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Mines Safery Code dealing with headgear earthing, should be

foliowed,

11. The Ffollowing recommendations are made for the protection ot
transmission lines feeding power %o sections of 2 mine by

il

means of horehole cables:

- Zarth wires should be located so as to shield the line
veonductors from direct lightning strokes. In this
conpection it wmust be spprecimted that earth wires
should be carried sbove the conductors and the height
above and position relative to the tonductors shall be
such that the angle. df protection K}.e. 'the angle
ii;pluded'betwwen the line from earth E%ire :on sutside

" , ~conductor and the veriical is not more ithan 45 . This
will give 99,95 protection and an angie of 20° may be
tak;n_as giving 100X protegtion. The earth wires shall
be of ad}qpate gection and due regard iz to be taken of
miﬁapmm/ clesrances to &void flashing over to

conductors, ' ; v

- Clisﬁtning'arrestors should be installed at eacﬁ} point
g;onguthn line where a burehole feeder iz taken off.

@ = ﬂf thes pointzs an effective 1&3 resistance earth iz to
4¢¢¢w he esg;blighid\ teo which is solidly comnected the
fﬁf . slightning srfrestor  ground ledd, - the towir, the

trensforber low. tension neutral, the cabld armouring
. 9 .
and all metalwork at thia point,

4]

ul

o

; arrangement is ﬁa long Ndrivtq\}rod or pipe in the ground

: placed a diudtance af st least & metres frorm the base of the
transmissicn line tower and comnected thereto by & bare
copper conductor et a depth of 400 mp below ™ the ground
burface. In certéin cases due to the pature of the ground,
it nay be necessary te drive additionsl rodé‘to ensure a low

v "eargﬁ resistance and these zddi;ioﬁal rods are to bé placed

{J‘;\‘_:j ) I . . I - B \\\

W .

In this ;onneqtion it is recommended that the best
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16.
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at least twice the length of the rods apart snd connecred -

together,

Attention is alse drawn to the mnecessity of énsuring that
all explosive firing cables and cenductors of firing
circuits are kept ° amyay from underground electrical cables

and gpparatus and glso from all pipework and tracks.

The standard instruccions which deal with power Failures and
stoppages of main fans ({(with consecuéntial wmethane

accunulations) is dealt with in Chepter 2,

“Mining Engineers should ensure, by-°studying all standards on
the wmine, that prier teo couwmencing in  their job, they

Jscquaiut themgelves with 8ll standards and exewmptions issuyed

by the Mines Departmentx. .
Each colliery has an Emergency Proéedure Manual which ghould

be studied by Mining Enéineers. Only trained wen wearing

rescue séts should enter an area FYollowing & methane.
sxplosion. The Authgor appreciates the plight of senior

officials following an exploaion but foolhardy acts

undartaken without group diacussionq and consensus can only

result in the loss of further life. ”

Only flameproof lights and equipment should be used in
-inh}ﬁs shafts vhere the shaft itself is the return airway

from tle fuce ares. See Figure 12,

o)

Tha hsg of biseder roads and boreholes in stooping uettions

iz -discussed il Chapter 5,

Sanior Mine ﬁana;ennnt'n quarterly inspections ” of surveéy

plens vith gh¢ Mine Surveyor should include an inspection

5]

and dilcussion cn whether all gurface borehnles -~re ghown on
the mine plans and the condition of each hole. Does it pose

4|

-
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a danger insofar as lightning strikes are concerned, for

exanple’?

este fov the pressuce of weilbame acvuenelations lu sectious
where work hesg ceased should be made at: least on a weekly
bepis, parricularly if the wventilating quantity has been

substantially reduced,

No brick stoppings should be removed, the consequence of

which would short circuit wventilarion unless the Mine

.Oversesr has agreed vc this in writing.

The Mine Overseer and Mine Environmental OCfficer should
personally check snd Follow up impediately after changes
have been made to ventilation to ensure the accuracy of air
quantity calculations. Shift Overseers should not be

empovered cc make ventilation cnanges.
Y
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3.8 CONCLUSICHN

In workings ir coal gseams which are sballow (lers than 200 metres
deep) and where methane has accumulated in explesive proportions,
lightning strikes and stray curzrents can resuit in surges leading .

to gparking which may initiaste methane explosions,

Lightning may strike the surface sbove an underground working
ares and the surge coulid be propagatred threugh the strata inro
the face., Alternatively, a strike cocurs at the ghaft entrance

and is conducted into the face via retallic structures.

Sﬁ@eral cages have bee¢n investigated where such incidents nave
L
"fcq%rred.

W,
Well designed earthing systems in the wvicinity of shafts are
nacessary to absorb and dissipare guch voltuage surges. '

Disused boreholes zhould have cesings removed where pomssible and
they should be sasled.

The sesling off Ubf old workingas “or the adequate ventilation
thazenf is diléqugd in " order to prevent the, accumulation of
explosive concantrations of methaue,

Relisble lightning warting systems have been inmtelled on ahﬁizﬁ%
" mainas io high density lightning strike areas. Toe charging of
sxplosives ceases while thunderstorms are in the vicinity.
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5.1 § INTRODSCTION

- The greatest number of methare and coal dust explosions in  South
Africa has heen caused by blasting ‘opriiations and explosives,
The number of such ircidente far excepds those caused by any
orher igniting source., More men have lost the1r lives a5 a
result of this ign tiag source ‘when conpared with other . ypes of
*3n1t3¢ns and in add1t1on several majo coal duss explozions have
followed these methane explosxons. . > -

P ’ ,fsﬁ\ ’

5
i -,
i

Since &« high percentsge of cosl is wnn:nﬁ

i

. jmining {eutring,

drill;ng and blagting) and coupled with th;vﬁacf that aims>st all
Jbl&ﬁting operations take pluce in the werking faces ahere gas is
/nord likely to be ‘present i dangerdus quantities, it iz not
h3urpriling that thiﬂ ignition source is respoueible for _the

 greatsY percenmtage of explosions. . 5 N

Thc role wvhich blasting operstions and nxplosivas play in caus:n;
the 1;‘itaonn in discuesed together with the effect ‘which the lag
of xgnitiuq}hns on the propogation of c:plosiona.

Coal dust explosions figure proniﬁuutly:iharn blesting is the
ignition source. The nature o£ this type of qxploa_on and the

tevastation uhich sccompanies such & phenomenon is dealt vifh ﬂ

‘this chaptnr. _ ' - o

A

G

Two incidents beve been singled out for'ihlly:il ~ these are the
explosionz at the Durban Navigation Collierias Ne. 2 Pit on the
- 8t% Octobar 1926 and the MNorthfield Collisry explosion of . 1943,
125 men lost their lives in the first incident {the largest loas

of life in an explosion in South Africa) end the mine was slwmost

totally destroyed underground follaning the rolult;ng coal dust
explosion, At North’ield Co‘lzcry 78 aen were killed. The
inquiry into this explosion was Jdetsiled and it is possible to
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il

r \
formulste an.curat’ely the successive events lead ng ‘te  the
disasgter {the recipe for a disaster).

W .
‘L

The wain pa?hts arls;ng from blasting operations and explosives
(‘a

ap ignition sources sre described and precautionary measures tu

foe adopted are guggested.

9
w

i,
ks

. N - %
The table below depictz the number of explesione &aused« by

blaBting nperations and exglosivgs in relation to och&r caua:ﬁ
from 1889 to 1928, . T . -'?

i

Table 4.1 m-ﬂr of Explosions daused by Blasting Opcrlté,ou

nhtiﬁyn to other causes "
o H " N =
) _

'|

e v i Mumbar .- " Fatalicien
Total incidezge NN - I 31
I 59 | ’ h ! ‘._;.) ) i.:r.l ) g +
- Incidents due to biui ing )2 s " <
_‘hptru:i.on- sund cxplu 1vu H S * i 427 Y

Table 4.1 indiut“ f‘ht 34,.8% o2 all uploli.onu wers &% A tesult o
" © of blasting opepsticus sad up..onim resuiting is 56,1% of ths ¢
total fatalitiss.. Hardman (1988} atatez thal the percentage ‘of -
-underground cosl wined using explosives is currentiy 50X of the
snousl totals It foilows thet sttemtion siiould be focussed op

x

the sefety sspects of this uthod of nzkm - L e

4



R

a2 .. ~THE LAG OF IGNITION OF METHANE

The dignition of & mixture of firedamp and &air does not
necessarily follow whem a source of heat the temperature of which
i& higher than the dgnition remperature of the mixture is
introduced into it. An essentisl condition for igpition is ‘that
the source of hest, besides being of sufficien \\temperature,
shall rewsin in contact with the mixrure to which iéﬁis imparting

/4
heat during & sufficient length of time.

The resson for thie is that there ig & "leg"™ on the ignition of

firadamp (metharit}. There i, indeced, & lag on the ignition of

2ll inflammable gases, but it is qbra marked virh metbane than
with some other gases; hydrogen, for example. '

Thiz lag on igniﬁion hes an important baaring on safety in coal
nings., It sccounts for the fact that it is very difficule, if

not ia@oalible. to cause an extersal ignition of firedawp by the

‘ goune of 8 miner's flame safety lasp bested by firedssp burving
within it; and it provides groundu for the belief that it should
.1 palsibzc to compound explosives ‘the flamen from which, heing
of l:nuadingly shoxt: durntiun. could not ignite firedasp dclpi
thnir hi;h temperature.

It i; desirablse, thnrntora. to study as fuli; 2s poseible the
phancmsns accospanying the. lag on i;nitiun' of gases; more

- pirticularly of mathane, but not only of that gas, becsusa the -

?tu&y of the behavicur of othnw and disdimilar inflommeblie goses
\‘towidas & nacessary cid to the intarvrlttt:on of the bebaviour
of the »ne. .

n_i | : .

At comparativaly low temperature, the combustion of zethene isx
known to ba a complicated ;roconl involving the step-wise '

V-
"
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oxidation of the gas, but at high temperature the ignition can be
regarded ag a simple thermal proces.. in which, providing the
mixture iz within the explosive range, & propagating flame is
produced once a certain minimunm voluﬁg {in the region of a cubic

rmillimetre or Bo} is brought up to :Ignition temperature.

Some burning can be made to take place in methane/air mixtures of
any composition but it is only within mixtures in a cervain range
of composition that & propagating flame can be produced, This
vange dépends on the conditions but, near enough, the range runs

from 5.3 percent to 14 percent methane in sir at temperatures and

. pressures encountered in U.K. mines,

A detsiled explanation for the existence of this , inflammable
range would 3 complicated but it is broadly explained by sayiug
that at all stages of a propagating fiave, the flame front hes co
produce eoough heat to bring the ignited gas adjacent to it up to
the ignition tcmporiture: except within the range quoted, the
heat relessed by the comhustion is not enocugh to bring this
about. ol _
An important fcature of the ignition of pethave at other than
vary high t-ﬁcrnturts is the delay Detwesn the first contact of
the gas with the hested body and the spread of inflamsation. At
low tetiperatures this ﬁnlny may resch 10 seconds out the dats in
J ¥igure 1 =ve more mormal.

Even st the tamperatures of the electric are (sbout 2 500°c or
higher) there is still some delsy, but it is much yeducsd, bdeing
- in the region o! nicrnlacondl.

.Variour reasens for this lag hava bsen :u;;ca?ed a#ad it is likely
that there are seversl factors' st wock. The long lags at low
teampersture ignitior aze thought to be due to the slow build up
of intermediste oxidetion products that ultimately trigger off
the inflammation of the mechane. At high tempexatures the delays
sra very short and although ir is conteivable thav the process of
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3
ignition will still teke place through the step wise oxidation of
the gas, there must be some coatyibuting to the delay by the time

required to bring the required minimum volume of the gas up to

ignition temperature; thie time will be in the region of

microseconds.

In the practicsiE circums;ances of mining, delay in ignition
assumes importance in connection with ignition in some fricriomel
ignitions and in’ igrition from hot bodies, and is probably an
inportsnt_ffctor in  the coneiderable ﬂinertnse in temperature
required to i;gfge gae when the hot asurface ix freely exposed to

ponvection or ventilation.

Various people have sttempted to find the minimus tempasature .at
which methane may be ignited., This tempevarure varies
considersbly with tbe conditions in which the determination is
sade, but igoition st hot surfeces can be frirly readily obtained
at g2 lov ss 600°C vo 700°C end ignition by sdiabatic compression

may take place st conpredsions broduciag temperatures ne  higher
than 450”6. Rounvqf, whin a ;.thlnlfiit ninture i3 to be ignited

by a_hoc' surface freely sxposed to comvection wventilation, the
ainimm ignition temperature is in  oxcess of 1 o00°c. Yigure 2
shows some typical results. o

Emmaen
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4.3 EXPLOSIVES

4.3,1 Definitiong

Iv ix imgpovtant to differentiate beteeen certain terus used when
. referring to the use of explosives.

s

A, == Detonation

A detonption is en explosion txavelling at & -very high and
congtant spead (1 -~ 8 km per second) which iz & characteristic of
sach explosive. ' '

b. - Deflagratiopn -

A deflurution is a conbustion rut:r...on propasatmg in tbe naABE
st a reduced spead d‘.i.ﬂs ~ 500 metres per sacond). Ir is
genserally described as & Eugai&h of the uplolivu. Iﬁnthg:sntm
of ekﬁloliuc incresses the xisk cof gas or dust esplosions.

€. m-nai.t:l.ntiqn ) ®

N
0" i

Thaye are a nunbe: of ways in uhi.ch dumitiutioh of czplosiws
can occur. One must assune as & »tlrting poinc that the product
iz loaded into the facs in good conditicm.-- This :l-pli.n that dt
is of the required semsitivity to inicierion by & detomator,

the correct Valocity Of' Detonation (VOD) and has, a» adcqult\
q;mitivity to propagation aecross an air gap (Atdeer Doubls
t.iartridgn test (ADC)). Under normal circumstances such & preduct
wuld detonate complately and :dg{f;utoly along the un_ti:i "length
cérf. the column of cartridges in th\a_e.borl"lhn'lo_.
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The two primarvy mechanisms by which high gquality product can fail
to detonate at full efficiency - which have been identified arve
dynamic desensitisation, and desensitication as a result of the

channel effect.

Dynamic degensitisation ie caused by an inerease in the density
of the producr wuvontil it approaches or exceeds the eritical
dengity of the explosive. (The critical density is that density
above whick the explosive will not deronate}. There are two
possible cépses for this. The first is as a result of an
undetnnaied'charge in the face (later delay) being shocked by the
shock waves arising frum the detonation of eaxlier firing charges
{earlier deiiys). These shock waves move through the medium
{coal in this case) and the high preasures asgsociated with these
shock wuves; ‘ave the effect of coppressing the undetonated
' axplosives with later delays., If these explosives are compressed
beyond fhei% critical deusity (this density Deing an intringic
festure of ihg explosive) then & misfire will occur. The ééaduct
has been dyramically desensitized. ) ' '

Tt is simo ﬁoqyibln for this compression to result from hot ghses
at high prisnﬁxe travelling through cracks in the coal and
intetnectinﬁ the uﬁdeton;tod chlrga. Az mentionsd above, the
former mechanism - (that of shock compression) is the most likely
cauge of dyniaac da-unsitzsatxon in Squth Atrican cosl aines.

| Dcsansitiattioa.nu s resuit of fﬁl channel effect is alsc a
common phencizanon in South Africen coal iining“opcrationl lending
to reduced (erformsnce of the t:ploiivn. deflagration or sven
total failur¢. The channel effect is the result of = gap
existing bmiun the explosive and the borebole wall. An “air
shock” t«nvqla ahead of the detonatior frim the point of
initiation m the toe of the hole along the column of explogsive.
There is hi;h pressure sgsccisted with this sir lhock and it hae
the effect oz coupresning the undetonsted explosive abwdsd of the
shock front (this is the lesding edge of the deronation in the
explosive) to densities approaching or exceeaing the criticsl
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density oFf the explosive. Thisz induces & poor "quality'
detonation, deflagration or évem f£ailure. 411 exposives suffer
from the chamnel effect <To wvarying degfees, but fpermitted
explosivey are particularly susceptible as they are generally not
well coasgclidated into the bozsholes, Bunki;ng the cartridges of

a chkarge in a hole is suffirient to disrzupt the channel effect.
d. Coupling

Coupling essentially refers to the.extent to which the qxplosivgk
filis the borehole along rhe length of the explosive chaége. It
i# & simple convept defined by the volume of explosive along the
charge length relative to the volume of the borehole alongll the
gawe Jength. In mection across & borehole, this_relates o the

ares of explosive relative to the area of the borehole.

" Obviously, the primary determinant of thg_extenf ofbcoﬁﬁling is
the selection of explosiﬁgv _diameter' relative to borehoiy
diameter, The secondary determinant would be the extent to which
the cartridges are compacted into the borehole during loading.

il

”, ~ Explosion

el

~ An explosion is a rapid, self-propsgating chemical decomposition,
- secompanied by & large amount of heat and jka. It follows from
this definition that should sn axplosion occur in an  inflemmable
mixture of wethane and ait that & methene explosion is likely to

occur.,
£. Socket and Blewn—-out Shot

A,qéckctdia the rcaains'of thea =nd of & shot hole after being
blastad. Generslly the diameter of the socket ig muck larger

than the original dissbter of the shot hole as ghown in
Figure Z3,
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The length of a socket (x) could vary from 50 mm up to 50 cms.
It isg difficult to set a limic ou the length of & socker since a
blown-eut shot hole may also vary Tvewm say 20 cms to 180 cms, A
Blcun-out shet will generaliy result in a drill hole remaining at
itg original diameter. (The explosive having exploded cut of the

hoie as it would out of a test steel cannon for exampie).

B- Shockwave

4
;!

The ehockwave is a cowmpregnion wave in an elestic medium

travelling in the air at supersonic speed., It is defined by

w parajeters which are 'a function of the distepce and of the

quantity of explosive; the peak pressure, which is the maximum
pressure of the wave shove, the atnoapherze pressure and finally

the duration, which ie the time reqpxred for an overpressure wave

to return to atmospheric presgure,

4.3.2 Introduction

The marufactire and saofe wuse of _éxplosivesf,to break coai
undergiound is & complex subject and little is known about it by
those whose responsibilivies it is to use the product on & daily

" basis. The elementary training given to Miners and their box
Attendants .1:_5 reflected in the evidence of the many inquiries

held by the Mines lLapartment ini. explosions 2s a result of poor

blasting techaiques. The most common causes of blolm-out shotg,.

anetendy detonation and dnfllgrntxon aTe:

w

firing charges in fiswured ground;

centre primingof holesy : i\

(™

inclusion of‘"‘i:"%all dust between cartridges;

5 ,-q.

sk

- not using bottom priming;
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- poor coupling of explosives (inadequate compaction);

- use of ecal dust or wet clay as tamping or total lack of
tampings
- sympathetic detonationg

- mud biasting.

?igure 3 shows the effect of blasting a shot hole which chambered
and then firing the second hole on the left hand side of the

" face.
The Commissioner of Mines for Natal states:

"ghen the end .of the  north hesding was reached {after the
dissster), charred timbers and coked coal were found, but it was
cleer the fire had not been 2 large one. Strong blowers of
Gfiredtnp were issulng from the cosl face, Obaervations confirmed
the statements pre&iously made by the Hiner who fired the shot
which co;menced the ser & of explnuiens. that the shot was near
a hole which had previously been fired, but had chambered and not

broken the coal.

 The entrance to the chaghered hole was ntill-ltanding with the
tanping exposed sand detonator wires hanging out, but the other
shot had broken the coal away so that the chambered portion of
the holz was exposed, The hg;t, about 12 mm desp of the second
" hoele rempined. Gas could be felt by the hand to be igsulng in
some qusntity from tha remsins of sach hole, while there wer fine
coal dust iy the chamber of the firat. The sketches given will
illuscrate the conditions as I observed them. According to the
Miner three carbonite cartridges were used in the hole which
caused the ignition.

The explosions taken together caused the deeths of 12 Whitex and
65 Biacks.”

“
W
y
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The chief lesson which this dissster teaches is the danper of
blasting when firedamp is present even though one of the best
permitted explosives was used {carbomnite). This shoct reference

related to the Glencce Colliery disaster inm February 1908,

4.3.3 Davelopmwent of Permitted Explosives

Until aboutr 1880, gunpowder was the only bhlasting exﬁlosive and
iy was highly incendive te fi.xdamp. Then high explosives were
discovered and it was soon obgerved fﬁat they produced much lees
vigible flame. This prime difference in behaviour between the
two, stems from the speed 0f the rescticn; gunpowder acts as a
fast burning reaction whereas high explosives react detonatively,
that %, the reaction takes place within a wave headed by a shock
ftoné%ﬁoving through the cartridge at something 3reatér than the

wpeed of gound in the medium itseig.

The detonative reaction with the relulé;nt short duration flame
confers & little safety but not encugh. Conventional medem
sxplosives owe their cffectiveness and safety to & nice bilending
of smsonium nitrate. with nitroglycerine in onpe form or another
combined with & flame suppressant =0 that ‘an explosive is
produced with the sppropriate bhasving action sccompanisd by =
flame lﬁpproldant stwosphers, the whole reaction proceeding as &
detonation thanks to the presence of the nitroglycerine. The
formilations are of course more complex than this and there eie

"vu:iogg:adﬁitivns to improve storage quality, to render the

explosive insensitive to asbient temperature change, to confer
freedos from fume in use, to adjust the dqﬁnity aud ﬂdi;7\

ﬁining pr&étice recognises four Dbroad classificaiions of
explovives suitable for use in coal mines:

} :
I  Explosives suitsble fo-  'rock work <n the absence of
conditions likely to result in evolution of methane.
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II  Explosives sheathed with =a flame suppressant suitable for

use in coal and in rippings with appropriate safeguards.

111 Exp}osives with a <£lame suppressant incorporated in the
composition and permitted in the same situation as Class IX,
These are known as Eq.8 {equivalent to sheathedj explosives.

IV A recently introduced group of anhanced ;ﬁfety explosives
designed for delay firing in rippings and similar situations
in which there is inherent a possibility of +<he charge

firing into a gas~filled breek or parting.

In addition, there is 2 new class under consideration for

situations not yet fimally specified but whick will include delay
firing in ‘solid coal.
ic general, the stronger the exploazve. the more incendive it is

and tc some extent the prohlen facing the designer of etplos;ves

. i# that of finding the minimum srrength that the user requires
_for good operstional supcess and combining with it the necessary

safcty. Cunﬁnréd with the earliest explosives, - mnodern
fornulatxonl ofier much inprovtd safety for & given strengtd but
the connection betwean strqnsth and safety remaing. In the

"raccnt past there hss Saen a further improvement in this

connection by the  introduction nf explosives aemploying

'enuhxﬂged-xon formulations (ex:hnnnedwzon i the descriptrion
';appiild to explosives in which the chemicals zmmonium nitrate and

sodius chloride are replaced by ammonium chloride and sodiusm or
potilliun ﬁitrate. that is, the ions are exchanged). Th.q,
¢xplosives have the property that they do not develop their fui!
¢trength in the absence of full.confinesent with the result that

dangercus situations arising f£rez incomplete confinemant (for

exanple, fi:ing in breaks, insufficiest burden, snd so on) are
vendered less zo by this sutogenous weakening.

i\

i
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4.3.4 Nature of ignitions

The more. superflcial question as to which of the phenomena
(Flame, hot gaves, particles, and shock waves) are possiblie
sources of ignition of firedamp has attracted most attentien. It
appears to be generally agreed that - contact between the
detsmaring expiosive is highly ;anducive to ignivion, e5peciélly
if the explosive is partly confined as when it-is 7w a parting in
' a.strata, or  in a cornar. Some danger remains frer the
datonation, if the products then come -into contact ﬁwith the
explogive mixtuse. A lsrge flame is a sure sign of dahger; “but
tha size of flzwﬂ“bf & safery explosive is not & measure ¢f the
“danger. The mubs;d:nry question as to.- whether the hot,
nen-luminous prnan*ts of an og“ﬁ flame are as dangerous as the
gtiil burn;ns lunﬂnaus products has’ not been anawered. They must
have equal intensities of energy until losses occur, but the
grester thermal eu?rgy of the compietely burnt products may Le
1eae.t££¢ct@vn than the combined thermal snd chewical energy of

. th‘ fl‘m- .f!\ Gy J
Vo

s

J‘“’

The shock wave of a mine exploliv!. by itaglf, B2y Or uly not be
cupable of inltiating a eelf maintgined flame in ‘methane/sir
li!futil, but & mixture that bhas alrsady been haated .by the
rlffacta g! a shnt nay be ignited by the delayed nrrival of &
shock wave reaflected from a solid surfn*c.
Ptoi&uind‘*particleu of .solid e:f&clivr uhich have esceped
compiete reaction in the detonation wave but are ltill undergoing
veaction hawve been thought to ba the sain cauct of igeition.
" Bigourd and Dangreaux (1973) in & publication on the mechanism of
the ignition of methane o by deflsgrating sxplosives, observed, .
with motion pictures, thar igmition of firedamp can occur
1nund1nyely at the borehole mouthior later at am lppreciahle
dxltnésﬁfkron the Lorehole, probsbly due to a thermal axploqzou
of the unressted explosive as it comes in contact with particies
hebted by the deflagration,

il
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However, there is no doubt that £lame, hot geses, projected
particles of burning ex:losive and shock waves, can .all
contribute to an ignitic: of fivedamp by an explosive. The
relative contributicn o¢F each Ffactor varies ne doubt with

circumEtances.,

It ia well known that blasting has been a major source of
igniticn of gas and/or dust explosions in underground coal mines,
The mechanisms by which explesives can cauge iIgnition of

methane/air mixtures are the following:
= _ By the hot gaseous products of reaction.

=~ .+ By hot resacting particles of explosive escaping into the

wethane/air mixture.

- By direct action of the shock wave from the explosive,

4.3.5 Temperature of Ignitions

Hot perticles from a dstonat” a of explosives aze of the order of
1000°C as cre the gases whic are smitted from this explosive.

Mallard and Le Chatelier (1883) studied ignitionm by explosives
snd theix work led to the "French Doctrine of 1890%., The
poatulgt% was that provided the detcnation temperature of the
explosive was not higher than 2260°C the cooling by the expaseion
-on the ai}lolivc aid its work would reduce the gas temperature to
below thet at whizh fireduwp may be ignited. The Doctrine was
good in that it led to the {mprovesent of explosives, But ‘it
nmod that the ti:edu:p was ignited only by contact with hot
inort products of the explosion resction and further work soon
showad tais to be but cne of the ways in which ignition could be
~ produced. The prulang view is that ighition wmay teke place in
.,one of thrae ways; these are: '
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- Ignition directly by flame or inert but hot gas.
- Ignition by compression,

- iignition by sniid pacticles, These may be particles of
:eacting_explosiveleither at the car"ridge or rhrown out by
the explosion and, in sone cases, proceeding shead of ithe
shoékwave front. Inert projected particles alse way ignite
gas either by being at a high inirial temperature or
aiternatively brought to a high temperat;:a by iﬁpact with

an oh-iaucle,

it is not kmown which of these is the moar important or, indeed,
vhether any of them asgume pre-epinence independent of the
practical circumgtances. However, it is certai: ~hat all cthree
are’ ways in which iguition can be brought abdﬁr and all should be
taken into sccount both in usage and in lsboratory examinations

uh

of new sxplosives.

Coward (1962) etates that the firing of an explogive is

sccompenied by the almost instantaneous trancformatisn  of

chepical energy into thermal energy, concantrated in s small

- spsce. “The tempersture of the products of an explosive, before

they expand iato the atuosphere, is 1500°C to 2500°C. -

Msliard snd Lo Chstelier (1883) demcnstratad that firedasp
ignites at 659°C, s pesperature which is always exceeded by
axplosivea. : h

o B i
A recent discovery currently being investigute is the energy
genersted according to the ballistic miseile tes:s. Where the
inargy generated is less than 57% the permitted axplosives do not
tguge c:ploninnl) whercas ener;y' téitnned ebova 67% causes

explosions when th?mf:blosivtn are detcnated in an cxplosive

atmosphers.

L

Spaeckhaort (1952) has conducted experimencs which _show"tﬁa f

L

influence snd role of inhibiting salits in anti-firedamp
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explogives {permitted explosives). Indeed all permitted
explogives used in South Africa today vof the grarular type

contain a proportion of salt as an inhibitor.

Speeckhaert concludes that the aikaline galts and, in particular,
the first of the halogen group are particulariy sujitable for this
role. :

‘Their heat of fusion and of vaporisaticn is not too high, but the
heat absorbed by fusion and above all vepcrisation i crucial,

producing a good cooling capacity at the moment of gas release,

Speeckbaert proposes reasvns (mechanisme) why other salts alsc

work in absorbing energy (heat).

At the moment of daton;tioﬂ of the explosive in the mertar, the
_temperature being very high, & . fraction of the hesat is absorbed
by the salt. This fraction corresponds with the specific heat of
the ealt sdded to the latent heat of fusion. However, because of |
the hi;@cr pressuré, th- hest of vaporisation cannot be absorbed

end vaporisatior cannot .ake place.

¥hen the producte cf the %uplolinn 1+ =2 the mortar, 157 the
toup.:atu:e of vaporisation ‘has been resched - ar is t.t cane.
Ilth most salts excapt for rtfractory oxiday - = Dew quau*ity of
calorific energy is absorbed by this vaporisation ‘snd this bringl-‘
down the temperature of the gasas to the tamparature of
vnporinatipn, resulting in a c¢ooling, the apeed and ascope of
~which depend upon the strength of the hest of vlpotisatiun. It
iz to be noticod. in this case, t'w dimming of the illnnn which
“follow the lhnck vRvVen. S - “

Az firedawp bas s “=lay in ignition, it is pecassary te nltaipnté
theae fismes ae coayluggly a8 poasible. ‘

) 0 : '
¢ This mskes it clesr why alkaline wsalta and in particular the
first of the halugen group ara particuliarly suitable for this
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role. Thei: heat of fusicn and of vaperisati:.= iz not too high,
but the heat absorbed by fusion and above all by vaporisation is
crueial, producing & good cooling capacity at the moment of Egas

release,

Exapination of variations in the power of the explosive mixture -
using Trautzl's lead block test - shows that mest salts decrease

the strength sccording to their comcentration (Figure 4).

Dolan {1960} has carried ocut extensive research into the

suppression of methane/air ignitions by fire powders.
There are two functions of flame suppressant:
- Reduction in rempetature of detonation.

- Material forms a- dust cloud — affects the . ignition

characteristics of methare shead of igniting scurce.

(

1,

The efficiency of alkali halides due to low melting and boiling
points and conp;rufivcly high latent heats of fusion . and

“ vnngisation is discussed.

ot

Tolen carried ocut experiments Loy measure the effect of dust
parcicle suspension on the velocity of combustion of methsane.

a

‘IThe major physical.factax of inhibitin; material is the :urfice

‘aree of the powder exposed to the advancing flame. The ability
of dust to vreduce flawe Cempersture bdalow 1350°0 depsndis on
vhather particle  size is sufficiently smsll to allow heat
transfar to take place. - )

" _ _

Tigure 5 shows tha effect of the initistor on the flame
velocitias observed with upward prﬁpo;nting flames.

The quasi-detonations of firedamp ceaused by & guaned ghot is best
aigulated by this :ype of initiation. The baebuviour of these
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accelerating flames under the influence of an inhibitiﬁg dust is
therefore of great practical ;mpcrtance in assessing ahe value of
a suppressant for inclusicn in an explosive. Under the
experimental conditions obeerved im this investigation, the
spatial velocity of the flame in.the explosion tube is dependent
on the nature of the initisting source as is shown in Figure 35,
The fasrest flames were obtained with cerium fuseheada but the
reproductibility was poor, owing to probable irregularities in
the weight of fusehead composition. Much better regularity was
obtained with the spnrk disacharge and pilot flames, which were
adopted as the ltnndard mathods of ignition.’ :

. g\
Hbcn a non~inhxbiting dust is introduced Lnto the gas the effect
oR the flame speed is very xuuited. Some depression doee occur,
but svsn with heavy cnnceatrxtioas of dast the drop is -.145.

g

mre thun 20 percant, e

Historically dynamites vere the first parmissible explosives to
‘be used eucdessfully in underground cosl mines. In order o

lower the tolp.ratuze of the rtactinn prnductl, #.its such as
Ml. KC1 ox Gwms uve Lsen roduced {nio theix cqppo-itioa.
llnm-nr the nuture of the iangredients was sdjusted uﬁ‘ that the

" rusction of the oxidizer snd the combustible is Mulow. for

example, by uin; euug steins of camoniom nitrate rr.nd sodium
nituu i.n the composition.’ In anothaer method which di- popular
in Glrltuy. soms of the ssmonium nitrate im the conpqsition has
.been replsced by an equimolar mixture of sweonium ci:lorida and
potassinm or sodium nirrate, During detonation the smmonium and

the potassium iods sre exchanged, ‘tor exsmplae;

[l

| ) ¢
fhns. s flume shortening smoke of vurj fine salt particles is
produced by the decomposition resction itself. Combinations of
the two previous kinds of permissible dynsmites are posszible.

a
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4.3.6 Gomparigon of Blasting Effects of Direct end Indirect
Ignitions

Koga et al {1986) srate thet in order to promete safe blastiug in
c¢oal mines the blasting must be planned, starting with the method
of initiaticn. The placing of the primer cartridge at the rear
of the shothole ensures that the Telsaae of the energy upen
fir{ng ig directed outwards and downwards thereby ensuring s
. better fragmented blsst. when the primer cartridge is placed on
the middle or the fromt of the hole, there is a greater chance of
the energy being rsleased in three dircc;%}j%-— Irent, backwards
and dornwards, for example, with resulting poor fragmentation and
the ignition of methane by the detonater cartridge, See iten
4.3.8. ° ' '

4.3.7  Observation of Expiosion Fiash
. Three types of boreboles, single borehoies, 2 parallel boreholes
and 2 abutt angle bqrchﬁiel (thuse bareboles are not used under
normal circusetance; an abnormsl Dblasting situaticn hass been
simlated in which the central axes of the borsholes formed an
- scute angle due to missligoment of the direction of the borehole
bit) of length 1100 ms snd dismeter 40 mm ware drilled in the
‘advancing tuonel in combined candatone and shale sesms of the
mine shaft as thown in Figure 6. These holes were then charged
with 300 g or 400 g of Mo. 1 Tokubsi dyvamite without any
stoemming, end blasted usging ' direct or indirect initistion. The
axplosion fiashes were observed by taliing still photographe, The
length ufgth. explosion flash was sbtained by rplscing & escale
parallel to the dirc;iian of the sxis of the borehols befoxe
blastring., 7The lClle.Ilt then photographed from the came place as
the explesion flash and used sa a standerd for the measuremsnts.
The cemers stop was set &t 5.6 and the photogrephs were taken
with Fujicolour ERI100, the shutter being opsned st the moment of
initiation.
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The explogion flashes in steel mortars snd concrete mortars were
observed by taking still photographs while exploding 400 g of No.
1 Tokubai dynamite: The steel mortar iz a8 shown In Figure 7
{concentric mortar, diaweter 560 wm, lengrh 730 wmm, with a
central blasting hole of 55 min diameter and 560 mm depth) and
the concrete mortar war the type used'in the safery trials, wnade
of 1 part =sand to 1 part'cement {only the blasting hole was of
the game dimensions as the concentric mortar). The lemgth of the
explosion flash was measured by positioning an I-section beam
with graduations of 100 nw*s#?-ing paraliel to the axis of the
blasting hole and at & distance of 800 am from it, and
photographing it at the samé time 88 the explosion £lash. The
camera was positioned 5 @ from tha mortar blast, the stop was se:
at 5.6, as for photographing in the rock tunnel, and the shutter
vas openad at the moment of the inifiatiou.

The measurements of the lemgth and width of the explosion flash
ware based on the shape shown in Figure 8.

Table 4.2 shows the details of the lemgth of explosion flashes
cbtained ftan'sxper;ncnt:‘conducted in steel and concrete mortars
‘and in an actual golid rock face.

Table 4.1 length nf Bikplosion Flash

No .E:plosixu- Weight , ¢ b E : F
(g) '
4 b » b -a B a » 1
b
1 3 00 DI 1 40 41 38 43 37 41 15 37 -
3 X a0 1X 1 105 160 80 150 70 120 35 105 -
3 X 300 DI 2 _ 18 20 95
. PB _, : 21 35 5%
& . K 300 Dt 2 ? 23 28 102
_ 37 37 88
3 K 360 11 2 " 83 107 7 o
o 7B 60 85 77
[3 X 300 112 38 56 105
AR 45 83 102
T X 30 Dpiz 21 20 99
AB i3 23 110
) X 300 1L 2 87 il5 110
AR 102
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K: Gelatine dynamite {permitted) a: Width of explosion flash
A: Initiation method _ (cn}
B: Number of blasting borel-ins b: Length of exploaion flash

C: Steél mortar {cu}
D: Concrete wortar L: Remaining length of
#; Smaller concrete mo-iar borehole {em)

¥: Practical rock LI: Direct initiation
) II: Indirect initiation
PB: Parallel boreholes
AB: Acute angle horeholes

v
4.3,8 Various Merhods of Initiation

Koga et al“ (1986) have.. the following tc wmay igpnt initiat%qp.
"Irdirect. dnitiation ‘was found to be & better method of

initistion than direct initistion. S

- Thers wits mo remidusl explosive. |

- There were faw cut-oiffs. L .

The blasting affect was mors satisfactory tham with direct
initiation.” | | |
Wallace end Irelamd (1987) support the vievs that indirect
(bottom) imitistioun is thought to be safer from the point of view .
of cut?offn_pnd recidual explosives. Thz bresking ability of the
ayplosive iy also gererally congiderad to be better when
indirectly initisted.
, o g.
It is sbundantly clesr that the practics of mid-priming, which
requires the detonation to " run both weys fros tks initiator,
places the grestest demands on the explosive for zrelisble
performince, Thism iz baorne out by studies using X-ray
photographic techniques conducted by Kennady. These have shown
that small iuncresses in denszity of pyarsitted explosives are more

2]

\
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likely to lead to failure in the reverse than the foxward

direction,

. 4,3.% . Pactors) hich adversely affect the Fehaviour of

5gefmitted Explosives

T, - : N Y
B 3 . : -
In aluost every instance in all the explosiome initiated by
explosives and baasting uperatzons. one or mere facters relating
to the incorrect J‘e of explosxvea is evident. . These factors
have been hxghlzghted 1n the two 1nc;dents deait with in  this

chspte* {Purban Nsvzgst;hn Colliery No. 2 Fit and the Nerthf ield

"u

Deflagration Tacta ‘ - \\3

i

The esse with ahich the abbve pn:nitted explosives can be induced
to deflagrate was studied by meésns of th "dcflngrltion caraoa®

a2 described by Flant and Berbaro 19695, ¢§_con-ilts of & thick’

walied steel tube 57 mm in internsl diimeter (Figure §), sested
at ong end and restricted ot the other by i disv contasining an
aperture through which the giial vent. The degree of confinement

~in the tu:z cin be i‘ﬂa:ed by choosing bolé sizes in the dise
' batuccn 1,8 snd 9.5 L.rin diameter, 7The charge consiste uf ‘two
'exploaivtncart:idgcn 2ack of mess 56 g separated hy a plug of

coal 441& This assembly is supported centrally in the tube,

. Ca¢ cartridge (the "donor") is primed with a ¥o. 6 strength

copper--cmd detonator.  The occurrance of 'dtihgﬂt:’.on in the

Pracepror” e&rtriﬁgc dinder var;ous degrees of confineuenk is

indicated by “t* prenunce of ash.

*

. 0 -= _ - o
The cheonel effect snd dits influence on thy performenge of
permitted explosives has been studied by asans of the double pzpl

test. In this test the explosive rtrxdgtl are placed in a

nild-ltaa pipe similating & quehole (Figure 10). They ure
arranged to :nprelaat as far as pussibll the reslistic comditions

~of ume, for cxanple wvith coal dust betwsen them. Thiz pipe is

T
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SCHEMATIC DRAWING OF THE DEFLAGRATION EANNON
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placed on top of a length of hollow bar which acts as a witness
pipe which is then sandwiched betw.un the test pipe end a heavy
gteel anvil. Detonation of the explosive charge results in a
dent along the length of the witness pipe, the depth of which
correlates with the peak pressure generated.

Cuurmel Effect

All the Pl exploéives tegted suffer from the channel effect as

, shown in Figures il, 12 and 13, The peax borehole pressute (as

meagured by the depth of Jent) declines along the length of the
charge as the air shock bLecowes established. This generally
cccurs in the third cartridge frowm the point of initiation,

The retic of the volume of tbe explosive to thet of the borekole
(i.e. the degree of coupling) will influence the intensity of tbe
air shock and hence ita effect on the explosive. In tests
conducted in which the diameters of the top pipe (34 we)} were
chogen to provide é snug fit to the‘cartridgas {32 nm), no trace
of desensitisstion was detected as d;idgnt by the uniform depthz
ok dent in Figﬁrqn 14 and 15. 7o simu]ate unconfined detonation
where no channel existas, tests wvars conductad with the l?plﬂli?!l
laid in "open™ pipes as in Figure 10. The pnrfo:nlnc; of rhe
!irlt cnttiid&aa in  the éhar;t is clearly sustained as
illuptrated in Figures 16, 17 and 18.

Effect of Consolidation

To snsure optisum pacformanca of permitied explosives it isg
jimportant that the charges be pressed houe as far ss possible
vhile remsining within the constraints of the law., The dent
profiles of Higures 19 and 20 shuw thar consolidation of the tes:
charge in the pipe asiguificantly reduces the channel effect.
(Bven realatively mild consolidation of cartridges, so as to
buckle rather than squash them, hos been found to effectively
eliginate the channel effect}. It has been estsblished that the
air shock can be'disrupted and ite zffect wiguificantiy reduced
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merely by fitting cardboard spacers between the cartridges and
the borehole wall.

Gaps in an Explosive Column

Carelessness in the loading i boreholes is & potential cause of
problems, leading te Jlow-order detonations, deflagrations or
misfires. “F@px charging proctices can lead Lo gaps Dbetween
cartridges in etplasi&e columns, These include pushing
cartridges individualiy to the back of the hole rather than as a
'train', or pulling the detonator wires whilst lcading the hole,
The latter is particularly likely if the primer cartridge is at
any ﬁosition in the explosive column other than at the toe of the

hole as recommended., These gaps may be empty (air gaps) ox .

gilled with coal dust, Since gaps filled with cogl dust are
potentially more serious as an interrmpter of detonation, they
were studied by the use «f the double pipe test. {(See Norrhfield
Collzory disaster, 1943),. ’

Cartridges of coal dust of the same dispeter as the test pipe
woere prepared (40 mmw), As & thorough test of whether the
dntoﬂntion could jump a chosen gap, the gap was repeated between
all #lxtxidges in the colusn. The detonator uu: therefore placzd
in a: cnrtr1dgc in the middla of the sxplosive column, so that
duto%ations runnirg . forward and backwdrde [Erom the detonator
conll be observed. Figure 21 depicts the results of euch 2 test
::ondq}ctcd on COALEX 1 in which the ca"trid;el immedistely behind

the #ni*zutor detonated but at such Jow order that it was unable

to p#npagate scross the next pocket of coal dust.

Dynafuc Dolnnsiti-atiou

The resistenca of some permitted explosives to  dynamic

. desensitisation has been studied in the underwater test. 7In this

test the charge, protected from water penwtration is fired under
6 n of water, The gas energy of the exploaive is derived from
measurementy of the dimensions of the bubble of product gas using

PTessure RBUZEes.

cr o on URT
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In the tase of AJAY arnd CCALEX 1 shock desensitiszation can play &
significant role in reducing the energy output of the charge.
Tha) can be attributed to compression o©of the explosives to
densities approaching or greater than their critical densities,
The watergel, ENERCOAL is unaffecred by shock pressures in this
regime, This is due to the fsct that the gas bubbles in this
composition rapidly expand back to their original volumes after

compression by a shock front.

To obtain “the optimum performasnce of +*ne explosive it  is
necessary to match the diameters of the hole and the explosive
cartridges as closeiy g8 possible and to prevent coal dust
collecting betwean cartridges. when using soft explos.ve
compositions such as watergels, the air gap should be diasrupted
by coneolidating the explosives in the hole. In certsain Eurcpean
countries the cartridges sre placed in & cardboard sleeve, primed
and insertad as & single unit into the hole. This technique,
epployad with gresat success, gserves to prevent 6bstructions
betveen cartridges, disrupts the channel sffect and ensures
bottom point initiation. '
oW

The ignition of explosive wbhen subjected to hor fumes st high
puuu:.@ tskes place very rupidlily. In practical shotfiring the
cscurrehce of such deflagration wmight be indistinguishable : from
norsal detonstion, apart from rveduced parformance, and will not
prasent 8 sericus fire or gas ipi:tion bamaxd. The occurrsnce of
deflagration that is mognh‘hlo s8 such is the relatively elow
burniag of explosive in brokem strata. ~It is essential that thiax
be prsvented by the adoption of the correcvt charging technigues.

Centre, priming. sggrayated by the inclusion of cosl dust between
canrﬂ\iﬁ?’pmtl the single greatest hazarxrd in terms of
deflagration of permitted explosives, Bottom priming will mot
elimirate desansitisstion of the explocive by the chaonel effect,
bur. it- will ensure that desencivised certridges will mot retain
their.inta;rity and remsin d€flagrating on the face after the
blaest, ’ ;



£,3,10 Euulsion Explosives

Recent studies have shown that the nitroglycerine granular
permitted explosives, when detonated in conventional headings,
produce carbon monoxide and nitrous oxide fumes in excesc of that
aliowed in the Mines aud Works Regulations. The solution to this

)
preolem i to:

1
&3

- ventilate the keadinga by wmeans of force/ezhaust fans or

line brattice;

[

]
4
b

-~ use the newly de@eloped emulgion explosives whose fhme
cheracteristics  after detonstion comply with  legal
fnquirinéntl.

About ten yesrs ago slurry explosives were submitted for test in

the United Kingdomw. Generally spesking the .powar of these

explosives is the same us thet of existing nitroglyceripe types,
but velocities of detonstion are higher, being in the i"’&-gun of
three to four thousand metres per second compured with thé twe to
threw thouugd natces per second of nitroglycerineg types. Mot
amny coaposirions vare exasined or testéd because it became clesr
during trials that thesa explosives ware prone to desensitisation
when fived ia delay rounde. However, during testing it ewarged
that whareas siurrios pasnad the 142 gran shot test sasily, there
was a tendency to fail the 800 “gram stesmed ehot test, which
originally ves designed to show that the explosive vas xelatively

“safe in uethane gas whou fired at charge weights rimilar to those
likely to be wvesd in practice, The jicbleam posted Dy

deeensivisetion hes weant that eluryy safety  éxplosives of the
sroup P1 type bave naver been vsed in UK coal nities, sud so, few
wm tntﬂl or sxamined in graat detaif, Slurry explosives
of other sefsty groups bave never besn submitted for examination
or tast. : : :
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About two years ago an explnéives manufacturer submitrted safples
of emulsion euplosives for tests as group Pl eiplasives. The
explosives contained no recognisable filame inhibitor, detoﬂated
at sbout 5000 metres per second, and produced some powerful  gas
ignitiona that hasteuned the decomuissioning of a test gallery for
repairs to itg foundations. Subsequently, some flame inhiﬂﬁtu:
was intreduced into the explosive compositions, and this appemrred

to uave the desired effect of veducing both the violence and the

:3fraquency of ignitions; conporitiong that passed the ?1 teats

were eventually developed. However, these ﬂampo~1t1ﬁJ 5t111 had

‘& teadency to pasd the 142 gram "test and fail the 800 gram

saemd shot test, Clear explanations of this d:.ffere:;ce hetiween
nitroglycerine and salurry and emulsion explos:.ves are | not

curvently aveilable,

?oliiblc gas ignition sgente include: hot gasgeous detoqiétion
productes, kot particles and the shock waves produce{l by
detonation. It is difficult to know or predict accurately the
temperstures reached by th detonation products of expldsives.
Howaver, the powers of group Pl emulsions and n:lt:.ngl;}ccrine
explosives are similar so that it seems uﬁliﬂaly that théiﬁ will

beulubntnntinl differences in thase temperatutas, !

i

The differencas betvesn nitroglycerine and emulsion” ﬁi:plo-ivu
that have enarged during testing have ' caused the qu testing
utho:ity to impose tewporsry increases in the aewrifl:y of the
group Pl test requireasnts until more information aud /} experience
of them becomes available. In the case of the 142 grim test the
raquirement hes been changed so that an axplosive mq& cause lcss

than 7 ignitions in 25 shots to pass. For nj.troglycnrinc

explosives up to 13 i;nitiam in 26 sbots are allowed. ‘The

| di!{grlncyf batwaen these two requiresints _qfhoun to be

ii;ni.tic-nt st the 95 percent confidence le 1. mnich is the
lav:l normally used by the UK tasting r#ty. Hormally
ssnufscrurers aim to produce group Pl explosives which cause
cohsiderably fewer than tha thirteen ignitions sllowed in this
test. The 80D gram stemwed shot test, which can fsuse heavy
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ignitions that are damaging to the test apparatusé and surrounding
buildings, was changed to require that no ignitions occur in ten

shotsg.

Samples of emulsion explosives that have successfully passed the
group Pl tests have been kept in the magszine and their detorator

censitivity examined at regular intervale uging =2 standarﬂ range

vf detonstors of steadily increasing size of base cha ge. Tt has

been found thet the detonator sensitivity of some exulgions has

detericrated w;thxn three months of manufacture te a point where

they could not be detonated even with a detcnator having & base
charge of one gram of PETN, This seems to be & problem with
em:lzion aiﬁiosivel. and one which requi - vigilance, I

Fd

4.3.11  Stemming

Tﬁh lole requirenment for good satemming is that the stemning

ahonld oot be ejecte! from the shot hole upon detonatisn of the.
l‘P&D'1Vﬂ. rather it should contain °the detonative and thug :
“break the coal or stone layer. Clay spl long used as a sta-ninﬂ;?
.Jlltlrill when the Iagal ﬁoquirun.u 2 -were that <he hnle,ql
_:uinccupind by anplolime cartridges, had to be totally stemaed ﬁo?

the cSllar as -houn in Iisura 22. ' ) .

Duri.n; tbn past two d.em-' i‘iny new msterials have been tagted

dust, esnd and special clsys urn;p.@ in wexed psper to prevent

such a8 gels - and wats: ancnplh}atcd in plastis shesths, stone

“tts clay from drying out. NCIQy tilpii;‘to be efisctive has to Lo
‘of thc“cortnct soisgute countent ~ if (oo dry it camnot ba forced

into occupying. thg,total shot bole. cifcinference gnd if too noist

S

it is easily cjcctad at the inst~n€ “of stipation.

!'I Co

The rasults of mozmgwnmd ‘shot boles are axesplified in
. tha cese srudies discussed in this chaprer. . .

a4 o
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4.4 COAL DUST EXPLOSIONS

& high percentage of the recerded coal dust explosions in  South
Africa have had their origin in the dgrition sourve of
erplosions, It is intended to deal with this aspect {coal dust

explosions) under thig chapter.
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<
4.5 NUMBER AND DATES OF INCIDENIS
Table 4.3 Muzber and datesz of incidents
‘Date Collic ¢ Patalities  Remarks
1899 South African 2 Blown out shot of *Thorite® - )

& locally made chlorate

s explogive,
1905 South African 1 Blown out shot,
1908 Glencos - Cnm An elsctiically fired
Febryary ® o “carbonite" shot (permitted K
‘_;/f . A ) eﬁplcliﬁes) blev out and

ignited firedemp which set
. brattice cloth alight; the
fire spresd to-thbex, and
ccal; thers wete po immediste.
"fire fighting fecilities.
‘ | Attempts vers mada to wall off
' the fire but the walls could
not be built to confine the
fire closely with the result
that the volume of workings
~ inbye of the walls ves
mmtivg. A serias of .
_ | . uthnu uﬁluinﬁ Jm caused
o e, o' . by the fire snd thane

Y ’ . R " o culninated i o cosl dust
R \ ;. wexplovion which wrecked the
. S v mihe and killed the peraons

including the Inspector who
vare engeged in sesliing and
re . opentiam.“ o
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j

Date  Celliery Fhtalities
"1908  Cambrian Nil
June
)

1918  Hiobane Nil
1918  Northfield Nil
1919  Northfieléd . M1 9
1921  Bannockburn ¥

1941 Burnaide $

t

"Blown out shot whem blesting

Remarks

An eleetvicaily fired
Bearbonite® shot blew out and
ignited firedamp and started
a brattice fire. The
circumstances were practically
identical to the Glencoe
Colliery situation, Persous,
however, were withdraws from
the workings when it becaue
;ppaxent thet the fire rould
nor repidly be extinguished
or clogeiy confi;ed, A reriee
of minor exrlosicns aga.{n
“ollowed and finally ded to 2
grost coal dust expiosici
which awept through the mine.

Biocwn cut gheot, The wminer in g

.81l probability had rot tested

for gas before biesting.
Shast bottom iguition lin
course of sinking. "
Blown cut shot. Miver in all
probebility hed not tampad the
kole proparly or tested for

gas before blasting.

3 W
Blown out'shot when ‘blasting

in ges in & dyke Bepding. The -
bardness of the dyke and
:huu!fici?\&t tamping were the
probable causa of the shots

A

| blowing out.
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Date Colliery Fatalities Remarks

1922 Natal Navigation Nil Blown out shot. The miner had
probably not tested for
_ fivedsmp before blasting.,
1926 Durban Navigation 125 4 sliping hole, that is, one
Ne. 2 Pit without two free faces, was
blasted in the presence of
firvedsmp and blew ocutr, A
firedamp explosion resulted
& h . . vhich generated a great coal
dust explogion which travelled
throngh most of the mine,
1930 Burngide 38 Blasting in the presence of
inflasmable gas, The
explosion wae reporied as not

K
®

Q having been sugmented to any
\ extent by coal dust.
1935 Consclidated

- Marsfield +95 Blasting.

1943 No:thiield 78 An uncértificated lsarner
, ' ~ MWiner blasted an
insufficiently tampad shot
_ hole in an noventilated atall
filled with firedamp. The
. ® shot blew out and s violent
q sxplosion resulted. Tﬁurn wan
evidence that coal dust’ in the
section ;ay bave augsented %ﬁa
7. , . violence locally but the main
, o lcEtll roads to the section
° : g P " were e¢ither well stonedusted
- _' or wat and the explosion did
. not propagate.
1943 Consolidated
Mersfield N1 “Blesting.
1945  landsu/Nevigation o
Colliery ' 10 Blasting,

ok
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SEREY VIS

Date

1951

1951

1952
March

" 1952

April

1954

1961

1961

1962

- 1963

1965

Hicbane No. 2

Colliery

Durban Navigation @
No. 2 Bit

fiornelia Collierry 9

Nil
Hloban=s No. 2 1
e
%l%ﬁ
\\‘.
Navcaetle~ - 1
Platberg
Elacdsberg Nil
Anchracite
Ratal Coal Ril
Exploretion
Northfield 10
. Hlobone No. 1 Kil
 Indugeni Wil
Kilbarchan Nil

Fajalities
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o

Remurks

Blown out shot., Miner failed
to test for firedamp before
blasring.

Blagsting in the presence of
gaE. £

Ron~fiery ﬁine. Blasting
caused a cosl dust explosion.
Non~fiery mine. Blasting
cauged a coal dust explosion,
Incident concealed from Mines
Department.,, Firedamp waz not
suspected;: it had never beer
datected in the pine,

Blasting in an inflasmable
scmosphere,

¥iredamp wus.ignitld by &
worker wafting out biasting
snoke with a piece of hessian
vhich happened to ba
amouldering possibly ex the
result of blesting operationa.
Blasting io an inflammable
atmonphare, v o
Blown out shot into gas filled
gosf in a piller extracting
section, ’
I;nitio§ of coal dust during
blasting oparations,

Blasting in inflawmable gas.
Mizer failed To test hetween.
succassive shots.

Blow ocut of undarburdensd ox
overchacged shot hole when
shotfiring in fivedamp.



Date

- 1965

1966

1966

1967

1968

1968

1966
1968

1968

'_/,‘J

Colliery

Newcastle-
Platberg

Kilbarchan

Natal Coal
Exploration
K¥ilbarchan

Natal “oal
ixploration
Kilblrch:n
Indumeni
Enyati

Utrecht

Northfield

=
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Fatalities

Nil

Nil

Hil

Nil

Wil

Nil

Bil

i

Nil

‘@

Durban Navigstion Nil .

Jﬁhdorburdened shot hole in &

Renarks

Blasting in firedamp in a
stone raise. Miner failed to
test and to ¢arry out correct
procedure in dealing with a
misfive,

Blown out shot from
overburdened shot hole. Miner
failed to test for fivedamp
between shots and to tamp
adequately.
Blown out shot. Underburdened
ghot hole or sxcesmrive change,
Overburdened

holes and failure to test

Blown out ghot.

between shots.

Ignition of firedamp when
blasting. The minex failed to
test bhetween successive shots.
Ignition of firedamp when
blasting. 4

Igpition of fimdwf when
blgnting.

Blown out ghot.  Insufficient
tamping.
Blown out shot or unconfined

‘Poor ventilation.
explosives,
1liftt in a stooping section

blew iato goaf.
suspected that the shot holes

It iz almo

wate not p:upcrif teapad.
Miner fsiled to tast for
inflamaable gas before firing
charges.,
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Date Colliezy Fatalities
1972 Newcastle- Nil
Platberg
1876 Durban Navigation 2
1578 Rewcastlew Nil
Plarberg
- 1979 Balgray Colliery 1
1981  Balgray Colliery Nil
1981 Newcagtle 10
Flatherg
1981 Newcastle Nil
- Platberg
1982 ' ban Navigation 1
1385 ©  HMiddelbult 30
Colliery i

Remar} 2

An underburdened shot hole and
shot holes not properly
tamped.

Miner blasted in an
unventilated working face.
Hole blew through to a split
which contained gas.

Blasting out snook in stooping
saction.

Blasting ignited methsane
biower.

Blasting in presence of gas.

0ld explesives uged for
blasting.

Blown cut shotholes.
Blasting sircrossing.

With regard to the Consolidated Marsfield disaster in 1935, the
author hag not included the £atsl;tie¢ in the totals in Tahle 1.

- It is understood- that 5 Whites snd  some 73 Blacks lost their

lives in the explosion which destroyed & or 5 producing sections.

L]

The csuse vas attributed to eithar blasting or an electric arc.
The author has been vunsble to'loqptt the cofficial file on this

incident.

.,3'
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4.0 DETAILS OF INCIDENTS/FHENOMENON

Arizing from the 47 methane/coal dust explosions due to blasting
and explosives o record, two incidents have been chosen for
detailed examination. These are the explosions at the No. 2 Pit
of the Durban Navigation Gollieries on the 8th October 1926 and
the Nortiifield Colliery explogion on the 26th May 1943, BHoth
explosions resr’ited in congiderable igee of life, and the
inquiries were conducted in  great detail. Although both
explosions were as the resnlt of blasting opevations, several
important extraneoue Iasctors which had a bearing on the
explogions have to be consigered.

4.6.1  Duxban Navigation Colliery, No, 2 Pit

a.  Introduetion

On the 8th October 1926 at’18hl5 a cosl duat explosion treversed
the whole mine and erupt%d out of the two vertical shafis
destroying the upcest shaft * fan installation snd the decking
srrangemsuts et the downcast cosl hauling ebaft. 125 men (the
total night shift iabour force) loxt their lives and the ﬁina RS
rendered inoperstive for 4 months while recovery operstions were
in progress. Tragicslly the Mine Overseer lost his life alse in

the wubzequent reacus oparations.

The mine was consideréd to b one pf the best managed in Natal
and iz "wall known to he.n patticularly well~vent ilated shaft and
. thua there can hardly be a question of the sxplosion being due to
gas®., (Natal Mercury, 1926).
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The Committee of Inquiry appointed to dinvestigate the disaster
was preceded by much ili-feeling resulting from the exclusion of

representatives of Trade Unions at the investigation.

The details of the standards of mining and operavional aspects at
the colliery prior to the explosien are digcussed, The evidence
which totals 412 pages covers, inter alia, much decail of the
restue and recovery operstions, the great courage dispiayed by
the rescue teams, and the onflinching determination of the Mines
Inspectorete te arrive at the cause of the explogion and

preventiom CaRUTes.

b. The Colliery .

FPhoto No. i shows the purface inetallations at the c¢olliery circs
. 1922, The <coal seams were situsted ar a depth of 650 feet
(198 matyes) from surface snd were overlain by a dolerite sill as
I'uhnunvin Figure 24 below. This dolerite »ill was not present
over the No. 1 Colliery workings and this geological aspect was
‘put forwerd as s thtdry_as.to why the No. 2 Coliiery experienced
xore gas problems than the No. 1 Colliery, where cracks through
to surface allowed the wethane to bleed off to gurface; 2
position not possible at Ho. 2 Colliezy where the gaz could not

ascaps to surface due to the dolerite sill.
. : “’ -

c. Ventilation ,%\
The mine was ventilated by s 4,8 matre diameter Siroccd fan
delivering sppruximately 190 lafaqcond. The two shafts were each
5,4 metres in digmetsr. The fan pressure was 746 Pa. The
ventilation distribution in lsflaccnd ie shown on tha underground
plan Figure 25.

Stonedust was supplied underground in tubs at the rate of 20 tubs
per week, 'The mine tubs were 0,84 n3 capacity, thus the quantity

Ay
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The Electrician was working in thé gshafr bottom, 40 metves from
the shufi 1n the East Main haulage. He waé:busy installing uew
cabies uging 8 draw vice and after the explosion, 5 of the seven
wirer showed signs of fusing. The power was on at the time of
the explosion;. The REiectrician's body was discovered B metres
Erom the position of the draw wice and 20 metres from the fused

250 volt wires,

The evidence of the dying Indian.and the fused wires in the shaft
bottom led Msnagement to the conclugicn th;} the Electrician had
possibly fallen off m ludder while working on the cables, soized
the wires to save himself from falling and had thug severed the
1iwe wires causing an arc which had ignived the coal dust and
tinelly caused £ coal dust explosion. Watson and Edgeecowbe
(1937)";r;ue that this was probably the verdict which -the mine
Mansgessnt would have liked (an azcidental electric arc) since it
would indicate & pure accid!né (ﬁd not affect /.lurance claima.

ﬂoufver: after several weeks of careful examination of ‘the
fgrkinal. the Mines Depsartment offered e different sxplatiation -
s biown-out shot in section 10 in the North Main ignited firedsmp
which sxpioded and developed inte & grect coal dust explosien
which traversed the whole mine. | :

Sectlion 10 was developing in the North main (Figure 25) to tﬁn
rise which would have resulted ir wethene 1u§3tin;.g;ninlt the
roof. v ' : .

By the 8th October 1526 the saiv/ drive ﬁi& besn developed off
line to the left and the Shiftboes, on the 7th October 1925, had
given the apprenctice Minar on *F,lhift instructions to get the

3

o i : -
Yigure 26  depicts 2 plan view of the ‘face of the main in
. Section 10 ss it was on the 8th October 1926. Shot holes had

.,been blamted on the ri;ﬂt hand sida of the rosdway vhare ;tttnpts
to get the fsce back ot line had been made by undercutting the <

i

)
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right hand ribside. This had resulted in two ribs of ceal being
ieft on the sidewall in which sockets were evident incleding 3
sockets in the face. The face was described by the Ingpector of
Mines sfter the explosion as "being in a horrible condition”,
meaning off line and not having sidewalls properly on line, In

addition pv brattice cloth had been erected into the face - to

" remove methane which, by experience, would have been given off

freely from rhe slip plane as shown on the plan {Figure 26).

In addition, a large pile of loose coal was found, after the

-explogien, lying on the flocr on the right ‘hand side of the

heading. This coal had been blasted off theiright hand side “of
the nain drive presumably to ger the main back on line. )

The Miner io chsrge of the sectiocn on pight shifr (he vas killed
in the .xplolion) ﬁu;,ﬂ likas hi; dayskift counterpart, an
apprentics Hincr who 10;;11, us not permitted to blest. Mo
blasting battexy or cabics ﬂcre found st the nit- of Section 10
main drive. . v
A detailed exsminstion by the Mines Department trsced the origin
of the explosion to tha mein road in section 10, Thizx was
arrived st by the following deductions: ’ B
kS s o )
- Experience has shown thet littie damege iz Tecorded at the
'eya' or ‘origin poiat‘ of an sxplosion. The haulnga return
wheal in Section 10 was intnct after the txplouion,

U

- . The recording of coking or bumnt cosl dust os one particular
side of installations asuch as mine props, haula;a frames,

tubs, canches and axrcronsin;n.
[

-~

o

- The destruction of ventilation stoppings lnd other permanant
installations and the pogition of debris froe these dir
after the explosion relative to their position prior to the

' axplosion.

e
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of stonedust delivered underground per month would hawe been 20
tubs x 4,33 weeks/month x 0,84 mj x 1,8 specific gravity of
stonadust x 1000 = 130 939 kgs,

The colliery produced approximately 1000 R.O.M. tons of coail per
day ur 24,300 R.OM, rtons/montk giving a ratio of 5,3 kgs of
storeduizt applied per ton produved, a figuve far in excess of

cutrent standards of application,

The mine wu¢ worked ou the panel system =2x shown in Figure 25,
Line brattice was used to direct the ventilation inte each
vorking face, _ h
A practice cxisted on the cblliery to clear up and remove all
dust which ccllected orn intake roadwaye. This dust wes loaded.
inty bags and put into tubs and hauled %o surface. Obviously any
stoneadust mixed with the cosl dust worid .ultp be removed ss
evidenced in the Inquiry when the Hgnsger aave eé@den?e:

B
i

>
"In this place here, ref&rring hack to ‘the be’ tog of the downcast

shaft, vhers Maclachlan was working, did you consider that that
ﬁll sdequately “stonedusted? - that night, previougly to the
accident, any time ~- that night it was not, . "

Tou had :&yd it all? = Yoo o _

With the -toncdu\you wouic Whve TesOVET the coai dust? - :.Iu.
Hoat of it? ~ I would not say -oct of it, .

Do you think thsf you removed all the m{'nhndunt? - Yos, 1 :ug(nk
80. = : b . X
And do you think it was quite safe ;s it waal - It was going t&%
be sionedusted immediately.

" If you cleaved it awsy and put down jio more ntonsdust. would it

have buan scfel - I do %ot”think 0.

&

i ',{‘
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Surely, if you take swey something that is dangersus, then it
mst be safel -~ We were taking away stonedust which would also
render it unsafe. The more stonedust we take away, the more .afe
it would be. o

You were tryiﬁg to take away as much gtonedust as coal dust? -
You cannot do that.

Tou took it away, both mixedl - Yus.

If you took anything away, you took both? - Yes.

And the ramaininh which you did nof; take away might have been
onlyqeoai or only stonedust? ~ Yes. |
Therefore you would gay that®it might be dangerous? - Yes.
Surely if you clcar away this atuff wirich is dangercus, it must

‘be uade safe? -~ It would nat be made gafe,

o The only evidence of ntonedust sempling and annlysls is 3iv§a by
the luspector “of Mines who stated in evidence that; ™In the
crdinary gours of my duties I took them in Dece-ber of last year
“(1925). Thnre were thyes samplas tuken llong the east road! The
one 4t the pit bottom, very near to where the Electrician was

. found.ﬂconmuindvﬁﬂ percent bf incombusrtible meiter, which is.very
good.

. L
) o . PR
=

) Othér pointal.- At etplr po;ﬁtl they wers 200 netres from the
fff?;} of Wo. G”:ccﬁxo;.'- 84 percent incombustible. 600 metres
from the face and 600 untrcl from the pit bottom - that indicates-
.the same spot - 90 parcent of incombustible matter.

. _ = Y .

From the ganiéral sppearance of  the dust in future e:aminatién-,
what vas ' your opinionm of it?7 - It wes alvays kept very well

; . ()

stonedusted.®

From this eviden~e, it would sppea: tﬁst no ro&oréj ofﬁ ;¥onedust
:aqpliaﬁ and enalysis were done on & regularp basis and it iz
therefore difficult 4o gsuge the state of " affairs regarding
o ntpnnduating on the 8tk October 1926, Since the' nianums ravaged
by s coal’dust explolinn. lt is eonc]uded thl“ the) sconedusting
iﬁa&s uot adequate. o ) S E\\\\ BE

Do
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A point of great importance is the fact that no gas was
apparently reported in the three years prior to the explosion,
The Ingpector of Mines stated however that during a visit tv the
mine on the 18th February 1926 in Eection 9 he found 5%~6%
methane in 8 face! The face was fenced off and the necessary

precautions were taken. The mine wuw generally dry.

d. Mining Methods

The mine was worked on éhe bord and pillar method. All workings
were developed in the bottom seam’ which was f,& metres high.
Only the main haulages were brushed to the top seam floor by
glaating down the wmidatone parting which was 1,2 metres . thick.
Consequant]ly, the retuin airways, being low in height, were
firetly - infrequently examined and secondly would be seldom
stonedusted. Since the mine vas dry, fine coal dust coilacted in
£11 the return airvays snd would build up im thick {10 wm) lsyers
o timbar ;upportl and ridges left on thﬁ roof and gidewalls.  Ip
1950 the author cerried’out surveys of the ventilation et the
colliery in the northern areas and found this situstion to be the
case 24 years after thic disaster. This wes to have disastrous
conssquences on the might’ of the 8th October 1926, by which date
the aine hsd already baon  in operation for seven yeers,
Figure 25 reveals that the aine was blccked out in panels which
couldmb; idolated .or sealed «£f at short sotice. Double reax
pillar extraction was practiced iu the panels.

< < ‘ : h .
Ir tha sections cnmpresled{air. ‘supplisd from surfasce, was used
to driyn the Jeffrey coaldutters, drilling machines and pumps.
Fower was fed underground st 500 uvoltl to the Hsin East’ haulage
engine and a purpy in the North Hain. Tha haulages were 1it by
250 wolt slectzic lights. | The Main North bsulage engine was
situltﬁzz:: surface and Ullkltlll driv‘n‘ {This eﬁgiﬁ. vas still

in uge v the mine ceased pioﬁuctinn in 1858) g

7
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The only other electric apparatus used underground were electric
cap lamps. Miners used the Marsant Davy type safety lamps with

double gauzes for gas tésting purposes,

- The Incident

On 8th Octcber (2 Friday) the day shift, consisting of some 1100
men, had not produced any cosl due to a lack of railway trucks,

At 17000 the night shifr, cansinting of & Whitee, 111 Blacke and
10 Indians, descended the mine to carry out the general work of
brushing, cleaning up and undercutting ccal.

At 1Qh14 a dull bump was reerrded followed by a flame which
eruptad from the fan drift of the upcast shaft which was then
followad by .& cloud of dust nnd smoke from both shafts. It war
23h00 bafore the firat rascue tesms resched *he shaft bottom
where 3 injured Indians vere dircoversd still slive., These men
were brought to surface by 03k00 on the Saturday (Sth October

1926) . vy - .

Before dying %n the Monday. the ona Iadian. was sble to give
evidence of his experisuce in the shaft bottom.

By the Court:
"Will you tell us, please? - The translator replied: He zaid that

+ the Elsctrician - must I put it into broken English, in the wey

he put it to me? Well, he said the Electriclon had been into a
section and be told bhim {the Indian) tc weit nesar’ the Nine

‘Captain’s office until h= - veturned. He waited. He said- the

RBlectrician with the Helpars, his usual Hnlp;:l. returned and was
figxing a cabla, He spid a flagh of light, & bell ltlttod. from -
the Elecrrician and ran slong the ground towards the Mine .
Captain's office. He ran then towards the enginve;, the flash aicd
not-coms from the section but was started by the Electrician. He
and Khllip went towards the office to shut themselves In and then
thore vas the explosivhn.

=z
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bid he say anything about there being an explosion? - Yes, he

s2id that there was sn explosion.

Did he say anything sbout a flame and the coursze of the fiame? ~
He said that it ran slong the rail iike'a papér football.

Mr Milne: Was the Indian examined at all on his statement; wete

.any questions asked of him? - No,

Did be eay that "the Electricisn first wemt to the section and
told me to stay at the office; he and two Helpers worked with
him ¢lose to the awiteh, I gtayed close there. I was .snuffing.
Jugt after the Electrician got thqre.lyhere wes @ big flash of
light, like a bail; vhen an explosion%? - Yes, he said that,

b

{ The ylseh came from the Blectricisn? - And not ‘from ady section.

~ You say thak“hn said cthat? —:Xe:.

L

"I dan't know haw that occurred, but there was just a hpil ~f
light aund then an e:plouien" - fed, 5, by

A flash of light ran towards the Mine Tapcain'a o!fico. and thnn
there was an q;p“otinnr - !na.“ )

. N
"1 ren toverds the egine®™? - yes.

The light seemed to run alou; the ground towards pﬁ%ﬂ Mine
Captain's. officet - Ynt. i

Tou agree that this il e f-i&»rppteccntation of what he seid? -
Tas, I do.% ’ 4 '

W " . a
‘he evidence of the Police Snrgoanx who took the statement from
the dying Iadian iz that "We have had medical evidence as to hig

physical conditfon, NMenrally you think be wvas in a condition to

nake & clear and sare statement? - Cartainly.

]
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f- Nailes and cable hocks, for instance, which had been bent by

the force of the three shock waves in a coal dust explosion
would provide evidence of the Qirectlon of the forece of the

explosion.

The evidence of the Inspector of Mines is guoted and the
direction ¢of the force of the explosion is shown by arrows on the

plan Figurce 25,

"Now from what you have seen, conld you give wus sa idea of rthe
course which the explogion trsversed? - Yes, I think it came out
at No. 10 Section, somewhere here (witnesg indicates on plan), I
think.it vent down the intake and probably down the west side

return. When it come out of Ne. 10 iptske, it split. The force
went along the intake into old Ne. il. It also went in along neﬁJ

No. 11; it also wenr along on the road towards the main north,
along ho:h the 1ntake ‘and the south return, I think it went inte
the iny“ J nf ¥o. 7 snd it also continued towards the main north

intske. Eart /ment north along the amzin north this way (uxtnessm

indinateg ot plan). Part went nlong the west, along the main

north labye, and it allo travelled inbye Ko, 8, and travelled:

inbye No. 1Z, It slso went up the mein north intake towerds the
downcast shaft and dhnt up the aecondary intake, the dowicest

. shaft, lnd I think iv went up all these returns on both sides the

main uorth inteke, - f woulid like to &dd’. that some of the mails

.”stickin; out of plug#'in the roof cu the main north intake show

violentés from noxth to south and alse two 150 == girders,” fixed
in an upright position 30 maetres from the downcast skaft show
signs of violance; they were bent 15 degrees from their vextical
position, They were bent out by force, By force going inbyc;

’thny"uere bent towards the direciion of the shaft. Then I <think

part of the ferce went up the dowmcsst shaft; part went through
the three separstion doors betwsen tha downcast and the upcast
snd then PATT went up tha upclst ghaft: the i:plolion continued
past the 'downcast. It gplit at the "y  the force went gouth
salong the intake and then graduaslly petered out, died out.

g R

ey YA
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Mr Milne: There is un expressicn you used once or twice; you
used "outbye force™ when you meant the cther way? -~ I did not
notice it., It was coming from inbye and going outbye; that was
what I meant to convey., I might unconé&iously have said it ooce

or twice.

The Chaitman of the Inquiry: Have you formed any theory as to
what ceused the explosion, assuming that it did start from

No. 10? - Yesn, well seeing those three sockets in the right hand

gide of the mair heading, they struck me as being very

sugpiciocus, The undercutting was not properly done, and some of
these holes hed been drilled in the solid., I came to _the
conclugion that it“hight have been due to the blasting of cheae
holens there, They were partially blow outs, and I ceame to the
conclusion that the blasting might have been done in the presence
of gas, which might bhave come out of the slip in the face of the
‘main heading." "

Watson and Ed;ico-he (1987) state that it would appesr, from oral
evidence gathered gowe years later, that blasting had tcken place
in No. 10 Section, and that tle battery used for blasting had”
béen removed end thrown into & boiler before the Mines Depsrrsent
bad got intuﬂthe section %o investi;ate.

The flsme which the dying Indian sew ‘emsnating from the
Electrician in the sheft bottom' wea iu fact the “flame of the
axplesion passing through the zhaft gotton. '

" In order to have a coal duat explosion develop ffau an  electric
src in the shaft bottom, a large ¢oal dust cloud would heve had
to be reised prior to the flash occurring; the mine was idle at
18h15 on the Sth October 1926 and a1l the hsulages werxe on stop.

A dasmged safety lamp (the glazg was hﬁusing and the washers were
out) was found some distance from the face of the main in Section
10 with two other undsmaged lamps., [Evidence puggests that the
lamp was damayrd by the explosicn. -

-
b



347

A disturbing aspect was the faet that the Chiftbosses ware
blasting in sections where apprentice Miners were in charge and
80 were apprentice Miners blasting; Miners alse were mnot
epployed in sectigns fox long periods, : The Miner in Section 10
wag actually working in the Main East hsulage on the morning of
the Bth October 1926. |

[ N
¥

Evidence suggests alse that the Miner im Section 10 was in a

hurry. Thik is supported by tha evidence at the Inguiry:
"0f course, you looked at evéry posgible rheory but it is no gbod
unless wou can substantiate it in every poseible degree? -~ No, I

quite sey that (repiy by the Inapector of Mines).

And you heve not got anything te support your . theory that the

Miner was iﬁ a hurry-to get to the working face? - Welf. I have

tha theary vhich I hav- € rapdy put forwatrd that he had to get

back to his uo:k.rs. the ua*ﬂ ‘erowd of-his workers.

To etart them &t their work? - Yal._

Just outbys of the main drive Lauluge wheels in Section 10, a
water barrel on vheels had been tipped up on_it- and between the
roof snd floor (l.% detres bigh) sand baneath it was 2 damaged
wheelbarrow; thae itjc- to cause this must have come from imbye
Section 10 trawellibe = wn cutbye direction. :
The suthor intunds desling with coal dﬁlt“e:piocions in Chapter 7
snd reference to this and the Glencoe and Cambrian Collieries
divasters will ba referred to in Chat chapter.

f . mlﬂliﬂn !

The fsce of the main haulsge ir Section 10 had sdvanced off line
to the left of centre; - in order to get the face on line the
right hand ribgide had besn sndereut with' s Jeffrey coalcutter in

o

,
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a jagged fashion and shot holes had been drilled above the
undercut to blast down the coal. A slip was present in the face,
The condition of the face was described as a "horrible uess",
The face was rising to the south which would have encouraged
methsne to ccllect against the roof, There was no line brattice
into the face to remove methave. On the 7th Ucetober on dayshift,
the apprentice Miner in the sestion had loaded out all loose coal
in the main andlao Purther codl was blasted for the next two
shifts (night sghifr of 7th and dayskift »f the 8th October}.
On the night shift of tﬁé 8th October, the apprentice Minzy with
4 Helpers entered the section in a hurry and blasted the 2
sliping holes on the right band side of thé main Arive. The face
wag dry, It was his 1ntentian, al‘er tpe alrglgﬁto refoin the
Ihe dzill holes were

rest of his crew in .nother héa'? :
drilled into the solid, resulting - “s:-a blown out shot which

' igniied methans and which subsequently developed into a nethagé.

and then a coal dust Explosion which travcrléa the whole nine

killing the total werkforce on night shift. When the rascue

parties ceached the sect;on several days after the explasxon.
loose coal was found 1lying in & hesp on the floor of the main
drive on the right hend side (Figure 26). -

46.2  Northfield Colliery

_‘1{)‘.‘ . . 3

» [ .
i . . B NS

a, Intzoduction o RS

 On the 26th May 1543 st 07h30, a wethine explosion oucurred in

No. O section as & result of blssting operations, 78 persons
lost their lives snd it wes only due to¢ the quick-thinking and
axperisnce of the Miner in the neighbouring section, who managed

~to lead his crew th:ough‘gyzﬁaaturn airway and to safety, that

snother 40 men did not ddse their lives.
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The Northfield Colliery, situated 5 kms north ofTGlencoe, formed
part of the WNatal WNavigarion Cellieries and Estate Coupany
Limited The shafrs were punk in 1918 and producticn commenced
in 1919,

The Inquiry and Joint Inquest into this accident was carried out
with great diligence and attention to derail; it reveals how a
~ succession of events led up to the disaster which was Ffinally
" initiated by a non-qualified Miner blasting a shothole in the
presence of an explosive mixture of methane and air, The dJdamag:

resultxng “rom rhe explosion was extensive.

ba Stretigraphy
o ¢

the two coal seams occurved &t & depth of spproximately 200

metres from surfuce. Figure 27 shows a section through the | J&&a

coal seand# “which were separated b& 'i.5 metres of wmicaceous
sandstones. o :
) : } j
Ganerally the lower sseam vas worked in the development phaae. the
- midstons plrting being brushad down on the havlage roeda to
provide a height of 1,8 aetres as required by law. Brushing and
¢clesning out ga stone on the main houlsge slways required  a
gront deal of supervision and follow-up. I¥f brushing, as was the
case in this incident, was sllowed to Iull Izr behind the face of~
the main, the heuiage «could not be extended, tramm@ng becane
excessive and permsnent ventilstion etoppings- could. not ba

inztalled. v

e

The top -eeﬁ'ie the Xlip River Coalfield wem generally worked by f

the doubile seam 3tboping method. PHth geamn were;~e;ceptianaliy'

gasay and often the ges from the top seam would 5zé¢b off _ander )

pressure into the bottom sesm workings. "
N

]
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c. Ventilation and Stonedusting

The main surface fan was & double inlet Sirocco fen with a

capacity of 150 mslsecond and a pressure af 1245 Pa.

Table 4.4 shows the ventilation quantities delivered to the
various sections before the explosion and Tabhie 4.5 the situation

after the explosion., The explesion had its origin in Section G.

Table 4.4. May 1943, Ventilation quantities to the sectiong
v before the explosion

_ nalnacund
No, 2 ﬁsin Haulage Incvake at aircreossing : L
No. 2 Moin Haulage " :take Qutbye No. 0 station 17,7 ¢
No. 2 Saction Return at last workiﬁg face 4,9
No, & Section Return at lasr working face Y-
Ko, 2 Main Haulage Intake itibye No. 0 Section 16,5
- Ne, 0 Main hsulage Intake at sircrossing ' 12,8
No. 7 Spiit aﬁf:onching No. 2 Main Intske 13,1
Quantity of ventilation available for Sections
2,6 wnd O . " 30,8
No. O Section last tiirough rosad at face to right ~ 5,8
Mo, 0 Section last through road at face to left 3,8
¥o. & Otift Return : 34,6
Moin Return Upcast Shaft : ' 95

Pressure in Far ft - 1145 Pa

Table 4.5. June 1943. Ventilation quantities to the gections
" ., attar the sxplosion

u;flacond
Ne, Z Main Heulage Intake at aircrossiag 23.4
No. 2 Main Haulsge Outbye Ne. 7 Split Intake 16,2
No,. 7 Split Intake to No, 2 Main Road 11,8
Quantity of air available for Nos, 0, 2 and &
Sections 28,3

No. 2 Main inbye No, 0 Stztiom . 11,0
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No. 0 Section Intake at aircrossing 11,5
“Ne. 0 Section Last Through road at Fface to right 6,3
No. O Section Last Through road at face to left 3.8
Ho. 2 Bection Return at Dyke 61 metre from last face 2,3
Ko. 6 Section 30 metre from last faca 5.4
No. 5 Section (Main West) inbye of aircrossing 1,2
No, 1 Section Intake outbye No. 7 Main Road 6,4
Main West Top 2nd Incline 23,4
Nes 7 Main Haulag§ Inbye ar aircrossing 26,5
Mgin return at Upcast Shaft ‘ 103,4
Pressure in Fan Drift 1145 Pa

The main poiut of issue is the quantity of air entering Section O
which was almost unchanged at 12 a;/second. Thie is generally
-cousidered to be adequate for a Natal Colliery. The quantity
pausing through the last through roads war  approximstely
4,5 a flccond in the last vight Lmund through road a;d
3.8 laccond through the last lefr hund through rcad. The area
of the last through road:was 8,0 mz, hence the air velocity in
the rosd would be of thq”ordtr of 4,5

| B.0

= 0,56 metres per zecond,

Under normal circumstances {line brattice instslled in good

condition in the faces and terminating some 3 metres from th.
face iteelf) nuch & velocity would have hutn sdequate to remove
any7 methane from the faces.
. W

What was disturbing was the loss of air in the sectzun irseld.
Ont of & quantity of + 13 m falcond entering the section only 8
n lltcond was pessing through the last through romdways. Tha
reason for this discrepancy is explained Ilater. Bratticing
stendards according to the Shiftbosa were that faece brattice
ahould extend to within ! métre of the faces. & days before the
sxplonion occurred, evidence was given that the line brattice in
each roadway wes + 10 metrea back from the face.

U
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Ventilation to this section (described as one of the best) was
taken up the main intakes snd split left and zight into the

section {see Figure 28).

Approximﬁtely 10-15 tubs of storedust were delivered to the
workings each day. This quantity proved adequate to prevent the

propagaticn of a roal dust explosion.

Monthly coal preduction wes 35 000 R.0.M. tons hence the

application of stonedust would be g follows:

12,5 tubs x 25 x 0,84 x 1,85 = 1 000
W 35 000

= 1,4 kg per tom mined.
This quantiry is to be compared with the spparant 5.3 kge per ton
distributed at the No. 2 pit of the Durban Navigsrion Collieries

1 1926 prior to the coal dust explosion.

Q
4. . The Incident

Figure 28 shows the srea affected by the explosion, PFigure 29 is
anothar plan to a 1arg¢r scuie of tha section where the explosion
originated and Figure 30 il & plan showing the heoding where the
blown-out shots occurred. -

W,

The Inspector of Mines reported that st 08h30 on 26th Msy 1943 &

- telephone message was retdived from Netal Navigarion colliery

thnt o axplosion had - ocenrred about an hour earlier that morning

'is the ;Ehi of Nos. 0, 2 and 6 Sections. This message vas
telaphonnd to the Inlpector of Himcs. Katal. _Ha stated that:

ﬁAt the aine I was informed thart the HManager vas underground,
The Colliery Engihoer wae requeared to apeed up the mine Zan if
this vas possible without risk of damsge and to make arrasngements
to ssud down brattice cloth, bfiéks. ssnd and cement in quantity.
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At the shaftr bottem I met a Shifthoss who gave mpe what
information he could and I then went into the main return from
the western area of the mine, throngl. the doors off the main west
henulage. Here was found a strong after-explosion smell - testing
with a carbon monoxide detector revealed only a trace of carbon
monoxide - less than .01 percent. Firedamp could not be detected

on the flame of a safety lamp.

An attendant was stationed at the duor with instractions ¢

probibit persone from using the return as & travelling way.

AP 09h&) I reached the No, 0 Hnnlagé‘ Station in Ne. 2 Haulage.

=7

The air at this gtation wazr ¢lear {of methane). Shortly before

reaching tha station, stretcher beare:s carrying out those men
who wera slive, were passad on their way outbye. At the station f

itgeif tubs had been derailed snd overturned, and the body of a
man there appeared to have suffered consgiderable viclence. A

fairly considersble fall had take place at the station and the

beans carrying the angle wheels for the haulsze ropes along No. 0
Haulage had been dislodged from their pogition.

Theare was no mign at the ut;ti,on of tha lmm;ar or the Mine

'”\\1\0“:-“" and I continued inbys along ¥o. 2 luullgt for & distance

of 120 setras where the canaries showed signe of digtress. It
w2gs seen that stoppings on the left wand side beyond the =station
bad been blown ocutwards from the direction of Mo, 0 section, and
that foul eir wes emerging. 1 returned to the No, 0 section
station and went io a distance of 91 metres slong No. 0 Haulage
wbare foul sir wes agein encountered. Mere too were signs that
the force of the sxplouion bad come from No. O section. It was

e A R R F P AR, L AR

ssen that the - sir emu:lng carrying the return air ' ‘\m Ng. 2.

section and frowm e right hand side of WNo. O section had been

w:qckod. TN
The Bhiftboss arrived at MWo. O hmlm stationm and I instructed
him to withdraw workmen frem the other asctions of the mine and
then to divert more sir in along No. 2 Haulsge.

1




$358

Shortiy atrerwards th/ “apager and Mine Overseer appeared at the
wrecked sir crosszng\ . .vf the MNanager explained that he had
effected a temporary 'repair of the air crossing over No., 2
Haulage which had Dbeen damaged, and had erected a brattice to
prevent the intake air whichk was reaching No. 0 havlage ghation
fxom short cireuiting viaathe wracked air ¢ressing direct to the

return gerviced by the damaged air crossing.

Tt was quil= clear that the foxce of the explosion had tome fronm
the direction of No. 0 Section and that there wae more likelihood
of persons still being alive in Nos. 2 and 6 sectiansﬁ

Between N and & {see Figure 28} were found the bodies of 27 men
and it was apparent that these men had fled cut along the haulage
and on mesting a depdly concentration of poisoncus fumes had

* fallen one over the other iu their viin attempt to escape,

"At @, 360 metres from No. O Haulasge station, & prop wﬁﬁ found

across the road with "Come in this way, Ted™ chalked on it. This

direction was followed and in the workings to the right and &
littlie furxther inbyc ulre found tvo Miners with forty men. Theze
the uo:karn in Nok._ and 6 sections who were still alive, except
for ove othar who was badly gassed. He was found and was carried

. 0ut to Teceiva oxygen treatment.

These man owed their escspe to the fact that tht.gtoppingu on the
right hand side of No. 2 Haulage at L and Q colispsed allowing
the bulk of the noxious fumes, which had reachad this haulage, to
escape to the return sirway on thi”right bard side instead of
being drawa in quant;ty to thc uuzhing placas in Nos, 2 and &
gdactions.

There is no doubt_that if th.!{fltappingl.had not collapsed the
death toll would have been considersbly %laher, snd it is indead
unfortupate that soma of the men: from t:iq

bid to eic-pe when the fumee in fﬂo. 2 Haulage must have been at
their worst. !

sictionn had made a
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1t was apparent later that safe progress into No. 0 sactice could
not be made until the wrecked air c¢rossing had been rehuilt t¢
carry, to the return, the foul air from the workings on the right
hand side. This foul air was leaking through the bratrices at

the rear of the woarkmen.

By Monday 3lgt May it was pussible to reacﬁ the dbrushing 11?.

90 metres from the face of the main road, and on Thesday 1st June
the section itself was explored. Detaile of what was found are

shown on the plans.

Hé. 0 Section is in a panel of its own. Off No. 2 haulage three
. 4,57 metre wide roads lead  through'a barrier pillar into this
panel, the centre road being the hsulsge and intake road which is
from 3 to 3,2 metras high for most of its length. The other two
.nolds form the return airwsys through the barrier pi{@n:.
It?rould appairu that the force cf the explosior travelling
outwards from the working facet of No. 0 section was checked by
the restrickion afforded at the barrier by the two return rosds
and sought relesse by blou'-'f g the brick stoppings on eiﬂ;)or side
of tha haulsige rosd inwards. o

The body of the Miner of Ko. O ssction, was found iobye of the
haulage return wheel at the end of the double track. It appeared
that hs had been hurled head first under & tub losded with broken
rock from the brushing. A partly consused packet of ®aspro” was
found in oue of the pockets, é; later transpiced that he was
sffering from toothache,

The Miner's ipitizls for the date 26th May were not “found chalked
up in any of the working“places in Bo. 0 section. His box, which
" had stood at D24 in the hsulege, wes shattered and only a few
fragments of it could be found. The report book was not to be

found and it is not ¥nown if a& report on the condition of the

W

section that mrniﬁg had been made or mnot.

A
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Nothing found in the right hand_éide was suspected as the
pnssible rcausze of the explosion although in that area there were
signs of consjdersble violence as large numbers of preps had been
knocked cur and falls of poof had resulted. These falls were

more numercus and of greater size on the extreme right hand side

“and outbye from the faces, suggesting thet the explosion had

gathered force here. Similarly nothing was found to suggest the
cauge of the explosion on the left hand side until the last

working place was explored,

Figure 30 shows details of what was found there., This working
pisce had been driven fﬁr & distance of 30 merres and two new
faces, one to the right and one to the left, had just been
started. These faces had esch bees undercut to a depth of
1,58 natresﬁ@ut_thn cuttings had not been <clesned out from the
undercut’ Both Taces had been drilled, three shot holes in each.
The centre shot hole in the right band face had been fired and
bad blown out leaving & socket 1,4 metren deep, bringing down
only sbout & ton of coal from the face. The other two shot holes
in this fdgq'lnre steuding charged with sxplosives; the one on
the laft appesred to be tamped to the collar, the ome on the

_right had a length of 1 metre not tamped. Later the explosives
contained in the holes were recoversd and Figure 331 shows the

detaile 6f these shot holes.

In the f-éﬁ to the ieft the three shot holes were charged with
explosives but not blastad; from left toe right the length of
:ﬁcun shot holes meesured 0,3 metres, 1,01 metres and 1.01 metres
were all untanped.. o

L x \]

Both faces werg traversed to some axtent by slip planee, The
last 6 metres of the heading was wet snd water had accumulated at
the feces to a depth of 100 am, The faces wers wat and so alszo

was portion pf the inside of the blown-out shot hole. i
v . :

Firedamp was being emitted from the floor, bubbling geotly

through the water from crevices. There wae no brattics cloth

g
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ieading in to the face. Testing for firedamp showed the presenca
of 1.1/2 to 2% methane, The end of the firing cable was dangling
from the strap over which it had been threaded at the face., The
leads had cbvicusly been connected to the shot which had blown

out.

From the face the cable led up the road to the exploder which was
round the corner. The leads were counected to the exploder
terminal and the exploder handle was screwed in, Flame safety
lawp No. 10 war liying on its side nesrby. Examination of this
lamp in the lamproom showed it to be undamaged, in safe condition
gnd working order., The internal relighter Eunctioned perfectly.

Nearby were lying the bodies of a Learner Miner and five workers.

These bodiss were badly burnt.

There ie no doubt that this neading was the origin of the
explosicn and that the explogion waé-initiat(iaby the blown-out
shot which was fired by thg'uncaxtificated Learner Miner or under
tiz direct supervision by ome of the Asgistants with bim.

When the hlqﬁnmout . shet occurred it ignited an exploéﬁve
mathane/air mixture which had sccuaulated in that heading. This
o £iredligyaxploaion was accentuated by coal dust from the sides
and';ioﬁ: of the heading, which was raised in the .van of the

: fjm.» R

Observations made led to the conclusion that flame spread in some
dirgctionl for s digtance of at least 120 metres ifrom the
entrance to the heading. Coal dust did play & pait in the
explosion but it is thought not & major part., It sesms that the
. _naturgllx;wtt condition of the section plus the stonedusting
'.ubich had been carried out did much to screst the explosion and
prevent its propagstion. It would seem that au explosive mixture
of gircda-b and air war present in the rnaﬂu@y from at least 30
metree from the blown out shot. If the brattice doors across the
truoming rosd to the left at D26 and D28 were torn or destroyed

el i

S
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prior to the ex@lssiun, there mey well have been a considerably
larger body of an explosive methane/air mixture lying in the left

hand side of the sactiomn.

Careful examination of the heading where the explosion originated
fajled to reveal amy sign that bré?fice had been erscted to carzy
ventiiating gir ints the face. The supporrs in the heading had
not been disturbed and an empty tub 12 metres from the face had
not been derailed...ﬂltogether sigus of viclemce in the heading
were éarkedly ahserny.

it is qu:te certa;u hhat if a htattzce hed been nrected down that
roadway, even to wx&§1n 10 merres Jg{ the face, there would have
been found unnxstakab @ proof that‘;d‘had been erected there.

Lo <

It is significant that a roll of new brattice 18 umetres long,

apparently unaffecced ﬁy the explosion, wes lying at the corner

fl . \‘.

to the right coming out from the place, This brattice iad" not

baen in use. =

e » i

The only possible conclusion is that no steps had been taken to
direct a current of ventiliating air into the end where tha shot
wag fired, Nothing was found tohsuggcut that workers were the
victims of circumstances beyond their control in that » gudﬁsn
outbuzst of firedamp occurved in that hecding just before the
shot “wax fired, J' /

Normally if « vroperly charged and tamped shot hole imafired in
undercut c¢oual the coal is brought down without the zhot blowing
out even if the cuttings have not been removed from the uudercnti

o]

Figure 31 shows the &izpo;ition and smount of explogives and
tamping iﬁ ‘the shot holes on eithnr side of the blown our shot.
Thn dtplntmaa manner in which these shots were charged wouid

maka tbaa e:trently lisble to blow out if fired, mainly because

of tht 1nsu1£ 2ient use of tasping. The Hines dnd Works
Reguiu%ions desand that in a ‘fiery mine, shot boles be filled
with tauping 1o the collar of the hole,



4

1.70m

t i
] K |
1BOmm T5mm 4 23¢mm i
LEFT TaMPiNG Ioap. 1 gap ! ; l
HAND - 7
© SHOT ke W S R AR B
¥ T
POLAR GRY 1280 g MONOEEL Mot ; |
- AJAX PRIMER ! | |
'lfﬂ’Bm i H
. : i
L
" CENTRE 20mm  f |
SHOT i A e
BLOWN OUT - v Tl I &
{ BROKEN 1 BRY UNE XPLODE D [
BY SHOT - | £ X PLOSIVES
> » ORIGINAL LENGTH OF SHOT HOLE 1,83m : Is
i o
, X
o l o
RIGHT . %
HAND =i L ¥ I
S HOT 4 1,02m GAP i |
l -IPULAR AIAX |
PRIMER

Fragure 3%
. HORTHFIELD (OLLIERY

BETANS OF THE THREE SHOTHOLES IN THE FACE WHILH £XPLODED

£9¢



P

@

810 mm i i L.
LEFT GAP TAMPING  1GA P GAP 5 , I
HAND
SHOT [-, ' l’?:ra» * ] l-.??._'
' URY 280 g MONOBEL Not P
AJAX PRIMER | |
. 188m _ |
7 - |
CENTRE womm  § |
SHOT - - — = ST | £
w" Uu]’ , :'l 1. Wt A .
BLOWN {eroken DRY UNE XPLODE |?~_
. . BY SHOT EXPLOSIVES . I~
) N ORIGINAL LENGTH OF SHOT HOLE 1,83m ' pr
B 3 e ' v
) - N fo i
RIGHT (- - S e 12
“ HAND T T A R R R R IO M | )
SHOY ' i 1.02m GAP H20mm, S6g 1 ¥ | 2509 MONOBEL Not |
= Irm MONOBEL | 1 I i
1 Nol ! : -
7} l T , b, YpoLar asax f |
~ L Q \0m PRINER |
L | AL
' " Figure 37 CoT T
g NORTHFIELD (OLLIERY

DETAIL“S OF THE THREE SHOTHOLES IN THE FACE WHICK Ex. 1OUED

9%

BTt e -

i )



364

Air gaps between cartridges, and the detonator so positioned that
the primer cartridge is at the top of hole, are known to be
causes of misfires, and could easily be the cause of setting a
pertion of the charge alight instead of detopating it,
particularly if the shot had been standing charged £for some

congiderable time.

1t is posesible that in the case of the centre hole not only did a
blow out occur but also that explovives remained burning im the
hole. This would make the ignition of an explosive mixture of
nethane and air virtually certain.

In the roadway berween C and D (see Figure 29} a on wae found
containing explosives. The lid was unattuched to the box and wis
lying half acrose ir. The lock had been snapped to in the
gtaple.

Thetre wes no shortage of tamping material in the gection, 28 =&
further supply was found at D29 (see Figure 29) further along the
road.

Sampies were taken at the spots marked on Figure 2¢ (Plan of:hNa.
0 Section). Where coke wae found it was genexally as a friable
dmpoaxt not more than 5 am and often lesm than 2 mm thick, and on
ahu lower thixd of preps. An occssional prop showed a faw
lohulea of coke :pnttered on to the side facing the direction of
force, whichk globules were only visible when a layer of uncoked

:ﬁuat. &npoaitod ilater, was blown away.™

During the rescue and recovery operstions in Section 0, which
took approximately 5 days, %iethlnc concentrations of 5% were
detected in the main drive us fer back a8 the air crossing st the
Ho. 0 section station, |

During May 1943 gas was reported on ﬁwq occasions in Section O
and. on the night piior to the explosion the night shift Shiftboss
had reported gee present in the drive where the explosion
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cccurred. A disturbing feature of the evidence is that the night
shift Miner failed to report the preseuce of gas on the Left hand
gide to his Shiftboss at the end of the shift and, Ffurthermore,
stated that the Shiftboss had mot visited his section that night
(25th May 1943). The Shifthcoss (supported by two witnesses in
the section) stated that he had visited the section., Furthermore
Miners were not kept informed of problems experienced on the
opposite shift. The night shift Miner's blasting Aseistant
claims, i direct contradiction to the Miner, that bhe did not
help the Miner tamp the 3 holes in the face where the explosion
occurred. The Miner's arvogant and careless attitude is

exemplified by hic remzrks under croszs examination.

"What experience have you had as & miner? -~ You people should be
glad that you have a man of ny description for a Miner; & man
who can leook after things.™

The Miner further stated under cross examination: "7 think the
begt we can do is to igrget this (the disasier) and to carry on.
As far ag I c¢an see no one need worry and it is not due to a
nfault by apyone.™ | .
The brushing lip as shown on plan No. 29 wes 100 metres back from
the face;nf the main,. Apart from the fact that this state cof
affairs prohibitrs the extenziop of the haulage and thus affects
trasming efficiency, it militstes against the erection of the
permanent brick stoppings up to the second lagt drawing ruad;#hua”
seriously affecting the section ventilation to the working faces,
The section Miner who was -+ the brushing lip at the time of the
explosion fiad hended the blsasting keys to the Learner Miner., The
pbeight of the main baulsge at 'the briushing lip (2.1 mettes) was
clearly more comfortable than the faces themselver at 1.4 metres
height. '

The Learner Miner who blasted the shot holes ha¢ only worked om
the mine for 5 weeks. His previcus experience had been on gold

xines. -
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There wexe 7 double shifted seetions at the colliery., Two
production Shiftbossez, one on dayshift, the other on night
shift, were responsible to the Mine Overs ir. Evidence indicates
that the Shiftbuss waw unable to inspect all 7 sections in a
shifr, Those sections he was unable to visit were supposedly to
be wvisited by the Mine Overseer. Another aspect of the
supervision was that the night Shiftboss examined BSection 0

without taking the Miner with him through the section.

This is exemplified by Court evidence: "WKhen you (the Shiftboss)}
found gas in these places and then in the main you met the night
ghift Miner? - Ves.

What did you tell him? - I told him te go and extend the brattice
in the last two places as there is a little gas in there,

Y

4

~,

__shd hig reply was? - He said nothing except that he would attend

to it.

You did not teke hiw to the place? - No.

Could he understand from your explanation exactly where the two
places weral? - Tes," s

The crose examination of the day Shiftboss geveals_poor nining
practices. :

"The tvidepcg iz thet a worker does the charging up, and the
testing for 'gu is unsatisfactory, and an uncervificated man does
the blssting; iz there no mesns by which you as Shiftboss can
keep check on this sort of thing? - It is not possible for the
Shifthoss to remain in one smection all the time, snd as I thave
just said they never know when I will come into the Saction.

It seeme am if they did wnot particulsrly care about that
sccording to the way they broke the regulations, end it ie the
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duty of the Mine Officials to keep some check on them? - I knaw

that and we do our best to ensure it is done."

e. Conclusion

Three shot holes were charged up in a split wif the left hand
drawing ruad by the mnight shift Miner. The face bhad been
undercut by the coal cutter but the cuttinge had nor been reroved
from the cunt, This aspect led to an  almost "solid" face. The
toadwsy was developed for 32 metres past the last through
vertilation road and.no brattice had been erected in this road to
renove methane which was issuing from a crack. in the floor and
slipe in the roof.

On the following day shifr, an uncertificated Miner blasted the
inadequntely tamped centre hole which blew out igniting methane,
causing an explogioun. ¥vidence was ther the gection had not been
examined &t the commencement of the nhiftzpy the Hiner in charge.
The brushking face was 100 metres behind the faces which added to
the difficulty “in ventilsting tlie section notwithstanding the

fact that adequate ventilation war being dirgeted into the ares.

Supervision appeared to be¢ylax and strécched with one Shiftbess

- supervising 7 sections, ' . \

L]
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SUMMARY OF THE PRACTICES REVIEWED

There are ipherent dangers in allowing apprentice and
learner Miners to conduct blasting operations. Becausze of
their inexperience in dealing with methane and its danger,
coupled with a lack of knowledge generally of coal mining
(including the use of permitted explosiﬁf}}. they will tend:

- to take chances;
- nat to ¢carry out appropriate tests for methane;
- to charge and tasmp holes incorrectly;
- to ighore the ueéd for two free faces ano the cleaning

-out of duff from the undercutd;
e to neglect the ¢rection of bratticee or ventilation
ducting right up ZInto the facae and so dilute and

‘regove the rethape emissions,

Senicr Mine Management allow non-certificated Miners to
i\blu.t and supervise section operstions, either without a
qualified Miner being prenené#l or under suchk a2 person's
supervision. \ '

The mine structure vested & gsupervisory role and crucial

reoponsibility for safe working conditions in White mine

vorkers, who in wmany inztances, did not live up to their

rnlﬁon’;biliriea. Thit resark applies equally to
Shifrbasses and Mine Overseers.

The attitude "Do as you please regardless of risk as long ss
you get coal ont at & low monthly cost way of ruaning the

‘mine".

Poor training of Supervisors and Hinefs with special

reference to blasting operatiocas,
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Incorrectly positioned shot heles in relation to the

undercut and overburdened shot holes.

Shot holes drilled into the solid and over solid ribs of

coal.

ineorrect positioning of the primer charge and explesives in
a shot hole (top or collar priming versus indirect or bottom

priming) .
Precompresaion of explosives,

Use of non~permitted explosives in a fiery coal mine,
Charging up shot holes and chen leawving them for the ﬁnext
shift to blast.

Allowing roof or floor brashing in mections to fall behind
schedule and thereby delaying the installation of belt,
haulage and electrical extensions. ' '

The conkiqutntinl effects of item 12 is thar permsnent
ventilntibn upplinnhal sre not inatailed rimecunly and this
sffects vantilation ufficiincy in a section aince temporary
ventilation applisnces tend to leak to a greater degree, than
permsnent brick stoppinge.

A¢ & result of item 12 trzamming distances from these faces
" to the tip point become attenusted — this hes the effect of

lounring sroduction tempos and morsle. Miners also tend to

. tak¢ chances in sm  endeavour to ensure that on  adequate
supply of loose coxl is alwys available.

To allow work to procesd, especially blasting operations, in
uoventilated roadways is & recipe for a disaster, '

&

It
LN
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Workings to the rise will always accumulate methane wsore

readily than those on the level or dipping vowards the face,

The statistic of kilograms of stonedust applied per ton of
coal mined is not necesgarily a guide to the effectiveness

of stonedusting in preventing a c¢eal dust explosion,

Incorrectly tamped shor heles and the use of the wrong
tamping material.

A

-

Incorrect use of millidews: i delay detonators.

Bventually the most important aspect of blasring eccidents
iz the failure of Senior Mine Management to e#nsure that &ll
levels of section supervieion test for the presence of
methane in the face where tha shot holes are to ba fired and
all other contiguous Saces.

Not  saspling the mine at regular intervals for
stonedust/incombustible dust enalysis.

Banior Mine Ihna;,cm't and Supervisors, during the courze of
their inspecticns ﬁadarground. vho ase that work is not
being carried out safely snd yer do not “pull op" the
culprits, turn a blind eye to the ﬁructiclu snd allow the
work to proceed as though nothing is et fault. -

Sapervizgory effectivenesa is never increassd when production

sections eacounter s deteriorating position in poor ground

conditions, innressed wathstis emissions resulcing from

sxcassive slips and fZsult planes and burst cosl wonez or
increased weter emissiuns.

o

o
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PRECAI'TIONS TO BE ADOPTED

The temptation, when Senior Mine Management are short of
qualified hlasting certificate holders, to use Apprenrices
to blast in sections is great. It is only a commitment to
safety and sgound discipline that will ensure that this
dangerous practice is stopped. Vigilance from first line
upervisors is necessary to uncover these malpractices in

the first instance and then stop them.

Proper and adeguate training'uf Miners and Supervisors both
on and off the job will ensure that thay are able to
appreciate the dangers attached to blasting parvicularly
vhere methane is being given off freely, The importance of
ensuring that adequate ventilation is delivered to each face
éannot be stressed enough.

l_l

Bridging training is particularly necessary for Miners wha

are promotsd to Shiftbosa level. ALi to often, men a&are

appointed to the position of Shiftboss (snd  likewise
Artisana to Foremen) without receiving any form of' training
in & Shiftboss! duties. "

A Learner Control Programme for Miners, Shifthosses snd Mine
Overseers comprises the following main headinge, and
enpirant candidates shoull be required to complete the
relevant courae in not moré then two months  after

i

'lppointlsnt. _

I}
Niners _ : _
Plenning and organising the prodﬁctian cjele
Ventilation °
Supporting B

o

Cutting
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beff cleaning

Drilling

Charging and blasting

Loading

Trailing cables

Conveyor belt extetizion and equipment mowve
Load haul dump equipuens

vrodudtion shifrboss panual

Shiftbogsges

- To obtain an .overall picture of ~ the  latest
developments. .

- A wmeans of communicaring certain areas requiring g
attention, ’ ' ' fff

~ Machine performance and availability.

i

- dﬁﬁ%ﬁl '

- Tractors

-~ . Load haul dump units
- Spare whaels

- of1 " c .

Roof: ' : f ifl: .

_ {4) -~ Barring , ~ Bar to the solid ?'
- Support - - Inktall additiona;f
- Roof control - Accurate drillin;.?

" o

~ Planés of wesknesses -~ Additicual suppory

L

{i1) ~ Sxcoszive ojﬁ:hnn;ihg - Bar, cut with coaicutter
coal ' . or drill and blll&n

= Direction of rib side -~ Refer to huttinglﬁn
- .lurring - - Bar to the tolidﬁ

Suspend acco:dinﬂ to

{

~ Suspeniion of cabler
' mine standards

N T
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{iii)

(iv}
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~ Slight overhanging - Cut the overhang with
coal . the coaleutter
~ Excessive overhanging - Drill and blast overhang;
coal H do not cut face
- B;rectbon lines - Sight through survey pegs
- Helgh&:¢xcava ion - Qorrect drilling of top
_ holes
~ Bockets and misfirus = Depthzbf holes. Misfiresj
treat as per Regulations
~ Depth hele burden - - Drill holes to mine
. | standard
- Depth of drill hole =~ Measure the depth of cut
and direction aﬁd drill on line
Ploors: -
- Unnecessary equipmeat - Remove and store in
 correct place )
~ Floor coal “ o Drill and blast floor ’
! " X coul - |
- Excepsive loose coal - Sweép coak up with
loader |
< Exceusive wates - Pump water
- xreilini cables - ~ 'Suspend sccording to mine
E {--».\t | . stapdardy . '
Stqmaduat ing
ing roads lnﬁ raute E
Shuttlecur chanseout points’ r
Shuttlecar anchor points
Conveyor tip clebnlineas _ : . 8 v
Cabie suspension '
Back-up wachines ]
Maintenance bay - spare oil. vheels i
Waiting place und first aid
Explosive magazine “ A
Stores and materiel o .
" Brattices i

Watex pipes

W 4 "

o
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Mine Overseers

A concept of munagement

Planning

Cost controel

Mechanised equipment statistics

Production potentizl in mechanised bord and pllis: mining

Grade Control

It is the author's view that successful completion of such a
course will  Thelp supervisors to carry out their

raspongibilities in 4 reliable manter.

The technical aspects cof explesive and their use in
breaking ground is not sufficviently covered in the training

of all lewels of Mining Supervisors and Mining Engineers.

Figure 31 depicts a prdperly charged shot hole in a fiery

coal mind,

- The shot hole 14 150 mm short of the end of the
undercut (prevention of sockets and blown out sghots).

- :The shot hole has been cleared of any “1oose' drill
cuttings by rvunping the charging stick up and down
inside the hole, - '

- The hole has been bottom primed.

- The correct maount of explosive has been loaded into

the hole, i
¥ o

-~  The clearance betwsen the dismeter of the hole and
explosive diamster is & minimum to reducs the effects
of ccupling. )

- All t:ploliv;s are pr&iled together and not separated
by coal dust or other foreign mater . ”
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- The correct stemming material is used and is pressed
against the explnsive charges. Cushion blasting is not

permitted,

- The undercut is cleaned of ail euttings  thereby

providing a space to allow the blast to expand.

- I{ clay stemming is used, the legal requirements are
th .t the hole i# to be tamped to the collar and this
“.should be done. The author has witnessed many injuries
te persons whén an iincorrectly and dinsufficiently
stemme: shot hole has been blasted and clay stemeing

has baen ejectéd from the blast at high velocity.

Experience will indicate whether a2 face has been properl-
stemmed or not simply by listening to the tone of the blast;
a dull dsapened sound generally indicates an effective blast
- 8 loud bang usually rvesulta in 2 poor blast with the
possibility of a blown-out shet.

Sanior Mine Maragement should pay particular atteation ‘to
detonation—driven air shocks in the 2ir gap between & charge
and ‘its confinement. Explosives can become desensitissd as

result of this problem, theraby leading to deflagration or
Inoxplodtd particles remeininz in the hole. )

Whén explomives sre detonsated in a geometry wyarg there is

ar air gap between the explosive charge and i:n confinegent

an alr shock in the air gap travelling “4head of the

dstonating fromt cam be generated. The resulring

preccupression of the axplo.ive, alwe callid ‘the channel

affect, bas baen «tudied by several researchars fa the past;
Johansson et al, (1258), (1), Goldbinder and Tysavic (1967),

(2}, Dubnov and Kobna (1966), (3), Udy (1979), [4), Nakeno

and Moxi (1979), (5) Ranassk avr al. (1932), (6} and Lownds

and Plessie (1984), (7).

L.
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In practical rock blasting for example, long explosive
column charges are often decoupled from the borshole wall by
an air gap to reduce borehole predgsure and vibrations on
nearby straciures and damage to the remaining rocek wall whem
the final contour is blasted. The precursor airv shock (PAS)
travelling ohead of the detonation Ffront in the air gép in
the borehole wilil precomwpress the explesive ahbead of the
detunation froat to a pressuve of 10-100 ¥MPa. If the PAS is
reflected by some rvigid surface pormal to the flow ir the
air gap, the local ‘pressure will be in the range 100-1000
MPa.

Figure 33 iliustrates the FAS in the air gap between a
cylindrical explosive charge and the horehole wall.

Depénding on the type of erplosive, the precompression

caused by the PAS cen have different eftects on  detonation
propagation, _ Most  explosives rely on an initf?tion
mechanism, meeaing that they mueed hot spots distribured in
the erglogive to propagate a detonation, These hof: spots
caz be compressed if they are of the veid type, for example

sir voids or gas filled micro spheres.

Depanding on the type of exglonf%e.“thc pracompressidn can
either decrease or increase the velocity of the detomation
Eront. The case when D ip reduced by the precompression can
lead to an oscillating ﬁetunltiou velocity oi detonation
failure (Eynanﬁc dead~pressing). A precompression of 30-100

MPa will deseswitise many’ eonn@;ciul exploaives zelying on

kot spots of the - void typs to such an extent that they

caunot propagste qﬁtbaltion. . I D is ircrsased by
precompression the pr .agstion of detomation is wmot
endangersd but an oselllating h‘hqﬁiout c8n ocour. '

Dangerous practices which sre practiced in fiery cosl aines
include: s
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- Breaking cartridged explosives in half and inserting
the onu broken half into a short shot hole so as to

reduce the power of the blast.

- Mud blasting ~ placing an explosive charge on top of a
larpge piece of coal or rock and covaring this charge
with 2 clay pack and then settirg off the charge
therveby breaking the coal or rock into smaller pileces.
Hot gases and partities are likely to escape into a gas

laden atmosphere and ignite an explosive mixture,

-~  Removing goaf line timber. steel pine in crawler gear
and other obstacles by tying cartridges of explosives
around the object can, due to the shock wave initiaslly

%segfnp' by the blast, lead to coal dust explesions.
* . {Hlobane Colliery, No, 2 Pitr, March aend April 1352 -
IMNA/232/52 and 245/52).

£

- Uaina cosl dust as & tamping materisl can also lead to

coal dust explosions as & result of blown cut shots.
The coal dust does not have the propensity to stem the
force of the blast th-r;by allowing hot gases)
particles and flame to ascape from -he ghot hole.
Evidence iz that the jnitisl ghock wave raises & cloud

of fine coal dust which 1is ignited by the explosive

charge. (Hlobane Colliery, NO. 2 Pit. March and April
1952 ~ IMNA/232/52 and 243/52).

Ia ail the above cases cartridges sre detonated vhile in an
unconfined state. .
it is a recurring theme in this research investigation that
insufficient attsntion is paid to theudestee of :upervi#ion.
quality and traioing of Shiftkosses and Mine Overseers. In
both inzidents rafcrrgd to in thie  hapter the Shiftbosses
were not only extended .insofaxr &s the areas they were
required to supervise, but were also required to carry out

blasting operations in sections.

v
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This observation is supperted by a letter sent tc a Manager

by an Inspector of Mines, a copy of which iz recorded below.

"uring wisits by Inspectors of Mines at your Colliery, it
has been found that the two Shiftbosses employed at your
colliery cannot vreasonably be expected to carry out the

duties assigned to them under the Mining Regulations.

I, therefore, reguire, as provided in Regulation 161(l) the

appointment of an additiomal Shiftboss, three in all,
N

¥ must also remind wyou that the practice of allowing a
Shiftboss to undertake Miners'! duties is illegal, except
temporarily in case of necessity. This is not to be taken
to allow the Bhiftbosa to take on a Miner's duties during
abzence on leave, and 8o on. Fzavisions for such a

contingency aust be made by the employment of 2 spare Miner.

Kindly sign and return the sattached zopy of this letter in

kcknowledgemgnt af receipt.™

PREINT
As 8 rule of . thumb the following is generally regarded as

. the uppec linites of production which can be e:pected from

Qup!rvilors where sateiy plays & major ongoing role:

?
~ Gassy pits noted for difficult conditions,
* B0 000 ROM touns/month production per Mine Overgeer.

3!20 000 ROM tons/month production per Shiftbess.

- Pite which are not “plrtinularli gassy and where
conditicns are favourable (gnod rocf amd high seams of
2.5 metres). o

+ 120 000 - 180 000 ROM tona per monrh production per
Hine Qverseer. '
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4 60 000 ROM tons per month preduction per Shiftboss.

In gassy pits with low seam heights ( + 1,4 metres for
example), it would be advisable teo inerease supervision to
the extent that a Mine Overseer iz responsible for a monthly

production of 50 000 R.0.M. tons per month.

When conditions underground ~hange for the worge, it is
incusbent on Mine Management, in the interests of safety, to

increase supervision zlbeit temporarily.

In South Africa as recentliy as the 19508, shot holes in coal
faces, ivrespective of the sesm height, were normally
detonated singly; the top holes being fired first, the top
cut loaded out and then rhe bottom holes fired singly,

Gas released during the first round of firing.could eagily
be ignited by the second, especially as gzas detection was
diff;cult anidst_the dust, fumes and smpke in the aftersath
of blasting. In addition, when firing shots mingly, it was
more often than not the case that the Miner would not enter
the face to re—tesat for methane - blbu:ing attendants would
be sent into the face to raconnect the detonatsr wires to
the blasiing cable.

This probles was solved, to soxe extent, by the introduction
of short pariod delay detonstora (milligecond) to fire all
the smhots in one round simuitanecusly.

zi
Charging ||

It will be clesr that all the modes of ignition are renderéd
least likely by the choice of the appropriste explosive of
;o move than fully adequate mtrength at s weight well chosen
for the burden; hecauses, 3Iin thix way, the initrisl
éinperatur&s are at a mpinisuw nhd‘ further, there is not
more than enough (although sdequately so) explosive to de
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the work. Hence, the cooling durirg expanzion is at an
optimum and the gases are reduced to the minimum practical
temperature by the time they burst through to the atmosphere
so that there is the minimum of energy available for
ignition processes. Finally, the conditions described are
those must conducive to the full completion of the chemical
zreaction virtually within the borehole so minimising the
posgibility of reacting explosive making c¢ontact with the

mine air,

Needless vo say, the preceding paragraph has agsumed good

gtemping and freedom from breaks and partings.
Stemming

The function of stemming in tﬁg process ig clear enough and,
clearly aleo, a weak stnnming‘Eﬁ dangerouz, because it does
not inhibit the ignition proceasses cutlined in the previous
fardﬁrapﬁ (in parsgreph No. 8).

It is geheral knovledge that dawp, gritty materials with
some binder make very good ‘stemming and that relatively
greazxy substances such ‘as demp clay are bad. A revealing
experiment sade by Audibert iz 1928 hae & Gallic flavour.
He put a grape at the bortom of the bore of a cannon martar

‘&nd sepsrated it from an explosive charge by a buffer of

atesming. When the stemming was ¢lay the firing of the
smallest chsrge crushed the grape bBHut with & sand ”stamming
of length appropriate to the charge, it was undabnaged.

Water is a particularly effective anti-incendive material
when put in the shot hola: it hae bsen introduced by sosked
porous matter, by infusion and, more recently, in plestic
anpoules. In gome circumstances it ix effective ax the scle
atemming material,
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Breaks and Partings

Breaks and partings ecross and &long the shot  hole
regpectively have long been recognised as dangerous. The
impairment along the confinement of the shot is enmougk to
introduce all the three modes of ignitien. However, there
is good evidence to show that firing into nerrow gaps is
particularly hazardous. This snhancement of hazard is
likely to be due to the reduced attepfuation that the shock
and pressure waves will meet in such circumstances. If one
thinke of a cartridge exploding into free space with all the
products disseminated into the full solid angle, it is
evident that the density of the products will fall off
quickly with distance compared with what will happen when
the discharge is coufined te a break, and although this is
but one factor, it is likely to be an important one.

It ias well known that the ideal, indeed, the corrsct course
is pot vo fire shots traversed by breaks or partings, but
nevertheless it sometimes happens that shots are fired in

these circumstances.

Pulsed infusion in which the shot holes sxe fiilad with
water when the shots are fired is a first clams safeguard
because of the inhibitive effect of water on the ignition of
methsne. Unfortunately, the method seems not to be 1liked
everywhere. Another effective method ik to pre—inject the
shot holes with a stiff foam,

Finally, the fourth~class explosiver wers developed for
firing under conditicna in which bresks and paxtinga are to
be ezpected and these explosives must pa.g s everi Lest to
demonstrate their eafaty undsr guch  conditions.
Incidentally, the most successful formulations have sc far
been based on the exchanged iow principle.
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Deflagration

Deflagration is a mode of c¢ombustion in which an explosive
which should detonate, may decompose in certain
circumstances. A&s implied by the name, deflagration is
relatively slow hurning and is a highly incendive mode of
reacting. It appears when an explosive ig submitted to a
certain range of tempurature and pressure and yet fails to

datonate.

Until recently, deflagration was very rare in the United
Ringdom although not s8¢ infrequemt in Furope, This
difference in experience veflects differemt oxplesive
practice because deflagration in mnodern explosives is
virtually non—existent except in multi~shot delay firing, =a
desirable practice which has been common in Europe for some
time bur which i still uncomwon in *ie United Kingdom,
although this is changing.

Deflagraticn appears in pracrical use when relatively weak
detonative explosives are usged in- conditions which render
them less sensitive or which impede the transmission of
detonarion from one cartridge te the next. This deseription
fita delay firing because thig method requires the uvwae of
very safe explosives {which tend to be the wesker
explogives) and of course the method of Eiring inevitel:ly
submite later shots te compressive ferces from prior sghuts
in the round; pre-compreszion of & cartridge reduces its
capaciry for detonation. hou&ver. it iz probable that the
uajor cause of deflagration is the presence of a gap between
adjoining cartridges in the same hole and with the gap
filled, 60r peartially filled, with coal dust (Northfield
Colliery dimaster, 1943).

In Burbpe, the difficulty appeare to have been overcome
entirely by supplying the explosive in a continuous plastic
sheath, The shotfirer cuts off a length contsining the
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number of cartridges required, fixes the detonator, lets the
cartridges fall to one end of the sheath and then loads the
resultant charpe into the hele. By these means, the
cartridges are maintained end to end and protected from both
dirt and water and, according to report, the method is
highly successful both in safety and in effective blasting.
So far the method is mot regarded with favour in the United
Kingdom.
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4.9 CONCLUSIONS

The development of permitted explosives (nitroglycerine gramular
type and the more recent emulsion explosives) has cver the yaars
reached a state where, when used correctly with millisecond delay
detenators, willi selidom, if ever, result in a methane igniticen

when detonated in an explosive atwosphere underground.

The problem arises when,N as & result af peor  training,
insi:fficient experience, and a lack of attention to detail and
discipline, Miners drill shot holes off line, longer than the
depth of the cut, and then charge the hole with poor coupling of
explomives, primers incorrectly placed and inguificient stemming.
Frequently Mine Management pay little, if any, attention ta the

ffelationihip between hole diameter and cartridge diameter which
. further aggravates the problem tausing desensitisation of the

- ezplosives, _ %

These onisaions provide the reéipﬁ for & disaster and when
carried out in the presence of methene lsad to the unsafe
practices referred to in this chapter.

.

[

Vastly ioproved training of Mining Engiﬁcerl in the usze of
axplosives underground will incresse thair awarenesz of the
dangers atrached o hlasting. Improved supervision will ensure
adeguate ventilation to faceu and considerably reduce the risks
of an explosion as a result of ghotfiring.

#
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mathematically quantified. It must also be realised that the
intrinsic factors are by definitien uncontroilable. Thezefore if
one wishes te prevent self-~heating incidents it is necessary to
esteblish the severity of the intringie factoza and then design
the extrinsic elements in such a manner as to avoid unsafe
combinations.

The various factors involved are briefly summarised on Teblez 2
and 3.

Table 2

Intrinsie factors favouring spontanecus combustion

Ceoal Constituency Geological Environment

Low rank Thick seams

Rich in reactive macerals Highly faulted

High sulphur content Poor caving characteristics

High alkaline content High virgin coal temperature

High porosity Outburst prone

Easily frisble _ Carbonacacus streta or roof
Table 3

~ Extringic factors favouring spontanecug combustion _ 4

Accumvlations of broken coal

Stress distxibution causing fracture .,

Low production rates

Limited ventilatiop through worked out aress

Heat from machiones

Relative humidity differential between air and coal

These intringiz and extringic factors highlight the ‘inhsrent
problem of sponteveous combuation in burnt coal zomes in the
South Ratd snd Natsl coslfields where factors such as “eauily
Frisble™, *highly faulfedt, "outburst prome® ‘and *stress
distriburion® an}} 5;1; preient. Ihrtntully the coal ignites and
provides an ignition sburce, vhen the methanefair mixture® is
within the axplosive range. )
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5.4 INGCIDENTS

The major incidents invelving fires in the goaf or at the goaf

edge may be listed as follows:
5.4,1 NUMBER AND DATE OF INCIDENTS

Glencoe folliery. February 1908. DBrattice cloth caught fize
after a methane =xplosicn cavsed by blasting. 77 killed and 8

injured.

Cambrian Golliery. June 1908. lmopt identical to the Glencoe

o lliery dirasgter., WNil injured., Great damage te mine,

Nata! - svigatior Colliery. 1812, Spontaneous heating of top
coal in the goaf led to a fire which caused a series of firedamp

explusione. No casuelties,

Natal Navigation Collieriea, Wo. 3 pit, 1817. Ignition of gae
due to spontanecus combustion in goaf. No casuelties.

]f!
{ B
,jConsolidated Collieried. October 1945, Ignition of gas caused

E!)y heavy caving in stooping section. 1 killed.

Northfield Colliery. November 1951, Spontanecus combustion in
goaf., 3 killed and 2 injured.

Hlcbane Colliery — No. 2 pit. Merch and .pril 1952. Blasting
out_goaf line vimber. Coal dust explosion, 1 injured. --

Northfield Colliery, Msrch 1952. Gas concentration .in gosf -~
ignition sources -~ matches. Nil injured. Jpril 1952. Gas
concentyation in goef — 1 killed and 5 injured.
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CHAPTER A JGNITION OF FIREDAMP A'E} COAL DUST BY SPONTANEOUS
COMBUSTION INCLUDING FEATINGS IN TEE GOAR AND
MINE FIRES
5.1 INTRODUCTION
5.2 SPONTANEOUE COMBUSTION
5.2.1 Factore governing spontaneous couwbustion
3.3 Mii1 FIRES AT THE GOAF FDGE AND WITHIN THE G0AF AREA
5.4 INGIDENTS
5.4.1 Nunber and date of incidents
5.5 DETAILS OF INCIDENTS
5.5.1 Fires resulting from methane/cosl duazt explosions
{a) Glencoe Colliery 1908
{b) Purban Navigation Collieries 1965
c545.2 ﬁnthane explogions in the goaf ax a result of
spontansous ccubustion
Y] Northfield Colliery 1951
' 5.5,3 Methans and coal dust explosions ex & result of

blasting and electrical faulta bn the goaf edge of
pillar extraction sections

e

(8)  Hlcbaue Colliery Ne. 2 Pit 1952

(b) Canbrian Colliery 193€

(e} Balgray Colliery 1979
.5.6 SRMMARY OF FRACTICES REVIEWED ABOVE
5.7 PRXCAUTIONS TO 3% ADOPTED

5.?&1,«5c_!101dn: totds at the zuxthhct a:tztui:y ot thn zolf
$.7,27 Hnthaae drainuge frpm tha doaf through-to surfsce

{a) R-lulgl ‘obtained from recent studies at Springfield
Colliesry
{B) ». onclusicn.

Y . ’ a*
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3.1 INTRODUCTION

Pillar extraction or stooping has been widely practiced in South
Afrina since the turn of tha century. The techniques used <o
achieve maximum extraction of the coal seams wary from the
conplex double seam stooping practices in WNatal to the most
modern method of rib pillar extraction and finally to longwall
mining using powered supports. The goaf or waste is that part of
the section where the pillars of coal have been partially orx
totally extracted and the superincumbent srzata allowed to
collapse into the resulfing void. The goaf line ir That line
acroes the section where the faces being worked to redover the
pillars lie adjacent to the goaf ivseii; this line may lie at
45° or acroms the ﬁfctian at right angles to the barrier pillar,
|

Pillar esxtraction methods amccount for 9% of South Africa's annual
¢oal production.

Many sarious getrhane and coal dust saxplosions have occurred on
the goaf 1in& and in the goaf irself as & result of fires arising
from lpantinnoh- cosbugtion in the gosf and fires - cauged by
methane explosions which explosions have bDeen initiated by

* blasting, naked lightz and electric faults at the goaf edge,

Unless proper precautions sre observed in stooping sections the
goaf ares becomes s reservoir of methane gas which can be ignitedc
inLthn goaf; or‘/tha rethane is evacuated, by falls of zoof or

- baromettic prtls&t. chauges, inte tie werkings on the goaf line.
. : . " A "

By its very naﬁugé. especially vhan it is wozked at a 43° angle
to the line of retrest, the goaf line is difficult to ventilate

ef!ictivuly. o

Al
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Frictional sparking caused by the caving process is also a couse

of methane explogions bur this has been dealt with in Chapter 2.

The causes of several serious explosions have been examined and
then sumwarised. Examples of explosions a8 a result of mine
fires net in stooping sections sare dealt with also.
Precautionary measures to be adopted to prevent explosions under

these circumstances are they discussed.
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5.2 SPONTANEQUS COMBUSTION

A study of methane and eccal dust explosions in South Africa
initiated as a resulrt of spontaneous combustion reveals only aix
incidents; a small peicentage of the total number of methane and
coal dust explosions recorded. Yet spontacecus combustion in the

goaf remains a danger for the following reascns:
- invariably the heating proceeds undetected;

- the gosf or waste sreas are inaccessible and hence mine

officials sre unable to deal with the resultant fire;

- uguklly iarge quantities of coal or burnt cosl are involved
meking it dgﬁficult te douse the fire with water — which in
turi could lead to the production of dnﬁgeroua quanticies of
hydrogen (water gas) {Morris 1987;;

- such valusble tize is sopetimes loat due o poor roof
conditions in attempting teo load out the burning cocal;

{//’)

ventilation of goaf areas is always difficult and in smany
instsnces the methaune/oxygen mixture passes inte the

sxplosive rstge resulting in successive wexplopionsz. In .

addition ventilation may be just sufficient t» provide
oxygen but insufficient to_relovuﬂtht'hnat generqﬁgd due to

N

the oxidetion process;
7

lbontaneou- conbnntion is classified s a natural fire (as

opposed to man-made fires). (Morris 1984). .

Table I depicts the type of fires which have occurred ou an area
basis betweon 197C and 1983, -
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Table I
Witbank/ Vaal
Category Erpelo Natal Triangie Total
Spontaneocus Combustion 7 25 38 70
Electrical 15 31 9 35
Methane 12 10 4 26
Cotting and Welding 1 - 2 3
Others 9 2 1 12
Unknown 2 1 - 3
Total 46 69 54 169
5.2.1 Factors governing spontaneous combustion

Generally spontanecus comhustion occurs where large quantities of
broken coal occcur conplwd wirh vemtilation which is sluggish - in
other words, aufficient oxygen is available to support the
oxidetion Profess but the flow of air over the coal favours the
. accumulel .on of heat rather tham removing if.

S;hutunloua combuntion of coal is the cause of mine fires and is
related ro 4 coal oxidation phenomenon. This complex reaction is
exothernic.é If the hest of oxidation is not sufficiently
dissipated, the coal heats up. And zince the ::teﬁof pxidation
- increases exponentially with temperature, the heating rate
accelevates. If & pteady itnte is not resched bétween the heat
producsd and the hest dissipsted, the initial self-heating will
lead to spontaneocux combustion and give rise to a mine fire.

Wade, Phillips and Gouws (1987} in & paper entitled ™"Spontaneous
combustion of South Africasn conls® have stated:

“The degres to ~hich these conditions are satisfled depends on
~intrineic' -factors, such as° the cosl qonifitucnéy ‘and  the
geélagicll environmént, together . with extrinmic factors
ansocisted with the mining and ventilation aethod. The varicus
component factors are well known but are as yet not :

9 8
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5.3 MINE FIRES AT THE COAF EDGE AND WITHIN THE GOAF AREA

Mine fires which occur in the goaf or on the goaf edge may be

classified as follows:
- flames from blasting operations;

- plogive flames
- blewn out ghota
- shotholes holed through into goaf

- detonator flamns

- flﬁn.§ and sparks from faulty electrical gear including
auxiliary fang with faulty motors;

~  firas gensrated from methane and coal dust explosions which
subsaquently set alight '

- brattice cloth
- timber : Y
- looze coal

"~

-  incendisry sparking (this hae been dealt with in Chaprer 2);

~  lightning and struy curreots (this has baen d»alt with in
Chapter 3);
.

o

- matches and faulty flame safety lemps.

El
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Natal Cambrian Colliiery, July 1956. Methane concentration at
goaf cdge dignited by faulty auxiliary fen. 2 killed.

Northfield Coiliery, June 1962. Mothane ignitien in goaf as a
result of blasting. 10 killed and 12 injured.

Durban Navigation Collieries. Septembher 1965. Coal caught fire

after metldne ignitiom in face, Wil . -uries.

Northiield Colliery., ¥ebruary 1989, Exnleosion in goaf of

gtooping section, Nil injured.

Balgrey Colliery. April 1979. Blasting fenders on goaf edge and
resultant fires, Three successive methare explosions. 2 killed
and 9 iﬁjured. o :

Springfield Colliery. February 1981. Methane ignition at goaf
edge, 2 killed and 11 iajured. o

Ermelo Minea, COctober 1984, Methace ignition 3

. : . 1
lighining and ltiay currents, & killed and lalinjured.h\ .
) | \ N
Springfield Celliery. June 1%85, Methang ignition in gost. No R
injuries. W /T . “\
: : _ oA

e

5.5 h Datails of Incidants : i

a
o

A diascussion and anaiyais ofr,;ll the incidents waferred to i
item 5.4.1 would result in“a lengthy digsertation and the author
has chosen (o exumine only 5 of thess incidents which are
considered most relevant to the project.

i

5.5.1 Tires resulting in methane/cosl dust explosions "

£
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~ in Government Notice No. 70, 1906: \ * : -
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(a) Glencoe Colliery 1908

The following extract is taken from the Natal Government Gazette
No. 3720A dated 22nd Decemher 1908,

Megeription of the colliery.

The Glencoe Colilery is owned by the Clencoe {Natal} Coliileriass
Limited and is @sitvated about 4,2 Lkilometres east of the
Hattingspruit Station on the Natal Goveznment Railways with ~hich

it is connected by a private line.

The maximum number of employees was seven hundred and sixty two.
The colliery is werked on the "pillar and stall" system. The
ssaws are intersected by three dykes running in a northwesterly
and southescterly direction which do not, however, throw the
geams. The two shaftr are three hundred and £ifty seven feet
{109 anetzes) in depth, the downcast shaft being twenty one :feet
ten inches (5,4 metres) by seven feer (2,1 metzes).

The uécast }haft- is fitt?dléith a gingle deck cage for use in
rase of emergency and is connected by e fan'driff.with a éapel
Pan, fiftean feet (4,5 metres) in diameter, the cap;city of which

1s stafed to be 120 000 (S& m>/sec) to 150 000 (74 m'/gec) cubic

feet per mipute at 100 revolutionws & mitute,

a

The two saams are sepsrated by - blﬁﬂ.Qf ssufietone varying in

thickness from two (0.6 smetres) to five feet (1,52 meires).; The
- following is an anslyeis of a sample of coal taken by the Coal

Technical Committee snd published in the Natsl Covernment Gezette

o

0
o

o

e NI e N— . "

ut
ek N
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Yo steps were taksn by watering or otherwise to minimise the cisk
which is always present where fine dust exists, and it is evident
that the danger which ariscs from coal dust in mines was either
overlooked or not apprecisted. This gituvation i1z identical to
that which existed at the Universal Colliexy at Senghenydd in
1901 and 1913 prior to the two conal duet explosions, the latter
bheing the most disastrows dincident in British coal mining

history.
Yentilation

Accoxding to tlhe evidence, immediately prior to the explosion,
the mine was ventilated as follows: the quantities of air being
thoze taken at the last measurement made before the explosion on
January 14 1908:

The Main North Level was the main intake from the North, North
western and WNorth eastern districts, the quantity of air
antering this level beidy 88 230 cubic feet a minute (43 m;!sec}.

The Weatern district was supplied by a eplit carvrying 22 980
cubic feet {11 m;/sec) along the Maln West, gplitting at the end
- of thig road; one split travelling round the faces northward and
jeining the air from the northwestern districr near the end of
ogi?vie's Road. o
b

Theiiaﬁtern district was ventilated by u spiit from the Main
North, carrying 33 600 cubic feer (16 malsec] along the Main
Eﬁst, splitting at the end of that road — one part travelling
along the faces to the south and thence along the barrier dyke to
the ﬁpcast ghaft, \

The remsinder of the air in the Main North Level - 3z w30 cubic
fret {16 q;/sec) - travellad northwerds te toe £--s8t stalls
outhye theidyke. Splitting there, part trzavelled wegtvards round
tke feces und joined the air from the Main West rear the end of
Ogilvie's Roaé'§gtnrning with it te the upcest.



403

as had been arranged between the Manager and himsgelf. A
commencement of one dam about 0,46 metres high was subsequently

£ Oli.nd »

About 1%a00 a severe explosion took place which caused the death
of the whole party of five Furopeans and forty Blacks. This
explosion was, in the opinion of your Commissioners, due to an
accunulation of firedamp in the Main North heading, ignited in =
similar manner to the previous explosions, the forgce of the
explosion being accentusted by accramulations of gas din  other

parts of the Northern Diciricts of the mine.

The most serious exploéion took place at about 08h30 on the 14th
Feﬁfuary. by which Mr. #uir, the Inspector of Mines, six other
Buropeans, and twenty Blacks lost their lives, and, in the
opinion of your Commissioners, originated from an ignition of
firedamp at the seat of the previous explosions., Ogilvie's
explosiong had® broken down the ventilation and cavsed further
fal@s of roof. This, taken in conjunction with the time thar had
eluﬁacd =~ thirteen hours -~ rendered 2 much lsrger sccumulation of
gas possible, The explosion of gas extended t2 the coal dust,
and was thus propagated ovexr ‘nearly the whole of the mine.

Rn:ppnuihility ~ Finding

Your Coniissioners find:
’ i _

That on the morning!fcf the 13th February 1908, there was an

accumulation of gag in the fzce of the Main North Heading, when

‘the Miner Phillips fired the shot which caused the firsc

exploaion.

Phillips must, or ou;ht to have been aware that the shot fired on
the i2th February, had
8. migfired; or

b. chembered, or figaured the cosl,
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and met Qgilvie coming up, returning together up the Level. When
they were =2 little inbye the second airerossing a still more
viclent uplo'sion happened, which shook the aircrossing. This

was about 14h50 and the men them went to the surface."

Bome 12 hours after the fivst explosion, which had ignited the
brattice cloth in the North Main section {Phillip's section), a
decision was rtaken to seal off the affected area. The Mine
Gverseer, Ogilvie, and 44 other employees entered the mine at
20000 (13th February) with a view to erecting the seals when a
violent methane explogsion killed the entire party.

The esvidence then describes in detail:

I

the call for essistance from neighbouring collieries:

-~ the re-estsbliskment of ventilation spplisnces which had
been destroyed by the explosion £s far back as the Main West
and Eas? haulages {see Figure 1);

'X\ the fear of anothér explosion;
\ :

A

Ky

- %&a need to rescue Ogilvie's partys

~.  the instruction =not to attsmpt the exploration in . the

neighbourhood of the explosiqn in the Worti Msing \E

".’\
- serious nccumu%rtions of qnthnng and also éual dust blown
into bheaps on the hauloages by the blast ¢f the successive
explosions. ) .
Pinally the deciszion was tsken at O7h00 on the 14tk Fabruary i908
that Mr. Muir, Inspector of Mines, and a party of 33 persons
should enter the mine to repair stoppings between the sscond and
third East and West roads (see Figure 1). The fate of this p;rcy
is described in the evidedca which aleo  highlights the
devastation of & cosl dust explosicn. 2

@
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Gas continued to be given off by the borehole until the heading
was opened up at the end of May 1908, This is the first recorded
incident in South Africa in vhich a borehele was drilled from

gurface to drain off methane from the workings.

An almost identical set of circumstances cccurred at the Cambrian
Colliery at Dannhauser in June 1908, and in this instance an
artgmpt was made to seal off the fire, This failed and the whole
mine was ravaged by z great cozl dust explosion - fortunat.ly all
the workmen had been withdrawn from the pit, and ne lives were
lost. The force of such explosions can be gauged by the remarks
of the Incpector of Mines in Natal onn the 4th Oectober 1956,

¥In 1908 a violent explosion at this same mine blew the cage inte
the headgear and a second explogion some 20 minutes later blew a
fully loaded car of bricks from the shaft bottom (which was
213 meires below the surface) up the shafi and clean through the
bettom of the cage on the surface. This was quickly followed by

five othe. explosions.®

{b) Durbas Navigation Collieries. 1965

An incidert g° the Durban Nevigation Collieries on the &th
ﬁeptaﬁ%er 1965 resulted in a fire which wey caused by a nmethane

&xplenion in a section roadway.

Ar about GBhCO on the ©&6th September 1965 whilst two men werxe
drilling a bettom hole, the eighth in & round, on the face of Now
2 Road in Sictiou 25 at the Durban Navigation Collieries, an
ignition of methane took plece (Figures 2 end 2ai. Both Drillers
and & Ventilatior Attendsent who was also in the end at the time,
managed ., escapae uitﬁout injury and reported the occurrence to
the Miner in charge vho. together with the Shiftboss, returned to
“the heading and found » fire burning near the bottom of the Iface
on the left hgnd gidc.

n J

o
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Generals Percent
Moisture 1,15
Volatile Hydrocarbong 18,75
Fixed carbon 66,69
Suiphur 0,97
Ash 12,82

Orgaric constituents!

Larbon 76,27
Nitrogen and Oxygen 5,29
Specific Gravity 1,389

The mine 15 worked in sections, the coal from the faces hbeing
brought to the Main Moxth and South Levels, and thence to the
downcast shafn,

Endless rope haulage is nsed in the Main North and First East and
West Roads. The rope wag not, however, carried on rollers on the
fioor fan importent issue as wili be .uen later).

¥y

The mine, with the exception of a few isolated placee, is dry.

8

" Conditicus of the mine

PR

o R ) .
Het&ane AR waz pzeaent in con,&éetabie quan.;zy in variour parts
of ’*?:he mine. '

7 " ;
i _
From time to time the roof had bien brokew domn by the ptessare
of gas and occas:onaliy botehol\} had %no be put in to drﬁ%n the
gas from the upper ueag kﬁ
Al. ngh the 'miqe may not be consideved to he‘“exceptionally
dusty, there is no doubt that aréensiderable quantity of dusgt was
dii;wéﬂ to collect ia ‘the main haulage roads, which owirg to the
trgffiﬁ'and the hsulage rope dragging aleny the floor, was
reduced to » fine powder. |

T

L
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The Socatherr portion of the mine was ventilated by a main split
carrying 48 310 cubic feet a mninute (23 malsec). which spiit at
the Slope Road,

Causes ~ Finding
Your Commissioners Sind:

That on 12th February, 2 shot was f£ired on the West side of the
Main North Heading, which failed to do its work, but chambered or

figsuyed the coal, csusing a cavity in which gas accumulated,

That the shot fired on tha morming of the 13th February was
charged with three cartridges of "Carbonite" and was intended. to
remove the coel which had not been brought down on the previous
!day; and that under the circumstences the charge was excegsive,

This shot was fired by a low temiion electxic detonutor fuse, and
ignited the gas and duatllin the chamber or fissures, the
explosion of which wes communicated vo a further gquantity of gas
in theaheudiag. Your Commissioners ate of the opinion that under
these circumetances an explosior would gpost probably  have
occurred with any other explosive. '

The explosion set fire to the Lratticing in the heading which hed
the sffect of etopping the v&ntil&tion through the dyke. The
fire spresd from the brattice to tle props and.zoal. The hLeat of
the fire caused the roof to fall which formed & dome-like cavity
in which ga#r collected. A series of explosidup of firedanp,
ignited by the fire, followad, each one inc:ensiug in violence,
the sixth and last of thia series which occurrad about 14h50
damaging the ;ncond'uircrousing.

Batween 17h20 and 18h00 it was decided to build off the fire, and
a party under Mine Captain Ogilvie went underground shoartly after
18h00 to cairy out the work - the Mine Cuptain taking with him
plans showing the peeitions at which the dams were to be erected
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and that under these c¢ircumstances, not only was the charge of
three cartridges excessive, but that no shot ought to have been

firedo

Your Commissicners are of opinion that had the - rg+ound
Manager at the Glencoe Colliery carried our his imtention ~ shown
by ordering material to be sent into the mine -~ promptly built
off the fire, further explosions would have been prevented and
that he erred in assuming that the fire hed been extinguished by
the fall of roof, the conditions pointing to an opposite

conclusion.,

The Manager of the Clencoe Colliery was engaged on other work
oucside the management of the mine, which was apparently
soquiesced in bj the Directors. The evidence disclosed laxity of
control and supervision. From his own statement, it appeared
that he hud not visited the Main North Heading for a period of
two months prior to the explosion, and, taking into corsideration
the conditions which existed in that . heading, and the danger
which is always pregent in gessy mineg after a dyke hgs been cut
through, your Commiasioneﬁwﬂtind that the Mansger nezlected hix
duties.” :

Plgure 1 shows a plen of the northern srea of the underground
workings of the colliery and the dirwctiou of the force of the
methane explosions which in turn resulted in a coal dust
. szplomicon., Veantilation quantitiexz are shown om this plan.

The ;eriout litulti;m %hich existed at 10h00 on the morming of
the 12th Yebruary 1908 in the facs of the North Main hanlagy is
described in the evidence quot;d balow - Ogilvie's 1\@31
: hl}\iunption that the fire was out ie inexplicable £from the
evidence gi?‘ﬁ. @ppare;tly the cn%lapaa og_thaciiduionu rvoof hid
the fire from their view and it was on this fact alone that the
judgement wes taken that the fire had been extinguished.

B e
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Ogilvie, Clark and Davis remained to watch the fire, it being
then about 10h00. It is stated rhat the fire was blazing in the
face, the brattice and timbers burning, and here and there snall
flames on the face of the coal, While they were watching, the
sandstone parting between the upper and lower seaﬁs fall, about
twenty three metves from where they were standing. The upper
geam and its rceof then commenced to fall, and continued to Jo so
for scme time, This fall hid the flames £rom their view,
Ogilvie said that they had better return, and they retired eight
stoops lemgth — about two hundred and forty metres - down the
level. Ogilvie' expressed the opinion that the f£all  had
extinguished the fire, :md Clark made two journeys up the level
"to see how things were going on"., After his fipst journey he
reported that "he could not aee anything wrong™ but he stated
after his second journey he reported to Ogilvie that he did not
thiok the fire was out. Ogilvie then proceeded to the surface

‘where he told the Engineer not to send down any moire ™dagga" as

the fire had "put herself out™. This was gbout 11h09. About
09500, or soon after, instructions had been given by Ogilvie for
Pdagga" to be sent into the mine, in case it might be required.to

butld off the fire. -

This poor judgement is scbatantisted by Further evidence,

"About ten minytes after Davis had returmed to the North Level, a
smxll explosion took place, which slightly burned some Indians
vho ware dhgnged in the timbering work. It was agreed that Davis
should g¢ and bring all the Blacks in his eection outs This - was
done, Clark and Thompasen retired two stoope iength to Phillips'
croas hdiding. While they were there another small explosion
took place. At this time Ogilvie had gone towards the shaft.

'CIark. Thompson and thnir ncﬁ then retired to the second fast srnd

West, which i» lllO% known hll "Clark's Road", when another

‘explosion msking s louﬁ report took p(;ge. They then xetired &

further distance of thrho stoops. By this time all the Blecke in
the Northern parte of the m hu had bean withdrawn. A more
violent sxploeion occur:ud, and the party :etitud down thecLevel

o A
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"A party, under Mr. Muir, consisting of Thomas Crosgan, John
Borland, James Reid, Alexander Campbell, J.E. Whitacre,
J. Lindsay and about twenty seven Blacks, went underground soon
after 07h00.

&t about 08hi5, an explosion of great violence tock place. A
dense cioud of smcke, dust, stones, and other material was
emitted from the downcast shaft, described by Mr. Heslop, who saw
it from the St. Geoxge'’s Colliery, as being several hundred

metres in height, black and very dense,

Ae described by Mr, J.B. Pender, the Engineer of the Glencoe
Colliery, there appear to have been fthree emiggions f£rom the
shaft; the first, to zbout twice the height of the chimney of
hlack samoke and duset; a second of a brown grey colour,
accompanied by stones, sticke and other things. This had
somewhat died away when the mopt violent emission ocourred, the
whiole lasting apﬁroximately for three minutes.

One of the cages in the downcast shaft, weighing 1701 kg was ;t

the time hag;ing eight netres from the bottom,of the shaft. This

vag blows up to the pulley wheels at the top of the headgear,

vhich wag greatly damaged, the wheels heing broken and the gear

displaced, The cage had algo cut through the beams to which the

safety sppliances were attached. The vaig§£'0£ thn'c@éé snd rope
_ . i3 _

to;;thmt was 2082 kg, N

At the time of the explosion four Blacknﬁua:o cartyinaﬁ another

Black on a stretcher down the Main North, ncat: the filrst
sircrossing. They were carried by the explosion to the wshaft,
vhere they found themselves, or recovering comscioustiess.  After
sone search, thg; ware able té find ‘the signal wire which was
pulleé and the "bwll" was besrd at the surfsce.”

Duriﬁg the recovery -bpc:aticua. which took & weeks, & torehole
was drilled from the surfece into the North Main heading, close
to the face. to draw off gas which wes accumulatingin the aree.

Y .
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They attempted té extinguish the fire with water, stonedust and
fire extinguishers and when they were unable to do sc they
novified the Mipe Overseer who in turn notified cthe Underground
Manager. By the time the Uaderground Manager arrived on the
scene the fire had taken a firm hold and the coal was burning for
some distance back from the £sce., Four proto teams were called

out and the fire was finally extinguished at about 14h(0 on the

. same day.

The.investigatiun inte thg fire revealed that about 1.1/2 hours
hefure the igniticn both the Shiftbose and Miner had ingpected
the heading and had declared it to be free from gas. They also
stated that the ventilation, which comprised twe wventilation
pipes through whick + 2,8 m;/second was being forced to the face,
was adequate, In addition the return air from No. 3 Road was
coarsed into No. 2 Road by means of bratticing meking an alleged
total of + 4,7 m /second with a velocity in the region of 0,3
metres/secend,

At tHe time of the ignition the Driller's safety lamp was
suspetded about 1,4 mnetres sbove the floor socme 6 metres back
from the face and atcording to the witnaeses the ignition started

_ from thie vicinity. The lamp had been left unsttended for some

30 minuter after the Drillzrs had allegedly tested for gas.
After the fire had been extinguished the disintegrated remains of
the sefety lamp were found amongst the rubble on the floor. Alsc
found amongst the rubble ware two coal drills - the one which had
besn in operation at the time of the ignition and a second ona
which had been 5rought into the hcaéin% shortly before the
ignition.

Charred remains of the neoprane ventilation tubing and brattize

¢loth were alsc unearthed which sesms to indicate that some air

had besn ventilating the end.

Extensive coking of the cosl was found to extend some 27 metres
back from the face and charring of headboards extended a further
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12 metres back. Had the fire not been brought under control so
rapidly it could have entered the main return airway with
disastrous results as sealing off would have been extrerely
hazardous. It was indeed fortunate that an adequate supply of
water under high pressure was available &0 close to the seat of

+the fire.

During the inspection in loco a strong episeion of methane was
found issuing from a drill hole in the middle of the face on the
left hand side. Gas had baun encountered in the particular road
scme two weeks previously shortly after the face had passed
through the dyke. This was clesred without much diffieulty.

The cause of the ignition 2ould not be accurately determined a d
could have been due to a faulty drill cable, safety lamp hecomiilg

overheated or some other unknown cauze,
f

The drill cable was tested afrer the ignition and found to bé} in
order and ss a0 contraband could be found it appears as if the ©
safety lamp was the cause of the ignition. In tdditiop it is
fairly certain that tha ventilstion was not as good &3 was
claimed snd as the rosdwey was riiing the gas accumulated until
an explosiva mixture was reached. Meatiwhile the unsttended lamp,
in which gas was probably burning, heated up until the £fiash
point of methane waz rasched with the subsequent explosion.

#

i '

A dilqﬁicting featire of the consmtruction of the Wolf safety lamp
vas brought to light after the i;nition. A laxp wan deliberstely
droppad'cauaing damage to the tub-pillurs. An exsmination of
thill%llp :ovuu%ud that the rivetting oflth- pillars had Dbecome
loosened causing & small leak between the groket and. glass. This
w2s not noticesbla from sn externcl examination and sn apparently
safe lamp wvaz rendered unsafe. . .

No casualties orx !atllitinuirelultdd from the fire.
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5.5.2 Methane Explosione in the goaf as a result of

spontaneous combustion

(a) Northfield Colliery. November 195}

The area concernad ie sitveted or the North-West side of
Northfield Colliery {refer Figer 1) a1d its closing down meant
the loss of + 2 000 009 tous of ' gh quality coking coalj
950 000 tons in pillars and 1 050 000 tonms in situ,

The goaf fire in this area and the associated explosion caused
the loes of the 1lives of two Blacks and one White and also
severely injured two Indian bricklayers, ‘This disaster took
place in November 1951. The section involved was No. & situated
North of the Main West Hsulage and which was almost fully
developed into 30 metre x 30 metre pillar centres, the panel
measuremznts being approximately 300 metres ¥ 300 metres and
enclosedlby barriers. Pillar extrsction had commenced in the top
right-hend 2orner of No. 4 penel, Three pillars (Figuze éa} had
bean extracted in -the bottom seam only, when signs ¢f heating
mnnzfest }tﬂe'f. This apparhntly cauned no cancern for wark
continued in tha area.

From all sccounts ten gection workers were gasged on one occasion
and the following day a further twelve weére gassed. The sgection
was then doubl&-u@ifted with a view to rapid extractiaﬁ{a the
objective being to smother and arrest the hesting., Thie had 2o
-affect and. the situation becagu worze, A decigion wan tuken &n
mesl off section 4 ar the first dyke whicl '
pillar 20. Much time was liost due to the recc

wag . outbye ar

ery of yatnria;

from the section and also the preparation of al\\ing sites and

the rection was gesled at three ponit;onc marked \X,G. and H on
Pisn 3A. The main and right hand cospanion stoppings were pcw;
walls 0,5 merres thick but the laft hand companion wall was psrt?
of an old gtopping vhat had been used as a rcgulntor. Th}' vas
filled vp with brickwork and plastered over to effect a mesl. No

production took place from the srea dur:pg,th;s tine,

i
1

i
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The following day an inspection was carried out of the stoppings
witlh the view %4 strengthening the left hand ecompanion stopping.
Whilst the Shiftboss and two helpers were meking this inspectionm,
an explosion otqurred behind the stoppings, killing all three
outright., The stopping on the left hand companion and main were

hlown out.

A second attempt was then made to sesl off the area in the three
roadways through the east and west barricr (marked 5, 6 and 7 on
Plan 3a at Pillar 17). This apein failed, as another explosiom
occurred, injuring the three bricklayers.

The Mines Department then intervened and made the decisi&n to
erect three explosion procf atoppings at points 8, 9 and 10
marked on Plan 3A i.e. approximately 120 metres along the west
heulage; the stoppingas were to be built in a2 large dyke.
Details of the stoppings are shown on Figure 4. No futther
explosions occurred and the gob fire was eventually extinguished,
In September 1963, the ares was suceessfully re-opened and pillar
extraction commenced. '

5.5.3 . Methane and cozl dust esplosions as a result of
blasting or electrical faults cn the posf edge of
pill-- extraction sections

(a) Hlobane Colliery No. 2 Pit. March 1952

On the 6th March 1952 in & pillar extraction sectionai;n tha
coking cosl zeam at Hlobane No. 2 pit a timbe: man Titus Xhumalo
suffered 2vd and 3rd degree burns o hir fsce, neck, srus, ﬂdgds
_ and back as a result of a cosl dubt explosion which was ignited
by the illegal bhlssting out of 7 goaf edge tixmbers using 60X
Gelignite non-permitted explosives tied to’ :the tisbers.
Subsequent evidence of the Miner in charge of the section was
that it was & common practice to blasr ont gosaf edge timbers hyu
drilling holes in each timber and inmerting a detonutor into the
hole snd blagting *he timber out. The goaf edge wae dry and
dusty, some 25 mm of fine dust and coal lying on the floor. Wo
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methane of any significance was ever detected in this seam and
the mine was non~fiery. In addition Blacks who were not
qualified miners, were performing blasting operations. Following
a similar aceident in the same section & month later, ir which a
msn wag killed and five were injured, the following letter was

submitted to the Inzpector of Mines (Pietermavitzburg):

"Mx. J. Ferguson, Manager, produced & statement sworn before a
merber of the South African Police, by Zwelingima Dyantii, to the
effect that CGanger van Staden did not carry out the blasting
aspociated with the coal dust explosion but that this was done by
a Black who used coal dust to tamp the heles.

Mr. Ferguson further stated that he is not prepared te let the
matter rest here.

What line of procedure 2o you want adopted, taking inte account
the information you have had from the Government Mining Engineer

in this ronnection?®™ e

ISigngﬂ Jepury Ingpector of Mines: Dundee. 2imt April 1952.

 The Miner Zwelingima Dyantji was injured in this coal dust

explosion,

rigure 5 depicts the goai line and the scene of the accident
which was net reported to the local Inspectorate until, three
weeks later/ an almost identical incident occurred killirg 1 face
vorker and ‘lausing severe burns to 5 other workers., It was only
after this accideutwthnt the first incident was reported.

Some: pertinent details of evidancf from the Inquiry are quoted:

IS
P

The Deputy Inspsctor of Mines, Natal, stated: _{{Jiﬂ

“While I wae investigating an sccident in which certain persons
were burnt in - No. 1 section of Hicbane No. I Colliery vn the
2nd April 1§i2, I was told that there had been a similar

vecurrence Ho. 1 section some thise weeks praviouvsly.
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Or the 4tk April 1952 the SuvanspectEr of Mines and I inspected
section 1. I sveted for fivedamp at various places using a flame

safety lamp and the Mines Department M.5.A. Methane Detector. I

also observed whethar there were any areas of the seetion which

were dry and dusty, I found Two lifts which were approximately

in the vicinity of the position where a worker was injursd om .

March &th, 1952, according to Figure 5, the plan submitted by Mr.
Nelson. These two L1ifts were dry and dusty., I tested for
metkane in five apparently freshly drilled holes in these lifts,
I could detect more with the flame safety'lémp but the M.S.A.

detector showed methane in every hole.

The dust on the Flcor in the two lifts was miwed with fine coal .
and was about 3¢ M to 50 mm fi}thickness. Some of this dusy

could quite defini%éiy be-raised into a dioud by the concussion
of shotholes being firad.

There was uno indicstion of stonedusting being or having been
carvied out id ghp toking seam area." . '

a ¥ £
The injured Timberman stated: .

On thet day (pf the accident) luthebe and I were engaged in
drawing timber from s working pisce.

W tied explosives around seven sticks (timber lupporth). The
least number of shots whica we tied arcund any one stick wes six,
Around some we tied 8 and others 10 zhots.

f

The Geng Leader then arrived. He went straight and lighted’ the

fuses of all the chnrgcu.o At the time he lighted these fuses, we .
ratrestad to & eat of points which were furtber.baci:. After the -

Gang F—é’:@;}-z hed lighted vhe fuses, be also went back.
\ngh. :

Several shots went off iuside and whilst they ware going off, I

fell. I felt hot sir burning ue vhich resulted in uy falling to

the floor. T7The clothing 7 had on csught fire, Aaron Khumalo

R

e
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came and put out the flames of my burning clothing. . I was around
a corner ;thout 25 metres from where the nearest shot was Fired.
The plac: wes dry. I did not see any stonedust in that area."

The acting Shiftboss in charge of No. 1 section on 6th March 1952
stated:

"l visited the place where Khumalo was later injured. Ewverything
wag in order. The place was drr and Loaders were gtill loading
all the fine coal on the floor., This coal was from the blast.
No stonedust had been dimtributed. 7T:i¢ was not =at that time
done on this mine fstonedusting). Wren .in'~r has to be drawn I

report to she Manager or Mine Captain who supervise if.

There was no indication of an explosion or ignition of coal dust
‘to be seen. I have not had any experience of these matters, I
noticed no indication of burning." 1 did not notice any charred
particles of coal adhering to timbers or any indication of
coking., I thought that sn electricel ashort circuit hed cccorred
and was réupunlibln for the sccident as I wss told the " injurved
parson was sitting on the rails. There was ©o olectric cable in
this plac: or was there an electric winch. I could find no
short circuit. 60X Geligunite blasting cartridges were in use in
Ho. 1 saction on: §6th Mareh 1952,

Dust iy removed from the floor in No. 1 wection by the loaders

who clesn it up with their shovels as tha face advancas. Wo
brooms wers used at that time." ”

The Acting Mine Manager stated: - .
"Op the 6th March 1952 Hlobane MNo. 2 Colliery was not a fiery

nine; it vas declared a fiery mine by the Inspector of Mines in
hig Zetter I.M.N. 52/11/18 of 5th Aprii 1952. On 6éth March 1952

I was under the inprdilion that exesmption from the requiremsnts

of Regulation 65 had been granted and this is the reason why_ ue
it e
stoueduct wea applied ii any of the mine workings. I had an

¥
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electrician gent down to check tha electrical circuit for faults.
He reported that he was quite certain that the injured worker was

not burnt by elec.ricity.”

From the foregoing evadence. it ig possible to form the fo;lowlng
conclusion. The accident wes direetly due to the imstructions
given to two Timbermen and a Gang lLeader Ly o Learner Miner to
draw timber props on the goaf line by blasting the preps in an
area which was dry and dusty. Acting on their imstructions, the
Gang leader blasted seven props using excessive charges of 60%
Galignite. The evidence does not diaflose how many of the seven
charges exploded before the ignition cccurred, but it is quite
certain tvhet the firat charges to explede raised 8 sufficient
concentration of fine coal dust which was igoited by a succeeding
shot As far ac can bf; gsucrtained, the inflammution only
extended over the dry ;nd duaty portions of" the' goaf and
#djoining roadwaye concerned. Thiszs are: wvas limited and the
remsinder of the section workings, being in & damp or wet state,
precluded propagstion of the flame, The inflammation was not
attended by violence to uny considerable extent. No inflammable
gas had been been detected in this mine before or since the
accideat except in drill holes and then by méans of an M.5.A.
mett e detector and only in small pcrcenci:ngu. The Timberman
was burnt st sn approximate distance “o,ﬁ 25 setren from the point .
st whick t” ctu:;u; wers fired, A sclid coal pillar of dimenwion
30 snetras x 17 metres sxisted butweon himself asnd the charges.

‘\‘}
i

A.ltlmugh tln’jl:ting Managar, in an attempt to defend himself for
not ropo:::i.ng the sccident, sscribed thd burns to wither
electricel shorr cilrcuir or the inf.luiltion of atomised
gelignive, all otber possible causes than ignition of cosl dust

)) by the agmcy of explosives can ba rulsd out.

(ing to this accident coming to’ the notiie of the Mines
Daparvsant gome 29 days after its orcurrence (off:.cinl report was
recaived ‘33 days afcer occdrranme). the .scene could not be
inspected but a sample of coal dust t-ktn;' .;:I:‘IOI._thl 8ape seam in
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the vicinity, exploded mix times and inflamed twice in eight
congecuiive tests to which it wae gubjected in the Wheeler

apparatus,

Ne stonedust had heen s&pplied in the accident area or for that
matter in any other area in the mine notwithstanding the fact
that the Inspector of Mines, Natral, in his letter of exemption
from the requirements of Regulation 65, I.M.N. 52{2]33 dated 9Yth
June, 1942, stipulated thet exemption from'the prbviaions of that

Regulation were granted with respect te those portione of Hlobane

No. 2 Colliery where the amount of moisturé precluded the

posgibility of ccal dust being raised as an exploegive cloud. In
& modification of the above exemption, I M.N. 52/2/33/1 signed in
Pietermaritzburg:ﬁn_Sth Morch 1952, the Ingpector of Mines made
the same stipulatibn but, ag this modified exemprion ¢ould not
have reached the mine by March &6th {the day of the accident), the
earlier exemption is considered aspplicable and legally binding.

The only dust éueeping in the mine prior to the'accident s

carrie’ out’ by means of shovelg. No brooms were used.

(b)- ¥atal Casbri: ‘olliery. July 195%

This accident, which resulited inlthc locr of two lives, provides
a good example of the dangerous conditions which arise with high

methans covcentrations alsng the ;onf-'line. insuffipient

ventilation and possible faulty e€leciricsl dquipment coupled with
negligence on the pert of two Miners. Subsegquent wmethade
explosions impecrillad the lives of eenior officials and rescue
‘ brigadesaex intent un rescuing the two men in tho secticn, The
dangers of switching o{f power and then subsequently rc-igstagﬁnx
' : powar together with poor treining and communication is
bighlighted, Most of the dvidence ¢f the two pinecs ie unlikely
to ba true.

&
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Evidence given at the In,tiry by the Mine Overseer {Acting

Manager} is as follows:

"Y am the Mine Overseer of the Natal Cambrian Collieries Limite&,
Cambrian Coliiery.
On the 22nd July 1936 I was acting as Manager, as the w~ .r was

away on leave. I am nout the holder of a Mine 'anager's

_ certificate, I was appointed to act as Manager £fiom i 2nd

July 1956 to the 3lst July 1956,

On the 22nd July 1956 (Sunday) it was reported to me that an
explogion hed occurred in Jection 9 end that two employees had
not come cut of the mine. Twe Miners bhad qome out to surface.
Figure 6 depicts the scene of the accident.

"

I proceeded to the pit head lnnediatcly arriving there at about

12030. The Miners reported to me that they had exanined the
auxiliary fans in Section §, found no gas &t the fara and started
them up end then proceeded with the two Blacks ovut . of the
section. When they resched the gate end avitch in MHo. S haulage
they noticed that it had trippsd. The Blacks procesded up No. 9

Branch Main, the Miners switched ¢on the gste end switch snd lJ‘;::«:vn '

afterwards an explosion occurred, The two Blacks did mot wzeturn

. from Ro. 9 Branch Main,

}}

I submit hurcudth a plan showing No. 9 section where the acc;&cnt'

ocgu:r.d‘(!igure 68).

The one Minar complaiaed of an injury te the chest asnd tj{ other
juries,

I then notified the Rescus Station and reported the macter to
the Mines Daparteent.

At shout 14hl% accompsnied by ths Assistant Inspector of Mines
aud two prote tesms I went underground and proceeded to No. 9

section,
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Figure &

PLAN OF SECTION - CAMBRIAN COLUERY
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We proceeded to the intersection of No. 9 Haulage and No. 2
Branch Main in fresh air. Periodic tests were made in the return
airways and in Ne. 9 right hand companion we found .04% carbon

monoxide and smeke (400 P.¥F.M, of carbon monoxide).

At the intersection of No. 9 Branch and No. 9 Haulage I left the
Inspector snd 8 member of the proto team, while I, with another

rescue man, proceeded up No. 9 Branch in fresh air.

We proceeded about 110 metres vhen we heard a noise like the
uneven running of & fan, We then decided to return to fetch the
regcue team vhen I felt a rush of wind from inbye. I presume
that this was causad by an ignition of firedamp, We retreated to
the intersection. The time then wis about 17h00,

The possibility of entering Section 9 to rescue the Blacks was
then discussed and I decided to seal the area and leave thes in

the section. S

I congider it unlikely that the two Blacks survived the first
ignition. I was told that the first ignition was vicolent and
there weve indications of this in Nu.1§ Haulage for a distance of
about 600 metres cutbye of the intersection, This could be
judged by the fine Iayér of dust along the haulage. In addition
there were heavy concentrations of carbon monoxide in the return

air From this section.

I cansider that & fire had been started by the first ignition and
there was denger of further ignitions.

1 later discussed my decision not to rescue the Blacks with the
Manager of Ballengeich Colliery. Ha agreed with ay decision, I
reported to the Mansger. who was in Durbeu, and he also agreed
with ay decision. i

I then msde srrangesentz to build stoppings in the dyke at the
points marked A (Figure 6). The initisl seals were completed at
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13h45 on the 23rd July 195%6. There were heavy concentrations of
carbon moncuide in the right companion aund dense clouds of smoke

and the seal in thiz road was built by the prsto team,

Later the stuppings were reinforced and production wae

recomeenced on 27th July 1956.

We had no trouble with gas in No. 9 section prior ¢to the
explosion. It was suspected that trouble may be experienced
there because this wus & gassy area of the mine. ©Gas had rnever

bren reported from the section prior to the accident.
Gas had been encountered in the areas marked B and C on the plan.

Developwent in No, 3 wan done on the bottom seam. Stooping
operations had been commenced cn the left hand pide of the
géction and both seams were baing extracted in the normal mamner.,
I suspacted that gas may be g;vtn off from the uppér seam,

It was necessary te put suxiliary fasas in:?tha section to boort
the ventilatidn. Originally two fans were put is the section and
the third wes put in becauss of the gas, The third fan was put
in on the 2lst July 1956. : |
vl ’ ' .

Ces was raported at the point D om 19th July 1956. #hen I said
that gan had not been detected in the section, I meant hat pricr
to 19th July 1956 gar had not been detected. Tha gas was not
‘ cloarad. T went to the section on 20th July 1956 and on 21at

July 1956. On $0th July 1956 I found 4% fire damp on the goaf
-edge. On tha 21st hhly 1956 it was sbout tha same. I then put
in‘s third fan marked E on the plan. It did not clear the gas
but sbout half an hour after ltlrtiﬁ"thl fan the coucentration
was reduced to 2.1/2%. I laft the pi;ce fenced off,

The accident happened on a Sunday. On that day sarth continuity
tests ware to be carried out and the_!aua would therafors stop.‘
The Minerc ware rent down to start Q%a fans. One &of the two
Miners is the Miner in Section 9 and he knew about the gus.
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The other Miner went underground on a fire patrol which is dome
every Sunday. The Miner in Section 9 went down because he knew
of conditions in Section 9 and to learn the routine carried out

during the fire patrsl, The two Blacks weni as their assistants.

I was told that the current was off from 06h0C to 10L0D. The
quantity of air during this period in BSection 9 would be
decreased asz a result of the fans being stoppeé¢. I would expect
gas in the goaf. It is possible that the concentration of
methane could increase to somewhere in the explosive rasge during
the period the £fans wer. stopped. I would not expect gas to
reach the fans, The main.fan on surface was running and there

would be a certain amount of ventilation in the section.

I have no idea what caused the igniticm. Stooping operations had
been in progress for a couple of wmontha., There were no
indications of hmating in the goaf, It would not be necessary
for the Mifiers t¢ do any blagting, There is a poseibility” that
the ignition wes caused by the fans.

The 3.7 KW Meco EF4 fans were all electrically driven., They are
2ll flamaproof, The fans were in order, I know of nothing else-
which could have caused an ignitiom.

Plame ssfety lanps were issued to the Mirers before they went
underground, Two lamps wers izsued and to my knowledge they sre
still underground. These lemps were Nos 39 and 21. The taapm:n
rveperted to me that they were not returned to the Lamproom. The
Lampman informed that these lamps were sent vo the pit head for
the miners. Two electric cap lamps are alge wmissing. I do mnot
know the numbers of these lamps.

Ne statessnt was made to me for what reason the two Blacks
returned to the section.

I

On 22nd July 1956 I noticed that the gate end switch wes ‘V the
on poaition, ”
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I do not think that coal dust played any part in this ignition,

The Banksman usually challenges persons entering the mine for
contraband. I do not “now if he challeénged persons on the 22nd
July 1956.

The waiting station 4is approximately at the pointed marked F,
Shortly before the second ignition I noticed that the gate was

closed.
By the Manager:

On 21st July 1956 I examined the brat{ices in the gection., At
a8ll of them there were slight lesks froﬁjﬁntake to returii. There

wak no. recirculation of air tveking place,

By Court:
" There is a possibility that the gate end switch had tripped, but
that the hardie remained in the "on"™ pusition.

no. f.';u:ther guestions.™

Figure 6, & plan of the eection, fepicts the ventilation
‘arrengements, position of fans, gate end switches snd the final
seals srected after the sexplosions. Bleeding sir over the gonfl
to remove methane was not practiced st this colliery. Apart froa
the fact that there was insufficient ventilation in the eection
{fans were put in to boost the section ventilation) the laskage
of ventilstion through the brattices in the section could! have

)

baen high sspecially at brattice G on the main haunlage. i -:j\\

- i N{JK"“‘ \
The inteke to this ventilation aiatri.ct was 15900 "J
3/ncondJ as showm on Figure 7 which depicts. fh/; /
section ia relation to t!w wain haulages, g I
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The evidence of the electrician is imporrant as far as the

explosions were concerned.

The Electrician stateds

"I am the Underground Electrician employed at Cambrian Colliery.
By Caurt:

On 22nd July 1956 I went underground at Q06RO for the purpose of
carrying out earth continuity tests. It is necessary to cut off
the power to carry out these testa., I cut off the power at 06h00
and restored it at 09h55 after completing the tests., The fans
would not start after restoring the power. Ir would be necessary
to go to each fen to switck them on. There is a swiich at 2ach
fan, Thy gste end switch would be on.

The gate end switch controlled &ll the power supply to fhe
section which includes a coaleutter, drills and fans and a winch.
There are algo two electrically driven pumps. Thesg were not
* running on the day of the accident.

It is not iikely that the gate end switch would trip as a reault
of a fault at the fan, In such & case the switch at the fan
uouié trip.

. .
I did not enter Section 9 on 22nd July 1956. I only went as far
as the tranegformer situated at 600 metres outbye of the section,

I ieft this transformer at sbout 08hid and returned to surface.
On my way out I saw the two Miners. Théy were on their weay in.
I do not know wheze they were going. I saw them at about 09h1S
in the Newcastle Main., ¥We did not spesk abuut work. T asgked
thes what the weather was like on surface. There were tw: Blacks
with thea.
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On 2ist July 1856 I installed a fan in Section 9. This fan was
then in crder. On 17th July 1956 I tested the electrical
eguipment in Sectien 9. I found no faults. I have no knowledge
of any eleetrical faulrs in the section immediately prior to the
accident, A faulf aetween the fan switzheg and the gate end

switch could cause the gate end switch to trip.”
Questiont

"I had permissicn to isolate befcre I went underground, %Zhere is
only overlpad protection on the gate end switeh, It is not

provided with a no volt release.
No further questions.®

No attempt was made to prevent recirculation at the three Jfans
as evidenced by the acting Hanlger.

"The fang H, E and J were open in the goadﬂays. There was no
brattice cletbh to prevent recirculation of air taking place. Fan
H had & tube abeout 30 metres long attached to it. Fan E had =&

tube abovt 15 matres long. Fan J had no tube. It iz possible

chat loneﬁr:Ci;culatioﬁ’qf the air was taking plece.. The general
| circulation of the aiz <y the mection vas, however, improved by

the in!tal%[iti.on of the fans. _
I purposely-taok no steps to prevent recirculation at the fans
becsuse, in the case of a fan tripping, the flow of aiE would bLe
restricted to that which would puss through the fan itself. Yhe
disadvantlgls of recirculstion were overcoams by the inproved flow

of air through the section.®
The inatnilution of auxilisry fans in &section w:ll not incresse
the quantity of inteke air ~ the only I&vantlge to be gained is
that zir entering the section ca{ﬁpe delivered to remote faces

through tobing more effectively rhan face line brattice.



G

434

Evidence gathered werbally many years later revealed that a
sub-Inspector of Mines had declared the fan at site to be
flameprool provided that it was used in intake air where no
recircclation would taks place. The fan waps apparently not
flameproof. The sectien was never re—opened and the two bodles

remain entombed to this day.

{c) Balgray Colliery. 1879, Two killed and 9 injured

Balgray Collieries (Pty)‘ Limited, a wholly owned subsidiary of
Natal Anthrarcite Colliery Limited, operated a rolliery in the
Utrecht district of Natal. The volliery, an adit mine, produced
8 low volatile anthracite from the Gus seam,

At the time that the explosion occurred, éhe colliery deployed
two conventional mechanised zectionk aad two single snift handgot
sections tc produce an average of 40 000 run of mine tons “per
month from a seam with an average thickaess of 1,6 metres.

Mining was by the bord sand pillar system with geven headings
being developed at 23 metre centres for & prnel length of
spproximately 750 metres. Bord widths were 5.2 metres. The
pillgrl vera('ﬁgtructad after completing the development of a

panel.

P .
The colliery was claseified "fiery" but prior fo the explosion

had not hal & uiwtory of llthlnﬁ:;ﬂilsioni. From time to time
spall qusntities of mc*hane had been detrected duiing the course
of vormul mining operations.

LY
By 23rd April 1979, the 102 panel had been developed 730 metres
inbya of the 101 panel conveyor drive and pillar sextraction had
commenced. Four rows of pillars had been extracted,
On the 23rd.April 1979 pillax extraction wam in progress in
Section 102 as depicted in Figure B. Detaiis of the ventilation

== E
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into this area is shown. The practice of bleeding ventilaticn
over the geaf was not practiced presumably since the colliery was
not regarded as a “gassy pit?.

Pillar extraction was by the well-prcven method of pocket and
fender which had been succesefully used at Springfield Colliery
in the Transvaal since 1970, Goal wes wom f£rom the section using
conventional equipment consisting of a mechanicsal loader, twe

shuttlacarge and cne coaleutter,

Figure 9 shows a detailed plan of Section 102 at the time of the
explosicn. The evidence of the Inupector of Mines who arrived in
the section an hour after the igpition iz quoted since this
provides“a lucid picture of the area jusr after the expibsion had

occurred.

*I am the genior Inspector of Minms stationed at Dundee,

On 23rd April 1979 I was notified of an explosion at Balgray
_Colliery, at about 12h00 "whilst T was h;\#ing an enquiry at
Ungela Colliery.

I arrivad at Balgray nqu;bou; L3h00  and procesded uudarg:ound
- with the Survdyor to 102 section. Thers I met up with the
ﬂunagnr and acting Mine Oversear. These persons were busy
rearranging the ventilation brattices which had baen deétrbyid in
«the blesr. Thera were no eye vitnedses to the accident at the
.time of my underground inspecrion. All the cfew. ineluding the
Miner and the Shiftbous had génn out of the mine.

I Lave seen the plan Figure 9 tendered by the Manager and agree -
that it represents the conditions found in the section exCept
that on the scuth aide leat road the methane resading was 1,2% and
not 0,82 &8 shown on the pltn. Similarly on the North mide the
methane’ ra:diu; was 1.42 and not 1,2% as shown, I took these
resdings myself, against the roof.

B
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I examined the brattices in the section. At No. 1 position I saw
a rail against the roof, fszom which a brattice could be hung, but
there was no brattice and I wax told that this brattice had been
blown away by the blast. )

At No. 2 position I cannot remember what was there,

At Ne, 3 brattice there were gigns that the brattice had been
georched,

At No. 4 bratrice posmition section personnel were busy erecting
brattices and the Mine Overseer informed me that these bratiices

had been rolled up (presumably prior to the explosion).

At No. 5 brattice position new brattices had already been erected
but there were pieces of scorched brattice lying in the direction
_of the tipping point on the haulage.

At No. 6 brattice position the brattice had been badly burnt and
blﬁun“out. A new brattice bad not yet been installed.

At ¥o. 7 brattice pclition the brattice wes alsc badly burst and
. - blowm out. '
o o

it vad pointed out to me by the Mapager and Mine Oveisesr where
the Miner was at the time of the explosion i.e. near the position ®
msrked blasting battery {sxzploder). The exploder had been
removed but the blasting cables ware still in position. We then
went into the places which had - been blested just prior to the
ignition. It wes pointed out to me that & feuder and a split had |
bzen blasted simuitanscusly. There were no sigus of & violent -
axplosior in that. place beceuse an sapty sxpicsives carton uutff{ :
lying there and it had not been damsged or burmt.

in the naﬁ& road marked "alectrie drilis prier to ignition™ the
#plit had besen cut and some holes drilied in the face. Some
large piscas of coal had fallen from the face, obviously after E
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the blast, The Mine Overseer informed me that he had removed the
electric drills as well as flame safety lamp No. 31 from this
place., He had moved the electriec drills back along the road te
the poéitian indicated and the safery lamp to the vicinity of No.

4 brattice,

I examined the flame safety lamp No. 31 and found that the
striker mechaniem was not working, there was ne epark at all and
it seemed as if the flint was missing. The pillars were badly
bent.

In the vicinity of peg 537 it was pointed out to me by the Mine
Overseer that he had found s fire burning there. He added that

_‘the fire had been extinguished using fire extinguishers and water

hoseg. I fel: along the area indicated and the area was cool,
There was no sign cof fire nor suy smell of fire. A Draeger
carbon monoxide test was made and gave only = slight trace. A
plastic bag which had contained water taxping ampoules was found
in the vicinity. The bag was burnt except for the ampoules which
contained water, It was clear to me that there had been a lot of

heat thare.

We proceeded slong the sectionm in & nérthmrly direction: At the
place nesr No., 6 brattice there were signe that the force of the
explo:io&' came from the gosf and travelied in a westerly

"direztion. A burnt wet suit jacket war found in this vicinity,

This jackat waz blidly burnt. The condition of Ne. 7 brattice hss
already been described. We then valked back towards the t;pping
point, From the direction in which the brattice had been thrown
it wag clesr that the force of the explosion travelled from north
to south. It was pointed out to me where the now deceased had
bssu thrown sgeinst the tail end conveyor. The atructure had
blopd gtains and birs of tissue on it. |

The intake air wsas messured and it was found that 18 lala wes
antering the section. I also asked for an Blectricisn and he
sxamined all the cables on the machines. All the cables were
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found to be in order except fur one cable on a roof bolter that

= e

was not in use at the time of th}\accident.

I asked the Mine Overgeer for the fireman's report for the day
shift of the Z3rd April 1979 and he said that he could net find

it.

I also went through the rscords in the 1amp£oam and found that
the Miner had gigned for four safety lamps on that day. Three of
these lamps were back in the liamproom and appeared to be in good
order. The fourth lamp was No, 31 which was found underground.

By Court:

"At No. 4 brattice position personnel were re—erecting the
brattices. It is possible that they {(Manager and Mire Overseer)
gdded one or two more brattices. These brattices were not
gscorched and I sccepted that these were the brattices which had
been rolled up at the time of the ignition as stated by the Mine

Overseer,

. 3

The wtriker mechanism of.ho. a1 nifety lamp turned buat ne spark
was obtaived, It is possible that the flint had been uses tp."
Once ventilation had hien re—establizhed in the section and.
methace had been cleared from the gosf, & decision was taken by
aine managesent to establish bleeder roads to ventilata the gosnf
before prﬁcondin; with any iurthe:"pillar extraction. Thiy plan
of action is shown on Figure 10. The logic behind this decision
was thar the goaf contained large quantitieas of methane and that
this danger shouid be removed by ventilating the goaf.

| Normal work was resumed it {%n panel on the 24th April 1979,

Tsble 5.1 shows the snalysis of gases on the 24th April after

work had relunnd;
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Table 5.1 o

Initial results wares

General body

20 Ci4
Reof layer

Left hond side returns

{air routed through gosf} 100 ppm 1,8%
Right hand side returus 100 ppm 1.4%
After B8 houre results were:

Left hand side returns 10 ppn ¢ 1,0%
Right hand side returns Ril 3} Nil

%

of air

+.0%
ﬂ.éz

Nil
Nil

However, at 18h40 and 15h00 on this daf%tuo further explosgions

took place in the goaf - some 31 hours nffﬁr the firgr explosion,

No blasting operations wers in p;o;tﬂﬁs:and\it iz concluded that:

hN

i) An undetected fire in the gosf as a rigult of the firat

explosion had caused these two siplosions, or :;

i) Yrictional hesting during hesvy gomfing hndtba-n the cause.

. i

>

)

Two interesting points arise at this stlgi. Firstly. coal 1lying
in the splits had caught fir- after the first explosion ané these
fires mers extinguished with fire extioguishersz in the section.
Secondly the Kine Overseer reported iz evideace that on the 29th
March 1979 aud 30th March 1979 heavy concentrations of wethane
(in excess of 5%) were detected in the right hand side goaf of
The Mine
«Ovarseer cleared this gex himself thet night. Ke rsports that:

section 102 ~ the scene of the first explosion.

-

Y found +5% om the roof just behind the bresker lines;

layer vas about 15 cm thick slong the roof,

the
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I had te install & temporary support and brattice to clear the
gas. The gas took about 2.1/2 hours to c¢lear. The section

continued working afterwards.

The follewing day (30th March) gas was again reported in the same
area. The Ventilation Officer and myself found the gas. I
repaired the brattices which I had installed the previous night
and the gas cleared. I again found 5% methane against the roof

in the form of a layer.

This gas aecnmulatiﬁﬁ was discussed with the Mananer and it was
decided te hole thrdugh one of the roads which/ ad previously
been atopped,f’This'uaa done and no further accumulatioms of gas
were found, The Ventilation Offiéer and I discussed the
poseibility of & bleeder road on the right band side (of the
section} but as the wmection parrowa dowm to one return through
the dyke we did not shink thet it was & feasible ides. I cannot
remswber discueping bleeder rosds with the Manager. I do not
know 1f the tilation Officer did or neot."

_rollouiﬁ; these three sxplosions & decision vas taken to aeal tﬁe

sectiod wirh 6 mtoppings ss shown on Figure 11. The installation
was completed at 23h55 ori the 26th April 1979,

At 13h10 oo the Z?tﬁ'hpril 1979 & further explosion (the fouxth)
occurred in pamel 102. Several incidents of tecknical interest
unow gecurxed:

.-
i

2. ' Initial sesling of the panel and gas analysis

i

Figure 11 shows the 6 numbared stoppings which weve installed,

It was also decided to seal the panel as quickly as possible and
thus only the " inner wslls were to be dbuilt initially and the
outar unrlg and aundbas;in§ were to be subsequently coupleted.
On completion of the inner walls, all persornel were to be
withdrawn from the mine for 24 hours. An essentisl requiresco

.




Flgure 11
* PLAN 10 SEAL OFF SECTION AT BALGRAY
: L MWITH 6 STOPPINGS
[ | "AFTER NEXT 2 EXPLOSIONS

Byl

it
R
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in the sealing of the panel was that auy gas build up had to be
delayed until the last possible roment, hefore effecting the

£inal seal.

In this particular instance it was necessary to dilute the
methane being generated in the goaf area by maintaining a flow of

air through the goaf while the zealing opevation was in progress,

The construwction of the stoppings was planned to Lo completed in
the following sequence ~ ABF DE and C. 800 mo x 800 mm x 25
mn thick steel doors were to be built into stoppings C and E. To
maintain the flow of air into the panel, the doors were to be

ke»t open during the seaiing aperat;bn and were to be closed

gimaltaneously when all the walls were completed.

b, Gor analysis equipment

The decisiop having been made to ‘seal the panel, the Chief

Inspector of Mines, Dundee, was advised at 10h40 on Wedne&éay
7]

25th April that the Chamber of Mines wmobile gas analysis

equipnent was required at Balgray.

At 17546 on the 26th April the ges analysis unit from Witbank
arrived at Balgrey snd was conmigsioned and made ready for use,

The gases contained ip the air returning on the left hund gide of
the section during construcrion of the ioner wells did mnot

axcesd:

co - 14 ppa o

CHA - 1,27% o
Oz sinimam - 20,6%

The importance of having the ga&s enslyses unit sveiluble at the

colliery cannot be over emphasised:
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- Results of analyses of air samples are available within 20

ninutes of delivery to the unit.

- Bagly indications of a build up of dangerous conditions
allows action to be taken to minimise the danger te work

parties associated with the emergency.
¢, Drilling of horehole from surface into the goaf of Panel 102

The planning committee decided that the Chamber of Mines 200 mm
diameter vescug Jdrill be obtained to drill a hole into the goaf
area. The primary aim was that air samples would be faken thus
fivstly providing management with details of the gas mixtures din
the goaf and secondly providing an early warning system of
dangerous gas Huild~upe in the goaf which could lesd te further
explosions., It had been assumed {correctly as was  later
egtublighed) that one or more of the sealse hal been destroyed
during the fourth explosion ard the immediate objective was to
replace it thua aliowing production ta be resumed. The anther
was present at the zolliery duxing these diacuaqions. What was
not vealised at the time was thet the hole could alse be used to
evacuate dangerous quantities of methane from the gosf. When the
hole did finally penetvate the gosf area the hot gares blew out
of the hole at a high velocity and it was not necessary to use a
gtandbye fan to exhaust these gases,

Figure 12 is a graph of the gas samples taken at the borehole
after the damaged se¢als had been replaced on the A0th April 1978,
This waz & crucial day since the deciwion had becn taken to
replace the blown out stopping. The percentage methane in the
gosf-waa approximately 602 and the oxygen percentage was at 4,5 -
a mixture clearly outside the explosive triangle {after Coward).
The author was present and in charge of the building operations,
Of concern to the team at the building site ("D on Figure il)
wag the gas snalysie ar 13h00 (=21 hour before the final sealing)
which iz shown below:




447

Table 5.2 Analysis oi air sample at building site

Dzygen 15,9%

co 0,227

co, ¢,48%

GH4 7:5% (this Led increased from 5,5% at 08R0Q)
iy 0,0%

The methane/cxyger mixture is within the explosive triangle
{after Coward) but it was judged that, since the methane/oxygen
mixture in the geaf, where the suspected fire existed, was well

cutside the triangle that work should proceed on the final zeal,

Figure 13 depizts the type of seal that was finaily erected on
the 6 «roadways shown on Figure 11, This gseal was considered

explosior proof.

After the last brick had been placed in pousition, tha crew
hgstily withdrew from the si%e, tiavelling in Kersey BCOUPE oOr
tyailers to surface. cloaeiy followegd by the proto team who were
on stnndbye at the fresh air base. The judgement proved o . rect
- no™ further explogiops occurred. A new fire ratic has
subeequently been developed by Moryis wiich, inter alia, may be
used to determine when an _explosion behind weals iz imminent.
The' ratic developed ia ﬂé verFus time
(co +“b02)

and Figure 14 ig an example of the vse of this foramula in a
gealed off area.

Fron Figure 14 it may be stated that at the time indicated
between points 1 and 3, the fire im active, whilst from 3-4 the
ares had been sesled and the fire srea was becoming extinet, The
subsaquent rise between polnts 4,5 and 6 corresponds o a
resurgence in the aczivity of fire du=m to the holing through of °
the goal pillar, After sealing, the result becomes apparent if
one observes the smooth flow from 6 to 7. Pointd 6 te 12
inclugive, recor&ed over a six hour peried, indiﬁaten & definite
'cegpation of activity within thq\kfzze area, which may at this

stage be termed extinct. \
5
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5.8 SUMMAR'Y OF THE PRACTICES REVIEWED ABOVE

The incidents degcribed in item 5.5 deal mainly with explosions
iuv secondary mining (stooping). Unsafe practices which arise in
these Inquiries which are of importance to Mining Engineers and
serve a8 a point of departure for the formulatioms of

Pprecautions to be adopted™ are summarised below:

- Delaye in sealing off fires or dealing promptly with this
aspect in some other manner. WBetter is a good retreat than
2 bad stand", It iz sometimes beneficial tov seal off a fire
drea at somy dlstance from the source of the fire and not
directly adjacent to it (mee Figure 7}, When & fire has
been detacted,.far instance, in the goaf, then attempting to
gmother it by increasing the pillar extraction rate is not a
gafe altsrnative. “

~  Assuming thst fires have been extinguished when they, in
fuct, continue ¢to provide an ignition =ource. Thirteen
valushle hours were lost at the Glencos Colliery in which
sealing-off operstions could bave comnenced as = :eﬁ&lt of
incorrect judgements that the fire "had been ' extinguished.
At Balgray Colliery it ﬁla the opinion of Officiels that
there was no fire in the goaf after the first explomion - a

I

fatal opinion.

~  Senior officials etgeged on other work outside the
- ngn:gancﬁt of the mine, In addition Mavagemsnt often make

decisions ind statements on - metrexrs -withbout taking

cognixence of technicsl lspeét;. After the coal dust

cxplosio; at Hicbane Nos 2 pit in 1952 the scting Msnager

. was of the opinion that the injured suffered burns ak @
result of "atomised gelignite explosives".:

\:3 - -
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Laxity of control and supervision. The author gquestions how
Mining Cfficials from the Manager down to the Shiftbaess
could continue to allow a Miner and his workers to overlead
shotheles, use coal dust as tamping and repove geaf line
timber by blasting these supports using non—permitted a02
gelignite, In evidence, under ocath, the same jundor
Officials dindicated that no goaf line timber was withdrawn
until the Mine Overseer/Section Mansger had heen notified.

Officials failing to direct their full attention to areas
where problems {gas, poor roof and faulted ground and dykes)
have arigsen. THie ig described as a lack of a sense of

pri jorvion ~ getting the priorities wrong.

_ Di;uted gupervision;  insufficient officials appointed to
suﬁfrviue difficult conditions.

Hinefu in  charges of asections which are too large in
eouplagnnt of pcopie or in area to be properly comtrollied
and ged.

T - 3
i . \‘\.\
5

Working iyetionu with ne qualificd Miner in chu:ge;
Une of tnffpnnnhln brattice clﬁth {still in uce today} .

Brécting ténﬁp:s:y bratticé cloth im aplits instead of
erecting permancnt brick stoppings.

Lack of stonedusting in sections.

Lack of building materisl at = pnrticular tite to promptly
seal off s nffacted ares.

‘ Th-vocdhr;pace of sheets of uhinltona {dolerite) in thtJ
strata overlying the seem whieh foras an inpntvious layer

and tends to retein gases within the cosl sesm as opposed to
allowing the gas to escape to surface through breaks in the
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strata (this will be dealt with in the disaster at the
Durban Navigation Colliery No. 2 Pit in October 1926).

Extraordinarily high methane emisgions in pillar extraction
seétions from unworked coal seams which ovetlie tihe seam
being stooped ~ this gas finde its way into the goef; major
gubzidences way initiate explosions due to frictionsl

sparking in this case.

Spontaneous combustion in the goaf area as a result of
snocks being lefr in the waste; excesgive loome coal 1lying
on the floor, Competent roof immediately overlying the
stooped pillars mnﬁ not totally smother the ¢rushed snooks
with the result that large voids may be prasent in the goaf,

Dry snd dusty conditiong existing at the goaf edge in splits
.= no stooedust applied to the area along the goaf line. In
many instances the dust on the rosadway fleoors was measured
at 50 mm thick and conteined 82X comburtibles (Hlobane No.
). W attempt wes aade to sweep the sreax and load out the

dust. "lieitlicr was the dust gllayed by watering down which |
s s prevequisite to being granted exemption by. the
Inspactor of Mines from stouedusting (Hiobane No. 2).

Untrajined and uncertificated persons in the section cl_hargin;
.up shotholes and blaxtiag; removing goaZ line timbers by
m'ié__hh@ ﬂ,:i.ekz of explosives with primars to esach timber
‘end then bDlasting the timber lu:pportl out; ' ume of
m—po;nit!_:cd axplogives in tln\\ above  practices;
mmluuin;-lhntholn. |



454

Blasting goaf lite fenders without the prior te~ting for the

presence of methane.

Allowing diverse breaches of the Mines and Works Regulations
to occur in sectionss
i} failure to notify the Inmspector of Mines of

reportable accidents.

it) Fzilure ta report a coal dust explosion te the

Inspector of Mines.

iid) Failuze to appoint a Mine (verseer to assist in

the manugement of the mine.

iv) Failure to report breaches of Regulations tc the

Indgpector of Mines,

Use of contrabend (matches) to light cigarettes while
~working in -splits im the goaf.

* Faulty and non—flameproof electrical gear ingtalled in the
vicinity of the goaf.

Duly eppointed responsible officials not carrying out their
dutiel.und lenving the sxamipation of the gas-filled goaf to
untrained iocompetsnt persons. 4

Inuuffiéiant attention pald to ventilatibn sppliances on the
goaf wedge resulting in the build-up of dengercus
cencentrations of methene in the vicinity of the gosf edge;
leaking brattices: brattices rolled up to allow tha easy
passsge of wodbile muchines. . ”
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Dangerous quantities of methane on the goaf edze were mnot

dealt with in a pogitive manner,
Loose coal igniting as 8 result of a methane ignition,

Failure to install bleeder roads and gas drainage holes from
surface in pillar extra ‘on sectioms. In ali the Inquiries
oxamined which deal with Hﬁme form of secondary mining there
wgs a2n absence of methaneldrainage in the goaf resulting in
a build-up of methane inside r~he goaf and at the goaf line -
in many incidences the ventilatjon appliances in the
gsections and in some instances the air quantitiea delivered
to the area were inadequate t¢ remove the metbane end render

it harmless.

Lack of brattice curtains at suxiliary fans.

ABlown-out or overcharged shotholes (see Chapter 4).

: ;@Lsck of adequare fire-Fighting appliances‘&n a section where
& fire breaks out (weter supply at adegquate predsure and

quastity and fire e;tinguishers). The fire which developed
after the explosion at t}“ Durban N¢V1gatian Collieries wss
quickly doused uwing wuter and fire extinguishers,

Roadways which have penetrated dykes are more tbhan iikely to
Le poorly ventilated and, paredoxically, to encounter
excesrive methave exissions or blowers. Thefe two aspects
lead to a dangerous condition in the form of an explosive
methane/air mixture, Furthermore this danger iz exscerbated

by poor xoof snd sidewall conditions.

oo

Methane expiosions send out shock waves which blou'co;l dust

in romdways and bhaulages into hesps, thus increasiug the’

danger of cosl dust explosions,

[N

Y
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A coal dust explesion in & colliery may render it
0 inoperative for anything from 6 to 20 weeks due te the total
degrruction of all ventilation  appliances, In  cone

instances the colliery could be closed permanently (Wankie
Golliexy 1972).
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5.7 PLECAUTIONS TG BE ADOPTED

The preceeding sections have provided details of several
documented and researched dneidents. Based on ithese, tae

following conclusions and gbhservariong can be listed,

5.7.1 Bieader roads at the furthest extrewity of the goaf

In order to prevent the occurrence of wethane/coal dust
explosions on the goaf line snd inside the poaf twe critical

abjectives should be met. These are:

- To adequately ventilate, by éoufsins. the goafi line s& ag to

remove dangerous methsne concentrations,

- To sinultsnecusly ventilate the goaf in such 4 manner that

no dangerous ;quantitiés of methane accumulate in this

regic. g

The alternstive to these recommendations would hc to prubtice

pillar extraction Wwithout bleeder roads and the case atuiies

invcstigatvd hlve jndjicated that the goaf srea tends to bacome &

reseivoir for hethane which finnl‘y finds ita way to the workxpg
flﬁlﬂ.)ﬂThﬂ i3 1 realxn;yg in the goaf Area euulﬁjallo leed to zue
huiquap of an explesive mixturd{\n

,"':'r. ‘_ . ‘_ ’ E;"-‘.
Thers are several alternatives A\nilahit !of the blecding af

G‘.‘I

methane from individual panels - ;\tll tﬁtr;ction or 1ncnnp1ete-

- A
extraction, Total ext:ld&ion of a é:%ducrlon panel involves the

"gecond miniug" of sil ynikibla. pillars in the plne%}‘ Air must
be ab - to 'ilou:'%hrough the ‘goaf that vemaing after the
extraciion is completed.f In wmany cases, after 'éxtracfion is
‘2nmpleted, the roof in the goaf falls vightly, conpacte itaelf,

or even cesents itseif together in guch & wapner that it will not.

allew air to .pass over the goaf. The practice of blreding
requires that a d1££erentzal air pressure be esteblished that
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will cauge air to flow from the goaf into the bleeder returns.

The one alternative to total panel extraction is incomplete panel
extraction, which is the prectice of sgy=ztematically leaving a row
of pillars to provide an air passage through the panel,
Incomplete panel extraction should not be confused with partial
pillar extragtion, which is the practice of extracting individual
pillare in such a manner that caving ¢f the maia roof is uot

achieved.

Figures 13, 6, 17, 18 compare the four methods of total

extraction,

The third alternative considers leaving the twe barriexr roads and
the brick gtoppings intact and returning the bleeddér wventilation
along these roads to the main return. This method is only uged
when bleeder roads ave not available at the end of the panel
where pillar extraction commences., The one disadvantage ¢f this
systen is that roadway lrush may damage hrick stoppings thereby
allowing bleeder ventilation to shoit circuir and not clear the
goat of nethane concentrations. Thix method hag the .sdvan:age
that if the goaf 'packs tigit', and reduces the bleeder rvad air

quantities, brick atoppinge 'mazked “A“: for ingtance can he

remoired thusg increaeing sir fiow to the ;ﬁaf.

!igurul;s shows datails of -blaedcé road vnntilntion vhere the
g0 does not 'pack tight' and air passes. wvsr the pres ior the

- duration of pillnr extrsction in the pancl.

Howevér, it is often thn: case that the gosf aventuslly ‘packs

tight' and reduces air flow through the bleeder rosds to a

quantity . of air some 40% of the target quantity, When this
cituation occemrs the method shown in Pigure i6 Ii: vred wbﬂreby
the bleeder road to the sdjscant unstodped panul L R ,cestfully
woved to Jollow the stoopimg line. i

" ;
{ 1

»
. - ."ﬂ'.‘_'* \-\.\\ W .
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Experience Iin the South Rand coalfield particularly in the area
where the overlying strata ashove the seam consists of a competent
sandstona is that, apart from one recorded instance, all goafed

aveas eventually 'pack tight! and limit bleeder voad ventilation.
Intake quantities of approximately 40 msfsecond should be
availgble for pillar extraction sections of which 457 or some

13 mzfseccnd shouid be bled over the goaf.

Figure 19 shows a typical wventilation arrangement for piliar

extraction,
5.7.2 Hethane drainage from ile goaf through surface
boreholes

' Notwithatending the use of bleader roads the removal of methane
accumulations in the goaf is not totally guarsﬁteédlas ie proved
below. ' : . p
The experience at the Balgrsy explosion in 1979 when a 200 =mm
‘dismeter borebole was drilled from surface to the goaf indicated °©
that it was notlaecclsary to use & fan on surface t; evttuate the
atmospknre in the goaf; the goaf atmosphere, vhean the drill hele

. resched the goaf, blew out of the borehole - against the mine fan

* pressure ~ similar to biow-outs experienced in gas wells.

In sddition ts bleeder rosds 75 ma dismeter boreboles are driiled

from surface to the 3osfmn§.:he Durban Navigation and Springfield

colileries to drsin excess wmethane tvo seurface and it is

r-coinenﬂod that this practinoﬂbn used in all secondary wmining
methods (includirg longwslling). This method is cxtensively used |
at the Island Cresk Coal Coupiny in West Virginia, U,5.A. where

high methsane esiscions ars experisnced é} their longwail panels,
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Bkow (1964-1979) =states that whem wirtually all the coal is
axtracted and the roof allowed to f£all, a zone of tightiy
coppacted rubble {goaf) is created. Air does mnot flow easily
through this rubble, and large quantities of methane may flow
into the goaf from the fractured strata above the ccalbed. The
large volumes of methane that accumulate in the pgoaf areas
frequeantly cause severe ventilatien problems during mining of
adjacent areas. When the barometer falls, the methane-laden air
in rhe goaf expands and may enter portions of the mine where a
apatly source is more likely to be found. Even if sealed, goafs
are uot completely airtight and can leak methane-laden air into

the active portions of the mine.

To assist the conventional ventilation systems in some gassy
minesg, vertical bhoreholes are drilled from the surface into the
overburden ahead of mining., When the mining face passes the
hole, roof subsidence causes cracks in ﬁhe cverburden, and
wethane that normally would be releared into the goaf ares £lows
to the borehoie and is drawn to the surface. Such holes can
remove as ruch as 2800 nafday of methsne fromw & mine and reduce
methane enirsion underground by more than 50%. Bureau of Minee
rests have shown that a "short hoie", one that.terniqates well
above the coal, is just as effsctive sx a hole drilled-withiz =

T

few feet of it, iw less expenmive to drill, and discherges a ges

having & highar metbane content,

L}

Plow rstes from gosf ventilation holes temd to drop rapidly, for

.example, from 28000'n?lday to only 2800 lslday over s period of
one yeser. The concentrsticn of methane also decreases with tive,

frow as =much ea 1002 to 50X or less within sevaral nonthe.
Daspite thesa factors, gas drsined from goafm can be usead as
boiler fuel or for gas turbine generation of eiectricity. Since
verticel borehcles to goaf sareas are simple, effective and
relatively inexpensivy, they are being widely used in the cosl
mining industry. S

(3]
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The 200 sm diameter drill hole at Balgray Colliery (drilled after
the three expliscsions)} was drilled primarily to alloﬁ the goaf
atmosphere to be analiysed for methane aud oxygen. The results of
the analysis were to be used by manigement to decide whether it
would be safe to send men into the recadways leading into +the
‘section to repiace seals blown our by the third explosion. What
was not realised at the time was that the hole could be used o
drain methane from the goaf - either by natural ventilation or by

forced exhanst mesny.

The holes are drilled prior to maximuw oxtraction coumencing and
are drilled at intervals of 207 - 400 wetvres apart along the
gentre 1i+~ of the panel. The depth of hole depends on caving
characterigtics, Whers the superincumlent strata caves to the
base of & dolerite sill holes should be drilled to a depth of
+ 20 metres below the base of the sill, Where the superincumbent
,stratéﬂdces not cave more than 30-40 metres alove the extracted
sean, ﬁﬁles should be drilled to an horizon + 20 metres above the

Figures 20 and 21 contrast the different drilling depthes required
for differing caving heights.

R
{¢a) ©  Results obteined from recent studies ar Springfield
\ Colliecy ’

L

Figures 22 and 23 show respactively tha stratigraphic column in

(3 11 *
the 8900 ares and a plsn of the seciions where pillar extraction
teok place and indicating the methane drainsge holes to surface.

The hole on surface is covered with a plsutic U-tube to allow
mathane - 0 escap2 to atmosphere through the warer in the U-tube.
A plaatic U-tube is used so aa to not sttrsut lightning strikes.
See Figure 24,

[}

U
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Barcmetric pressure is recorded on a continuous basis ‘ndicating
that & 'high' pressure is experienced during the mornings and a

Tlow' pressure during the afterncons.

As mentioned, thiz phenomena has a great influesce on the
readings obtaired, Gas samples, by means of a Mogul gas pump,
were taken on a weekly basis and sent for analysis to the Chawber
of Mines, Testring for oxygen, carbon monoxide, methane and
hydrogen was carried cut twice daily (mornings and afterncoms).
The results were recoxded in z book and any trend could be easily
followed, Haﬁ&held instruments, locally obtaingble, were used
for daily testing.

i

#
I

Resulita (

Methane geas escaped to Burface via the surface bore}ole prior to
goafing., This phenomena continued <£or three da;é before the
methane gas tapped in the stratra above the coal seam was cleared,
After this initiasl perind of three days the air in the hole
becanme stagnant and the only change of air movzwent in the hole
was caused by the influence of the bn;ometrié pressure changes.
Mo further methane readings were obtained from the air emanating
frop tha hole until the firact gosaf cppeared, '

¥or a period of 10 days after the first goaf had holed with the
borehele, air was cornstantly upcasted through the borehole and
sonetimer contained methane gas of up to 63,5%. Thereafter the
slr started to downcsst continuously for a period of 74 days.
After chis period of 74 deys the air again started to downcast on
the low barometric prescure period of the day (pm) snd upcaating
during the high pressure period of the day (am). Methans g3as
resdings of up to 27,8% (28 Novewbe: 1988) ware obteined.
Table 5.3 showa the details of the mathane recorded in “the
drainage hole and icﬁe figures are graphically repressnted in
Figures 25 and 26. | '
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Table 5 53

Gas analysis of methane t ..:dage borehele No. 1
Section BY90Z (stooping)

p4
No. Date Methane
A

1 22.8.88 63,5

2 22,8.88 36,3

3 24,8.88 25,5

4 2.9.88 14,6

5  2.12.88 24,1 -
6 2.12.88 25

7 7.12.88 27

8 13.12.88 28,2
.9 22.12.88 27,8
10  4.1.89 36,6
11 9.1.89 36
12 11.1.89 25,7
13 16.1.89 35,3
14 26.1.89 28,3
15  2.2.89 33,9
16  10.2.89 36,6
() ‘Conelusion

overlying strata and contained under presgaure.,
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3
co

LI

474

4

Oxygen

2.8
10,5
15,5

15

5,6

5.1

4,8

5,6

5,3

3.1

3,3

3.9

4,2

5.7

1.7

2,8

Barometric

Pressgure

kPa

, 84,88
84,88

54,44
84,79
83,43

83,04
83,23
84,4

84,15
84,73

Pressure

difference of

gas ex hole
Pa

60
100
200
70
110
20
300
20
60
80

" The initiel upcasting of the air in the borehole bafore stooping
,compences ig caused by the relesse of gss which ir trspped in the

The releage of

the trapped gas creates s lower préssure at the cavity from where

the gas escapes. This in turn allows gax tc esa?pe from the coal

seam via fissures leading into the exposed area #nd further inte
the borehole — Pigure 27,
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Eventually the gas pressure in the borehole and the barometric
pressure on surface becomes equal and the release of gas ceases.
The influence of the change in barometrie pressure now causes the
air in the borehole to either upcast or downcast resulting in the
movement of air into or out of the overlying strata and the coal

Seam. >

When the goaf line reaches the berehole, a direct connection
between the mine wventilacvion network and the borehdle is
established. The air immediately ¢ormences downecasting, as it is
directly influenced by the negative pressure created by the
surface fans. FHowever, at barehole No. 1, at section B9G2, ten

days lapsged before this happened.

After ten days, a congtant flow of air down the hole wag
monitored for a period of 74 deys. Any meke of gas in the
v;czna;n\of the borehole was removed by the nd;ural flow of air
in the section snd over the goaf through the bleeder road,

Goafing in the worked out srea continued and the borehole once
sore became separated from che'ventilation network underground,
Thies wes noticed when the air in the hole again started to upcsst

" during high pressure end downcast during the Iow barometric

pressure period of the day., A "solid" goaf, which separates the
borehole from the iInfluence of upcast fan pressure, is created
and gan is remcved through the  borehole from the sesled ares at
the back of the gosfed area.

It ia aiso cslculated that, depending on the percentage of
nethsne gas emanating fros the surroundinge, the methane gas “uy,
in fact, overcome the pressure crested by the surface fans .hd
might, in seme cases, lead to the upcaiting of air during the
original 'dirsct connection’ period due to the low specific
gravity of the mathane {0,5) and the heat in the gosfed srea.

);". \'__\
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The process is illustrated in Figure 28 which depicts the five
stages of methane drainmage in the hole and the upcasting and
downcasting cycles. ' "

5.7.3 Prompt sealing of fires

The author in dealing with fires undezground (and span:anedus

combustion heatings) has been guided by the paper "Opening an old

fire area at Northfield Colliery"™ by Watson (1964} who atstsd:

"From all accounts ten persons were gassed on ope occasion (in “a

Btooping section) and the following day twelve were again

treated,. We are told the gection was double~shifted with & view °

to rapid extraction %0 a8 tc smother and arrest the heatilig.
This had no eifect and the situation becapme worse. It was then
decided to seal off the section st the first dyke-outbye st
Pillar 20. Muwch time we arsume vas lost, due to the recavery. of

material from the section and” ‘alse the prepiretion of sealing

eitex," Watson then concinded that the delay in seeling off the
affected section finully"resulted in éha e:plosi;p gpich
destroyed one of the seals. = .
At ‘Balgray Colliery in 1979 nucthilé was Jost in sealing off the
lffccteﬁigrnq_ after the second exploajon and st the Glencoe
Colli@;yfﬁigasgfr in February, 1908 it is :aforded that:

‘ Lk “ 4

“Y;nr.ﬁouniniionerc are of opinion that had the Uhdargrouﬁd
Hlaagcr’of.clenébe Colliery caiiled out his intention - shown by
ordering maxerial tc be sent iato the mine - and promptly built
off the fire, further explcaionl\yould have been prevented; and
that he erred in assuming that the fire had bean extiniuished by

the fall ,0f roof, the conditions pointing to an opposite

conclusion.”

bt

: L
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Unless the fire can be speedily dealr with by either loading the
coal out of the mine or dousing it with water it should be sealed

off with the greatest speed,

The dangers which arise as a result of undergrouni fires and

spontaneous heatinges can be clasgified as follows:
- The toxic effect of fires on the mine atmosphere.
- The asphyxiating effect of fires on the mine atmusphere.

- The danger of methene explosions.

The danger of coal dust explosions.

LI

@
- General dangers,

The toxic snd asphyxiating effacts of mine fires falls outgide
this investigation which inveatigation tends to highlight the
explosions which have resulted from fires,

An active fire provides the ignition source to initiate a methane
wxplosiof’and pionmeer wo:% by Coward (1929) who researched the
celationship of various mixtures of methane, oxygen snd nitrogen
led to ths well known "Cowards triangle” shown in Figure 29.

Cownxd (1929) stated that if the proportion of methane, oxygen
and nitrogen in a mixture of ?»a-e three gases are known,
reference to Figure 29 wiil show at once vhether the mixture is

cxplouiﬁl or uot, or whether it can be made exploaive by -

admixture with sir in suiteble preportiome. All that is
necensary is to Eﬁnd in which are? ic point expressing the
composition of the mixture lies, ¥orv ‘example, if ag shown, the
mixturs containg 9 percent of sethane and no mors than sbout 7,7
percent of oxygen, it will neither explode nor can it form an
explosive mixture with air, whatever be the proportion in which
they are mixed. If however, the oxygen content lies between
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about 7,7 and 14,4 percent, the mixture, although not explosive
itself can be mixed with suitable amounts of air to form an
explogive mixture., When the oxygen content lies between about
14,4 and 19,0 percent, the methane remaining at 9 percent, the

mixture per se iz explosive.

A generaliced form of Coward's (1928) diagram is dilluestrated

overleaf in Figure 30,

In Figure 30, point A represents pure air and line AD mixtures of
flammable gas with air, Point B represente the lower explosive
limit, and point G the upper explogive limit of the combustible
gas in air. Point N, commonly termed the ™nose point®,
represents the oxygen and combustible gas concentrations below
which no mixtures sre explosive. In constructing this diagram,
point B gnd C are initielily plotted from the Lower Explosive
Limit and Upper Explosive Limit of the mixture,

Line EN is then drawn such, that, if continued, it would pass
through Point A. ‘The composition point, X, for the sample is
then plotted from its oxygen and combustible gas content.

Threé regions in the diagram are of interest. If & sample point

ligs in the arza BCN it is explosive {(capable of propugating
flame after ignitjon). Sawples lying in region DCNE are not
explosive, but woﬁ}d become s if they were diluted with air
(thcntialiy txplociﬁe) Sampley lying din the region ABNEQ are
not explosive and are not capable of forming explopive mnixtures
with air diletion.

The diu;rnn also conveys 1n£oq?at;on on the effect of coumposition
changes on explosibility. If a nz:ture ig diluted with ajr, such
as in the opening of & seiled area, its point on the diagram will
Dove alchg 4 siraight line towaré point A (direction a,
Figure 30). This iz especially important for samples initially
in napoten;ially sxplosive condition, since air dilution means
that they ﬁug: pass through an esplogive atate.
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» Dilution with an inert gas will cause a =mample point to move

towards the origir, point 0, (direction i). Increasing
combugtible content of the mixture causes a ( (ift in direction C.
An importent aspect of this is that increasing combustible
contert ¢of & mine atmosphere may result from not only the
presenceibf increasing volumes of combustible gas, but alses from
rveducing the air supply to an area by sealing. This undgr come

conditions, could take the atmosphere through an explosive state.

Coward (1929) <continued that -heated c¢osl produces, by
distillation and by partiel combustion, methane, hydrogen, carbon
wonoxide and other inflammeble gases and vapours. To fepienent

by curves and tables the explcgive propertiems of all the . various -

~ possible pixtures of these with air and blackdamp ss vas done for

neth:ne alone uould ba an endless task.

LW

’ “xuﬂ}Un:t.d Statlu Bureau of Nines (1978} explosibility triangle

is blled on tha convarlicu of wmethane, hydrogen and carben
monoxide in the atmosphers into an effective combustibie content
and ths npitrogen and carbon dioiidn_ inte an effective
non-coubiugtible (inactive) content (see !iﬁure 31). A value, R,
vhich represents the xelstion betwesa aethane and the total
amount of combustible gases, is used to calculate the ares of the
ayploaibility triengle. The plotted position of a Ipecifind gas
mizture on the diagram ic calculated &s foliows:

T = Bifective combustiblelﬁliea

= X,CH, + 1,25 (XH,) + 0,4 (X Co) (3-1)
. % = Effective incombustibie gases e
=% Excess B, + 1,5 (2 Coz) _ {342)
Whera: X Excess N, = 3 ﬂz in cample -X normal N, {3-3)
And ]
T Normal u,‘; = (79,04/20,93) (2 0, in sample)
. = 3,78 (% 0, in sample) o (3-&)
R =% CH -
4/ (X3 CH, | % u

2 +2CQ) (3~5)
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‘The Coward triangle {1929) was in generesl use as recently as
1977/78 in coal mines in Scuth Africs and is still in use on some

mines,

It has however beern generally superceded by the United States
Bureau of Mines {1978) triangle. The advantages claimed for the
USEM explosion triangle is that it tekes into acccunt hydrogen
end/or catbon monoxide which is present in the combustible gases

in the y co-ordinate,

Whers a heating, glowing or active fire is vis'ble to mine staff
(coel, timber, cther inflammable material, &.ectric fires) the
serigusness can be guaged and the necessary action  taken
immediately especielly when the pregence or otherwise of methane
gas can be determined using methancometers. The primary aim iz to
lpad out or douse the fire and if this fails to seal off the area
with the utmost haste ensuring that the etmosphere contains a

methene/air mixture which is not explosive.,

An example of this situation was the fire which developed in the
bottom sesm workings at Springfield Colliery in 1%52. The bord
and pillar workings of the South Rand Colliery, which had ceased
production in 1934 were flocded. These 2,5 metre high workings
were on the floor of the 20 metre thick ccal meam. When the New
Springfield Colliery cosmenced production din 1950, one of the
objectives was to dewater the old mine workings wvia the South
Rand vertical ghafta and drive declines into the dewatered
workings and commence top coaling the old roadways. When the
three declines reached the Scuth Rand workings and these were
vuntilatid.;; visible spsataneous copbustion fire broke oﬁt
within four days. The area waz gquickly sesled snd the Efire
doused by puupikg water back inte the old workings thua
successfully aveiding further problems,

Focui gas reatios are available to the Mining Engineer for use in
deterpining whether or not & fire im devaleping in aress which
are not easily accessible — for exsmple, the goaf area, old
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workings or return airways which have recently been rendered
inaccessible ~ and to determine whether the fire has reached the

stage of forming an ignition source.
These ratios are:
i. Graham's Ratioc (1926)

This ratic attempts to relate the level of carbor monoxide
production to the rate at which oxygen is being absorbed in the
oxidstion process. The oxygen deficiency value used is nor the
difference between the oxygen concentration in the sample and the
normal oxygen content of fresh sir {20,95%}. In this context, an
oxygen deficient atmosphere is one in which the propuriicgfﬁnf
oxygen to aitrogen is leas than normal (norwmal being 20.93:7&;04
= 0,26:1) and the oxygen dcficiency i the oxygsn percentage
which would need ta he added to restore ths proportianlko normal.

An exswple of the calculation of this ratio follows:

Ssmple results i
02 - 20,18 percent

ﬂz - 78,92 percent jﬁ
Hormal 02 in fresh gir - 20,93 percent

Nomal “2 in fresh sir ~ 79,04 percent

Dacgoéxasponding“to 78,92 percent
N, = 78,92 x 20,93 = 20.90 percent
79,04
[ )
0, deficiemcy = 20,90 - 20,18 = 0,72 percent
C0/0, deficiency = 0,002 = 100 = 0,4 pavcent
0,72 '

' The suthor msds wxtonsive use Of this ratio when dealing with
fires at Springfield Colliery from 1968 to 1973.
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if. Willett's Batio {1943)

This ratio takes all the gases in the sample other tham air (the
air-free analysis} and expresses the carbon dioxide as a

percentage of these gasmes. .
The formula is:

C02 x 100

Excess Hz + Total Combugtibles *‘ﬁtz

iii, Toung's Ratio

This ratio could ba referred to ss the carbon dioxide oiygén
deficiency ratio and is given by the formula

A x 106
0, deficiency '

ive ¥orris Ratio No. 7 (1988)

]

This ratio “2

CO + Cﬂz
§
clsariy indicates when & fire is aciive or passive. It iz also
vary sensitive to a change in the state of gaces within a sesled
ATOA.

The intention in this section of the comclusion ix to - indicate
the use of these ratioe in detecting & fire and establighing
vhether or mnot it is active. Graham's ratic has Dbeen
successfully used to detersins this trend,
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Graham showed that as the temperature increased, so the rate of

CC produred, to the percentage of oxygen absorbed, also

- inereased, This is indicated in Table 5.4.

Table 5.4
Carbon moncxide production
as a percentage of
Temperature oxygen absorbed _
DC Percent
20 _ 0.7
B T ' 1,0
70 . 2,0
100 ' 2,8
120 " 5,0
140 7,0
i\ "_..f

An interesting coument was made by DPr. Haldane:

*For tracking down incipient goaf fires I bhelieve that Mr.
Crahas's method will be very valusble - if, indeed, in face of
the oxtt:urdin-ry new R#gulat ion which has just been forced on
tha coal industry, any Hanagcr will care to look for goaf fires
till lpnke or flam&g appear. Mr, Gruham's method is pirobably far

* inferior in delicacy to the sense of smell; but ‘the sevse of

suell becomes wvery quickly dullad when one is present in an
odoriferoul atgosphere, and may be unrelilble from other causes,
as, . for ingtance, the sdsorption, during passage through £inely
divided ccal, of the odoriferous substences.”

Herce, &% sampls analyeis indicates, an increaging ratie derived
from Graham'a formula so the progress towards an active fire
{ignition source) is plotted. .

4

Pigure 32 showas tha results obtsined from a developing
spoptaneous combustion fixe which demonstrates the need to erect
sesls promptly. These results were recorded at Springfidid

Colliery in 1971.

N,
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“angers do exist fthat an explosion may oceur behind the geals
while the work of creating seais is still in progress. A
copprehensive analysis of the three main fire ratios (Graham,
Toung and Willett) has been mide by Morris {(1988) and he has

derived a new fire ratic which may be uged to determine whether a

firé behird the seals’’has become extinct and further when an

explosion behind the seals 4is imminent, This ratio is N2/CO +
) . . L §,
CO2 and indicates when the fire is active or passive. Morris

Li

states that:

.I'J"r

'Siaurthcx. this tatio is very sensitive <tn a change in the state
I, N . It N

of the gaxes within a sealed fire zone and may be used to inform
mine persomnel that gn explosion within the fire seals will occuz

in time to withdraw workmen from the mine.?

£ .

5.7.4  Section ventilation appliances
: B

[

'In studying the 69 methene/cosl dust explosions whigh have

occurred in South Africa since the turn of the century ia almost
&1l cases an-overriding feature is the lack of attenticn to the
ventilation lpplilﬁcnl in sectione., This dnficiency finally
resulss in - inadequate ventilsticn delivared to the coal face
thereby allow.ug uanger: + accuaulations of methane \\t'o oteur.

Th% incidents dealt with'sx' this chapter highlight:
o

o

- Saction {Lrattice cloth tied up to allow the ecasy path of
equipment, Thise ‘tesults in section ventilation being

short—circuited andlthus not teaching the working aresx.
. 1 o

¥

- Yans installed in posirions which allow recirculation.
- Hot installing check cur;:a:i.na at auxiliary fags to pi:cvent

|

- Broken -vepcilation ducting qi} ducting whichk has heen

recireulation.

throttied to divert more sir imtu another face,

b

-
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Supervision, discipline and proper training are the three
ingredients necessa:zy to ensure adequave wventilation to all

faces,

Since bractice cloth tends to allow more loakage of air to the
raturn airway then brick stoppinges an. the object is to prevent
air leskage it follows that brick stoppings shouid be erected as
goon as is practical in a pection to replace brattice walls. The
Northfield disaster in 1943 refevence 1.M.N./1943 is a goud
exampie of the result of a failure to erect permanent stoppings

as soon as possible.

All auxiliary fan installat®-ag, and start up procedures, should
be documented into a atandard procedure file which should be used
to train all these concernad with these fans and their operations

{see Chaptexr 2).

Roliing up brattice curtaing to allew the pussage of equipment
defeats the vbjective in erecting it in the first imstance.

When sealing off a panel in which a fire is known to be present,
the two geals in the intake road and return airwsy road :
respectively Qh\uld be equipped with steel loors. These two
‘doorz should :ﬁmnin cpen thereby allowing a passage of air
lthrough the section until all seals are complete., Roth doors
should then be clicsed sgimumltanecusly and workmen removed from the

digtrict.

Roadweys whick have developed ﬁﬁrcngh dolerite dykes require
close sttention to ventilation and gae testing - this agpect has
been dealt with in Chapter 2.

5.7.5% Fires

Non-inflammuble brattice only should be permitted undergro nd,.
Fhotograph 1 shows the test carried out on brattice cloth

currently in v. -~ underground on fiery c¢oal mines. A new
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S - dqvtlob mock fire ggxilis to test the affectiversss of the
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non—inflammable brattice (Frame Manufacturing Group Q6133) has
now been Introduced. Photograph 2 indicates the danger of using
pipang underground whiech burrns. This piping should be removed

from the mine.

Adequate firz Fighting equipment sghould be installed in all
haulzges and sections urdergreund suchk that in the event of a
fire ceccurring it may be doused immediately. The only effective

method of ensuring thar these standards cpply is:
- to develsp standard procedures to prevent and fight fires;

- _ audit or overview the Installatioms at frequent intervals;
i -

s

i .
systeme. An exemple of suggested recommendations is get out

Ly “

below. .
Iv is dangerous to awgume that & fire is ocut. Mining Engineers
should nak. uee' of oll the fire detection rxatior available
together with sound experience tc  scientifically determine its
state. )
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FRODUCTION SKCYIOMS o ~

Fire Fighting Kquipment

Other Reaquirsments

Wezk Area Trpa o 3] - Bosition sk Genersl
1. Section Cesveysr ) Frietioa
8. Drive Unit Dzy Powiex Rmringuishar F $ kg Near swirchgexr on intokas tabricarion
aide Flecerical
fits Bydrant Srandpige, ~ 2 75 mm On iantoke alr aide HSoses and fivtings to e
- Negs and ficcings _ stored in locked conta
». Conveyer Fire lipdeant Scandpipes An fx water column aliopg Frictiom Hosap to ha used from drive
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) iatervels structure
¢. Tail Bad Pry Fowder Extiugnisher i % kg On ijucsks air side.
fiva Eydrant Sticdpipe, A 75 sm Oi nteke alz side uear Soses sad fitrvinge to be Friction fioses to be of sufficient
" Nosaw: aué fitcviugs regd wxtinguisher in locked contairer total length ro resch
% sstranitise of production
v ‘l ATRRE
2. Tosder Breskaxr Dry Powder ¥xtinguisher 1 ¢ kg On inveke air sida ristion *
’ rication
ectrical

3. Bwiv-\gear Pry Powder Extinguisbir 2 §ig

On intaks air side
mounted oo trailer or

]In

l%ﬁt;ul

L

4. Maintenssce Bay Dry Powdar Extinguisher 2 % kg
¢ Sand Buckats .

on sephrate ztend

Biu‘i"gtxictl-

T
iy
Y

One unit to be adjmient to
oil storage zack

5. Bection Ntore Dry Powder Extiaguisher 1 9 kg

Adiscens. to inflammabls
mzexiale a,g. rasin
simber :

kad

All fire Zighting eyquipment positsons to hopluntt!'ui with reflactive markinge.

Inf lltnbh
Hataxiale
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5.7 .6 Supervigion

Mining supervisors throughout their daily work ars called upom to
periorm a4 multifarious set of duties. It is =not the author's
intention to attempt a set of pguidelines for intensity and
training of supervision since condiclons and methods of working
differ considerabiy, Rather by =studying the nature of the
varioug incidents will aAné he able to form an idea of what degree
of supervision iz required in a parjlﬂular set of ciccvmstances,
4
It is fact, proved by experi;nce. that Mining Engineers, who
absent themselves for lengthy periocds . from their operations,
cannot and do not provide adegquate technical guidance to their
staff ~ officiale are alse gquick to take advantsge of this
fallicg, a2 are they when suparvision is weak and diluted.
Decision-meking without technical support such ss the theory of
the acting Manager at Hlobane {1.M.N, 232/52) that the explosion
wvas due to ™atomised gelignire explosives™ caft be countered by
requesting » techmical regorthf a specialised nature se iz shown
below:

To the rnlptetor of Mines, Dundee.

“Your minute No. IMMA 245/52 of the 13th instant refers.

i
From your description of the sccidents, I should ssy that there
cén be no doubt that in both instsnces they were due to coal dust
sxplomions.

Mr. Nelson's submissions sre rather lingenious, but in my opinion
without substance,

3

]

High explosives, which cate;ﬁry hnclud.l the various dynamites,
gtli;nitcn and detonstord, o& detonation decompose practzrally:
inatantanoou:ly and this haﬂpcna irrespective of whather the

sxplosive is confined or is oul in the open.
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The explosion of these explosives is a phenomena which is
dependent upon the transmission of shock. When, for instance, &
guantity of 60X ammon gelignite is initiated by means of a
detopator, fire from the gafery fuse or the fusehead in the case
of electric detonators, acting upon the top Ilayer of powder ia
the detonator cause it te undergo a.rapid chemical transformation
which produces hot gns, and the transformation is so rapid that
the advancing front of the mass ¢f hot gas amounts to a wave of
pressure capable of initiatving, by its shock, the ezplosion for
the next portion of powder. This explodes to furnish additional
shoack which explg?as the next adjacent portion of powder and &o
on, the exploegion advancing through the mass with incredible
quitkness, the ;elocity of the ghock increasing until the maximum
velocity for tha ﬁarticular detonator is reached, which for a
gtandard No, & detonator, iz of the order of 12 000 feet per
second (4176 metrem per second}. The shock wave from the
detcnator then passes into the anmonqﬁﬁlignite which it iInduces
ta explode in the same way.

On occesions an explogive may become Bo insensitive, for instance
through sbsciption of excessive moigture, etec. that it either
doci not detonate at all or detonstes incbupletely and only
partwey into its mase, leaving the r{pt largely intact,

Mr. Nelgon's theory would seem to be that the first charges
datonated only .partislly and, in the process, pulveiised the
usexploded portions to such &n extenk that they formed 1 cloud
which was ignited by the flame from s submequent charge. This is
inconceivablie. An explosive doex not require oxygen fromw the aix
for combustion and if the explosion wave in & charge was so
powerful as to pulverise tha back cartridges, the gsses
accompanying the weve would have been arill at such & hest thst
the pulverised material could not hawe failed to explode there
and then or, at the very least, have caught fire imaedistely and
burned out long before reaching the bemd around which the boys
sheltered. i
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It has been confirmed in practice that when & mass of explosive
detonates ipcompletely the explosion wave starts at a low
strength, increases up to a maximum and then decreases until it

dies out, leaving the undetonated portion more or less intact.

Signed ~ Chief Inspector of Explosives.

5.7.7 Spontaneous combustion in the goaf

Spontareous combustion in the geaf presents san ever present

danger.

- In pillar extraction using cyclice mining'machinery end the
closed 1ift method fenders and snooks which cannot be
entirely removed should be descroved by ,blﬁstiﬁg thereby
preventing geaf hang-upe and subgegquent crushing of snooks
in the goaf, ) |

- Pillar extraction should not be practiced adjacent to and
inte burct coal zones which flank dolerite dykes, A
sufficiently wide barvier pillar should be left on either
gide of the digturbance 8¢ as to -prevent crush on the burnt

coal zone and subsequent heatings occurring.

- All gomf blee’er reoade sheuld be monitored on a frequent
' basis for carbon monoxide build up. .

- Stonedust should be blown into tha goaf through the check
" curtsine et the goaf line by wmechsnical mesns. Thir will
render any coal dust in the goaf incombustibie.

a

5.7.8  Systematic Rehabilitation of Airwsys

With the pasgage of time intake ané return sirways deteriorate
(especially in thick ccal sesms), Roof falls, floor hesve and
pillarside scaling resuit in rthe:
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lowering of the safety factor below the planned safetry
factor levels, N
increase in the mine rezistance leading to lower ventilation

quantities c¢irculating throughout the mine,

posaibility of sgpontanecus combustion occurring in main

haulages and returms,

vieglect of the mandatory examinstion of return airways siuce
these sventuplly become impaswsable, due to accumulations of
brekan coal.

A a result: of these circumstances the dsngers of spontaneouse
cosbustion and then mine fires leading to explosiors bacome a

real dan;c:;

1
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5.8 CONGLUSION

This chapter has been devoted to methane and coasl dust explosions
which bhave their origins in and at the adge of the goaf in pillar
extraction sections, and alsc in bord and pillar sections where

fires have resulted in an ignition source,

Spontaneous combusticin in the goaf and fires on the guafiidge as

& result of blesting cperations, faulty electrical equipment and

contraband coupled with poor supervision, inadequate wventilation

and the circumventing of standsrd procedures and the Mines and

Works Regulations have been analysed. fires in development

sections have led eventually to majox coal dust explosions which

have ravished tha whole nine and partialiy destroyed the shaft

-yutenk. In other instsnces, the prompt and effﬁcient attention

te fires has resulted in the minimom disruption fo dperations atd

the testoration of the tnvironne&t to & safe condition,

Methode to be adopted to prevent in the first instance and

secondly deal with these incidents whenm they occur are discussed

with particular reference to the drtin@ng of methane from the
spn!-cavity. and preventing recircuietion of the ventilariom at

auxiliary fana and adopting training and cperational procedures

to improve the safety of mines. It is incusbent on Mining

Engineere to increase supervisinn when rajor work iz fecessary to

losd out cosl from old workings (Eail{"cﬁ _roof and ﬁpllling of
ribeides) and rapaiz th? toof and pillagi. Gperltionll ltnffr
tend to igncre this work in fevonzr of production.  Ceal dﬁat

which has gathered in rosdweys throughout the mine iue to one

ceuss or another should be lyutéuatically-luept up and sent out

o

of the wine,
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6.1 IRTRODUCTION

The Hlobane Couiliery explosion on l2th September 1983, which was
initiated by an electyic spark in a silicon cpntrolled rectifier
panel of a bartery operated scooptram, highlightad the danger
which exists in the nse of electricity underground. The trend in
cnal mining, particularly over the lagt 4 or 5§ decades, has aseen
the replacement, or an increasing scale, of compressed air and
steam as a motive power by the almost exclusive use of
electricity. Supply voltages used have also increszed from 500
volte to 6,6 kV.

The £1 wxlbxlzty provided by the use of electricity has led to the
aantznﬁed increese in both physical size and power of coal
uinn:ng ‘mquipment, together with the introduetion of portsble
auxiliary vnntii&tion fand of 37 kV each. Larger subscations and

- distribution equipment of greater cspacity have been a logical

step it the increased usage of electricity underground.

An examination of the causes of explozions idnitiated by an
electrical source raeveals the use of unapproved {known to be
unsafe} apparatus, poorly installed equipment, in some instances
ntchlnigllly"dauugag equipment (falls of roof) and generally
poorly maintained eguipment especially the mobile f£lameproof
equipment., In one instance, thejnuthof is awars of an explosion
resulting in a multiple fatality as & result of the use of
“hopiwade™ flameproof control hoxes on mobile sectichn equipment.
_ : o .

ighnr currents through conductors and connections which result
ﬂh overloading, “short circuits and earth faults cause overheating
which resulte in inaulation fsilures end failures in connecticns,

o
o

ﬁvu:heafiﬁg can aleo occuyr dus to inidequate ventilation and dirt

¥

o
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any joint, varies according to the volume of the empty casing and
the nature of the apparatus but is ussally 25 mm. However,
widths of 18 mm and even 12 mm are gsufficient for certain wsmall

enclosures such as bells, telephones and lighting fittings.

The methane explogion whick oceurred in Section 16 at Springfield
Coiliery in May 1957 and vhich resulted in 8 fatalities and 11
injuries was caused by the use of 2 coaleutter control panel
fabricated in the mine worksheps which did not conform to
flameproof standards. The switeh was turned off while the
operator reorganised his cabler., The control box ¢cueled down and
methane was drawn into the controller through the gap in the
flemeproof faces. While starting up the coalcutter a flash or
arc occurred in the controller igniaing che methose mixture. The
Faulty flameproof design =z2llowed the flame to pass through the
jeint faces and diametrical clearances, thersby igniting methane
in the ;'sing heading. “

i) F  od Zquipment

The most likely causes for incendive lpariing from the wsarious
type of equipment are ligted below:

a. Switchgear aud Control Cear

This(;witphgear is used to isolate various circuitz on the
undeéﬁround circuit and ix non-flaseproocf. Initially air-break
switches which pﬁrnittcd long and parsistent &xcs were tolerated,
but when it weg established that oil immersion of the bresking
contacts reduced the arc oil circuit breskers became noélnl
practice for a numbar of years. ©Oil i# s potentisl fire hazard
and current practice is to use oil-free switchges~

Physical damage to this type of equipment could csuse a possible
shert circuit scross the live conducters. With the unite only
being semi-dust proof there is & possibility of ‘coal dust
entering the arc suppression unit agsin causing excessive
sparking, possibly an ignitioa.
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CF FIREDAMP BEY ELECTRIC SPAZXING FROM FADLTY ELECIRICAL

INTRODUCTION
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DETAILS OF INCIDENYS

Ermelo Mines (Pty) Limited

JIndumeni Colliery

Urracht Colliery
SUMHMARY OF THE PRACTICES REVIEHED ABOVE

PRECAUTIONS TC BE ADOPTED TO PREVEAT ICGNITIONS BY
ELECTRIC SPARKING FROM FAULTY ZLECTRICAL EQUIPMENT

o

CONCLUSION

REFERENCES | | .\
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on #lectrical equipment preventing adequate heat dissipation from

electrical equipment, This leade fo insulation failure.

High surface temperatvures on motors and transformers due to
overloads and faults and on light fittings due to excessively

large globes can ignite methane and lead to wmethane explosions,

Flashes and sparks occur when conuctors mechanically fail while
they &are cerrying current and when inzulaticn failure results
short circuits between 1live conductors
conductors and earth,

in

and between Live

Electrnstatic discharges are wnot produced by fauity electrical

‘equipment and go they have beeen gxouped with lightning, stray

currents, light alloys and friction sparks.

]

The tequirements for the prevention of wmethane and coal dust

explosions ms & result of electric sparking from

faulry
electricel equipment is discussed in this Chapter.

N
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I

6.4 STATLETICS

An analysis of the sourcee which contributed to explesions
between 1970 and 1986 (Table 2.5).

Electrical fanlts caused 9% of the expleosions and resulted in 48

ig giver in Chapter 2

fatalities and 1€ persong injured,

Of the 123 explosiung which have been recorded in the Natal
Conlfields Detween 1891 and 1984,

electrical aparks from favlty electrical equipment.

8 have been as a result of
The first
recorded incident of thig nature was at Utrecht Colliery in 194l.
In the Transveal and Ouange Free State, 4 eleccrically related

explosions have been recorded up to 1988,

Figure 1 shows the increase in kW of electric motore installed at

British Coal Nings from 1912 to 1954. By 1958 the installed '

pover hed tisen i{o nearly 3500 MW,

=] 7
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6.3 THE CAUSES COF ELECTRIC FAULTS LEADING TQ OVERHEATING,
FLASHES AND INCENDIVE SPARKS

6.3,1 ﬂautside Hazardous Areas

A hazardous aresa is defined as an area where there'may be rigk of
ignitinngas, % dugt or orher erxpiogive materisl. It includes
any area with... 180 metres of .a working face, any return airway
or any other sarea declared hazardoug by the Manager. Ouly
flauveproof equipment is used in these areas.

The electricsl equipment used in non-hazardous areac is generally
non-flameproof i.e¢. normal gquality industirial l;qt.;,:i.;mem:.\5 A
flameproof enclosure is defined as ome thet will withstand,
without injury, any expleosion of the preseribed inflammable gas
that may occur within it under practical conditions of operstion
within the rating of the upparatus (and recognised overloads, if
i;y. asgociatod therewith), énd will prevent the transmission _ of
fleme such as will ignite tha prescribed inflsumable gas’' which
ey bs prasent in the surrounding atmosphara.

The Regulations (1956) stete: “in any part of & mine below ground
in which inflsmmable gss, although not normally present, is
likely to occur in a duantity sufficient to indicate danger, uo
electrical apparatus shall he usged if therse ig in the normal
workicg thereof a risk of incendive sparking thetefrom.

Flamaproof appuxatun&ix categorised into Groups. OGroup 1, in the -
United Kingdom, which includes aquipment for coal mines where
Regulation 22 (1)'i applies the gaps between joint surfaces and
diapetrical clearancas for operating rods and spindlex are
restricted to & maximus of 0,15 mm., The minimus breadth of all
joints, and the length of the flameproof path through or across
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b. Transformers
Usually these are oil filled and if any fault develops within,
th}s conld ignite the oil under the corvect conditions., Loose
connections which could be caused due to vibration would
overheat, If tap chauging facilirjes were opecrated whilst the
transformer wae on load this would cause arcing. ; Arcing in oil
¢restes hydrogesand ascetylene - both of wi_lk are more oxplosive
3

Y
4

than zethane.
r .
-hﬁ

2 .7.'

C. Mectors ) | : f:

Badly lubricuted bearinge would cause heating and if iefr’

undetected could lcad to the rotor coming nto contact with the

stator and the stator windings, cauling 8 short circuit snd hence

sparking. Physicll damage to the connection kox could lead to a

'lhntt ci:cuit aczoss the terminals, .}
H h ) w ) . /,‘, .

4. Lights . 3

The ues ol uoprotected lamps uould.;ssult 2% some time in a ;&obe
being broken and exposing live conusctions. If a metallic object
fh&n came into contect with these tho result Q?uld be apnrkihgs
A fall of Toof onto the supplicables -ou1qf?vgn; a whole length
of lights down with the same effect.

i

.. Battaries . '

a9

Whore tracticn batteries are used with open termjpals any
metallic object coming inte contact with o positive and negative
terminsl would causa 2 spark. Creat care aust also be taken in

charging stations to protect the charging cubles from physical

damage.

8

£. Signalling Wires

Whare any signalling éirls ate used that are not supplied from an
intringically safe source, even though & low voltage supply wmay
be in use, the chances of incendive sparks are highly probable.
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g " Control Csbles

The most likely occufﬁence in this case woulé be from physical
damage. Outside the hazardous area, these would normally be
collectively screened cabies and the chance of a short cireu’t

would be hinh,

h. Lighting Cables

As with control cablea, the most likely occurrence in this case
would be from physical damege. Outside the hazardous area, these
would normslly be collectively screened cables and the chance of

a short cireuit would be high.

L . Power Cables

As above, but with the added problem that overloading is always a |

problem, When overloading occurs any termination which has not
been done correctly ia a very high strese point and will overbeat
anu possibly burr off. f?

j% Instrumentation and Intrinmically Safe Equipment -

‘Wihen referring to instrumeitation, the most likely place to have

a problsx would bs on & current or voltage tranaformer. When the

: mecondary side of & current transformar becomes oper circuit this

causegs it to burn out snd therefotg high temperatures are .

o

pressnt.

The En:tification of intrimsically eafe apparatue means that
vhilst msintained in ite originel condition, this equipment
e2ouid not be able to causze an ignitios. Thg, only problem vi-
that the components rendéring the aqpipnent 1nrr1nsically safe
are uot easily tested or seen.'ind failure of these components
dﬂngﬂqot causesany malfunction of the squipment, tharefore there
iz diways a slight possibility of an ignizion due to ‘component

" fauilure,

A

el
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enclosure is mnot required, The decision as to whether =2
particular device is intrinmically safe restse mainly on practical
tests which are described Lelow, but research has been undertaken
o try to discover what cliaracteristics of 3 spark determine

whether or not ir will ignic. gas.

The definition of Imtrinsic Sa‘~ty and a description of the
relevant test are given in B.S5. 129 {8) and in the M..istry of
Power Testirg memorandume Mo, 10 (. . The tests make use of
various form: of "Breakflash Apparstus™ ir which a gwitch zan be
wmechanicelly operated to give repeatred an&'éontrolled opening and
cloging, the contacts of the sw;tcb baing enclosed in a chamber
£illed with the most easily xgnxtab1L # mixture. Many forms of
breskflash apparstus have been devxsed, 'but they 21l have these
basic featurea,

If any part of the squipment under te-t” is liable to pxoduce 8
op&rk, either im the course of its norual operation or in the
svent of any kind of fault or dear. then  temporary
connections are mede from the point/ the eqpxpncnt where &
spark zight appear to the contacts of thé breakflash apparatus.
This sxrengement simulatis the corlition in tgichvmhe equipsent
might producs sparks in an explosive atmosphars and allows an
asgsescmaetit to ba made of the margin of safety against ignitionm.
Some devices which are not normsily intrin;ically safe can be
made g0 by the ‘addition of an electfical "safety device", A
common procedure is to add one or more metal rectifiers at
:ppropéigte points in the circuit. The use of such rectifiers in
suitable étzo: can often “meke an otherwise dasngerous device
1ntrxnlicnllx safe by providing & asfe d1lcharge path for energy,
especially encr;y stored in inductance, whichk would otherwise be
digsiysred in an arc or apark, Some circuits using transistors

slso lebd themsel(us to this. type ofjhafcty atrrangement .,

Another common safety device 3is a copper -‘sleeve or &

“ ghort-gircuited wlndxng i bb'“a.;#fﬁlin addition to the normal
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winding of an inductive device and nas the effect of reducing the
rate at which stored energy is dissipated, It is essential fthat
safety devices should be effective and should remain effective
during the 1ife of the equipment, and the normal procedure for

intrinsic safety cerrtification appraisal includes an examianation

to ensure that the safety devices, in common with all cther parts

of the apparatus, are soundly construeted and properly fitted.
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INCIDENTS AND PHENOMENON

As far as can be determined, the following 13 incidents represent

& complete list of methane ignitiocne in South African coal mines

which were caused by nparking of electrical apparatus;

h;

d.

£

B

b

Utrecht Colliery. 1941l. Ignition of methase due to a
dgmaged 500 velt section power cable on the haulage system.

15 killed.

Camhrian Colliery. 1948. A coalcutter severed the trailing
cable while flitting out of a stail. Wil injuries.

Utrecht Colliery. . 1949, A coalcutier dameged the cahle of

an electr;n?drill;- Nil injuries.

-

Csmbrisn Cclliety. 1956, Fizedamp was ignited shortly
after s booster fan was switched on in a atooping section.
2 killed,

Schoongesgicht Colliery. 1956, Methane ignition caused by
Ssulty electric auxilisfy fen. 8 killed,

Springfield Coliic;y. May-1957. An electirice sgpark ivn =&
uon—fllnnﬁroof comlcutter control panel: ignited wmathane
causing an explogion. 8 killed, 11 injured.

“Sﬁrinsfield"Callicny._ 1962, A faulty booater fan "in 4

aection cauaed a methane exfinnion. 1 killed.

Indugeni Colliery. 1967. The zain fan had been stopped for
rapair over the greater part of a weskand and firedamp
accusmlated in the workings az & result. The electrical
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the cover he restored power and manipulated the switch which
ignited the firedamp. The Electrician and his two Black
helpers were killed. Coal dust did not contribute to the
exnicsion. 3 killed.

Newcastle-Platberg Colliery. 1979, Scooptréﬁ cable..pulled _

out. 1 injury. b

Hlobane Wo. 1 Colliery. 12th September 1983. A methane and

coal dust explosion was initieted by & non-flameproof
scooptram, U8 killed.

Ermelc Mines Services {(Pty) Limited. 25th February 1984, A
6,6 Kv cable exploded and ignited methane which resulted in

a nethane explosion. HNil injuries.

B3
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b. ?“35!- Fans and Instromentd

slé

i) Mobile Equipment

To generalige, it should be stated that all the possibilities for
the existence of ap ighiyion source mentioned for fixed apparatus
apply to mobile equipment however, due ta the mobile nature of
the equipment, the vibration inhereat in the machines and }he
dunger posed by rotating parfs, the abovementioned dangers becoae
more prev&lent. '

u

iil) = Partable Eguipuent
.. Hand Tools
Mozt heand toole such a8 drills are npt flameproof and the danger,

as with all portsble e¢quipment, is that the tools are eaaily
ta‘en into & section whers methane is wmoat likely to be

encountazed,” The methene sxpiosion in the incline shafr at the ~
Coalbrook Collieries in i%61 {see Chaprer 7} which killed 7 men

vas | h§ result of the uvse of portnhie equipment in an explosive

_ atmospheze. Axting sy result due to dirty brushgear or fnulﬁyn

contects. . _ Vi

T4
- .

" o

v

The greatest daﬁncr {s that nor flameproof pusp notorn and,

lwitchgelr is insdvertently used in Hagzardous ‘Greas. Pbrtahle

fang have baen the cause of many explowions; /ﬁlannptoof fan

motory have been rapn::-d o surface ind returne(’unde:;tnupd and

“daclared Elamaproof whem, in fact they are not Flimeproof (see

Cambrian ol;iery nxploaicu in" 1956 ~ Chlntnt 5k. 8

E - ’ oD

=

=t
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6.4 THE RATURE OF ELECTRIC SPARKS

G.4,.1 Intensity

Intensity is defined ag a quality or amount of some quality such

as force, brightuesa or maghetis field.

There zre two mein ways in which elecerical energy can be
ruleasnd in such a manner that it mlght ignite inflammeble gas.
vire or other couductor carrying an electric current may become

heﬂted. and if the current is strong snough the wlre may become

L (:gyio_hot that it cen ij' te gas diru&tly.“ Secondly, an elegtric

spark capable of ignjting geo vay. pass between the ends of

° cnnductgtn which are «lome together but not sctuslly touching:

\

for example, 3if & wire carrying 3 current is broken, then

inun@iately after lthe bxenk occurs the broken ends are close
ogether and & spark may pass betwcen these ends. In addivien,

gnsanﬂi:e sharka can he cpuszed by electrortatic discharges.

“. e

X e . . v N '
7 A he;%ﬁh conductor is ‘used &8 the filament of the electric cap

ﬁ
- lamp bulb, aud gparks are produced during the pormal working of
many kinds of electrical equipaent, including 7 electric. bazlls,
“  vrelaym, telephone generators, slectric wotors gnd switches which
vary frow a mimple push button to a main circuit’ bresker.
7 o . y

Sparks can also be produced as‘a re‘uit-ef accidental shart

circuit or open ¢ reuit and electrical faults can  cause

ovnrhnatxngs It might therefore be thought that there is
considurah%t risk in uling any of these davices in parts of a
) coal mine where the preatt*c of inflampable gas is a jomgibility,

“but fortunately, methods haze been develdped. by which equipment
- . _ : . &

9 . o, L | ) --/A \\

¥
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of these types can be designed, manufactured and used so thet the ¢

risk of ignivion is infinitesimal.

The mininum quantity of electricity which can cause an igritvion
is, by the standards of the power Engineer, very small; it is in
fact less than 0,5 millijhﬁle (i joule = 1 watt-second). This
means, in principle at least, that a comparatively slight fault
iy elertrical equipment could 1lead to the release of energy in
sufficient quantity to ignite methane. The continued growth in
the amount of electrical equipment ard in the size of individual
units means thar there is & tendency for the possibility of
ignitien of geas to increase and the growing complexity of many
electrical installations means that, in addition, there.ére more
and more wayé in which a fanlt could cccur,

Kinghorn and Evang (1989) staté that "very low energy sparks are
capable of igniting methane, Except Ffor aparks from low energy
intringicslly safe c¢ireuits electrical sparks are ”incendiwe“.
The intengiry of electric sparks which do not ignite inflanmable
mixtures of methane and air are dealt with in parsgruph 6.4.4
(intrineically safe equipment),

'1.'|

§.4.2 Duration

A spark is not by any means & simple phenouenon; it mey be any
one of three¢ quite distinet kinds of electrical discharge, or it
-may comprise rosbinations of two or all three of these kinds of
Aischarges. . A aormon form of discharge is the electric src,
which im - charscterised by a feirly uteady flow of currest,
PB!Plplla ey amperes in the case ¢f mining equipmenc, with =
voltage @roﬁ of perhapd 20 or 25 volts between the ends of the
wires forming the electrodes between which the - arc nnppearn.
Another kind of discharge is the flow dischargs in which the
voltage betwesn the electrodes is often in the region of 300 or
ﬁoa.vu#tn sng the third kind of discherge i the oscillatory
discharge infwhiéh the diacharge is repeatedly eatablighed and

h

=
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extinguished. All three tyﬁes of discharge are capable of
igniting gas. We have records of sparks which, although they
each ~.sted for oaly one ten thousandth part of a second,
exhibited ail three kinds of discharge and changed character four

or five times during this period.

It isg not yet known precisely what characteristics of & spark
determine whether or not it will ignite methane/air mixtures, It
iy known fhat ignition is wvery unlikely if the electrical ensrgy
digsipated in the discharge is less than a third of a willijcule,
for example, less than a third of an ampere at twenty voltg for a
tventy-thoussrdeh part ef a second. It if also known that in
some circuite a discharge which dissipates considerably greater
energy then this may be quite safe. On rhe basis of our present
knowledge, it is possible to examine the circuit diegram of a
piece of electrical equipment and often ta:'he able to meke &
forecast of the character of the spnrkg which might nccur, " for
example, when switch contacts open or ciose; in sone casag ir isg
possible to estimate vhether thebe #parks will be cepable of
igniving gas, but this canoot be, dove with confidence in all
cagey anc every piece of eﬁpiplcht vhich i{¢ received Ifor

- examination by the reco&g&ned testing authority ie therefore

subjected to practical tests

Kinghorn and Evans (1989) further stats, as & genersl rule, that
caple faults are cleared quickly and the flame retardan: sheaths
efsuce that burning sheathse e:t;nguiah the moment the feult iy
cleared. A cmuse for concern it short circuits in lomg cables
with swail conductors in low favlr level systems. Under these
circusstancer ghort eircuit currents are of the same order of
sagnitude as full load currents and chort circuits may not be
cleared by the protection. A lulflined short circuit will cause
the cable to burn for as 1unghal the whort circuit is allowed to

o

ébuginu&.
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6.4.3 Temperature

Ramsey and Hartwell (1965) in dealing with the temperature at
which various mixtures of methanefair dguite and the lag of
ignition, state that the temperatures of an eleqtric arc can be
2500°C or higher.

Various pecple have atrtempted to £ind the minimum temperature at
which wethene may be igniced. This  temperature varies
considerabiy with the c¢onditions in which the determination is
made, but ignition at hot surfaces can be fairly readily obtained
at as low as 600°C to 700°C and ignition by adiebatic compreseion
way take place at compressions producing temperatures no bigher -
than 450°C. However, when a wethane/air mixture is to be ignited
by a hot surface fruely exposed to convection ventilatibn. the
minigum ignition temperature ic iu excess of 1 000°c. Figure 2
shagﬁ&aonc typical resulug. . - "=
A . .

[

From _thn abovt we nay conclude thet in or&er to dgnite
methane/air mixtures within the inflamnnblu renges (5,3% - 14,8

aechane) tamperatures, from hot aurfuces guch as copper, as low -

a» 1050°C are nec-nsnry.

6.4.4  Intrinaics)ly Safe Equipwent

Almost any piece of electricsl equipsent * is zble to produce
sparks, either in the coutse of normal opcrngipn or in sabnormal
conditions resulting from a faulr, misuse or Jamige. 'The danger
that such & spark might ignite inflsomable gaz ci;ipe removed EyT?
placiug the ejuipment in flameproof enclosures, Eut thewe are
heavy, bulky wnd expsnsive snd it wpuld be very incosvgnicnt to
provide a flameproct bux for every ¢1¢ctriénl¢dnvicc cn:m modern
face, It has been found, however, that the aparke produued by
come small devices are . incapable of igniting gas, and this has
led t¢ the setablishment of & class of elactrical gqpipmenr which
his the preperty of "intrinsic safety™ for which a flameproof

o
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power rables gerving that part of the mine had not been
isolated. It would appear that either when the power was
switched on when the fan repairs had been completed, or as
the result of a lightning flash during a severe thunderstorm
that took place while the fan repairs were in progrees, open
sparking oceurred in the gas filled area. There was no ong
in the workings at the time and there were no casvalties.
Three sections were extensivesy damaged. Local coking of
dust suggested that coal dust contributed to the exploszion
to some extent but the mine wag well stonedusted and this

undeubtedly limited flame propagation. WNil injuries,

Indumeni Colliery., 1967. The explemion occurred in the
breakaway workings off the bottom of 2 newly Bunk ecirculsr
ghaft some 210 metres deep. The workings were force
ventilated by twe fans on the surface supplying eir . through
ventilation ducting. One of the fans was stopped for
repaire, Shortly after it had " been restafted a violent
ezxplosion occurzg# which toppled thé headgear. The éiectric .
cable supplyirg pa%ar to switchgear at the shaft bottom hed
not been igoulated. It would appear that either a "plug" of
firedamp that bhad built up during the fan stoppage was moved
when th: fan was restarted and encountered an open spark or
an zlectrostatic spark of sufficient intensity to ignite the
gas was generatad by the {lapping of a plastic _tube
extengion, to the wventilatior ducting. There was uo one in
the workiange and there were no casuai%%es. It ie unlikely
that coal dugt plnyedhuny part. Nil injuries. “

Indumeni Colliery. 1967. An electric pump was positioﬁad
in a main intake airwey just outbye of a dip created in
negotiating & fault which wes giving off weter und methane.
The switch at the pump broke down and put the pump out of
commission. The water rose in the dip and sealed off the
flow of yeatilating air over the pump gear. Firedamp
accumulated., An Electrieiun removed the cover of rthe
flameproof switch and repsired the switch., Before raplacing
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6.6 DETALLS OF INCIDENTS

In order to 3llustraie the ease with which electrieal sparking
can lead to an ewxplosion, thrbe: particular incidents will be
reviewed in detail: “ . ‘

6.6.1 Prmelo Mines Serviges (Pry) Limited - ‘

Thislmine. gituate’ in the Ermelo digtrict, 'is 8 particul‘rly
gassy pit, as ie shown in the evidence 6; this explosion.

Datails of the Occurrence '~rw“}.“

7

5.

uiﬁﬁitaneously when
the current waé switched on from approximately 2 km away snd a

Mathane explosions cccurred in two agctions
6.6 kV joint box Dlew up.

Nobody wag killed or injured by the explosion while damage to
equiptient was minimal.
e

"
\l ' h ’
1 o

Circumstances lesding to the Explosion

h

Refer Figure 3 and 4.
n . ‘r(;

The main surface far had been svitched off for approximately A~.

hours for repairs. o o
| *

One hsur after the frn had been switched on again, the
electricity supply at the distribution substation was switched on
near the shaft. Due to 8 dJdefect in the switchgear in the
intermediate subatation, the current f£lowed through to the
gection. En route 26,6 kY joint box explcoded and ignited a
tongu+ of methane which resulted in the explosions.
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Ingpection In Loco

The in loco inspection was carried out withiv hours of the
exy iosion. '

a
Walls, crogs—overs and other minor structures wére damaged in two
Separate areas, wviz. Section 10 and the right hand side of
Suction 3, while the conveyor belt was thrown off the structure
in and opposite Section 10, TThis indicated that two separate

eiplosions cccurred,

The joint box is indicated on Figuve 3 and 4 and comprised two
haives, toe beirg 8 "Proof” and the other @ "B I C GV type. The
"B I C Q" section exploded. This joint box was eituated aguinst,

-the roof on the frash air side of & brick stopping. The stoppigg'

had opsnings of approx.ustely 2 cm between it and the roof,

211 the electrical unite in the ssctions were inspected by the
Inspector of Machivery and, except for a missing bolt on one of
the shuttliecars, they were all found ir a flameproof condition,
There were no indications that tbe explosion resultad from the

. noﬁ-flinng:oo! condition of the shuttlecar. During the

subsequent tests descrihad b@lou. no gas was found at sny of the
alectrical switchboards, transformers snd oil circuit breskers
nedr the gections.

Subsequant Tasts

During a test carried out lubs.qyantiy. the main fan was switched
off for 3 hours snd tests for ges ware carried out. The results
ate indicated on Figure 5.: Considerable mothane build-ups ware
encountered in Section 10 and -the right hand side of Section 3 in
spite of tha fact that there was still 7 uafl air flowing through

. thess ‘ections, i 0

The fsn wasz then switched on again and within one hour these
accumvlations were dispersed and the highest concentration of

N
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methane observed was 1,9%. 1

Tests conducted at the original site of the Joint box prior to
the restarting of the fan, yielded a methuyne concentration of
2,8% on the return air wmide of the stopping and although the
stopping had been sealed since the explosion, s concentration of
almost 2X was Iound close to the stopping on the fresh air side,
No sourca of methane other than seapage through the wall, could
be found anywhere in the vicinity of the site on the fresh air

side.
Discussion of Evidence

From the evidenca it wae olear that the Shiftboss, who was
respotisible for complisnce with Reguletien 10.13.3(c), conducted
no methane gag tests other than in the substaticn where the
switching on took place. The Electrician had assured him that
the current would mnot flow past the next substetion which was
atill approximately 1 000 m from the sections. Although the

re~-dard procedure governiag this inspection prior-te awitching

0. was wvague, the Shifrbu-a admitted that from previous
Q
experience he knew exactly what to do.

The veason why the intermediste substation did not trip our on

"no volt" was because the coil was burnt.

There was 5o way in which either the Shiftboss or the Electrician
might bave known that the curremt would not be interrupted at the
intarwediate substation,

The avidencs of the Manager. provides a ganersl overview of the

state of the affacted area.
"L am the certificated appointed Genaral Manager in-charge of
Erzelo Mines Services (Pty) Limired, a controlled fiery coal mine

in the magisterial district of Davel, Transvaal,

On 25th February 1984, the 7 West main settion comprising working
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sa:tiahs. 3, 10 arnd 11, formed part of the Ermelo mine, being

underground sectioms in the Tafelkop area. R

On that day I wéf informed ¢f an accident which occurred in the 7
West main area a&ﬂ being out of téwn, I arrived at the mine at
21h30,

I was then informed thet there had hzen an ignitiom of :- " .ne in

this ared,. Nobody was killed or injured during this occurencr.

I proceetad undcrgé;und with proto teams ;nd»in the prescnci of
the Tnspectors Hinel lnd Machinery and otbcx persons. A fresh
air base was entabli-hed and the profo teanms inspected the
affected areas before we entered’to ascertain the cause of the
incident. | - :

a

n

It appeared that the main lurfaeg fan-ik ﬂTlf;lkop “had  been

switched off at 12000 on 25th 'eb:uary 1984 for necessary rspsirs
nnd'ﬁaintanance. Once repaira had been affected, the fan was

‘cenitarted at 17h45. At 1845 the Bhittbasl proceeded underground

to clctr the arca. that in. to -tcnina for sethahe and if found

nclasr® ‘o declare it safe. for ra:u-ption of no:ﬂ and the

ragtoration of thﬁ ll.ctricll uupﬁLy’to “he section.

At 19h00 the power wus restored in. thin area’ by the Electr1clan
and! st thil tine the explosion took pluce in this acea.

During the muput:on in loco in Section. R‘. it wae found that a

considershle amou:-: of dlnage was causad to lir crosgings as

lhnun on Figure 4. The originsl condition and Ilyout wf the area
. is écpictld on Tigure 3. . a .

" . 1
[ [ =

Ventilstion ducting had been torn down during the explogiod. ¥
found two broken cables, one sexrving an slectric fan and " the
other cerved the roofbolter. Thare was no sorious étructural
damage to any equipment in this sectiom, '

1]
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I was informed by the Hanagef that he thought that he had Zfound
the cauge of the explosion. We th;\ visited Section 3 where it
wae noticed that a cable jeint bax.\\)uxﬁated on Figures 3 and 4,
had blown up. This wasz a "B I 2 C 6,0 kV joint box. It was

positioned againat the roof and it was obvious that it had given

‘off a considerable amount of heat or flames.

The rest of Section 3 was  similarly damaged when compared to
Section 10.  Several brickstoppings and two partially built
air-crossings bad been blown out. There were alsc three pieces
of burnt wiree &t different pegs, namely, numberz 786%, 7674 anud
7648, A1l the ventilatiom ducting had algo been torn down. Very
little dawage was obeerved in the left hand side of the section
axcept for & few brattizes which had been hlown down.

The only dassge to squipment was to the e;plosiwea magazine which
contained 7 cases of explosives. This magazine (s portable unit)
had besn blowm about .20 m from ita ofiginll poaition next to the

brickwsll - see Figure 4.

Opposite Section 10 tha force ‘(’ ramoved the conveyor belting
from the structure as indicated on\figure 4.

e
A

[0}

Y cannot explain why the force of the explosion,  which in =y
opinion occurred in Section 3, 4id not blow the coaveyor belt off
the qtrhctuu opponita Sectiom 3. v

It ¥%3a tlearx tﬁit & methane explosion had occurred and tha: this

was triggered by the blow-up of the connd;tor box or joint box,

nﬁernd to abovs.

At the "It:l.n_-"of the incident, tha tol:"rwing paxsons were in charge
of working 7 Vet main area: . v

]

Underground Macager

‘Mine Oversesr .-? if

Shiftboss

&
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Hnde:graﬁnd Engineer

Senior Forewman

‘The only persons underground et the time of the incident were the

Shiftboss and the Electricisn who were at the station, z distance

of approximately 2 km from the explosion.
By Court

The 7 West main area has a history of methane occurrence. If
unventilated, wmethane can be detected in the working foces within
30 minutes. Bleeding holes are drilled at ail intersections to
relieve the pressure on the roof and methene issues from these
holes. Methane is also givein off from the freshiy exposed ooal

where mining is done.

The mine operstes under & standard procedure in the case vwherse a
wain fen 48 switched off for some reason. This procedure

dictates the followings

Power supply to the underground workings will be automatically
switched off, _ '

Upog regtarting of the fan, the underground electrical  supply
will only be switched on after verbal imstruction to do 8o has
been rezaived from . the Shiftbosg in charge of each wventilation
district. Before giving guch an fnstruction, the Shiftboss is to
wike sute that there is no danger of any inflammable gaz being
ignited by such action. Although not detailed in the standacd
procedure, I ses thig ingtruction as making it incumbent on the
Shiftboas tc inmpect his entire area, that is, into his working
places, for methiane gas before giving the inmtruction for the
power gupply to be switched on.
| i S

There ix no written standard regarding the time lapse from
switching the main fan on until the current iz restored to the

workings.



The Shiftboss doing such an inspection is also required to enter
the results in a book. T was informed rhat the Shiftboss had not

carrvied out this instruction.

A simulation of the circumstances was carried cut in the same
sections on 3rd March 1984 under the supervision of the Manager

an. he was accompanied by two Inspectors of Mimes.

- Fyom the results of these tests, it was cbvious to me that, cfter

the main fan had been switched off for 3 hours, it was found that
approximately 7 msfs of sir was 'sti Al circularing through this
fection, Thiz wag caused by tﬁe twu main fane cperating from

anothar ares. Aftrer Lhree houte it was found that the gas -

bu11d-up wag up to + 5 percent in Section 10 while in Section 3
from 2 to +5 percent had accumulated during thir peried..

The coupling which exploded was an approved cnﬁpling.

Sectionv'3 10 and 11 form one ventilation disirict. The total
prbduation from these séctions is spproximately 1 200 tons per
shift, Thn air flowing into thale sections il ahout 60 m /s.

"<

' The series of events which led to the éxplosion are describad by

the fhiftboss and the Electricisn who were sent into the mine 1o
tesibfor nethane, inspeé$\\thn working places and restore the
alecericivy luppli. =

*on 25 ?ihrulry 1984 I was the Shiftboss in charge of work in the
Tafalkop area uhen the explosion took place at appro:inn,cly
19100 in 7 West n-in. :

I arrvived at 'af-lkop nhlft at - ebout 17h45 on the day iQf 20

¥abrusry 198& to sccompany the ilnctririan to test for g8 hLd to
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" then went into Sectionz 3, 10 and 11,

557 /i
f
inspect the work places before the electricity supply{f@as
restored, 7
On the way back from ?weé ..ein shaft I called az thgaééin fan
and ascertained from the Engincer that he was busy switching on
the fan. It was about 17hS5, o
At about 18h45 I went undergrbund. I found that the wventilation
flow was atrong. I tested at the station for methane gas and as
far as the E substation near the ghaft, I uged a wethancmeter,
I also examineu the E substetion for methane - it was negative,

) L
! W
Figure & shows the electrical distribution into the mine)j

The Electrician was with me. We arravged that he would switch on
the power in substation E. He assured me that the power would
only be switched on to substation ¥ from E. Substation ¥ is
about 1 km from substation E. I ltuodﬂ':t the entrance when he
switched on the power. However, izmedistely after the power had
come on, it went off egain. He said it sesmed as if domething
was wrong as the power did not want to come om, I do not know if
he tried to Switch on for the second time. I heard or feit
nothing during the switching on. :
G

We thep left for substation F. I did not test for methane at
substarvion F before we switched on the power at substation E,

About 30 » before wn.renchgd substation ¥, there was dust in the
air, T then testad for the firat time at substation F. Theze
was no gas. The Electrician went into the stationr and said that
the switches had mot cut out. He then switched them off and we -

" went to station 2 and an route sxamined the cable for defects.

There were none.

We then want fo the OCB switch at the Section 3 cinveyor bels
head next to the rosd. There were no defacts dﬁ)tha cable, We

j
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At the air crossings between Section 2 and 10 dust was noticed.

I tested for gas and it wazs negativa.

At the beit head in Section 10 there was = great deal of dust and

we noticed that something abnormal had occurred.

We went to this side of the Section 10 air crossings and moved to

]
the transformer. There were no cable defects and neither was

. o
there aﬂ$ g6,

thn.I} reached the air crossings. f Section 10, I =aw that
something abnormal had occurred. The section was full of dust,
We then reported the sccident.

By Court:

When the wain fan has ltoppgﬁ pnd befora the power aupply can be
restored, one hLas to test at all the switchgear for methsne gae,
and also st the section fans befora they are switched on.

I realise that before I gave ptrﬁisnién to switch on the 2
substatisn I should have tested in both K and ¥ substations fer
gas because the pover would then have only been restored up to F
station. If the power were %o ‘be switched on from i! to the
ssctions, T ehould have first carried our tests at all the
switchgear in all the sections. o

I know what the procedure is through previgue experience.

I did not test in the ¥ substation becsuse I azsumed that thers

would tiot heve veen any gas. . o : '\
S

el

I did not mske the n-écula:y notes in my log book oﬁ §§at day.
Bacause of uvurythinj that bad happeued thet day, it slipped my
mird,

I
No further questionea.

-
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On 25 February 1984 I was the FRlectrician accompanying the
Bhifthoss to switch on the power supply to the sections. When I
switched on the power in substations E the CCE fell out.

However, it did not trip because of overload or earth leakage.

I then tried to switch on again., It then showed that it had
tripped on earth leakage. I locked the switches in the down
positien. ' e
Iu the ares of substation F there was dust in rhe a2ir. The OCBE
had not fsllen.'out. The power would therefore hsve_}%lowed
throug“ +&he gubstation to the transformere outaide the sectionﬁ.
It was strange that it had not tripped, because whenr no power
flows through the unic, it automatically tr:ps. I then switched
-off the switchgesr. ’ |

By Courk _ E

“ L
When I switched on at lubstltiqn E, I asgumed that the switchguar
at ¥ station had tripped on no*losd.‘_-: |
- , b . J
Conclusion - . o e

" W

The aain unrfac. fan had been switched off for spproxinntely 6
hours for repairs.

il

Onp.hnﬁfdi%toz-the fan had bedn switched on lgﬁin. the slectrical:
suppiy'mt the distribution substation was - switched on nesr the.

shaft, Due to & defect in the switchgear in the intermedists
lubetatioa. the current flowed through to the secticn., En route
a 6,6 kV joint box exploded and ignited a tongue of methane which
resultad in the axplcsion;.

From the svidence it was ciear the the Shiftbogs, who wax

responsible for compliance with Regulstion 10.13.3(c), conducted
no methane gas testa other than in the substation where the
switching on took place.“ The Electrician had assured him that

!

s

A
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the current would mnot flow past the next substation which was
still approximately 1 0080 m from the sections. Although the
stindard procedure gorerning this  inspection prior to switching
on was wague, the Shifthoss gdgitted that from previous

experience he knew exscrly what to do,

The reason why the intermediate subsgtation did mnot trip out omn

"rno velt® wey becsuse the coil was burnt,

Thﬁre was nny way in whizh either the Shiftboss or the Electrician
night havs=inoun that the current would notr be interrupted at the
intermediare gubstation.

l A
Even if the ShiTtboss h qﬂd checked 8ll electrical installations in
the section, the obsar‘v&a ions made dug/¥'y the subsequent tests
indicate that he would not~have found gas at such units, It is
nnlikely that he would have_testad at the joint box, the only
electrical unit where gax sps present,

Hed the current ‘been imferripted st the 1ntermedzate subatation,

this would not have prékqﬂted the exploaion.
{

The “S.I.G.C.'_hnlf of the joint box was pubmitted to the SABS

who found that the blowout was s result: of a phase to phase
fault on the box.
o

This typs of joint box has previously causedJsinilar blow-out

problems, 2 : 4
R ! : :

Although approved, this half of the joint box did mot displuy the

@'[B stamp of lpproval. This is the result of = -factory error and
th, mine erred in uging equipment.which did not fully comply with
the conditions of mpproval.

=

—
Il
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6.6.2 Indumeni Colliery

Within a period of one year this colliery was to experience four
serious methane explosions, the third explosion causing the
deaths of three euployees. The dates of these explosions are

given in Table 6.1 below:
Table 6.1 Svmwary of Expleosions at Indumeni Colliery
Date Detsils of Incid-ut Casualties

i0cth April 1967 Main fan was stdpped fo :lade
and motor changeout. An exy. .eion
devastated 2 gections after the ESC

power was restored Nil

18t Sitobe: 1967 Explosion destroyed new vertical
shaft headgear and shaft bottonm

infrestructure Nil®

15¢th December 1967 Explosion occcurred when power was
rastored to & flamaproof switch
which was being worked on by an
Electrician 3 killed

26th March 1968 Blown out ghot ignited methene in

& developuent section Hil
In the first explosion on 10th April 1967 it wes fortunate that
RO perscis wers underground since the force of the explusion

devastated two sections.

On 15th December 1967 & methane explosion in Section 300 killed
an Electrician and his twe Helpers.. The accident occurred at
09130 and the proto tepu who enterad the section reported that:

i
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- There had been an explosion in the Main xoad A of Section

300 as shown on Figure 7.
- That 3 hodies, one ¥hite and two Black, had been located.

- That the electrical switch near the pump motor had been left
operr with the caver ¢ff and the cover holte neatly packed on
one flange of the switech box. The position of the pump is

reflected on Figure 7,

- That the water level in Road A was some 1,2 metres below or

inbye of the pump position.

- That &t a ponition'approximately 5,5 metreg inbye from where
the water atarted in A, the level nf the warer was
&p; roxigately 1 metre below tne roof,

le £
_ e
The sequence of svents ptior to the explosion were az follows:

On instrucyions ﬁy the Mine Overaeer who said he had exanined

Section 300 on 12th Decesber 1967, the Electricizn and his two
halpers went through the waeiting place on 12th Deceaber 1967 and
replaced a push button station on the puar starter. Prior to

. awitchi ; on powar after the tepair he repla;ed the Ufllnaproof

cover., The pump waz started,

S

However, on Thhr;dqy morning, l4th Dacember 1967, the pump Gang

Leadet reported that the punp had stopped. The Gang Leader
sccompanied by ‘he Electrician and hiz two Helpers again entered
the secti;n inbye of the" waifing place (this time on the
instructions of the ShiZtbosse) snd repsited tﬁe repair work of
13th Decexber 1967. thay started the pump,

} - \
Agein the pusp stopped some time thersafter and on 15th December
1967, the Electrician and his helpers went into the section, this

time to replace a contactor coil in the starter.
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On this occasion, after replacing the contactor coll, he had the
powe, restored to the switch at the No. 2 section isolator befeore
replacing theqflameproof cvover. He wished to test the switch by
starting the pump. When the contacts opened, an arc was drawn
betwesn the cortactors of sufficient intensity to ignite the
methane/aiﬁfnixture in the roadway. The switch was 500 volte and
the spark %: flash could have heen as much as 25 mm in length.

The switch was 30 cm above the floor of the roadway.

An air quagtiry of 2,03 mgfsecend-mas circulating through the
gection prior te the explasion aad before rhe water had risen to
the point where it c¢losed off the split C thereb:; ~topping all
air flow to the section, Tests taken aftef the explosion when

4 ventilation war returned ; te normal, showed methane
_ urncentrations of 0,2% to 0,4% t the general body of the air.
This msthine win ewitted from a M§a11~b1awer' in the floor near

the pump site.

Electricians were not eqﬁipped with methanometera gnd it?‘follaws
that the Electricisn would not*havt\kecn aware of the prisence of
ssthane at the pump site unless he had been accompanied by a
person qualified and equipped to test for methane (Miner,
Shiftboss or some other semior Official).

Evidence uuulthat with 2;55 l3flecond circulating through roadway
¢ the methane content of the ventilation remained at 0,4%.
Methane waz therefore being emitted from the fissmure at the pump
at & tate of Q0,008 n3iaecond.

L

The volume of air in the roa..ay & from the split D o the face

when the water level sealad thy splix C ig calculated to be
approzimately 240 na.

With & merhane emission of 0,008 w/secand and the split C sesled
by water, a concentration of 9.5% methane would be recorded 47
minutes after the split was sealed“by the rising whter level,



_ comaenced giving off methane at hi;h pressure.
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This confixms previous tests at the Durban Navigation Colliery
and elsewhere that dapgerous methane concentrations sre liable to
be recorded in roadways in gassy seams when ventilazion is

dizrupted,

6.5.3 Utzecht Colliery

Introduction . B

Fifteen uu:kernfyure killed in & section at the commencement of
shift on 20th November * 1941 when a fell of roof im the main

haulage of Saction Mo. 1 resulted in an electric cable being

pullid out of a junction box, The resulting electric arc ignitgd

"mat{ ane which wse present in the haulage and the “explesion

sxtended into the return airnmmys on the right hand side of the

" . whnrc dangerous quantities of methane were present.. The
g

' fores of tha explosion escolsted and destroyed all thl scutxon

ventilation applisnces. ' S

The ventjilation to tha sectinn wag sluggish-{1,25 = flccond} andu
had to be boosted (to 3,75 = /lacond} by the use of an auxilisry
fan, Three dykes had been penetrated and several days prior to
the explosion & fiulure in the flocy of the left hand conplﬂiou

+

The Incidemt

Figure B8 is a pinn of. the section st the time of the e:plolzon.
The explosion occurred at 07h00. Figure Ba iz a plan of facns of
Section 1. ' '

At 12h15 in company with a rescue team, the Manager and a
Shiftboss, reached a point in No. 3 North Haulage some 300 metres
outbye from Ho, 1 Section waitring station. There were signs of
carbon monoxide in tha airy 76 metyres indye of this point,
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On the way in along No. 3 North Hsaulage the bodies of * three
Blacks were seen in the hsvlage engine chamber of the No. 2
section haulage station. The body of a fourth Black was lying on
a trolley 370 metres outbye of the No. 1 sectlion weiting ststion,
These bodies had been carried our from where they had been found

near the No. 1 section waiting mtation.

A preliminary exploration of the explesion ares was nade by
rescue men wearing Proto abputatus who reached the fece in the
main road betwean the furthest inbye dykes. They returned te
~report the presence of over 5% of {iredamp and dangerous
quantities of carbon monoxide in the viq:'inity of the waitiug
station, sufficient to kill the canary thq@ rarrmd with them.

Ten bodies, sll Blacks, were r-porto4ﬁ te be lying in *x‘3 

iu-.dintc nezghbonrhood of the uuitin; s#ntion ' Y
A short whila later, rescue men txqﬂortd the No. 1 Saction
working pleces to tha left of the main/and inbys of the furthest
dyke. Much firedamp was rnportod

vorkings. No more bodies were report iound.’ The working places

_a:plortd were on the intake side of Ha. 1 ‘Section.

1
W
) N ;

to be presant in these

1€ was clesr taat no living porlonfrinainad in the affectad ares

and from tha reports of the resq&l wen, who had carried out a
partial examinstion, it seemad qb-t improbable thet & fire wus
burning inside. ' !

]
Py

j:
2 i

The flow of fresh sir into tha ‘section was extrouuly sluggish and

it wes evident that until the nuxiouu geses had been cleared no
useful purpose could be lu:ﬂbd by further sxploration or other
work., ' e

' The Mansger went into the return airwsy from No. 1 Sedtion by

' going thraugh the single door separating it from No. 3 Rorth

" Haulage and found & strong after-explosion smell and about 3%
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firedamp. This door is situated 210 mettes inbye from the No. 2
Haulage station,

At 70hi0 on 20th November 1941 it was found that although the
ventilating current had not improved appreciably, despite the
bratticing off of other =plits, it was possible to reach the
holing in the main throwgh the first dyke inmbye from the waiting
statior without Froto apparstus. Beyond this point fivedamp waz
precent to over 5%. A start wes made at the temporary repair of
blown out stoppings with brattice cloth,

Ten bodies were found at the u::.tmg station or its immediate
vicinity and were sent out of the mine. The other four bodies
bad besn sent out previously. Pointa vhers the bodies were found
were marked and thn. only mesng of identification then was by
taking the sumber of the lamp, if any. found at the body. It was
subsequently found that the ltnprooa records were so incomplete[
snd badly kept that no r&limc could be pleced on them. It is
therafore not possible to indicate whers each partzcullr perscn

n

The 1‘:;0.2111 ip tha main which hed taken plece st 8 croms-roads
batween the two furthest iubys dykes and on top of & three-way
junction box on the 500 .volt power cable, wam inspected, The
cavity in the roof ves clean and there weas no traces of firtduﬁp
in the caﬁty.

On Monday 24th Novembar when detailed meRsuTements were being
takw.‘,jit wag cbserved cthat at a junction box, on the 500 wvolt
pover cable, situsted 292 metres from the fsce of the main and in

between the third aand fourth dykes froma the face of the main, the

inbye and of the cabla had bsan pull.d right out of the box (ses
Pigure 8).

The freed ends of the three conductors bore no aigne of mparking,
nor was there anything elss in the vicinity to suggest that there
had been & strong electrical flash. It appeared thet the cable

P
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had been under no electrical load when it was pulled out of the

box.

. The large fall in the main on top of the 500 volt powar cable was

cleared sufficiently %o expose the threeway junctien box on

Wednesday 26th November. It was found that thig junction box had

been protected %y the stacking of timber round it and that it had.

not been damaged by the fall. There was ns internal damage to

the box and no signs of any sparking.

Ou Wednegday 25th WNovember the brcken junction where the cable
had pulled cut was repaired and the Electriciar tested the cover
and reported it to be safe and undamagad.

By then a week nLiad elapsed since the date of the explosion and
althoygh stoppings had been velatilt end plastered with cement
instead of clay. and brattices had been reatored, it was found
that the ventilating current into Nn., 1 Section wag inadequate to
cleaéithe right hand side workings of firedemp in order that an
inspection could be carried out with mafety, For thig resson it
vas considered necessary {o start the auxiliary fasn.

The lingﬁ“unru replaced in the three-way box at the No. Z Haulage
station and on Friday 28th Novembter rhe suxiliary fan wna.sgarted
without untoward incident, the fan and switchgear having zuffered
no damage from the explosion. Improvement in  <he conditions
regarding firedamp resuited and the workings on the right hand

"gide were inspected. Seversl extencive falls were encounrered.

Their positions aze shown on the plan (Figure 8).

Teble 6.2 below sets out the ventilation reddings and gas
concentrations taken in the section ..n the 3rd and 4th December

1941 sfter the astoppings and’ bratiices had been restored. Tha

nein fan was operating &t the tiae.

g

A+
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Table 6.2
1, An auxiliary fan drift in the laft hand companion
a. Anxiliary fan zunning

Quantity Fflowing inbye 5,35 ab/second.
M.S.A, methane detector teading 0.25% to 0,3%.

b. Auxiliary fan stopped (17 hours}

Quantity flowing inbye 5,22 m?{second.
M.5.A. nmethane detector reading 0.25% to 0.3%.

2. In sain road at thé minerts box

a, Avxiliary fsn running o

,
R

O :
The air moved into the main in an outiye direction but so slowly
that the anemoneter would not rcgiater the flow. M.S5.A. methans
detector reading 0.5%, ' '
b. Auxiliary fan stopped (18 hours)
The air moved into the main in aﬁ inbye dizection but 2o slowly
that the inemometer would not register. HM.S.A. methane detector
resding nil percent.
3, In right bhand companion at boling through furthest inbye

dyke . -

a. Auxiliary i-n':unnin; " L

fmantity flowing outbye 3,02 nafsecond.,

M.S.A. methane detector reading 1.0X to 1.1%
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b. Auxiliary fan stopped (20 hours)
Anemometer failed te register the slight curremt moving outbye.

M.8.A. methane detector readiag 23.2%.

4, In right hand companion at holing through thixd dyke outbye
from the face e '

a., Auxiliary fap ruvnning

Qu?ntity flowing ourbye 2,839 mafsecoﬁd.

M.5.A. methsne detector reading 1.0% to 1.1%.
w K _

e
M

b. Auxilisary fan stoppad {20 houra)

ﬁgantity flowing outbye 0,99 m° fgecond.
M.5.A. methane detector reading 2.2%.
5, K, S.A. Ilthlnl datector roadﬁngl =
2 ) ) g Y
On 4th December 1941 the auxiliary fnn having beeu atopped for 18
hours. '

At the junctivm box wberc :hn cabled had pulled out nil X.

At the waiting station - n ‘;. _ : BT

At the miners' box - nil . |

In the return ﬁt the door. 213 metres inbye of No. 2 haulage
station - 9%. - \\ T

At the face in heading to tun left off the left conpanion inbye
of the last dyke - 0,3%. - o

In the left hand conplnion lt the turn off to the sbove nn-ding - Y
0.3%.

At face of lefr hand compsmion ~ 0.75%. .

At face of main - over 5%. e #

At crossrosds 18 metres outbye from face of main - over 52.

At compressor -~ 3,.0%.

~~~~~
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It appears that prior to the explesion an erplosive mixture of
air and firedsmp had accumulated in the workings on the ret.rn
side of No. 1 Sec.ion. If the guxiliary £fan was started on the
20th November a portion of the explogsive mixture may have been
drawn intce the main road from the right hand companion as a
tesult of ineffectiive brattice doors or leaking stoppin. bDetween

the main road and the rigkt companion,

Due to the fact that the affected section was damp md well
stonedusted, the expleosion did not develop into & cosl dust

axplosion,

after the explosion and when circumstances p~rmitted ingpection
it was found thet firedamp wax being giver if fieely from a
crack iz the floor of the heading to the left pf the left
companion snd inbye of the dyke. Thiz crack f;tar:ed gome
6 metres from the face of the handing and vhen first observed on
21st Nov-nber.$§ul not axtensive, but during the next week it

developsd end resched back to the crorsroad st the left

companiocn,

Although firedamp was being given off freely and bubbling
vigorously thére were no signe that a biower of any great
violence had sxieted there previously since most of the crack wasz
covered over with small coal,

A
o T

At the face of the left hand companion & moderste amount of

firedacp wae issuing from the floor. Firedamp was being given
oy freely at the face of the wain where 5% snd over was
detacted a fortnight after the explosion. There were no signs in
doy of the working places that an outburst of methane had
occurred, | '

The viaw was expressed that during the night of 19th November,
while the suxilisry fan wes stop-ed, firedarp was being given off
freély from the exposed coal faces and the floor of the working
places inbye of the last dykc and wae carried 8'-wly around
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towaida the right bhand side work;ngs by the feebie wventilating

surrent of approrimately 1 m /secund.

The starting of the auxiliary fan on 20th November, shortly
before the explosion, would have had the effect of driving the
firedamp into the return. It is elear that a considerable body
of explosive firedamp-air mixture must have -~ lying ¢o the
right of the main road hetween the working faces and the fourth
dyke_out?yc from the faces,

Rl

. T
At the time-of th¢ explosgion the ¢lectrical reticulation of the

section was a8 foilows (see Figure 8):

A 200D volt cable was carried along the left side of No. 3 North
Hau;ugn tc a transformer locatad' at the No. 2 S&ction Haulage

-+ turg bff. Prom this transformer a 500 volr cable, carried along

the l!it side of Ne.? North Hsulege, fook puwer ;ato No. 1
Su:ti.bn. as far as the isolating switch at the conpreuor.

A 230 volt lighting end signal cable was installed along the

right'hnnd side of No. 3 North Haulage.: Light boxes were

gsituated 45 metres lptrt. ¥ach light box wes fitred with a two
pin lbcket. ' '

The Slﬁ) volt power cable from the transforser extended to a2 3 way
box st No. 2 haulsge Station. Ons lesd ran from here into No. 2
Section to supply the coaleut:er and the other lead extended to

Ko . L Section for supplyin; powar for the collcuttcr. the

suxilisty fan and the compressor.

An overload trip switch is in plac batween the 3 way box ani the
traneformer.

Inside No, 1 Section a lead from the power cabie was taken from a:

3 way Ellisop junction box:-to the fan motor.

The 113h*a Ln No. 3 North Haulege and along N0¢ 2 North Hau;age
wera on the same circuit and should any short circuit develop
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this cabie was protected by a Zuse located at a lighting
transformer situated to the left off No. 3 Haulage eome 400

metres from No. 5 West Haulage.

Cn the morning of the 20th Novembér after the explosiom it was
found that the switeh at the transformer at Neo. 2 Haulage Station
hsd not tripped, that is, power was still on in the 500 wvolt
cable into MNo. 1 Section. On  instructions from the Mine
Overseer the switch wes closed. 1in2 fuse for the lighting cable
had blown. '

On Monday Z4th Novetber it was hrought to the Hanager‘s netice
that sparks were coming from the No. 3 North Haulege rope at No,

" 5 West Havlage, near the ¥No. 3 North Haulage . engine. On

1nvest13atzon. it wes found that a leakage of current wae tuking
place to" the frame of the haulage ang:na through the ocuter
armouring wirea of the lighting cable, Th#s uﬁ% as a result of
an slectric light lead with defective inauﬂhtion suepended from
the lighting csble by a piece}of wire. The duter armouring wires
of the Iishﬁ;ng cable were thus being nlrthaﬁ to the frame of the
heulage engine. :

In gddition, & bridge earth uir- batwaen thh srmouring wires of
the twe light cablem at this spot \ura“broken.
At the source of the fault the voltage bntﬁ!un the Paulage rope.

anpd any ocarth wes low and uthe&sparkl were ﬁbt intense. Fersona

. were unable to feel any shock on touching the rope. The fanit

was causing the fuse at the lighting tressformer to blow.

The inquiry astablished Ehat this fault did nor exizt on the

morning of the explosion, as t o haulage lights had been on day

and nighe, The faulr would have been apparent on the day after
the oxplosion when the fuse at the lighting transformer was
raplaced. After this fusé was replaced the fault d%d not develop
until three dzys larer,
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At the auxiliary fan motor in No., 1 Section were two switches.

One was a gate end swirch the other a star mesh starting switch.

. Both these switches are trip switches, that is, if any electrical

fault developed on the outgoing comnections from these switches

they would trip out, The cwitches were not fitted with "wo volt®
release devices. If an overload were imposed on the fan the
switches would trip. It Is doubtful if any vibratien in the air

would tause these switches to trip.

It would have required a considerable force to pull the nable out

- of the junction box where this happened on the haulage into No, 1

Section., Tﬁy ¢cable could not have pulled out had the wvibration
of the expléiion shaken the cable loose from wires suspending it
from tapes causing fhe junction box to ‘drop 2 metre to the

ground. . o

Y

Checks on the earthing systems in thn_section after the expﬁﬁsion
indicated that they were iz u~der with the exception of the earth
wire which ves broken betweet twe lighring cebles.

Eight nétrg; helow ;he suam being worked war another coal sedn
1,5 Iltt%; thieck, Evidence given Dy the mine Officisls wae that
it was comhon for cracks to appear in the floor of the upper
secas, Evidence is that the cause of *he cracks could have been
due to either prealuri- from the coal plllars or fissures whiuh
existed in the perting. It was possible to see into a creck to a _
depth of Jh netre of wore and water, issued from these faylt ﬂ
planes. Two weeks after the exploxion [with the auxiliary fan in

- operation), methane tests indicated 0,73 merhane in the lefr hand

companion, 5% in the face of the main and 2% in the general body

of the air in the return sirway.

Does this evidenca not tend to show that, though on the night
bafore the explosion thers may have beet: & considersble quantity

- of firedamp comang-off from the crack, nevertheless sufficient

w
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firedamp was coming off from the faces t¢o form an explosive
nixture with only 1 m3!second of 2ir £lowing into this section

when the auxiliary fan was stopped.

The auxiliary fan in the section was zlways stopped at the end af
doyshift by the miner {16h30) and started up at 06hi5 on the next
shift.

Details of the mein and auxilizry fen (in Section 1) are given in
Table 6.3. '

Table 6.3 Main and Auxiliary Fan
Main fan - (at sdit)

- Sirucéz wicentrifugnl

- Diameter ~ 3,2 metzes

- Quancity - 20 2>/second

- Pressure ~ 249 Pa

- Drive ~ squirrel cage wotor 46 fw

e

Auxiliary faa (Section 1)

Quuntity - § u?/cccond .
Drive — 7 Kw; 300 volt mquirrel cage elactric motor

Air was coursed through two other. sections before entering
Section 1. The resson given for ltoﬁping the auxilisry fan at
night wag that no adverse reports were receivéd on methane in
Section 1 during normsl operarionsz. '

No rescue sets were available on the colliery.

Place of origin of the explosion y

1 i
I!

It is possible from information now avaiihble. to indicate the
locality of origin of thie explosion,
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Particular importance was attached to the directions in whizh
gtoppings on the main road (between thiz road and the retursn
airway} were displaced by the force of the explosion.

The stopping Ffurthest from the face of the main road to be
displaced was at a .distance of 320 metres from the face. This
stopping which was designated as No. & had collapsed and the way

was thus open to the return airway on the east side.

The five succeediug stoppings on the same side of the road, at
distances of 30 metres apart, had been blown in the opposite
directioen, from esst to west. The four stoppings opposite (on
the left gide of the main road} were not disturbed, PFurther . in
towards the face, on the left hand side, the two brettice cloth
stoppings (which scted as entrénce doors to the fan) had been
. blown in towards the fan, aiso from east to west. The stopping
st a distance of 30 netyes further in snd on the left side of the
‘main road war undisturbed. The remisaining two stoppings situared
at 76 snd 106 metres from the face in the leftr hand companion
were agsaia blown out from the ssst cide towdrds the west.

it will be obnnrv@%Lﬂﬁhst ten stoppings (including the two
brattice doors) were blown out. It will also be uoted that nine
of these were displaced from east to west. One only ¢id not
appear to have been blown out, but had collapsed.

It i, certain that at the time of the disaster an explosive
stmonphere existad on the right hand or emst side of the main
ro#d, intluding the return mirway, becsuse the furce caused ULy
the explosion was particulsarly developed on that side.

If the axplosion had originaced anywhere on the sast gide of the
waic road it is certain that every ltoppipq;bctwuen the main voad
and the returs airway would have been QFuplaced in the same
direcvion. There could have been no c:ceﬁ#ion a8 was the cage
with No. 6 stopping. ﬂ
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It is clear that the force which colliapsed No. & sztopping and
opened the way to the return airway came from the direction of
the main road itself. This wvicy is further supported by
examination of dust deposits on the timbers between No. 5 and No.
6 stoppings. These indicaetions point to force advancing from

noxrth to south before reaching No. 6 stopping.

éonsidering all the evidence of the directions of forces set up
by the explosion, it ie the wview that, at the time of the
accident, an explosive mixture exiéied in the main road in the
vicinity of Mo. § stopping.dnﬁyhis explosive atwvsphere had been
arawn through Wo. 6 stopping by the action of the fan, which i=s
by na means an imposaihiiity in the wventilation conditions
exigting at that time, . |

The accumulgtion of inflammeble gas became ignited. The force
developed by this  ignition wes sufficient to collapse No, 6

stopping and it paesed cut towards the return airway whereupon

the flame at once extended intc the more highly explonive

" atmosphare in the return airvay. Here the explosicy’became mnore

violént._travellcd down the return airway blowing out the Iﬁivc
other stoppings (from east to west) and txtnn&ingﬂalqn with ﬁreat~
violeuce throughout much of the oider workings on the east a:ide,
Thua the greater force did come from the east gide of the pain
rosd, ‘though the criginr was not on that side.

Source of ignitior of sexplosion

It ie significant that hetween No. 5 and No, 6 stopping is the -
iocalicy vhere the electric cable bad teen pulled from itse
junction box.

The jﬁnction box had, bafore the explosion, baen suspended {row
tisbers. ' It can be msid ehet, if this cshle had beep pulled out
vhilst there was an slectrical load oun it, such ax would have
been the case if the auxilisry fem hed been working, =&
conziderable flagh of flame (or electric arc} would result, The

Rl
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temperature of such flash would be sufficientiy intense to ignite

an exploegive mixture of firedamp and air.

Ty understand how the cghble became dirrupted from its box, it may
be pointed out that it had extended from this junction box
towards the face a further distance of 152 metres where it
entered another junction box, a lead being taken off this box to
the left to convey power to the fan,

This junction box was situated on the floor, on the left side at
the crossroads, and it was hare that it had been decided to take
dLun a portion f the roof, The roof was, in fact, supported by
props and it w4s only necﬁisnry to remove these to cause the roof
to come dowm bf}its own weight,

In enticipation of this decisior. the junction box on the fldbr
bad been well protected by meana of & :tronaﬁfrlunuork of rtimber
which had been placed around and covering iti

Evidence is theat on Nevember 20th thil po:tion aof ronf did in
fact braak sway by its owm weight. The f;llﬂwas a heavy one, the
din-nliun;’bci;| approxizately 7,5 metres b? 4,5 metzer by 1,3
serres. The western end of the fall strick and covered the
fremework protectiog the elactrical “*énn¢tion box and the

explosion followed inntdiattly.

Althohgh this haavy fall did not damage the %unctian box becausa
it wee so woll protected, it did nevertheless push the entire
framevork of this timber guard (which esurrcunded the junction
box) forward for some digtence. This im turn eet wup a sudden
tull on the cable attached to the box which pulled cut the other
end from the junction bhox near No. 6 stopping. One intense flash
was produced god became :hc ignition point of the explosion which
immedictaly followed. ;E

That a flame actually dig appear on the main rosd near this
locality is confirmed by the evidence of Forager Banda. At the
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time of the explosion he was walking to work aleng the main road
and when at a distance of what is indicated as being some 120
metres outgide the first dyke, he saw a blwe flame which seemed
to him to sntirely f£ili the haulageway. He turned to run away
but was knocked over by the blast from the expliesion which

followed the appearance of this blue flame.

The bjue fimme described by Forager Banda may have heen the fliame
produced by the electric flash whick would occur with the
disyruption of the cable from ite Jjunction box (which has a
characteristic bluish colour) followed almost imstantaneously by
the firedamp flame which also i of bluish coluur.

.Conuidnring the evidence, it iz concluded that on the morning of
November 20th, an explosive atmosphere exiited_in the vieinity of
o. 6 stopping, which mixture became ighired when the 500 volt
electric cable was pulled out of the junction box in the ssme
locality, The fan was at work, the cabls war under electric
losd, therefore a ccnsiderable f;ash was bound to result., No. 6
stopping collapsed when the explosive mixture present becave

ignitcd. Tha flame of the Igplnsioﬁ passed through into the .
return ai:waf where the axplosion bDetsme greatly iutensified

“becavee of the richer explosive mixture there and which blev out
all the succeeding stoppings from: eant to west. )

A demonstration on murface several week:s sifter the explosion in

vhich a 0,04 cable carrying' a 15 amp load was pulled  apart,

shoved a distinct flash but no burning of the terminal wirks.
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SUMMARY OF THE PRACTICES REVIEWED ABOVE

Although methane had been reported in a working section the
previous week, it was not attended to and wes discounted as

being false and tv be the excuse for low production.

ﬂ holing into a return eirway on & Saturdey, which should
have been gegled off immediately, went unartended; this

caused & mejor short circuit in the section wventilation.

The substsntial drop in the ventilating quantity ¢ver the
veckend resulted in a dengerous methane build-up in the
section. The cosl seam wns emitting some methane which had
not besn detected. ' h

The aschines in  the section were not all properly
flannpinof.

Water wes not available at the start of the shift oj) Monday
regulting in dry and dusty conditions. _Ik;'
sxscerbated the force of the resulting methane explosien.

dust

Miners often 4o not test for methana 2t the commencesent of
tbe shift and thus do not detect the presence of methaue
before aliowing men and sachines into the secticu,

{0
A nop-flameproof scrooptram in the one ar@n of the section
initiated an' explosion aw a rasult of a faulty silicon

controlled rectifier panel, containing contects.

Zxawination of lamproos records show & serious state of
neglect with regard to tha correct recording of lamps
iznuved.

Har g A v R T T
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Polypropylene brattice cloth wes inflammable in terms of an
S.A.B.5. or British Nationsl Coal Board specification.
However, as & result of the explosion the brattice cloth was
extensively vapourised producing large quantities of carbon

smonoxide and carbon dioxide.

Air js coursed from one sectionﬂto another as a result ol
insufficient ventilatioh in the mine 85 a whole.

Ancother companj took owver the financial and wmanagerial
contrel of & mine in June 1983. Cnly top management were
changed, &0 theoretically a winimum of disruptia> should .
heve taken place. Hoﬁcver. whatever the cauge, it @ls clear
from previously mentioned incidents combingd with other
irregularities observed, that! discipline was of a poor
" standazd. Continucus rumours prevelent over many months
sbout & possihle closure of the nine uguldﬂundoubtedly have
bad sn unsettling effect on Personnel. ' -
: Conlid.ring the low geam heights and physical discomfort,
the area to be covered by lfch miner with all the requirad
S TratuTory duties to'be carried out during his ghifr, was, if"
fsﬂythin;.' too spread out and led to serious physical
 discomfort.

The stopping of =main fans for m;intenance aad repair work
allowa for the build-up pf methane in gections. Start up
procedurss, once the main far has been atarted, as far as
restoring power to meccions is concernsd is often haphazard.
The use of mnethane blesadar holﬂl;fEOI over or underlying
coal seams incresses the rate of rechape dbuild-up. A lack
of cosmunication betveen mining end engineering Personnel,
when rcotoiing power, adds to the possibility of igrnitions
occudring.,

Using nou~approved electrical 6,6 kV joint hoxes in the
electrical rericulation. These joint boxes had previocusly,
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given prublems in the form of phase to phase faults.

Suspending thess boges from the roof only increased the

posiibility of a mbthane ignition when a faulr oceurred in

o the bhox.

B.I.C.C. joint boxes are of the rin type.

- Afrar the main fan had been started, the electricity supply

at the distribution substation at the shaft Lottom was

switched on.

Due 1o a defect in the switchgeay ir an  inbye

intermediate substﬁtion the power supply flowed through to

the section where a 6,6 kV joint box exploded gnd ignited a

CI tongue of methane., The miner had not tested for methane in

the section mince the Electr1cxsn basuredJ _} that no power

wouid reach the atfecteé’sect.nn.

‘\_.—'—
o

._}

- Agguming that uanrkad h.&d!i#ﬂ RI® auequnttly ventilated, =«

. ' /\\h

kS

LN
1.

_1}—_ L

sxperience,

Allouing" Electriclsns. uho,ﬂ have 25:& little nining

to work on electrical switchgear prior to

]

examining the faces for the presence »f methane,

a N =

- Eisctriciens refder fl!ncproof'l'itchgpar non-flameproof d4n

‘'working 'faces or hazerdous areas; and sisultanesusly

restors powar to the opened unit to test for faults.

G

- Allowing water to build up in sections which then seals off

" roadways required for ths ventilation of the section.

- !nldoquu'o ttainxng of Elletricianl with regard tc the

dangers of methane and ita detection.

=~  Bwitching off booster Isns in & sectiocn at the end of day

shift and restarting the ¥sa the next sorning. The siting

- of suth fang can lead to rlcitculution of section

ventilation uhich may contain dsngnrous quantities of

methane.

y
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- Poor discipline aaqﬂsupervi-iou: with respect to nieé%rical }ua;f
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=% ERleetric cablea earrying in excess of 500 velts can be
' pulled out of joint or distribution boxes as a result of

some excessive force such ag a fail ¢f roof onto the cable,

rd

- Tha installaticn of non-f&smepy*;;”_electrical equipmen%}

“  f{control boxes and motors) in cleas proximity to working

faces which are giving off methane freely could lead to =
mathane explcosion ag a resﬁlt of arcing between contscts and. %

< .
e

brushgear. : P

- Mcdile auxilinry «fang which raci“culate wantilation 2nd ag a
- rasult nly draw nathane . from +ha " face over & faulty fan

o

BoOtor or svitch.
e

-. lllnaproof boxes wbici do not conform to/G.M.E, standerdg. o

distribution isstallarcions ond maintenance  of eleetr%cal
sachinery. h

0

- The uzse of open wire signelling tystcls which, are nof {

intrinsically safe. On 14th’ October 1913 at the Univefsal '

Colliery in: Senghenydd, Bwitﬁin's worst mining dtbanf-r
_occurred whan 439. men lost their lives in a cosl dur RN

axplallan vhidh devantatad the cﬁllznry. John Brows (1981} P
' nusuarilng tha Inquiry: " L )
.'80 the two inquiries had come up with different snswsf; to the
same quecrtions. The inquest jury, vuici*g th? nﬁiniuus of thy
Mining Engineers apd Evan Wiiliaws, e the probuh@g%puint éf
origin at the lamp =Hiation and the flalh point the flame 5f an )
open lamp. Redsayne, Ssillie ond many Minas Inlp.ctcrs pluaped. ™
for the Hlé.kiﬂs Hard Heading-with i;nitiun“rrﬁk ‘sparks from the %
tltctric li;nnllinq apparatus or from roeks htought down fron the i )
£411°, \ - . : .
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c. Flameproof Machinery

A very rcareful inspection of all the flameproof machinery in the
twe rections was carried ocur (28 items)., Fourteen items were
found to be non-flameproof for a variety of reasons varying Efrom
damage probably caused by the explozion to lack of packing in
cable glands. By a careful analysis of the available ewidence
both with regard tv the origin of the explosion and the extent of
the variation from required specifizations it bacame obvious that
scooptram No. 56 was the igniting source of the explosion. An
aiarming discovery was the poor state of flameproof egquipment

that had allegedly -been overhauled and restored té standard by

fiKMF © contractors.
d, Machine Daasign

The fact that the fuses on the scooptram xre contained in a large

box  with a heavy Iid secured by 24 bolts in a relatively .

inaccessible position ix regarded as extremely poor design.
Irems that require relatively frequent attention should be placed
in conveniantly located positions in boxes with tound screw-in
type lids. Mines, whan purchesing underground machinery, should
pay mors sttention to design featurss for essy maintenance and
repsir and alwo for operator comfort and safe operation.
£

4, Cabla couplers/joint hoxes which are to be installed should

be positioned not more than 1 wetre from the floor. The

three pronged B.I.C.C. type coupler is particularly proans to

phase to phase raulta, Situated close to the floor it is
less likely to ignite explosive wmethane/dir mixtures which
will be layered against the roof.

Whatt equipment fasults continue to merifsst themselvea the
tystexh should ba immadisately isolated and the cause of the
fault sought and then rectified.
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It would have been ail so very uneat and tidy if the findings of

' both inquiry and inquest had been identical bur here again the

: happenings of 1913 were reflezting those of 1901 by not providing

lflrm answers te the questions of source and cause. The inquiry

'lwas undoubtedly more extensive 11 techn,aally thorough than the

!iinquest for tnatzreason. Redmayna's conclusions cap be argusd as

; carryingjthe greéter wedght

I

|- “ﬁﬁ=;1ectrical couplers insulator cracks gre difficult to
digeover. Three pin male/female type couplers such as the
B.I.C.C. typn are difficult tn“ line up and connections are
net alvays &i a tight fit -~ this could lead to sparking

acroas loosz pin conmections. This in turn lea’s to heat

“’ and causos Liittle insulation.

L= lack of prop;;\\\:rthing scross couplers. When Jf high
fj resistarce fault cccurs more hast can be generated.
;

- Surge current could hlow the coupler as a result of:

- cracked insulators .
- high rwsistance on pins or boor contact,
T { iu asizidared bad prlctice<~fo'nix couplera; in other
words. hawing balves which are manufactured by different
suppliers. This may result in incorract tolersnces on male
and female pggl apd soeﬁ&*ﬂ and laad to arcing.

. iI\
- Couplers are sade up underground whers the expertise and
d environmen: is not conducise to good workmanship.

o

-E B:idgiﬂ; nlt by !lactricinnl. of awitches tharaby rasulting
in rrips ot operating vhen & fault cccutl.
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PRECAUTIONS TO BE ADOPTED TO PREVENT ICGNITIONS BY
ELECTRIC SPARKING FROM PAULTY ELECTRICAL EQUIPMENT

The precaeding sections have  provided details of several

documented and vesearched incidents. Based oo these, the

following concluszions and obszervations can be listeds

1,

The dilution and removal of methane ' is a prerequisite and
this subject has been deait with in other chapters. The
provigion of adeguate ventilation to mining districts is not
the sole factor in diluting methane emissions. Ventilakion
appliances have to be properly installed and maintained.

The photograph below shows a well instelled barrice curtain

in & section.

b
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High standards of inatallation and maintenance of all

underground alectrical distributicon systems and egquipment is

necessary. The folloving photograph highlights the above
Sl‘EtEmETlt - S




k)

AN

570

3. The events which iad to a methane/ecsal dust explosion in a
colliery are described below and provide the point of
departore for further discussions eon fprecautions to be

adopted.
a., Ventilation

On 10th September 1983, a cut was made which holed through the
remeining coal in roadway Wo. 17 between intersections C and D,
Figure 9. The miner in charge 6#f section 10 reported this fact
to his ghifrboss who gave him no instructions. Larer during the
shift, the coal was blasted down. Bechusae of the booster fan on
the Gus seam, Figure 10, the air in the retuyyn airwsy was under
higher pres#ure than in section 16; and air was thus blown {n§o

the gaction through the“holing, reverning the flow of air on the

left hand aside of section 10. This disvupié” the wvuntilation, -

and- tha2 supply of air to section 5 was reduced by e:me €0F. A

diagrammatic renressutation of the ventilavion aftes the hdiing.

is shown on Figwia 11. The figure of 60% reduction in the
ventilation of aectin 5 was arrived at By ' Gie  experimental
reconstrustion of the ventilation ar anééﬁents after the

accident. Under these circumstances, all *he brattices,

stoﬁpiugp and 30 on, wers in perfect condirian. It is reasonable

to sssups that thase ideal conditions would not. have been the

cane on 10 Septwmber 1983 and that the raduction in the supply of

air to section 5 was thus dn excesz of 60%.

The Miner reported the holing to the Shiftboss who told him «o
clome it off. The Miner said that this was not poseible as it
was rnear the end of the shift, hl.ill short of labour and Yia
only roofboltin; machine was at the oppunite snd of the section.
!hc @hiftboss told him te make. & plan ‘and left the section. He
rapoztad to'the Mine Overdeer :hnt tha Miner had been told” to

clog§ off the H?l«ng- As wvap to an apnctud} the Miner did nQﬁ,/
‘geal off thd ho&ﬁ\\kaud %%’lpite of tﬂa Fact that both were well
ot

sware of the imp nce of doing so0, no furthar action was ~taken

thet weekend; not sven thn-elon-ntury pracastion of asking the
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RN - Figwe t
DAAGRAM OF GUS AND DUNDAS SEAMS
N THE VIGNITY OF SECTIONS 5 AND 10




