rand
coalfield. two man drilling such a hole intersected a pcr8/pores
contadnd.ng methane under pressure and were pushed back several
metres when the gas blew th~ dtill rous out of the hole. The
nec~ssary precauti~ns were taken and the face ~las advanced by
volley blasting. No outburst occurred.

(b) Volley blasting or inducer blasting

This is the most prevalent method used in deaHng with the
problem of methane outbursts and is practiced both in the South
Rand and Indumeni coalfields. Williams (1960) records that in
the outburst prone ?eam~'\of Pontbenry in South Wales "vulley
blasting is the only meth~b?then of dealing witl:the problem of
outbursts. The srea of likely outburst is recognised by the
lively ncture of the coal and the OCcurrence of slll.an outbursts
of A fev kilogra.mes only. Holes are drilled in this zone. and
provided this is dene carefully (pref~rably by hand rotary
drilling. certainly not by percusaive drills) no outburst will
occur. The boles are charged with explosive. the mine ~leared of
all personnel. and the{\shots fired sill1ultaneouslyfrom the
sud.·:.ce.At Pouthtmry about;ten hol.es, each cbarged with 0.5 kg
of Polar Dyn~bel. were e~ploy.d. The shock of the detonation
induces tbe outburst. and after t~~ ventilation he. clea4ed
fir.dsap fro. the mine. work can be resumed in $afety. Up to 30
tons of coal have been blown out with one shot by th~8 method at
Ponthenry."

In South Africa either the affected zone is cut using a
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coalcutter, the height of the cut off the fleor being dependent
on stone intrusions; tllen drilled and blasted. Alternatively,
the face is drilled using a "burn" cut and blasted. Due to poor
roof conditions which are normally found in burnt coal zones
holes are seldom drilled to a depth of more than 1.5 metres and
explosive charges per hole are limited to approximately 600 grams
per hc Le ,

Explosively induced outbursts are common practice throughout the

world. Ancillary precau~.~.Dns are neceaeary when this method 1S

used and these are dealt with in the next section.

(c) Speed of face advance

The slower the rate of advance in outburst prone' zones the more
safe the operation will be since stress chang~s will occur more
slowly and personnel wHl :c",l!:~vesufficient time to react to
changing circumstances. Since almost all incidents in ~outh
Africa occur in geologically disturbed ground conditions high
rates of advance are rt':;Jtpossible.

~ reduction of rate of advance gives greater time for gtT~ss
relaxation and gas release. He pos'Culates a varying thickt1,ess of
destress~d r.trata depending on rate of advance of minitlg. on
str",ngth of both coal and rock and on the width of the heading
and thickness of the coal S2am. Hargraves (1983). in showing
greater incidence of outbursts on the latter days of a five day
working week demonstrates the influence of rate of advance , But.
for instance ~ the r&corded occur renee of euebui, ,on Mondays

Ira1:~ of advance is not an effective
Colliery Bulli seam

suggests that reduction of
sole preventive in the
application.

Metropolitan

Hargr'faves (1983) further \-~udied col\! 1Jlined both with inducer
ahotfiring end with continuous mining. III general. the !lverage
size of explosively won coal (won daily from the one place)
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I'educed as the days of the week advanced. indicating that the

period of gas emission and no preiuetion over weekends diminished

the contribution of gas in breaking the coal. Likewise. with

singJ,-e shifted continuous mining the coal was of smaller size in

the afternoon than in the morning.

The limitation of daily rates of adv..ace an longwalls and

headings in outbursting mines in Europe ,:s aimed at prevent Lon ,

along with other controls imposed.

(d) Face Preparation

In most instances of outbursts in South Africa evidence is that

during and nfter the event support in the form of girders are <,

dislodged and fserious, falls of roof occur - often these falls

lead tv spontaneous combuat don of the coal lying in the d:::ive and

this in turn leads to fir~s with the resultant danger of a

methanelcoal dust "mp10si~n. The sealing off of the area or

roadway is also n6 guarantee that the air/l1!.E>thanamixture behind

the sea~;,will not en~er the exp10lSive range which tli8Y a Lao lead

to an oxplosion. The author has had personal eX~$lriet1~eof this

at the BAlgrl'ly Colliery explosion :i.n 1973.

!:'Further work on gas composition behind seals has sho'.m that :solie

of the traditional methods of evaluating the problem ar,
'uureliable.

Morris (1984) has a,tilted: "The author dia~u8aii8lilth~ work of some

euty researchers. namely Rhead and Wheeler (1910); Winmill and

Grahaa (1913-16); Porter and Ra13ton (1914); Bone (1918):
Partington (1919); Graham (19.21h and Storrow and Grabsm
(1924). It ill felt that many of the.e ratios have been lost to

the presen~ ~inini engineer through time and the di~cu.sions of

th~se retios will give additional tools to those involved in the

crisis of a mine fire.
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Fur.d,er~ it. will be seen in the test that Partington's
suppos-it Le,I.S ace suspect. The author has expanded the theory to

derive a 2ire ra t Lo 'which may be used to determine whether the

fire b,"hind the seals has become extinct. and further when an

explosion behind the seals is imminent."

.Lt follow:; from a safety view point therefoH:: that attempts
should be made to support highly stressed roof in burnt coal
drives with 2 metre Long steel wire cables in conjunc t Lon with
fttllco lumn .'esi·'1. Should it still be necessary to use steel
arches or square sets then these may be in~talled. F:i.gure 2.0

depicts the \';:ypeof support envisaged in bl1rnt coal to prevent
faEs of j'cof coal dur.ing an outburst. This practice is

In order to prevent roof collapse ahead of steel sets in very
friable burnt 'Coal zones in the South Rand r.!oalfield spiling
using 19 !lUll: dilUl1eter 3.3 metre long round bar is used ahead of
steel sqU(J:r~ s~:ts as shown in s,~ction and plan in Figure 21.

This method\ ~'1:lccessfullyensures no roof f~l1s ahead of the la~t

steel support. Prior to this method of support being introduced.
roof falls 7 metres high have occurred with the fall extending
b~yond the face line thus Dllil.king it almost impossible. aplirt from
inBtalHna .piling rods. to "catch" the :,\,,005 for the ne'lttset of
steel support.

Six metre high cavitiet above the nornal
probl ••• the most serious of Which is
dangerouB methane concen~rati9n8 "'hii..h:

(l

further
the accumulation of

.ake it dange~ouc to blast the face

difficult to remove by vantil.tion
\)

cal:' ca'.lseanoxia to timber ere". packing up '~he i.-oid above
the .lOrlDa] roof line.
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(e) Gas testing and methane alarms

Automatic fir'1damp det ect ors ~;ith audio-visual alarms should be

used in all T.oudways being worked in ma~s:i.ve burnt coal - this
practice will ensure that opera toru wilJ become aware of large

methane emissions as and rilhen they OCcur.

(f) Nethane drainage tunnc!~

In areas known to have large quantities of methane or where

disturbed and highly stressed ground conditions exist (see

bo-rehoIe section Figure 17) it may be advisable to follow the

E'remch pattern of ddv:ing two parallel methane drainage

,'galleries I. There .;1:.'e..several advantages in employing this

IIlIHhod:

A large 'luantity of ventilation can be directed into only

two roadways.

Supervision is general1y better than that found in a

multi-road section.
'-~

All standcrd safety precautions can be applied. for example.
automatic firednrnp detect.ors and improved roof support.

The section iB' treat~\ as a development end and productiQ,n
))

i. not of prime importanc~.

A large 1>10ckof COllI cao he drained of methar.e.

Sd.ntif~\c tests are ea.i.ar to, apply and control since
unit is ~~n8idered a "methane drainage gallery".

the
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Disciplined worki:...o procedures can be chosen to minimise
danger.

(g) Remote control of ~oal mining machinery

Remote control of f<ice loading and transporting machinery
(continuous m:tl"'!ers and shuttlecars) has been recommended
primarily to ensure that in the event of an outburst occurring
operators are net exposed to the blast of coal and gas. This
practice has not as yet found favour in South African collieries

• tmaan ...y si.nce the methods used {umbilical or radio
controlled} are ,lot well known and secondly be causa of the
relatively sma.ll tlumber of incidents record.ed. Sinc~ inducer
shot firing is p~acticed it has also ~een concluded (incorrectly)
that after shotfirJng. if an ourburat has not occur-red it will
not occur until after the next volley blast. (Two of the

t,

recorded instance,;;at Springfield Colliery have occur red several
hours after the face was bleated).

(h) Lif.support .ystem.

The author has discussed the one incident in tne S", +;.h Rand
coalfield when. after an outburst. the miner and one of his·
workers suffered from anoxia and had to be r~scued by the
shiftboS8~ The Mines and "lilorksRegulations now make it mandatory
for all underground coal mine workers to wear a 30 minute self
rescuer. furthermore. min9s practice stringent training ~essions
teaching worket·s how to use the self rescuer and s:hlluleted
incidenttl have now been introdu~fldon most collieries to test thc:
effectiveness of the training progn.lIl'Aesin the use of self
reSCuers.

At West Cliff Colliery in New South Wal~s which in its early
stages of development suffet·ed from regular outbursts. all
continuous miners and shuttlecars were e<;.uippedwith compressed
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air cylinders and face masks in the ca1:-~. The air l:.1upplywas
sufficient for 4 hourD and on several occasions. was almost
exhausted before the mach:i.neand its driver were recovered.

(.,~, Avoiding highly st~essed areas

Highly stressed areas which are pu Ive ri.aed );y tectonic movements
are prone to methane outbursts in South Africa. It is impossible
to totally avo:i.dworking these areas but the policy should be to
develop~ through the disturbance, only those roadways which are
necessary to establish sound. ventilation systems and accesE' for
men. machines and conveyo rs ,

(j) Coal structural conditions

A problem arose in an opencast operation where excessive water
and soft iQ1pervious clay overburden was collapsing in the
highwall and endangering the dragllne. Consultants specialising
in ~oil sciences were called in and a 12 point hazard plan was
developed. These individual hazard indices each ranging from
1-10 in degree of hazard were built into a compoGite index which
alerted drag.t.ine operators of imp!mding danger. For example.

» edge distances of the tub off the highwall had to be increased
for &afety reasons.

Ii Brown. Rigby and 13arker-Read (1984) have put forward a similar
hazard plan to warn miners. The author quotes from a paper
entitled 'Gas emission and outbur.st prediction.'

I

"A simple indelC: haa been devised to facilitate a
quantitati.ve assessment of the sttuctural condition of

rapid
coal
Theauples from the outburst-·prone seams of West

'Avorage Structural Index' !A.S.I.) is based
Wales.

on a points
Initially,allocation system to macroscopic structural features.

a determin&tion of the overall. character of the sample is made nn
the basis of whether the sample is normal. abnormal or



787

outburst-type coal. Fu~·ther examination detects the presence 01:

absence of the commonly encountered slickensided plates or
feathe!,:-type fracture narkdnge , Flexibility in points ratbg is

possible ic caces of intense slickensiding or widespread
occurr~n~e of feather-type fractures. Tn such cases an
additional point is allotted to mark the predominance of the~e
features. Typical values of the A.S.L are noted below.

Normal coal 1
Normal coal + slickensides
Normal coal + feather fractures
Normal coal + slickensides + feath~r fractures

2

3

4

5

6

Abnormal coal
Abnormal coal + ll1ickensid\~s
Abnt;rma1 coal + feather fr~~tures
Abnormal coal + slickensides + feather fractures

t

Outburbt-type coal
8

9

The points given, to each frOID a particular sit£! ate
~otnl1edcand the A.S.l. for a suite cf samples is calculated by
averaghtg the individual totals. The.\ •.$.I. has the advantage
that it may be perf~rmed uudergNund at the face or on the
sUt"fa~~, but has the disadvantage that hand-aize samples are
required."

It is reco.,Aended that a similar Combined Hazard Index be
c«veloped for use in Soutn Africa but including Alongside
abnorwal coal the f~l1owing abnormal/burnt coal. Many
collier;irl.already amp' / r.oo! hazard plans whir.h indicate areas
where peer roof eondit;ions .~ould':'be e,u:ountered.

('k) Mining of nclgbbourina .".... prone to outbunta
//
'/

(/

!;/Hith~t't~~this parrLcul.arcircwnRt8nCe has oC;.y arinn one ~ in
j I

South Af~ica but the system is teraed protective seam mining.
Figure 22 illustrAtes the method. Neighbourin,; seams .aboveor
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below the seam prone to outbursts are worked first and borehol<i!s
are drilled ft·olD. the top seam. for example. to the outburst-prone
seam to d.rain off me thane , This system worked well in the Necsak

coalfield in Hung~cy (Banhegyi and Rado. 1984).

In fairly shallow coalfields this method could be used by
drilling holes from 5uriae.:!to the outburst prone coal seam.

Figure 23 depicts the method of drilLing adopted at a colliery in
Natal which W'lS prone to methane outbursts. Development was
ea;;oriedout in th~ lower seam and 65 mm diameter boreholes were
drilled into the top seaa , Metbane waF bled from these holes and
pressures of 698 kPa (100 Ihs/squar~ inch) were measured at the
collar of the hole in the roof. This high press;u;<'eis indicative
of the permeability of the n<lrlllal coal measnres at this colliery
(Watson and Ogilvie. 1970 and 1971).

Aneilliary T.chnique~

As well alipredi,:tir,g outburst zones a~ld adapting the mining
method•• ,1ditivnal precautions mu~, be edopted. These. at''"':

(s) Stott.dustin,

The dangerous conditions which ariae as 13. result of a met'hcine
outburst and reaulthtg fine coal duet uke it J't'~\.!essaryto
Iton.dusr•. the roof. floor and sides of driy ..!: which 8!"iI advanc i.f!&

in burut coal right into the face befoT~ blasting. The
application of ftone du.t tc the .ectl!;i1iuelf should b& of the
high..t lIuncLard"

An ex••ple of the procedure. that are laid d~~~ at a Tr~nsv.al
Collif.:ry with regard to aton.duatina 111an outbu~..'t prone z8na is
1I'~t out be low: II

//
'/

Y
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The face and ill'mediateroof and sides must be thoroughly
st onadus Led immediately before steel supports are set.
Stonedusting must then be don.e on the supports and packing
t{mbers.

Before cutting commences the face must egain h2 thoroughly
stonedusted.

At the end of each shift the miner must arrange to have each
face re-stonedusted.

(b) 1!'lameproofing of equipmEnt

It is advisable to have the flameproofing of the electric
equipment in sections which are advancing in outburst prone zones

//

checked mor.e frequently than would be done in normal sections and
the results of such examinations recorded in a logbock kept at
the shaft offices. Such antries should bp
responsible Engineer once a week. An

countersigllt::dby
e~ample of sach an

examination report i~ given below:

"Au inspection of the ,ener ..l flAm.proofing standards for

electrieal .qui~nt was undertaken in Section G480 on Friday.
),

10 March 1~8(}",ib\1a..q.~i.ation with Messrll. Hod,. and Ellis.
-0:-:-" ,-- ,

J
I adviae that tl.e :'<lsp.etion included the •• ction electr:i.eal
dhtributio",,". electrically 4rhen mobile .quipl!lent as well ~s a

f,lamat>t'I;}:i)Ifan (liud coal drill~ With the sli:ception of two
8tri~PGd bults in. coalcutter contactor enclosure. which was
nd.ll found t;o be fl=eproof. no sub standard conditions were

(?

found.

,_i

Johlinne.bu~i'!!
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(c) Power supply

The first task to be carried out by persons after an outburst
occurs is to switch off the electric power supply to the section.
This action will min:imi~e the danger (1f faulty electric geDr
caus:i.ng a methane expl.os i.cn should rhe met:"'ne/air content pass

into the expLos Lve range.

(d) Face venti13tion

It ::i.s advisable to have an air qva.ntity of not less than
50 3/ d . h . . d d i.L h hm seeon enter1ng t e sect1on. 1n or er to 1 ute t e met ane
produced from an outburst to safe 1imi t s as soon S" ~:~::;sl.ble.
'l'hi.should ensure that persona are not affected by anoi:ia and
will reduce the dangers of meth~ne ignition.

The force fans used ShOUld\ be either 37 kW or 22 kW and
should not ventilate more than 2 faces. If an 11 kW fan is
available then only one face Illay·be vent ilated with this
fan.

The end of the force v~~til.tion duc~ini should not be more
/:

than 5 metre. fr.oa the face at all ti.es.

The quantity of air delivered at the fa~e should not be less
than 0.14 .3/sec per square metre of face atea. The
quantity~and l.a~a8e ahall be checked ~t least weekly by the
!nviro~nt.l Officer and the results recorded in a book
celled .the Burnt Coal Record Book which .hall be kept in the

( )

environmental department.

Ducting shall be kept in lood condition. The !liner ahould ."
il

;. \!re,ularly check .11 joints and •• thod of .uapending the
duetiug. Any damage 'hall be repaired illmedi.ately or tha
ducting r.placed if not readily reparable.
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Spare ducting should be kept in the section store. ~1ethane
a1arn:detectors shall be made ava:l.lab1eto machine operators
such thpt one will always be in operation in each face being
worked.

The :niner should make hourly checks with his methanometez-
and all ·officials should check the face whenever they 'J:i.sit

the area,

(e) Special precs.utiuns review: monthly

It is advisable to develop a report sheet which will incorporate.
inter alia. a remarks column for special precautions which the
persons who work in the section should take.

An example of such a report is given below:

The first defence against a dangerous build up of methane is
adequate ventilation and e continual awar.ness by all
supervisors and wo~"kersin the ~.r..a of possible problema in
this ro.arei.

Mining standur.d. in proble. areas must always be exce11ent.

Visits to such probl.. areas ~y senior officials should
serve to enforce the hiah standards required at all times
for safe optllrat ions.

if
An 'l)n.~Jfj'should be ude i.n the "hifthossos" logbOOKto stat.

that,the ..ection i. cinina in burnt coal and that s11

precautions &. laid doWn in Mine Standard. are being taker.,
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Monthly revip'y

This form will be signed by the responsible pe.rsons monthl_y and
subnri t ted together with the Burnt Coal Rec('Jt'd Book to the Hine

Hanager fIn his signature.

Section: Shaft:------- Date:

Special Precautions:

---------------------------------------
Signatu~s:

Miner:
Shiftboss:

Section M4nag~'t':

Production Manager: ~~ _

Fitter:
Electrician:
General Engineering
Supervisor : ,..~ _
Section Engineer:
Chief Engineer:

Mine Ove:cseer: --,......,__---

EnvirqnlDental Control Officer;

Mine Manager:

Date:

'!'bil ty~ of

av-pHcation.
report cun be adapted to aach particular

o

(f) .ydrablie or fo.. stiMulation

In the relatively low parmeable burnt coal zones in the South
Rand"and Natal coal fie14.'~~,lRethanedrainage may be iJubstantially
increased by using hydraulic or foam stir, :,ci ion in horizontal
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drill hol.as drilled into the D':.L'nt coal zone. Deul and. Kim

(1978) st.at;e that hydraulic .:::;::'Foam stimulation has been used to
increase the gas
Pre'-stimulation gas

23 of the 39 wells.
ion rates have ranged from 5(1) to

10 000 c fd , After st:l,Tml,ltion. p roduct Lon rates of over: 100 Mefd

have been obt:3.ined £1".::1 bo reho Ias in the Pittsburgh and Mary Lee

coalbeds. In DOt'r::?1()1.es st i.muLa ted under Bureau of Min;;:!;

cont ract.s and subsequent.Iy ruinerl through. no damage to roof or
floor was observed. In all cases, l3timulation secved to- widen

and extend the fractureo;; naturally occurring within the coal, and
stimulation fractures we!e contained largely within the cca lbed ,

Hydraulic ~timulation has been
Colliery (New D~nmark; 200
overlying the seam in order

practiced in a deep Trarlsvaal

metres) in competen~ sandstones
to encourage early goafing of the

roof onCe pillar extraction had conunenced. The operation was
,'J

successfi;l.~"nd roof 2aving c..,mmenced after 60 metres of pillars
\ .

had been removed. Without the use of hydraulic stimulation of
the inediat;!: roof. the physical model (Australian Coal Industry
Re~earch Laboratories (A.C.I.i.L.) predicted a retreat length of
104 mot:res before 80a£ initiation. Mathematical II modelling

predicted lengths of 95 t,'l 140 metre ....

The burnt coal zones of the South Rand and IndU11lerd coalfields
tend to beco1lle friable \Jhen mined by single advancing roadways.

These high streues caused by 1IIiningnecessitate the installation
of ~teel arch support at intervals of ~) setre so as to prevent
the ~ollapse of the exposed roof - sometimes to • beight of ~
IUtrelli. I;).1984 an attempt was .. de to'cementate the !)urnt coal

121

zone usin, a 50 1IUIl di'ameter bor.holla d:dlled 1:0 a length of 10
metr •• into the face of a roadway. A .t.ndp~~ vas grouted into

the hal. and a C'9ment grout lIlixture was plillped :i.lto the hole at a
pre ••ure of 20 Bar. Immediately grout brake out cf broken
fraeture planes in the fa~e. In fact pres8ure dropped Qff to
almost nil indicating that the grout vas not causing f~~cturing
de.per inside the) hole but silllply escaping: into the fe.ce of the
roadvay. Purther advlIuce of the'roadway indicated this to be the
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case. Hence hydraulic stimulation would have to take place while
roadways were r;ti11being driven in coal and before they reachp.d
the burnt coa L zone.

(g) Seam S'~jt;. content to volatile matter
II

Lur.llrzewskiand Battino (198l.j in a paper entitled "Application
of gas predrainage for prevention of CO2 gas outburst" state:

URecognised methods of gas-e1'llissicnpreciiction for collieries
that experience or envisage gas problems rely. among other
factors. on curves that n:late sea.'Y:gas content to the volatile
matter of the coal. Unfortunately. i'luchrelationships have no'C.
to date. been developed for Australian coal seams, although the
nc:.:C:for these curves is unqueat fcned , To acquire a basi~
understanding of the variation of seam gas content with volatile
matter. and to assess the gas hazard level for Australirn coal
mining conditions, a preliminary curve wa$ prepared by Lunar7ewsk

,'-,\ '.'

•

and Battino based on gas contents calculated by thf;\ dire<.tmethod
of measurement as developed by the U.S.B.M. and with the use of
both fresh face coal samples and geological bore Cores. It
should b-.!,,,lntedout that for:Metrof"olitattcolliery conddt Lons.,
the gas .:'n<;e~.tof "l],e working.Bulli Seal!) is approximately 1.0

, • I .

m3/toh with a v')latL ../ matter of 18 to 20% (ash-free dry state).

The wor~ carried cut to date at Metr(,politsn Colliery certainly
•

givr!!O ~m:ollragement that 1.,;02gas outbursts can be controlled or
prevented by the application of gu p:r.e-dralntlgeir.the Iororkhg
seo by the use 01 suetLon , .~

Ii

!,panelof only one colliery in Australia.
The investigations c.onductedto date wer't concentrated in one

r-.sultsTo c01;lfirLl the
/)1

that have been attained further experimentation .hould be
in similarly &ffecte~ coal mines.

pursued
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On'.' of the problems facing the Mining Engineer in South Africa 'is

the J.OW permeability of the high rank low vo l.at Ll.e burnt coal

zones where to date all recotded outbt.lr5t;; have occur red ; un Le sa

nycx':1l1Jic or foam stimulation can be successfully applied to

increase fracture planes and so improve the rate of met.hane

desorption it is difficult to pre-drain methane from th~se

outburst prone zones.

"
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8.7 CONCLUSIONS

The c'':udies in South Africa have shown that for the outburst

phenomenon to occur one more of the fol1(.)wing conditions must

be f!llfHled.

1. The quantity of gas pr(:::ont in the coal seams must; exceed a

cer t a ln limit; this h!l1:l.t has not been defined in South

African collieries yet but Lama (1980)mentions a figure of

10 m3(ton of coal in the case of methane for Aust rat.Lan

mine.;.

2. .comparatively low strength of coal compared to the stresses

acting in the seams.

\\
I. 3. Dlllpths are greater than 150 metres from sur face.

~\

4. l'hick (20 metre - :'0 metre) dolerite siH. overlie the

5. "rile coal has been burnt by dolerite intrusions in the forms

,)f dj'k.. and .ills. It 18 of high rank a:\d has Jeen

tectonical.y disturbed. Volatile content d)ea not exceed 14%

\ nnd can be .s low 48 8';.

l)t usually has shear zones• .tips 8:' sHcken.iies at"A

horizontal disturbance of the visible la:rers is evident.

Unl••• protptly supported, roo! coUap .... ,~il1 in all cases

cceur . The coal is dry.

6. It u8uaUy' has low peraaability and hiah acl8orption ".p.ci~y

cC,' .. bere outburst. s occur ,
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i. Spontaneous cc>mbustiotl.is a thrf:!3.tin aJ.l cases after an
outburst.

S. There must be some initiating factors present such as
vib''-'ationfrom machine. blast initi~tiol1, withdrawal or
setting of supports. drilling of holes. etc.

The period of che, occur renee of an outburst can vI:>ry from 11

fraction of a second to several minu.tes pnd outbursts can occur
almm:t simultaneously with the initiating factor or up to lf3
hours thereafter.

The quantity of material thrown may very from a f(:~w tortS to

hundreds of tons ~Y'ithhigh quantities of methane released into
the mine ventilation system.

'ntis creates extremely dane'~rous mi.ning conditions and has
elsewhere in the world led to loss of Hfe and equip~~nt and to
g's explosions followed by dust explosions.

Two ·buic theories have been put forward to explain the
phenomenon (If outbursts. The mO$t comm9nly accepted is the
dynamic theory (SkQd.nski. 1954. Khodot. 1961 and 1964) •
According to this theory b,th rock pressure and gu play an equal

\1
role. Rocl~.pt"essur~ causes ftilctudng and release of a lar~e
volume (If g•• which is instruraental i:n the displacement of coal.
A number of resea~ch workers in Russia. France. Belgium and
Germany support this concept.

'!he a.fond theory was put forward by Ruff (193G) and is kn;'.)wtt as
the "nest" theory. Acco:~ding to this th(' y. nests or p,.c~ll!tsof
low IiItrength(alreadY~Crushed) coal are saturated with gatc. If

one of thQ loc81ise~ pockets is 9udd~,ly punctured with the

advance of the face. a large volume of :~lm(\stadhesionleflS cQal
particles floating in gas ::s tHsplaced. ~ith a dynamic effect.
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A further theory put for.ward is that when the volatiles and water

in the coal are dtiven off dt.;ring the process of the igneous

intrusion lnt(J tht1 coal measures. methane is adsorbed onto the

surface of the coal thus increas:i.ng the methane content in the

burnt coal zone.

Meth()ds which can pre:dict and alleviate outburst r Lsks are

divided into those which anticipate th", outburst. measures used

during the mining of afff!cted areas and ancillary techniques.

Of the anticipative me},j:hods.vertical and horizontal prospecting

holes and geological assessmer.t techniques hold !!lost promise fO.e:

anticipating outburst prone zones.

In coal winning 1;achniques advance crilHng of the face prior to
'.

blasting. and finally volley bl.stl.1g, are the most prevalent

m.atures adopted to safely Lnduce ouubur sca .

GenflJral good mining standards will greatly ;.',ulst in reducing the

dangers :'If outbursts .~hen they do occur.
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CHAPTER 9

CONCLUSION

Simplistically. the build up of methane to explosive Emits 1.n
underground workings as a result of vne or more factors coupled
simultaneously with an igniting source of the correct temperature
and dur at ron, will lead to a me thane explosion. The p::esence of
fine coal dust in mine roadvays poses the added danger of a coal
dust explosion. The syner~Jr derived from human errors. resulting

from carelessness, lack (~f training and experience, taking
chances. short circuiting good mining standards coupled with
difficult mining cond itIona , and economic cdrcumst ance e , for

example. relatb:ely low selling prices received for coa l thereby
leading to severe cost reduc rLens , has resulted in devastating
explo.ions.

('

Ventilation plays a lIlajorrole in preventing the fornation of
"xplosive methanelair mixtures and the use of automatic firedamp
detector. al'ld velometers to monitor environmental standt\rds in

the mine i8 important. Supervision and training of staff is

the
well

but means of improving this aspect of
the introduction of formal cou~ses are

'IdocUlIIented. Unless supervisor. .et an examplen aJId test
methane regularly~ explosion. will continue to occur
planniuJ and thought needs to be given to the sealing off of

o:e\··~n neglected
operations by

for
More
old

'Wt)rked-out areas.

The sealins of thl~se worktngs or alternatively the adequate

ventilation thereof is disc;uut!ledin order to ",prevent the

accUlIIulationof explosive concentx·ations of methane.

Particular attention n.edB to bOl! focused on the draining of
methane from the goaf cavity. and preventing recirculation of the

ventilation at auxiliary fans.
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I'!iningEngineers are often lulled into a false sense nf safety by

having their operation described as "....e11 ventilated mines" and
"clean a.nd well managed operations". Unless they attend t~ the
details of good and efficient face ventilation. methane and coal
dust expLcsi.ona are likely to occur. The stoppage of one or more

main vent LLa tLon fans for any length of time has. without

exception. led to dangerou3 accumulations of met!1ane.

Correct supervision and training of Electricians in the pr.oper
methods of installing and maintaining electric systems are a
pre'-requisite to preventing electric spe.rk ing , The ....hnicc of
equipment plays a major role in ensur Ing that a safe environment
is established underground.

It is incumbent on Mining Engineers to increase supervision when
major work is necessary in loading out coal from old w~rkings
(falls of roof and spalling of ribnides) and repairing the roof
and pillars. Op~rational staff tend to ignore this work in
favour of production. Coal dust which has gathered in roa~ays
throughout the mine due to one cause 01' another. should be
systematically swept up and sent out of the mine. Adequate stone
dusting does not receive enough attention. particularly in old
areas.

il Poor training. insufficient @xperience. and a lack (If attention
,I

to deteil and di9cipline. leads Miners to drill. charge and blast
wotking faces incorr<ectly with little attention to safety. These
omissions provide the !'ec~~peror a disaster and. wh.;ancarried out
in the present of methane. lead to the uns~fe practic~s.

Ii

/i
;I Improved trai!'li.ngof Mining Engine.ra in the use of exrJlosive$

underground__ will increasa their awar6nes. of the dan~er:-;
attached to blasting.

In many instances. the prompt and ~fficient attention to fires
has resulted in the minimum disruption to operations and the
speedy restoration of the environment to a ~afe condition.
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If carel€.ssness and fo].1y are some of the hallmarks identified in
this investigation. they are more than matched by the great
courage displayed in every incident by the Miners who comprised

tht re scue teams following explosions.

Finally. it is worth remembering: "Boast not thyself of
tomorrow; for. thou knowest not what a day may bring forth".
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