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Miner whether he had managed to get the place sealed or not. The
scene was thus set for the accumulation of tethane in the
northwest corner of seetion 5, whiry was alse the highest point
in both sectiong, with the roof sloping upwards to this point.
An additional factor which probably played a part in the release
of methane from the coal seam is the presence of a very deep low
preggure system, associated with a storm, which passed over the

mine on Sunday 1ith September 1983.
b. The Early Examination

On Monday morning 12th September 1983, the Miners were delayed in
going underground and reached their section waiting places in
gection 5 and 10 at abour 06h30. There are no witnasseas Ief:
alive to describe the early examinations or lack thereof, carried
out by the miners, bur the inquest court was satisfied thatr with
the amount of methane that must have been present in the north
unstern.corner of zection 5 and with the stirring action caused
by persone moving in a zeam height of 1,2 wm thiz gas would have
beq: detected if & proper test with a flame safety lamp had been
carried out, The conclusion of the court was that the Miner who
was in charge of secrion 5, failed to carry out the statutory
tests and that he was thus primarily vesponsible for thé

‘sccident. No trace of the initials and date required by
" Regulation 8.9.4(b) could be Found anywhure in section 5, while

in ssction 10, it was obviouul from the initials and dates found
that thig Miner had examined about 60% of hisz working places
before the explosion.

c. Igniting Source

F. .m atn examination of all the avgillbln evidence, there iz no

- doubt that tha igniting source wes thae sgilicon controlled

rectifier panel of battery driven scrooptram No. 56. This
mach ;2 vae found nesr the source of the axplosion with ita motor
atill running, after the sceidnqt. The cover of the flameproof

anclosure of the control panel had at sope time been replaced so

4



375

that a conductor was caught between the flanges of the 1id and
the box, resulting in a gap of some 10 mm. This gap is more than
adequate for the propagation of a flame. The panel had heen
worked on on 9th September 1883 and there is littla douht that in
replacing the relatively heavy cover in an awkward place in the
confined space of a2 1,2 m seam height, the conductor was trapped
and when one of the securing bolts failed to go inte its hole,
this was ignored. The machine was subsequently removed f£rom the
mine for weldinmg repairs and only re-entered the section just
before the accident, so¢ that it was not conclusively proved that
the repairs on 9th September 1932 regulted in the non-flameproof
state of the marhine on 12th September 1983,

Matters arfging from the investigation

An intensive inveatigation was carried our and the following are
some of the mora important matters that arose from this

investigation:
a. TLamprooa

The records kept in the lamproom were found to be chsotic and of
virtually no value in the identification of the bodiee of the
victime, Had the explosion been more violent this onisuidg could

have hed very serious consequences.
b. Explosives Control

A large aumber of contraventions of the regulations governing the
use of explosives Were sncountered and it iz obvioug that the
control af explosives snd the digcipline exernised by supervisors
vag extremely weak. There was no indicetion that «xplogsives or
blasting had played any part in the explosion but this may be
regarded as foréuitiﬁﬁs ag ugtampcd holés. chirging up in close
proximity to electric drills or any of a nvsbet of other
explosives malpractices could have caused an ignition of gss.

™
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Only GME approved ezplosion protected equipment shall be
used in hazardous areas. Permission must be given by the
Congulting Bngineer and exemption obtained from  the
Inspect 'r of Mines for the use of non—explosion protected

equipment in hazardous areas.

Maintenance areas should be well 1it and have well drained
smooth impervions floors.
Care must bhe taken that oil and grease washed off the £loors

does net accumulate in sumps or old workings.

Permanent naintenancve areas and workshops muzr have concrete

or impervious floers sni walls painted.

Maintenance areas must be kept clean and well stonedusted
and be provided with B or C clase fire estinguishers. =
Lights and cablaes iult be kept well clear of etorage drums
and spillage must be avoided. The storage nrl; nust be’
kapt ;lsun.:welg stonedusted and fitted with B or C class
fire extinguishers and fire hydrants and hoses on the intake
nide,

Audit or overview teams consisting of mining, mechenical ang;'
slectric Bngineere should, once a quarter, examnine the
elactrical reticulation, substations and electrical mobile
faca eaquipment and report on the standards of maintenance
sund installation and highlight hazerdous situations, At
laast 8 éisnn of & Bngineers per team should ba depioyed in
ths overview to .onsufn that the whole of the uﬁh-rground
operationg are adaquately covered, Check 1ists should be

provided for esch team. A totil mark of below 90X ix

considered unsatisfzctory. TPollew~up visits on hazards
which have been highlightad should be undertaker without
deley. Seconding team membars from other collierisa ashould

ensura a more objective view of the eluctrical operations.
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In the relatively low faulr leval systems traditionally used
anderground, well designed flameproof enclesures have proved

very successful in preventing rethane explosions,.

A more serious probiem has been cable faults. Because of
the abuse to which cables, particularly trailing cables, are
Ssubjected, cable faunits are fairly Common . Bven with the
‘&astest prntect;on the enaxp re-e&sad in a short e*rcu*t is

vefw considersble snd ig alm, ' rcertain to burst the cable

shegkh and ignite any methane 1n the surrounding armcsphere.

: S
In order to redace the energy rgi&héed during a fauit it isg

_ necessary to ensute that the fault starts as an earth fault

and restrict the earth fault current to the lowest value
that can be safely detected. In trailing cables thig is
done by surrounding each phase core with an earth scree snd

. by providing an impedance ‘between the trﬁnsformer' ‘neutral

and garth., The flash due to a small earth fanlr'current is

iikaly tc be’ contained within thse cabla :heath‘ynd:evﬁn if
tha sheath is punctured the small sparck is likely “to
extend sny distance from the cable, This reduces the
likelihood of che  spark coming into contact with methans.
There iz the possibiiity of two phases goiug toe earth
sisultanecusxly to producn r'y sho&t cireunit if the csble ig

" . erushed but the grast najorif bf faults are single phase to

-urth fuultn.
An unwritten ruie exists with regar? to trailing cebles that
with the exception of shuttlecar cable dJamsgs, all other

cablo damage is almost ‘entirely dua to &/lsck of disciptine.

If cables ars properly suspended in operating sections they

~ will not become damaged with the consequentisl possibility

of providing an-ignition sourcc. Shuttlecar cables are more
likely to be damaged ‘dus to faulty reeling and -spooling
device, & siruation outaide the control of tha Opsrator.

G
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Equipment generally, and mobile equipment in particolar, is
subject to more abuse wnderground in csal mines thar in

normal surface applications.

Large heavy machines moving over uneven flaors in contined
spaces whichk are frequently poorly illuminated make
accidental impacts fairly common. Machines are often

spyerely overloaded. P
. e

Coal dust, water amd oii do nee mssé for an\ ides”,
environment for the cperation of electrical equipment.

_ .
Roof heights of batween one and tvo metres and drive widths
of six metres place lirdt: tions on design and .make haxdling
of 1arg¢ units &nd long lengths of heavy inflexible cable
difficult, -

The regulations require armoured cablﬁn -xtb te  used
underground in coa! minc® excest for flexible cable for
:pofbable apparutun. ,- They require that ‘svery “cable
unprotacted by a xpctullxe . covering uhail ap: far ar
gracticabls be 30 suspendad ex to protecy ir from: damsge.
The operator of a mobile or portable electrical machine
lnrved bty = flcxibll trailing cable must tske all reasonsble
neasures td lafeguurd the flexible cable against danmage 'nnd.
cut off the supply te the trliling{g;ble before leaving tha
lnction. Every flaxzible cable must be examined at tha
baginning and a;ain at 15:-: once during the ehzfta
Thqhinferance is :hat flexible cable is not ss safe s
armoured ceble.  Flaxibla trailin; cables are suhjoct to
such more abuse than armonred cables and - exp-ritnce ~“has.
shown that w|11 dugigned flaﬁiblc craz}in; cables “wizh
in&ividual;y scttcnad phasa cor¢4~fnd the corisct protectznnh
are. con-idorahly)-nfir than armoured cables.

4

o
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Rluctricians shounld be equipped with methanometers Lo test
for methane in areas where they work. This provides a
double safeguard for methane detection. Provisions fe, the
issuing of automat1 methane warning devices to wusers of
electrical apparqtus and other selected categpries o

workars should be pade,
::

MNo flameﬁroof equiément which tag been repeired on surfacas,

for instance . an  auxiliary far, should he returned

underground until ir has been declared to be flamepreof by &

suitably qualified snd experienced . Enginear. Pracedures

gesred to the specific imgpection of flameproof equipment

should be standard practice on every colliery. Such

examination should be recorded in a log book provided for-

this purpose.. . . o

The path to sarth when an #lertrical fault occurs should not
be allowed tc follow a route to the roof of the workings in
& gessy saanm. A methene nxplal fon occurred in the face of a’
gazay pit when a ffhlh or ATC ceok place in an suxiliary fan

- gtarter. Tha slectric leak trivgllud slohg a suapeqﬂn@ wire

e

o

and flashed across a  roofboit washerqﬁ igniting the
3

"

methane/air gpixture. ‘R

The 1gnitian accurred when a force f&n rhich had been wmoved

"ty a planned new position wan starte& Ho casualties werte

"

recorded. S _ A

l\

_ Figure !'2 ghowa the layout of the s.ctlon of Rhe mine-

' uortings vhere the incident occurred,

The zaction inng a cbnvintioualiy mechanised development

'uectiou uorkingvbou & double shift basis, A 2,5 m thick

dolarice dyke haJ bean sncountered snd all the roeda { ere

through the dyke lnd in clesn coall Nos. 1 Khi % ondsy had |

34 ;et sdvanced to a point where s holin; covid be afﬂpcted
botuu-n thc@ fn good ground cpndltionn.

ﬁ

e
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Heavier than ugual firedsmp emission wagz nornal when the
Firat cut went into clean csal on the inbye side of a dyke
and usually persisted until a hoeling across  berween

companion roads was effected enabling the  through

‘_ventilation to be brought forward. The Ilayout of

ventilation arrangetdents in the gection wasg as shown on

Figure 12 with the intake splitting left and right to the

return airway on either side, Totsl intake quantity was

+ 40,0 m3fsecond. Faces ware  ventilated using 37 kW
electrically powered force fong_ acd 760 mn  dismeter

flexibll; flame ‘retardant, lntiutiﬁihtkgtntilntion tubing.

This tubing was suspended along a length of No. 8 galvanised

vire sscured to the support recfbolt washers at 1,2 n
intoriull: The aunds of the ventilation pipes were kapt to
within 5 wmetres of covery faze at all times. PFans ware
]{ngcilockod with the ssction isolator so that the section
isclaror could not be ewitched on unless all connectad fans
wera running. : '

&

v Figure 13 shows the left hand side of the section drawn to a

larger scale. Roadways 1 and 2 are relevant. The fan
ventileving Nos. 1 and 2 rosdm was stemding at Point A with
-the ventilation columns_ in the positions as shown. Brick
ventilation stoppings were. up to date with the last coe
being completed on Wednamday end of dayshift. Because of
the dyke, the line of stoppings had been offwet to keap tha
iross vtntilntion s c¢lows to the feca as possible. With
completion of the 13;; stopping, srrangements were mads for
the fan serving Roads 1 and 2 to bm moved forward te Point
B, aud s> at the aend of the Wednesday nightshift che
Electyician stavyed on after shift to pot in s length of
2sble in the feed to the fan s0 that the #zn could be moved
forvard on the following worning shifr. :
Putting in the length of <cable meant stopping Eha fen,
disengaging the intorlocks with the section-isolator and the
figure of eight coiling of é$g cable sc that the move could

. < o
{J
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be done without interfering with the rest of the section.
The No.8 gauge suspension wire which was stiil there from
pravious VEﬂtlL&thb pipe 1nqta11ationﬂ was attached to the
usual hitch point on the top of the fan hous1ng.n This wire
extends angled down from the roof to the fan FJ carry the
ventilation column over the span. See Figure 14.

The ventilation piping along the»éxiginal route to the
intersection at Point C wag taken down and the section . from
Point © to the fan in 1its new position was installed, See

Figura 3. The Shiftboss checked and found that there was a

good ff&w of air passing thé new fan site and that. the

atmosphé%p around the fan waz cleer of methane, He

ingtructed the Electrician to put on the power and then

- deprezaed the start button at the same time thecking the

gland. 7The fan started but innndiately tripped =211 the

power in the

ction bactuse the Rlectricisn had, re-engaged
the interiock ;\\ the section ifolator. He turnad to the
craw Ldpervisor {o send for the Electrician to show him the
fault.and sav the §rav superyigor pointing excitedly towards
the face of Road \. 2, The wholie face was burnihg right

back along the roof \jo the intsrsection.

Tt wes aatablished that) the csuse of the crquling sound an&
tho smcke rron the "gland was whnt wag termed a "hot"
connaction of one of the phases in the starter, and that a
flansh hnd occurved tce the casing. The only othar fault that
conld be found was that there was s rubber seal pigaing in
the gland whera the feed cable enterad tha ?}artur. An

l_ind.pnndent specialist in eerth :faults and ttfay currents

was employed to investigate the set up underground. FPigure
15 dndicates the set up.

All that could be wstablizhed was that no elactricsl path to

enrth cauid be Found at ‘any of ic roofbolts to whick the

wire was zuspended except the lﬂlt one in ths face. All the

othear pointz were found to be rﬂsty and non~cenductive.

][
1
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With electrically powerad rubber tyred equipment the risk of
alectrocution is high if a Jenlt oceurs to the frame of the
machine and the frame iy inadequately earthed. “

§
%

L) .
It is generally accepted thgt touch potenrials of less than

50 volts are unlikely to be lethal partivwlarly if the earth
fault iz cleared zapidly. =

The use of high impedance neutral earth restrictions,
sensitive ftast pilot circuits for monitoring th pearth hend
and senaitive fast earth leakage protection make it possible
to limit: touch potencials to safe valves on 950 wvolt

systems. At higher volteges it becomes more diff?pult.
- | {

Since underground work is leas popular amongst Eaextrlcxans
than surface work, 1t follows that when " shortages of
Electricisns occur on n mine, underground will suffer nost;
it is thus a fact that sa 1nexplr1enced Electriciane ata

employed there is a temptation to short circuit the training

-and  induction procedures and deploy these Bleatricians .

underground asc woon as  possible, Seer Chaprer 2 fbr a
suggebqgﬁ induction progrﬁuneﬁ’ for . Electricians  and
procedures for re~eetablishing power to underground scctions

after a power trip or shut dowd..

ﬂil pover feed cableac should bs suspehdaﬂ from the roof in &

n?ar msnner where they u&n .be p«r:ndgaally examined .

;%ngarous roof and s:dewalls should be made safe imredintaly

é*o prevent falle from damagfng such cables.

sPncific ;rocedures should Sk laid doyn 515 the-msolntipn of
powar to areas which have’ bee} temp&&ar;ly stopped; if for
any resason the pouagnbaz to irm on in this area, apecial

1cl/proccdurts should “be enforced governing the use of

switchgear ond uachinns in the area. Initial inspections

" for methane build-upu and ventilation arrangements should be

mede.

#



o

AT ars

i i




&

&

&

@

Y

a

 SECTION THROUGH ROAD No. 2 |
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The final conclusion was that when the flash occurred in the
fan starter, electricity travelled aleng the suspended wire
and flashed scross either at the riofbolt wosher or ivside

the roofbolt hole thus ignirving the gas.

When electric equipment and cables are moved the system
zhould be examined for damage partizularly to cables and
glands.

Strict degassing procedures, as standard practice laid down
by the Mine Managar, should be emploved when starting a fan
where there is an accumulation of methane which stretches
back from the face and over the end of the last wentilation
pipe in the face. For thia specific condition che coluun
should be broken at certain points go that the wventilation
pipa can be blown clasn egpédcislly in the firet few lengths
from the fan bafore full degassing commences. - .

Previour axpericnce aith ign;tious had 1led manngencn: at
this mine to have 2 nf rhe 30 kg fire axiinguishersz plux 8
of the 12%}kg txt;ngﬁishn:a in a8 special fire <Fighting
aquipinnt trd lny &t the Miner's box. This is in addition
to othar a:ting ilheru at the various umual inntallntlon
sites. The udvunb&g.n of the 50 kg nxt%nguishar are its
range ( + 12,0 metren) and its longer continuous life when
in uae. Prnvioui:nxpcm;ence has also definthly shown that
the speed with whicd such an igniticn can be extinguished is
vital, In :&ﬁut!! the whole snd cen become a raging
infarno., In this ra-pect it ig wvital that Parsonnel bhe
téninad-and compatent ia procedures {o adopt in such a
situation without delay. QThu maintanance of fira fighting
squipment, the availability of stonadust snd of water under
sdequats pressure must always raceive high priority.

The author quotes fro¢ the Report on the Hlobane dlaaster in
1983 in which the Daputy Government Mining Ergineer statenx:
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"The whole subject of the Supervisor structure on the mines
is beyond the scope of this report, but it doen seem that a
revigion of roles and responeibilities is needed. In
addition it appears that in this case the WMiners and
OfFicials had 2 rather rudimentary knowledge of ventilation.
More emphasis on proper training and retraining of Miners
and Officials in ventilation practices is recommenasd.
Considération §Hou1d also begfgiven to the possibility of
giving some nﬁée weight to the reports of the wveptilation
department . 1t is not ﬂon51dered necezsary at this stage to
contegplate additxonal legiglation hut if 8 copy of routine
reports was routed d1rectly to tha Minager, with ancther
copy to the line Officials, ;ore attention may be given to
the reporte by the larter parsous.W v

+

{

The proper tr&:n-na. education gnd exnerxgnce of dnderground}
Elployles is a thr-ad whiLl“zﬁ ry rhroughdut this projact

i
report. : ﬂé,q S

resort to bare uirn conductorg should be made 1ntt1naica11y
safe (sae defiuition under ivea 6.5).

Booster fan installutions underground which ouperste at

higher quaatities of air and pressure than the pain fan

could cause nmethsne-laden return air to be hlown through
stoppinge into the Iintake airways where non~flameproof
elactrical equipﬁant is used. BSuch an incidant was racordwed
st Springfield Colliery .in 1953 and 4t iz depicted in
Pigyrs 16. - a3 ) " g;ﬁf_im
An alsrt Shiftbogs and Electrie33n digcovered uvéé 3%
sethene in the fan motor houss (A on Pigure 15) and cloued

bl

i [ . .
Signalling wireg or other elactrical installations which

off all power to the installstion immadisrely. An added

_dsnger of possible methane ignition were the non*flémaproof

vlectric lights on the haulege and bare smignailing wires.
Stonedufting was tiot practiced at the collierv.

c e - e N ccpeeiarey e el et L W, Tt ST
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£. Prezrure

In many of the experiments pressure records weare obtained both by
manometers placed din the gallery walls and by special gauges
placed at right angles to the direction of propagation of the
explosion. The latter give a measture of the wind speeds that
océhr during the explosion. In general two types of pregsure
waves are observed, one opreceding the flame and bheing =2
pioneering blast wave with a steeply riging front of short
duration (which may amount to a shock wave), the other a longer
pulse or pulses having & duration of & fraction of the order of a
second or more following tﬁg passage of.the flame front. The
nagnitude of the pesk pressures of these pulses aasy vary from .a
few ¥Pa depending on the speed of propagarion. If pfopagation ig
datnnntiye.‘Em ;he other hand, these pressures may congiderably
exceed 10 000 KPa. | :

1

7.3.% fﬁn Mine Armoaphera ' v

The initiation of propagation of a cosl dust aexplosion is ot

appreciably affacted by the normal wvarisations in the =mine
atunsph.:e.iapctt from ite content of firedamp. The presence of
firednlp increases the explomibility of the fuad gﬂst sariously,
in proportion to the percentage of firedamp in\ the air, The
British experimental findings asay be moet simply expresied thua:
for each 1X of firedamp in the air, the percritage of
incombustible matter in:the road dust must be increaxed by one
sixth of the pa;cantage of coal dust in the mixtore just not
inflammable ia the absence of gas. Whilst the sdditional
percantage of incombustible content required for each IX of gas
in the air is therefore less the highsr the incombustible matter
required in the absence of gaw, it may not always be appreciated
that the weight of the sdditional incombustible matter needad in
graater, ag is shown in Table 7.6 {Mason and Wheeler, 1931),
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Table 7.6 Effact of presence of firedamp in the air on
inflammability of coal dust for two coals of widely
differing inflammability

Weight of inert dust to be mixed with unit weight of
coal dust to suppress propagation .of explosion

Averrge

addicion

for each
No firedamp 1% firejomp 2% firedamp 1¥ firedamp

Coal A b.6 {38) 0.9 (4R) 1.4 (59) o.6 (1)
Coal B 2.2 (69) 2.9 (74) 3.8 (79) 0.8 (5)
. (Perdentages of inert content in brackets)

%,
1

Thus a concentration of firedamp in the genaralslody of the air
of s magnitude that iz just dstectadble wirh a flame lamp (aboué
1.25%) mey have a marked effect ©n the explosibility of the coalc

dust. .
. Q

- H L

. o . - W
7.3.6  ‘Explosibility of South Aéricen Coals

The value of the eifploaibility of the various coels is given by
the co-efficient of explosibility which is the Kex value.

In glnteal.:@hc_highit the Kex valus, the lower is 'the optimm
dust c;nceutt§¥£on. For oxsaple, for Xex values up to 70 the
optisus dust concentration is at iexst 430 g/i uhilt all esmples
with an optimum conicentration of 375 3/l or below have Kex values
‘of 100 or more. All ssmples with Kax values of 60 or below
refused to n:pldd- at & dust concentretion as low as 200 g/1.

st

‘The resulte of various coal sagpies:sre given in Table 7.7 balow.
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Table 7.7
0 Optimum
cosl dust
Concentration Medium
No. Area g/1 um
1 - Utrecht - 19
2 Ares - 725 16
3  Anthracite 600 16
4  Seam 600 17
5  Vryheid A ‘16
6  Ares - . 450 21
7 Anthracite 475 16
8 Sesn - _21
¢  Dundee - 15
10 Aree - - 19
11 Coking - 13
12 Coiil Sqm 425 17
13 . 500 18
14 . South Rend A50 21
15 Goalfield ~ 450 20
16 §gin Sean H00 16
¢ AN  &15 . 21
18 47%
19 Vasl Basin 475 16
=20 Seams - 400 16
500 19
22 . 450 17
C A
Viarfontein 375 15
2%  Ares 475 16
25, 525 21
- 15

matter

Volarile

content,

raw <orl

7.2

7.0

6,7
7.4

N 10..“

10,9
11,3

10,1

22,8
23,5
19,6

24,7

21,6

19,2
22,3
20,8
20,1
22,0

21,5
22,0
23,1
2%,1

20,1
21,8
20,0
13.8

- g

Maximum

Kex-value

- 1D
30
25
10

50
55
0
5%

e

103

° 300
105 .
109

70
95
90
95
85

95
90
85
30

105
95
95
55

Al
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Table 7.7 (Contd.) . ‘ )
| ' Optimum ’ Volatile |
coal dust " matver
g Concentration Msd? 4 size content, Maximum
No. Arli. g/l i raw coal $§x{:—-v¢1ue
27  Witbank 390 .2 25,4 o120
28 Ares - 25 21 " 25,1 , 1¢5
29 No. 2'Seam 325 19 26,1 . 100
30 .y 425 Y 2,8 %0
H o o o
31 witbank 475 - 8 251 . oS
"33 Area - as0 17 23,0 ° 118
33 ° No. 4 Sesm . 450 - 15 S0 . a0
W o a0 17 22,8 .90,
35 . %iitbank N . 400 16 . 32,3 . 150
"36  Area - ., 450 1 - 2,1 - 90
37 N 5 Seam 325 17 . 27,0 - 120
1 | 300 . 18 33,9 155
i L . | . 3 v . I . -
39 Vryhetd o 425, 21 18,3 - 110
40 Area - 425 17 20,8 Z'izg_
%1 &!dtgginoup 450 2 19,0 ., 65
42 Sesm 450 - 200 . 22,7 “ 11
43 Arnot 450 _%: 22,7 - 85
44  Coalfield 475 LA W % 90
45 475 18 2% “ 95
4§ - | 450 19 Tany > s
- 5 v oy
477 witbank Ares - 92% ToaET T a1, © 80
48 No. 2.Seam 450 . 2 271 . g0
s N _ - | . ° o
49 witbank Area - 450 16 29,7 140
”s%f’ No. 5 Seam . 425 17 30,7 ' ; “ 150
.. NS
*%.\1 : | .
v
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Tabla 7.7 (Contd.)

Oprtimum Volatilae
. coal dust matter
bpncgntration Medium size content, Maximux
No. Area L g/l um rav coal Rex-value
)
51 thank Area - 400 16 22,3 80
52 Wa. 2 Seam - 450 21 22,5 90
5% Witbank Ares - 450 18 22,3 65
~ No. 4 Seam
54 Witbank Ares - 450 18 32,0 125
55  No. .5 Seam 325 21 30,0 115
56N 325 21 J 30,6 130
» 350 177 a1 130
58  waskie 450 8 23,0 "120

Conlfiald

1}

7.3.7 The Durban Navigation Colllieriez No. 2 Pit dissster.
- 8th Octobaxr 1926
(1

-

This was the worst coal dust explosion ever recorded in South

Alrica. Th&ﬂtotll night shift labour force (1ncludzng one man on )

the downcast shaft benk) of 125 men ware kilind.

o

The Durhan Navigation Colliaries No. 2 Pit

L

I
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The salient points of the evidence are set ous helow

1!

A mathane explogsion, caused by & blown-out shot, occurred in
Section 10 gome 1 2300 metres from the shaft bortom (see

Figure 4).

Thie explogsion “developed into a coal dust explogion which

rraversed thz whole mine.

The. force of the explosion is shown by arrows on Figure 4.
[

The expleoalon spent itself at the top of the upcast and

downecast shafts and in the South main seztions,

The txﬁ&onion destroysd the fan drify’ oﬁ the upcast ' phaft
and did considersble damage to the bank of the downcast -

) ghaft. The Compound Maneger who was sbout 200 metres from

the shaft states in reply to qunopioha at the Gfficial

Inquiry: v
"Ghare were you' &t the time of the ;xplo=ion? - iﬁ ﬁy;foanj
1s thae f7 from tne Pirf = At Duchen's Stqﬁa {200 metres
indee). "
nid you ano ything of the c:piolioﬁf -~ I juat hcnrd a

from th

raport. " "
VWas it a loud reﬁort? - It gounded to me like the crack cof a
rifle. | o ‘
No loudar? - No, I looked across the sdhnre aud saw m cloud
- of dust znd wmoke. ‘
“You saw no flame? - There was 2 bit of & flame, yes.
How high? - It is very difficult to judge.
Give us soue idas? ~ It was about the height of the top of
the hesdgear.” '
&

Tha winding engine Driver gave avidence as follows:

0

by
v
o
Poanri
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There is nothing in the evidence to suggest thar, bhecause
the colliery was generilly ry Gad dusty, that water was
used to allay and settle tha dust. Wet cutting was only
introduced into the cellieries in tha mid 19505, At Hlobane
Colliery, two coal dust explosions petered out in wet areas

of the sections concerned.

Bvidence indicates that there wag a tendency for dust to be
emitted from mine tubs. Without the aid of firedamp it was

calculated that 9,01 grammes of dust per cubic metre of

" ventilation would ceuse & coal dust explosion. Under the

prevailing ventilation conditions, thie would equal dust of

. 3,17 kg per second dischﬁrged'into the air to maintain a

dust explosion. This emgunts to 35 dessertspoons of dust
par cubic metre - such ln:anount would produce a dense c¢loud
inpenetrable to the vision. With such & dense cloud it was

concluded thet a flame or electric arc wonld have csused nd

.coa{'du-t ignivion.

(7
That a cosl dust explosion travals at high speed and great

pressurs is confirmed by the injuries to sn electrician who
was working in the shaft bottom at the time of the

. explosion, I

"What was the caule of death? - The right side of his heid
was crushed in. Right ribe were fractured. Righé femur.
Hedd, face, and nezk scorched;llkin peeling off hand ({palma
and fingera) aultiple abrasions. Burn on laft side of chest
and left buttock, " |

Yow, thiz injury to the bead, would you say that
conuidernbin forét-had struck hiz? - Yes, tremendous farce.

Tou pay tremendous force? - 1'“.

And the same causc would accc-unt for t:hq fractured ribe and "
the ri;ht fuur? ~ Yes, .
B

Pnuuru of up to 1050 RP:z have besn obtained under
expcriuntul conditmm in conl dust explosions. ’

]
3

=]
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The evidence of the Chief Tnspector of Mines for Jatal
regarding the ventilation at the No., 2 Pit is pertinent:

Do you not admit it is one of the best ventilated mines in
Natel? -~ Tt is a splendidly ventilated mine; one of the

best in the world, I should say.

Evidence of the result of the axplosion given by the Lampman

is stared helow:

"fou heard the explosien? - Yes..

Where were you at the timel? -~ Just by the single quarters.

‘How many metres from the pit head? - Just over 200 wmetres,

Wag it a loud explosina? 4“%&11, it was not too loud, but it
w8 very deep.

Did you hear any sound besides the sctual explosion? - I
falt a slight tremor. J | - _ ‘

Did ybu see any phenomenon &fter the explosion? ~ Yeg, at
"he time of the explosion when I locked, Y saw flames coming
out of the air shaft {upcast shaft).

Mr. Milue: You mean the fan dfift?.— Yea.

Chairman: That iz the only place where you saw & flame? ~

Yen. = _

Mr, Milne: Was there any smoke? — The smoke followed it.

At the same place? - Yas, the flame followed it aftar a very
ghort duration."”

Good vantilation in a nine iy no guarantee that the wmine
will be s=f~, ag witnessed by the evidence of the Inzpector
of Mines after the explosion.

"Sp far as you could gee, the ventilavion at No. 10 azecrion
wag sufficient before the explosion. You said  the
vantilation was quite good? - Oh, yes, when 1 have beén

underground I have found 5?- ventilation very good.
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"fou saw no smoke? -~ I was all in darkness anQ%} was covered
iu dust when the thing took place. :L>

You could see nothing? - No, my view was completely gone,

By the dust? - By the dust and the de¥ris.

That was all caused by the explosion? - Yes.

Were you knocked down? - No.

Your vision was obscured? - Yes.

You saw a flame? ~ No, I did not,

Were your cages at rest? - Yes, they were,

The one at the top - the right hand one, gend one at the
bottom, the left hand one? - Yes. -

The cage which was at the bottom of fhe pip at the time of
the explosiod] what happened te it afterwarde, do you know?
- = I don't know what happened tc the cage; it seemed to be
jasmed and we could not get it asway.

Was it otill intact? - As far as I know. -

Was the rope on the whesl of the cage? - No, it came off.
The Chairman: How long after the explosion were you able to
work the cage which was on top of the time of the explowion?
- They stsrted to work that as soon as they could get the
pit head clear.

What time wvas thet? - I should say about OBhOO, between
07230 and 08hO00 but I was not paying any attention to the
time;: tine vﬁs no object then,”

Fhotograph No. govs tha pit top at the Durban HNavigation
QCollt;figﬁ%;o. 1 Pi¥ with the west conpartment double deck
cege Gn surface., A coal dust explosion, which travels at a
speed between 20 n per second und 2 000 mnm per second _ can
wraak havoc at the top of such ‘& shaft adding to the
difficulties facing - nnnngennnt after - guch an event.

hiydd, sftar a coal dugt sxplosion in 1913 Bupport the

Photographa 3. and & ~‘aken &t the Uhiversal Colliery,
Stngﬁ:

view of widespread destvuction of surface infrastructure
following a coal dust explogion. :
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According te evidence, coal dust (together with stonedust)
was systematically logded .into bags and taken out of the
mine. This practice would have taken place only in roads
which were accezsible such as the shaft bottom and all main
haulages. The return airweys which were only 1,4 metres
high and totalled some 12 000 metres by 1926 were not swept
snd cleaned end were also not ve-stonedusted, Fine coal

dugt . genarated as & reault of mining operations {cutting,

~drilling, blasting, loadiug and cosl tramsport in tubs)

collected in the return airways and wa: depogited on the
roof, flcor and sides of these returng. Ag the pioneer wave
of the explosion entered the return airways, this dangerous

dust was readily raised into a dense cloud,

What stonadust that did.exist in the accesaible areas of the
wine (the shaft bottoa snd ail ‘mein haulagey) war being

‘seapt up and sent out of the mine thereby further increasing

the percantaga combustible content of coal dust in these
STeAN.

Stotedust campling asnd anzlysis was not carried out wirh
diligancs nnd'rngularity. The fact that 5 kg of stonedust

_Itl,npiaili per toe of cosl mined iz questioned.

‘In the return airways, with difficult accessibility, it is

iikely that any stomedust which did exist was covered by a
layer of fine coal dust. Experiments ‘at the . explosion
tunnel &t Xlopperbos .lupport the oversess conclusion that
such a mixture will give rise to a flame when subjected 1o

H

an ignition source. No dust ignitions aigur' when the
i
A

st"om&ﬁ’ct and coal dust are smized,

Stonedust dizspersed by hend and not by mschine is never
sproad cousigténtly over the whole perimster of the

roadways. °

.\\-\ o
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Coal dust has been ignited at temperatures less than 6007¢.

The Chief Inapector of Mines for Natal, under cross
examination, stated:y

"You know it is a fact that the majority of authorities
agree that the coal dust at the face iz not so inflammable
as the coal dust in the main roads, which have been 1lying
some time and exposed to the drying processes of air? - I do
not agree with that statement.

You do not agrse with it? - Ho, I do not.

And you say that the coal dust at the face is the most
inflammable you have? - Yes. slightly mere liable ta
txplosirp‘khan thu dust further back from the face.

Now, I wsnt to quote you a paasage from Caleb Pamely's
Colliery Manapger's FHandbook, ms at Page 875, '"The
comparatively high cemperarure which prevails in most
underground workings, doubtless asgiste the fine divigiom of
dust perticles, dust remaining s long time subjected te this

heat, becomes drier, and it may be that it absorbs oxygem ot

undergoes some chemical change which makes it gpore
dangﬁroul. On the other hand, long exposurs to  the
stmoaphere probably causes it to part with some of .its
volatile guses. Tt is known that the capacity for l&éo;bing

‘ oﬁjgan is grester in freshly worked coal than in that which

had lain some time, but it appears that the newly made coal
dust 18 rot so inflammable as old dust. The chemical
changes which take place would tharefore sppear to increase
tha dangercus charscter of coal dust, but the precise natura
of these changes is still unknown and requires
investigation®? ~ Do you agree with that? - Yes, I agree
with that at that date. That was in 1898. Pamely says that
invegtigations have to be made and since that time
considetcbleninveﬁtigations have been made and I hava heard
the resulte of some of _these investigations. And these
irnvestigetions are on 2 small experimental stage.

Tha Chairaan: Whaﬁ ig the date of these which vyou are
referred to? - 1907, ten yeara later. P, Phillips, Bedson;
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Dr. Sc. and Mr. Henry Widdas, BE.Sc. ignited coal dust elsuds
in a swall chamber by means of an eleetric current, They
tried various types of dust, thery soaked them with water,
and dried rhem =sgain, and they selected samples, from the
intake, from the returns, from the top of the chamber, and
various other places and the final result of these
ei%eriments were summed up by Frofessor Henry Louis in which
he said that the experiments recorded would form the basis
of any future studies that might be made on the subject;
and the date already collected seemed to lead to s number of
valuable conclueions. They showed that roadway dust was
1 . dangerous than dust 4t the face, and that probably
attention would have to be devoted almost exclusively to the
dust which was being brought ocut with freshly hewn coal.

Mr. Creok: What is tke date of that? - That im 1908,

And vhat about the later expariments? -~ I may qualify the
ather stateuents by saying thar all kinde of dust ware

t:#léﬂod including dust contsining over three per caent of
nolsture. _
Havi you not looked at sny later experiments than thar? -
But thess ware definite experiments which vere conducted.
Under those ﬁircunsgnncas. it is certain that my statsaent
as ragards those pnfticular dusts wlf correeﬁf

And your theory, then is that at the mine face this coal
dust wes mors explosive? — Yam. slightly move. It gives the
axact luounti .

But it vas imﬁpauiblu for it to explode without the
assigtence of the fire damp? - I do not s@y that fire damp

“&f NECUSSATY.

. Are you prepsred to say that irn your oﬁinion this explosion
- took place without the assistance of fire damp? - I am

prepared to say thar it could have taken place without the
presence of firaedamp.

In your opinion, did it take placé without the assistance of
fire damp? - In ;y opinion it iz more likely te have

oceurred with the presence of fire damp.”
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Now, you consider this mine to be a dangerous one, do you
good
ventilation and methane {s diluted to such an extent that it

not? - I look upon it as a gassy mine, but it has

ig difficult to find gas st the face, provided theve is

nothing wrong with the bratticing or the ventilation system.

D¢ you think it hac been made as safe as humenly possible? -

1\ hink the mine iz well veny qred bna Qianedusteé;too.
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1891

1897

Ay}

e

1898

1899

1902

1903

1904

L1905

NUMBER AND DATES OF INCIDENTS -

tlandslaagte
Elandslaagte
Matal Navigation
Natal Navigstion
New Campdell

St. Gecrge

St. George

South @frican :

Natal Navigstion

Glencoe

; Glencoe

Croim

St. George
Runsay o
South African
Rigsly

Elandsleagte
Crown
Glancow

el

Glencoe

_Ntwc;ntle Stoam
. ﬂnngni Coal

South'AEEiéﬁn

9

B

T el Ot W b W b w s

These;ianitions were probably all
¢sused by the ta%ﬁng of cpenl
lights inte workings which|)
contained an. inflammable '
atmosphere ag a reanlt of
inudequate venéilatiop

- RN

S .

4 killed, fi#i injured. Flame lamp
opened by a worker )
Slinjured. A bonnetted Clanny lamp.
had been issued without a gaure

. 3
Naked lighr. No casuvaities. ‘
1 {injury. Naked liiht en surftc; -
{n the fan drift during fan "
exasination
1 injury. Haked light _
2, killed, 2 injured. Waked light

Nil ifujuries. No record of detaiis. °

No casualties. No record o% detailis

2 killed, 2 injured. Naked lighr .

1 killed, 3 injured, Probsbly open
light e

1 injured. HNsked light

1 injurkd. Naked iight

No"tecorétﬁf detaila. Probsbly

open light :

1 injured. Naked light Foooow
No record of details. Ne csigy@ﬁ{kﬁé i
1 killed. WNo record of detalls ‘'~

1 injured. Naked light
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A major festure when studying the incident is the total lack of
coumunicarion between Supervisonis and Woikmen. This is supported

by the evidence of the Mine Resident Engineer.

"During the week 13th to 18th OLtober, 1941, it was decided to
dismantle the 2000 volr switch at the old Mo. 3 substation and
erret t at the new No. 5 subutation, Main South West Haulage,
Bankfontein Section. As T was under the impression that this
type of work sould be performed on a Sunday- without prioxr
vermission having 'bee; obtained from the Covernment Mining
Bngineer, I instructed the ¥lectrician and the Apprentice
Electrician zo turn out on Sunday, 26th October, and regove the
suiﬁch and sleo connect up the new 2000 volt cable in the sub
haclage. At the sams time I instructed the Fitter to change the
pulley on the main fan on Saturday 25th chober, 1941, f

On Monday 20th fictober 1941, T notified the Manager that I

N intended to d6 thi cable job, thav-is, the electrical work, in
. |

the ager that, as I also intended to have the pulley on the
main fan,changed, I wae toncerned ahout uring a blow lawp in the
haulage willst the fin was atopped. T undarstood the Manager to

say there wn\\::thing to vorry about. I did not ask the Manager

tc apply for day Labou~ Parmiseion to do the job ag I hed been

\.
instructed by ¢

- Manager to do the job as soon ar possible. The
Manager did not agtually inatruct me to do the job on Sunday.

Although I a4 instducted the Fitter to change the pulley on the

" main fan on Saturday, 25th Ocuober, I\discavered. after the

sccident, that he had %urned out at OBK30 on Sunday 26th October
to do the jsb. The Fitter had completed the work of changing the
pulley by 10h30 and then gave the fan a trial run. The fan was
stopped again for minor adjustments, which took about another 15
sinutee to complete, The fan started up again ar 10h45. The fan
is naver stopped without permiesion having firat being éﬁtained
from the Mine Overseer, I arranged with the Mine Cverseer to
carry out the slterations to the fan and the cable job during the
weckend 25th to 26'0ctobﬁr. £941,

F

Main South West taulsge during the coming weekend. I told
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1807

1908

1909 -

14139

1914
1913

i919

1321

Elandslzagte

Elandslaagre

South African

8.A. Collipries

| _Hittinglpruit

DdrbnnlpnvihntionQ
Collieriss No. 2

Horthtield

&
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18 killed, 2 injured. Quthurst of
methane from floor. A flame safety

lamp was opened to relighe others

.that hx. bécome exringuisherd

1 killed, 2 injured. Defective
safety lamp

i killed, 4 injured. No record of

details

1 killed, 3 injured. No record of
details
i ihiured. ¥o record of "details
2 injured. A flame lamp Fitted with
a kipglc gnu#e ignited firedamp in
an inndnquuttly ventileated Rtall
inbye of a dykt ot
1 %illed. No tecord of details.
1 killed. A miner punchud five
holes in the gauses of his flsme
lagp presumsbly to make it bura
sore brightly. When testing in a
high plsce in a heading he
ignited firedasp and was fatelly
burned, o

1 killed. A worker introduced a
naked light inte & roof tavity
I killed, 3 injured. Explosion took
place in tha fan driftr and extended

~ underground. Coel dust apparantly

did not play & contributory pert
1 killed, 1 injured, No record of

details

1 killed. Non~fiery colliery. The

*miner took his scetylene lamp and

his flame safety llng into &
heading, which had juut pnl:ud

_ through a dyke, and ignited an

acpumulation of firedamp

N #
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1922_ Yrrecht

Burnaide

1933 Hlobane

E
1

7 1928 Yuw Tendega

Tehaba

\

1936 South Rand Exploratien

1937  Utracht

642

2 ifjured. A worker entered the

working face prior to the inivial

examination by
20 killed. The
main fan broke
working for an

Firedamp buile

the miner in charge
driving belr of the
and the fan was not
hour and & half.

np at the working

" working face with a nnknd-lighg.
It wes after this series of

faces of a gection., Most of the
flame lamps went out when the
wvarkaen returned to the facea wvhen
the ventilation current restarted.

A worker opered his lamp to relight

the others and the sxplosion
" resulted

12 killed. Non~fiery colliery. The
wain fan had baan =topped for most
of & weekand, On tha “Monday the
miner in charge took aﬁ_opén light
into an old end end ignited
firedimp that had nccuuﬁi;;ad

1 il1ed, 10 injured. No vecord of

%

- details. Probably maked light.
No racord of datells. Probably,
_oeked light, Ne casunlties.

1 injured. Ignitiom of mathane by
open flsze lemp o
In eieh of the four cases ona
workar sustaincd burn injuries
lffft igniting firedamp at the

sccidents that the mine was

‘declared fiary

DGQQmo tha stoppage of an
auxiliary fan overnight firedsmp

~accumuiatad at the working faces of
o

the section aargid by the fan. When
the fan was-started at the
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beginning of the next shift a body
of inflammable gaz was driven out
$ 1941 Corpoljdated 2 injured. Methane gas was
| Collieries ignited by 2 blow lamp
’ in the main road. The mine
was stonedusted and there was no
evidence to suggest that the

explosion was augmented by coal

duat
1944  Consolidated | 1 injured. Purning cigarette
" Collieries T ignited methane
1944 - Tshoba | Nou-fiery mine. A worker eutered

: a stzll with & naked light prior

J w te sxamination by miner.

Hiobane No. 1 - 57 k{lled, 6 injured.

)  Although declarcd & fiery mine,

i firedunsp wes of rare occurrence.

A hoading had pawsed through a dyke

and Eirsdemp was baing libsreted at

the face wﬁnr- an alectrical coal
" ¢utter was oparating. The miner

\ went into the place on an
T3 -- . s T
. inspection round and the fisme of

his safaty leap may heve been "
ditinguilhed by an explosion in
the lamp. The miner forced the lamp
open to adjust the relighter
mechanism which he thought to be
iuoggrltivn. The explosion
resuitld when he flicked the
‘ralighter bafors screwing the base
of the lamp back inte the bonnet.
No brartice line bad Baen erscted
ro course ventilating air through
the heading which mist have been

9 filled with an explosive

atmosphere. Tharg wag imsufficient

)
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1945
1953

1655

1960

1961

1952

1971

w

Tshoba

Rorthfield _
Carnavoen Anthracite
Durban Nevigation
Collieries No. 3
Coalbrook Coilieries

‘ngegane Y

 3§@;ti

Durbni Ravigation
Colliacies
¥.C.h. Contractors

m

5 killed. Naked light.

64t

evidence to suggest thqt coal dust

" contributed to the extent of the

explosion

No record of details. No casualtius

,

1.killed, 3 injured. Firedamp was
ignited by a cigaretvre 1ighter.'

- Firedamp wss ignited by a faulty

4

.1 killed, Mon-flary collisry. (No

safety. lamp
7 killed. Plint lighter and
cxy-acetylene torch ignited”

pethane in su inclined hauling

shafc “
Ignition on the yurface st & pump

' houlu of 1n!1:.n¢b‘a gas illuinﬁ o

!ron s borehale

“

el

firedesp reported duritip the”

" preceding 35 yesars). rireganp

i;uitad by & "chn.nl& stick’ during

biast oplrttioni Some eoh!n‘
li \l obasrved vh:lch

lus;lltlé that coal dult nay h-vt

[
il

played s wmivor role ' 'w

*r:rgnition of firedamp. Wo casualtios \

%8 killed, 3 injured. Naked flame.

0

&

7
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7.5 . °  DETAILS OF INCIDENTS/PHENOMERON
i
7.5.1 Consolidated Collieries Limited, Z&th Ocrober 1941,
2 injured. Methane in haulage road ignited by Hlow

!

lawp. (\\ |

Introduction =

The ¢coilisry is situsred in the Ermelo srea. The coal sesms are

found at's depth of betwasn 60 and 85 metres and wers known to be

gasEY, A gooo volt olecttic rubls was being extended o a nev
substation qite on & Sunday and two Zlectricians vere naking s
jaint is thik
stoppad for' rép

cnbla{ ‘vng a blow lagp. The wmain fan had been
irsz for 3 hours during this period ‘during which

tine nothgﬁ- bﬂllt up  in the main hsaulage where the electrical

conzection wag ' ing made. A methane explosion took place

ths two Electricians..

pvidence, stated that: ™“it was reported .to
ma at sbout 14h00 od, Sunday the 26th October, 1941, thet the
Electrician and Appre Electrician had baen saverely burat by
b South West Haulage. On inapecting tke

) lcene,fgﬂfound that the sccident had occurred at & point in the

haulage where the Bleclricians were making <a joint batwesn tws
lsngt%s of cabls, Thay, had baen uging s blow lawp for this
purpose. The arsa in which the accident occurred is very
disturbad by faulte. . 8 _fntzna previoﬁii to this agcident, gas

wag found in this ares bnf?rr a connaction had bean -ndc to Ne. 3
vertical winge., As the covar in rthig area varias E:on &) metres

~ to 80 metres one can expect to find gee in ends lrhf(:__h tra_ not

b
&

o

£3
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adequately ventilated. ﬁﬁen the main ventilation fan is running
there is 5 mﬁfsecond pessing along this haulﬁge. The fan ig
situated at the bottom of Neo, 2 vertical winze and upcasﬁs
through it. Ne. 3 vertical winze ig Jrwnecast and is situatad

2 300 merres from the Mo. 2 winmé -"Gﬁen I took over <the

Management of this mine, I reslisqﬁﬂffhat soon2r or later gas
night be encountered. conseguencly I eﬁuipped the mine with flame
#.-00f apparatue. Only approved types of flame and elevtric lamps
are allowed in the mineﬂ

s

Although'this nine _ﬁas not been degl;rid a Eierj' wine, -the

e \ltihnl relating to fiery mines a{e being observed. Every
wot. ﬂk place in the mine is examined at the beginning of each
shift for methane and reported on. Only on three occasiong in

the lest 5/1.2 years has gas been found in the workings.

A Miner was delegated to examine the haulage where the work was
go“be gnrricd out, Pigure 53 shows the Main South West hsulagg.
t} - wrous fsults and slips and the position of the No. 3 winze
ff: i with the scenes pf the axplouion. The Minar examined the

fh-ulag. batween 8HO0 and 09h30 end  found no gax; the resf and

s:unl ware 4n order and there was a strong alr current in the
bedlage.®,
\\

It

& ] ] a
The !Iactriﬁﬁﬁn, who was injuved, gave evidence as follows:

: \ ) =
"Sometime. during“the wveak 20th to 25th October 1941, the Resident
Engineer :chd 7 Eﬁ turn out on Sundsy 26th October 1941 to do

Haulageﬁ .°“ Ssturdn;AESth Octcber 194% the Resident §Eg1near and
I discw&n*d vhat o:hag\work kad to be done on tdjx gﬁday. He
instruqte# we  to take ©y Apprentice underground th- following
agroing and remove a 2000 volt switch from. the old ﬂé& 3
sﬁbstﬁiiqﬁ and take it down to the new subatation in the South
West ﬂanl;ge. T was also informed that & Miner was going

gﬁderﬁrodhd to exaemine for gas and bad toof and to see that

LI

200C volt cable line in’ the Main South West
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On going undergrovnd at about 0Sh00, the Apprentice and I went
straight to No. 3 Substation with three workers and tack out the
switch, The switch was placed on a scotch car and transported
along the haulage to the new substation. On the way we met the
Miner who informed us that ‘g§erything was safe. We stopped the
scotch car at the point where the jupction in the 2000 voltr cable
had tc be made. After preparing the ends of the cable for
soidering, the blow lamp was lighted. I atarted mdking the
joint. 7Tt took sbdut 30 minures to ocomplete the soldering and
whilst J@iting for this to cool off, we moved back between the
tracks to prepare the pitch for the "through box™. After the
solder had cocled off, T returned to prepare the "rhrough box"
for the pltech. The Apprentice wae still heating the pitch behind
ne. Juat'gn I reached the box he ghouted look cut. I tuyrned
arcund snd saw & blue flame on the roof, I jumped actoses the

track lnd&iay flst on the floor. Aa I wag jumping to zafety my

ﬁﬁtunnauwnhbqﬂbyﬁ.ﬂum

]

Ve ﬁi&hbeln &?orking with ~he blow Llamp for about 1/1.2 hours
bafore the gaé\\wﬂc ignited. I cannot say vhethef the fan wvaas
stopped whilst ﬁi‘wer- working in the haulage. I did not uoticc
any change in the vuh{glntion current; ail I could feel wie tha

i

heat from the blow lemp.\
The flame on the roo; -eegiQ to brask inte two. One portien
trayniled towarde the mouth of\ggn adit and the other towerds No.
3 Winge. As the flame travelliﬁE; towards the mouth® of the adit
went out sfter it had truvelled s short distance I shouted to the
Apprentice fo get up and come out. Fa saw that he was badlydf
1n1u§ed so I craulad about 10 metres along the heulage to where I
could fcal and hresthe ¢resk air. I shouted to him again snd he
got up ‘and came to where T was resting in the fresh air. We then
valked zlong the hlulag. to the surface. As soon as we got to
the surface I placed the Apprantica in ay car and ruabed him to.
the duzror."

\
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Had T known that the Fitter had not changed the pulley wheel on
the fan on the Ssturday and that he intended deoing it on the
Sunday, I would not bave permitted the Electricians to work with
a blow lamp in the mine, because from wy coal mining expericnne,
1 have come to the coneivsdlon that 4t is not a safe practice in
any coal mine to work with blow lampes when the ventilation
current ig vaduced or saopped. I thave no doubt in my mind thatr
whilat the fwn was stopped 3 certain amount of gas cozed out of
one of the nhmeroua slipg in the haulage and accumulated in the
cavity in ﬁkﬂ roof, and when rhe fan starved up again this gas
was dravu down and ignited by the flawe of the blow lamp.

The Mine Overscer informed me that “he could see no reason why a
blow lamp could not be used in the ﬁain haulege to make & cabla
joint aven if the fan wag. #f. @ped "

";‘f’]‘.

o A

[

The Fitter who worked on the® .faﬁjutated that "at about 10R30 on
Saturday 25th October, 1941, the Qesident Engineer instructed me
to change the pulley on the main Fan st the bottom cf No. 2
vnréic 1 winze,' After getting the NeCessary - toole fﬁ went
unisrgiound to do tha Jub. I had p:evxously teen told that no
job/, ich wuul? necessitate stopping the fan, could be performed
without prior permismsion being obtained from the Mine Overseer;
cousequaﬁtly I went to the Hine Cversesr’'s cabin to ask his
pernission. FKe refused to allow the fan to behstopped becauge
there was a shift working underground. I then usked him if he
had any objection to the job baing done on the next day {Sunday).
He gaid ir would be quite alright, 1 then asked Hiim if it would
be alright to atop the fan’ as there would b 5. boupxe of
Eleatric fana working underground. He replied :hat a8 the
Electriciang would be working near Wo. 3 downcast Winze there
would be 'sufficient ventilstion” and that. he could foreses no
danger., I turned out at about 08400 on Sunday 26th Getober 1941
to change the pulley. I stopped the fan at 08h30., It took me 2
hours so change the pulley. I started up the fan again at 10h30,
I stopped it three times between 10h30 and 10h45 for minor
adjustments, The fan was fully commigaioned ag;in at 10hAS. I
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stayed at the fan until T was sstisfied that everyrhing was “in
order. T went out to the surface at 11h30. T saw the Miner in
the Main West hanlage; it is possible that bhe was in the mrine
' when I stopped the fan. I stopped the fan before the
;%lectric}ans entered the mine. T saw t}em going alung the Main

West haulage towards No. 3 winze, I did"not gpeask to them.m
Conclueion

At the time of the ignition the Apprent1ce Electrician was

hsatxng pitch thh a biow lamp. The pltch caught fire mnd7 the

biéy lamp was withdrawm from the _burning p:tch. Prior to the

pitch catchin; fire he noticed that the Elame ufutke blow lamp

Ead 1ncreasnd in length. He was not sure whethar he had drawn

the bl lllp towards the toof when he. withdrew 1t from the QD

burning pitch. The explosion occurrad at” noon and  tha
Electricians hed heen working i}th the blow lamp for ar least two
hours before the g;plosiqn. e : Lt

Lo i ' ® L_}--‘I = B o

i . - o

The nlin tin had besn stopped for rapaitn fqr app:oxinaualy 2

. hours’ uhigh wi:}d have allowed uethane o bu:ld up in the hafﬁ

South West baulage. o . . ) T

i)

7.5.2 °  Worthfield Collimey. 23th March 1953, & killed and
© 7 injurad. Mathama explosionz at goaf edge cayued by
Elame from matches. . ' _ e

o,

When firedamp wam ignited by a worker Ittikihg & matrch at the

goaf edge in Section No. 1, Northfield Colliery, a fiery mine in
the Magiaterial District of Dundes at U9hl5 oo Saturday the 28th
Murch, 1953, the resulting ignxtzun £¢tqlly burnt four warckers
acd seriovsly burnt & Learner Miner and six orhgr uarkars.l

1.

o g
His:ory ' - : /

7

The section in quastzon, Figure 6, wae qrreloped dﬂr:ng December

o

1%49 on the bord and pillar system. Durilig duvelopmgpt, the area
"wes not ghssy. There is 4 large srea of ground immediately

1

£

e

[y
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beyond the section from which the pillars have been removed.
During pillar sxtraction, for the past few months at ieast, there
had been practizailr no sign of gas. The Sub Inspector of Mines
had visited the section only 12 days before the accident ani
reported that the wventilation was excellent and no trace of

firedamp was found.

Only the hottom seam is mined. The top seam is a metre ahove it.
‘Both seams are liable to sponteneous combustion. There was a
dyke and burnt coal on the right band side af the section near

where the fire appeared to be.
Extent of Explogion

It would not have been wise or practicable to mgke a detailed
study of the scene sfter the accident ar there wss smoke and 21
of Firedamp in the air some 8 metres outbye from the goaf edge.
Thare was & fire in the goaf. At any moment another explosion
could take place. The urgent problem was to ascertaiﬁlthe most
siitable pﬁints for sealing the area to enable the erection of
seals to taka place as quickly as poasible.

Thers were no obvious disturbsnces or signe of burning at
brattices and tinhgrs which would indicate the extvent of travel
of the flame in the section. For thiz resgon it was necessgary to
wake vge of the evidence of aye witn.sses to determine the
approximate area affected, This is ghown shaded in red oo the
plan Pigure 6. The ignitione that burnt the various persongs were
not accompanied by much vislence. Persens in some cases werd
thrown to the ground but were not inju%ed through this cause.

The stonedusting in the section was good. Had this not been se¢
the affects .night have been a great deal more gerioum.

Poaliﬁlo Cauges

The coal ig liable to spontaneous combusticn., A great deal of

evidence was led, therefore, to try to estaklish whether it was
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not possible that a gobFfire in the goaf had ignited gas. Thera
iy, however, no evidence of pgobstink or heating, ner did snyone
complain of any headaches or other ill effects prior to the

ignition.

The Manager smelt gobstink in the return air from the section

some 6 hours after the ignition and this was confirmed by the

. Aszistant Inspector of Mines,

In view of the evidence of witnesses, the Rail Attendant admitted
that e had with him underground. matches, a pprtlon of & match
box and a home-made cignrette. It ia extreme}y likely that h

1it a match to smoke his cigarette and in dolnq sc, ignited
at the goaf udg&. %

The burning gan apparently started a fira aomnuhjka in the §
fﬂirﬁ continued to burn giving off great v&lumcl of whxte
suocke and when the oxygen becane defiecient it ga%c riss to the
odour of gob stink which was not avident {smediathly after the
ignition., . ) : - o gk
o
L

Sequencs of Bvente | o x

The first ignition or igui“ions appeared in tha form oﬁafout air
_blastz at intervals of & few seconds, esch blaest bd@ng more

savere than the last. The Ffirst blast was barely nut?ceahla.
while the last wag strong enough to knock down those dn the

|
s : Y
The Miner, who was only slightly injured, awaited the arrivﬂk of

immediate vicinity. _ " ) \

the Mine Overseer. On the arrival of the Mine Overseer, 'ﬁpey
togather visited certain of the working faces o ses if all

_persons were out of the workings. Owing to the sacke it was
L

v

inadvisabie to go intu gome of the working fsces,

They then proceeded 350 metres outbye along the hanlsge and
awaited the arrival of the Manager and the General Marager. When
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joined by these two Officiazls, they returned to the section and
visited other working faces. There was a great deal of smoke but
appavently little carbon monoxide as the canaries used and the
sersens in contact were not affected by this gas at any time.

Apart frog the smcke they did net sbserve any evidence that there
had been an ignition, All *im brattices were still in order and
the ventilation was still govd. Ty decided to go ocut of the
mine and arrange to seel off the srfion., On their way out along

the haulage, they were met by the Deputy Inapector of Mines who

" returned with them to surface to examine the plang and to discuss

the nost suitable point for erecting seals. On surface, it was
gunaxhlly.agried that the mosc suithble place would be the dyke
at poiats BCand D, Figure 5. Thé plan also showed two other
roads dptering tha ares at ¥ and G.§ It was not known whether

-there wire stoppings at ¥ and G or whather these roads were  aven

accalaiﬁin.

The Dipﬁtjﬁ!nspéctér of Mines and tha Msnager then pfoceeded =0
5
the secrion to, make eoxtlxn tests and to enter the ald workings

.at A in oréz; X0 e:nn:nt  rofds F and G. The return airway

350*&.::9- outbye the section contained smoke and 0,0025% of
csrbon konoxigm. There was &a odour of gobstink in the return
air. Ar. s p&%ﬂt lbdb@ # metres back from the geoaf in the
vicinity of poini A on.the plan, there was thick awmoka and 2X of
methane at roof level. = Rrick stopoings wera found at F and ©
after crawlihg”ovnr falle. In order to effact the initicl seal,
it was nnectn;i} only to wall off at B C and D and to repair the

stopping at G.

o

Some exploration on the left hand side of the section showed that

thare was & good deal of smoke and the . area was anomettﬁbly
hot. The ventilation courges around the =mection from right o
ieft. All then returned to surface and met the Inspector of

Minas, whe  had "rccentlj' arrived  from Pistermaritzburg.

Arrangements were made ¢to prepora for sealing off. The first



656

20th March 1953. At 12hZ5 on that day there was an ignition
which caused a strong current of air to flow past the wall sites.

At 14h05 there was another weaker ignition.

Building of the stoppings commenced at U7h00. At 10h15 whén the

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

ignition which knocked everybody down ard carried some of them -

congiderabie distances along the roadway, fortunately without
inflicting any severe injuries, The bricklayers ran out of the
mine and all vork was suspended.
C i

Av 11h15 rhere wacs ansther milder ignition, which, so far ag is
known, was the last that occurred. '

) 4
After much discussion and wmuch opposition from the therlll
Hl;pgtr. it was dscided to retrest to a dyke a long way ' ocutbye
and build walls at poﬁnts L and K;(?i;ure 6).

X

The decision was nade owing ‘to the‘\§t:ane dange: of continuing
building at B C and D and the lack of )
and X,

, Suitable gite- inbyg of L~*

\ 7

U

. Scores of tubs of buildin; pateriel were %@n brought back along
the heulage to outbye of I and K, Ptuparati of the wall sirves
commenced at 21h&5, " N\

t&: v

30th March 1953 The initial sssls consisting \df 750 mm thick
brick walls st X' and L were completed at 12h15 on that day.
Zveryona was then removed from the mine with the exception of an
essential Pump Attendant and the Ontetter at  the shaft bottom
sbout 1 700 notres_outbyu of the ssals, fﬁay vmrn instructed to

report any gound from the direction of the seals. F

1st April 1953 Twenty four hours later the walls were found to

be intact. Stone packs 6 netres ;hick in ona case snd 7 metres
! 1

thick in the othér were built against the brick wall and a
further 675 mm thick brick wall was built againat each stone
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pack. There was no further incident. OCnal getiing was permicvted

gnce the final walls were completed.

) i ! f
Contlusion _ /f/

Tt iz clear that one of the workers contravened a Regulatien, It

or

& is reasonable to conclude that he struck a match to ljight his

cigavette and in doing su ignited the methane, thus resulting in
~ very serioug injuries to himself and to others and in the death

of four of his cclleagues.
_ g

a

Ix daeidzu;‘ththat or not to take legal procted:nga agalnst the

o Hxnnr, there v!ra two things to b borne in mind:

=

BN In favour: th€ loas of lite uhicﬁ’re-nlted frow his folly and the

‘ceu-tsut danger of e*hara doing likewiso.

[ [}

(=)

[ ', 4

Agnam-tt tha vary. ncvnfé’ punishaent ulready inflicted on the

ninlr‘hy his injuries, for ag one time bis 1i$y was andnngctad.

It ia eiﬁowcxnat th&: t%-:o xust hgvn been firedamp of asufficient

concentration at the puint of idgnition to ignite and convey the

fleme intoe the: goaf whcx. the bulk of the . §88 was alﬁalt

carts*nly concantrated. . &

Al)l the available avideﬁcc'-howS-aﬁa: thers was no gas found by

Minersior Inspeactors for some months pust end there wae no gas £t
the time of the Ninar's inspection approximatsly 1.1/2 hours&
bafore the ignition. It can enly be assumed that firadamp was

released by goaf movaments and entered the place whnrgtfae Micer

was anployed, '

i

£

Pregautions L . ‘ N y
} | "

In addition to the strict pr;cautinau taken in the past ro

prevent persons from entering tho mine with contraband, the

Manager nov offered pithead Cuards s bonus of 50 cents for sach
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person found with contraband when sbout to enter the mine. While

thig stap war be zubject to a certain smount of abuse, it was

oy

done in the interests of safety.
®
This incident also highlights the fact tﬁﬁt multiple explosions _
can occur in an zrea. In many instances it ig difficult o :
sanple the atmosphere ip the faces in an attempt to anticipate a .
further exploaion. Tﬁ; precautions to be adopted in this case
 are dealt witﬁﬁ§n Chaprer 5. :
o I
Q )
7.5.) Coslbrook Collieriss Limited. 25th May 1961. 7 kilied
Mathane explosion in transter chamber of downcact
inciine shaft caused by filnt lighter snd oxy-acetylene

" torch.
Introduction .

" The colliery is situated 30 kos south of Verseniging in the
Rorthern Orange Fres State. The twé coal seams being workad were
relstively deep, gassy snd lisble to spontanecus combustion. . In
Jenusry 1960 ¢ major piilar collapss entombed and killed 428
Miners on the afternoon shift. Further subsidences in ihs bettom
. ssamp latar ihat year resulr in the ucckinglhbaiug-saulgd':otf.

. :iLnt .through the inclinad ehaft
jspmed Shexvin feeder had to be released by cutting girders in

During reclamstion of equi

the ahaft tranzfer station. A violent methsna explosion eccurred
on the Z5th May 1961 killing 7 perzons as a result of this act.

-+

. |

Tha sequence of svents which led to_;hﬁl explosion are discussed
e [P

, o f’)'

A

and anslysed.
Stratigraphy

Tha Vaiyheid Poru;tioh. which overlies the Dwyka ?ofhation.
conmisty of sandstone with shale bands and coal sasms in the
lower parts  {Figure 7). The succession becomas nor-.Qihaly
towards the aast where it Attains a maximom thickness of 263 m.
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Three coal seams are present in the succesgion and are numbered

,r"~4n ascending order (Figure 7)., The WNos, 1 and 2 geams are very

a’txmatelf associated and are separated by a sandy shale partxng

renging from o, 3 m to 8,5 m in thickness.

= ; ’ “ O

JIn the deeper partg of the Coalbrock Bagin a thin coal seam, of ‘

R
up te 145 m in thickness, is dcveloped locally approximately 1 m

balow tha Number 1 Seam., This cosl seam rests directly on Duyka
diamictite. '

14}

The avarage purtingu thicknress : bctwun the WNo. L Sun snd  the
¥o. 3 Coal ﬁnit is 20 metres and consists oﬂ intetllyered
sandstones and shales. SoE e

~ Struetare : . B

M unt ofithe area the -coal sesmn are relatively flat except
for -i.m-r t.aduzatim. An  incresse in gradients occurs :onrd-
the cdpc of the Coalbrook Basin snd is ueonpmi-d by the
thinning and eventusl ptachiu cnt of the sesms against the
!)tmm ti@m ‘ - : _ n

Coul qi-my

The quality of the corxl, on en air dry  besis, iz shown :.n

Table 7.8.

Teblie 7.8. Coalbrook Basin: Coal Quality .
Mamber 1 Numsber 2 Musber 3

. Seam . Seam Sean

Moisture (%) ) 5.§" . 5.8 4,3
Asd (%) - 24,3 28,9 29,3
. Volatile matter (X) 23,4 21,3 19.8
Pixed carbon (%) . 46,7 84,0 46,6

Calorific value (MJ/kg) 21,7 19,6 19.9

=
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Shaft System .

The main cu31  hduling incline ghaft {where the ex;losion
oceurred) was 2@ mz in dimension by 500 metres in length at a
grade of 1:3, At the halfway point in the szheft was a horizontal
éhaubgr which housed the conveybr drives for the first 250 metres
inclined lift. This shaft together with a 20 &2 vertical man and

material shaft were downcast., A vertical shaft was uged as cthe

upcast snd on which wags mounted a double inlet Sireecco fan.

Dlapnrl Qﬁrt available to raduce the volume of sir handled.
\.l

Iuotnul air vilocity down the inplinld shaft was 10 metres per

lcaond. s TS Qé"g - e

= ) <,\A.J

o Kl v

The inclined -haft wis concrate lined on the sidea md roof but
gaps up to 0,3 cus axisted betwsen thiw lining and the normsl
sidee snd roof of the shaft.

| After tha msjor coliapss in the %o. 2 sesax workings in January

1960, severe pillar crush was experienced in the vicinity of the
ipeline shaft. Following s hesting in Wo. 2 sean, the sres was
sesied off at the beginaing of January 1961 and reclamation of

. squipment was undertsken via the inclined shaft uping the shaft

trolley. Evidence is that the Mines Department wers not inforshd
of the imminent elo;uu of the shafr and trhe -withdrawal of

. nquipunt. The workings in tha upper No. 3 seam wers kept open

£J

. unknown to most nine Employsss, an “angle dri!t" of 1:5
connected the We. 2 seam wrki.ng; Jwith t:hc upper No. 3 seam
workings. The mural arrengem. Pf the ashaft is shown in
Figure 8. .

Mozt mmderground equipment had been riéhiad and .h.aulcd m;t of
the inclire shaft by the begioning of 1961 and the No. 2 seam
vorkings\:if,t:://dznlad off near the inclined shaft bottom.

Bl
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A series of events now took place which finally led to the
zpethane explosion caused by & revolvar type igniter or the flame
frodm an scetylene torch used to.cut & roat g1rder in the inclined

ahafx trangfer cbambe:.

i Bumping on surface as a reasult of pillar failure in the old

. No. 2 aseam workiugs in the vicinity of the inclined shaft
totton.

. : . o ] Loy

ii. In April 1961 - heating was discovered behind t - seals ia )

" che shaft hottom in No. 2 seam. Ventitstion was hrea:hing'j

through the msin geal n and out and high comcentrations of

sathatse (in excams of 5%) . :re being emitted from behin. .ne
stoppings. .

fii. The six velocity dows the inclined shaft was 10 wetras oer
sszond which wes . gufficiant to remove ths methans emisgions
from the leaking sesls in No. 2 mesnm.
& .

iv. An 0!1*!:!t’1¢§. torch was used on several occasion:. bu!or-
.thn 25th May 1961, vo eut lt!ll structures and nauh;n.s
'which were being vemcved vie tha -haf:. Surface gusrds at
the shaft top sasrchad all persons for contreband and tests

" were conducted for methsne by competent persons prior to
vulins the oxy-acetylene Forch.- ’

v, Three events naw occurred which wers to lead uph to the

ignivion; 2

- Methane gas ( + 5%} was detected by the Training
Officer sgsinst the roof of the tippler chambar in No.
“-3 ssag.’ He apparemtly ::moved thia gss concentration
by waviag a jacknt'in the air pocket, His evidence 1=
&8 follows:

i
-

. ] 2
*I msde tusts for gas befcre the explomion up to 4\.)
12th May. ! made a daily examication at tha incline
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and the top seam but I did not test for gas daily in
the incline. T decided on my own wh2n and when not to

tAst.

I found 4% of methane on the tippler level in a cecess
abova the tippler. This refess was an old de-duster

plant recess,

The ventilation was wvery good. I conld rest it by
feel. There was a strong wind, It was a strong.
breeze, very uncomfortable to work in.

R
I reported the gas, once in writing to the Manager.

On my Tast day, T think it was the 20th, I agein Ffound
384 in the recess. The recess }s-about 10 metrea above

AP . . .
the pump. I raported to E%Qf Mansger in his office

_fafter the 1st May. T do not think he kiew of the gas

before thii. We discussed how to get wore ventilation
to this place. He said I must remove the plates at the

- bottem of the orspasz, &1l the cosl coming from the

top seam ran between the;c plates. The plates were
reaoved by the Welder. fhey were gone when I got back
the next day. ] ) “ T

On Saturday 20th I went dewn the incline. There was no
gas except in the racese st the side of the shaft which
iz on the same level as,the tippler. It is 3 metras
wide and 1,8 metves high. Above the concrote there is

a1 metre gap to the nﬁhe roof. This gaz was sbove the
fi

+ goncrete. I waz unable to trace the source of the gas.

There w4k N0 gag At tbe'tgala. I checked above tha
concrete in the shaft. Thers was no gas.

o

I do not know who tested for gas whom I left. I never

saw the Welder test for gali’

]
o
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- During the two weeks prior to the explosion, the sghaft
Suards at the top of the incline were removed and hence
no searches were undertaken of people entering the
inclined ghaft. As 1is usuwal, from experience, the
Supervisor who removed the shaft guards could not be

found.

- The Fitter who was workirg in the shaft reclaiming

equipment complainied about the high ventilation
velocity in the shaft, the dusty and uncomfortable
conditions and the extreme cold (May month} .

At his request and with the Manager's and Engineer's approval,
the fan dampers were cloﬁed to. 200 mm wvhich reduced the air
vulociky in the incline shaft to 1 +J metres per second., The
Fitter was apparentiy satisfied with the reduced V&lQCiCYQm

]
b

‘On the 25th May 1961 g Sherwin Feeder frok thé bottom of | the
= . tipplers which was being removad fiom the mine. had Jammed
ageinst & roof beam in the inclina shaft trnnsfer chamber., ﬂ#t
14h00 the Fitter dnd 6 Helpers vent undergtound wiéh
oxy—lcatylnﬁa bottles to cut the “girder which would then trae cha
jammed fee’ v, TWo tasts Hirﬂ sade for methane and no ore
" challenged . 2 Pitter on sutfuce for contraband. He wes also not
competent to test for gas.

Upon uwing the Elint lighter at the transfer chnnbnr to ltghr the
oxy-acatylane torch a methane qxplonion took place killing all e
men and severaly dzmaging the shafe,

The damage to the incline shaft was grear.

The shaft tollar conzrete had baen ruptured ard had failen in.

. . Q
For a distance of about 30 metras the lining was not affected.
The walls are brick, the roof concrete and rail reinforced. From
30 metres to the trancfer chamber, the ro:f and sides showed
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"lhlttﬁf;h¢ “fubher showed ne signe of heat. Balow this P°1ﬁ: the

6h6&

signs of great violence. In most places rhe roof was down with
the walls on top or the walls dewn with roof on top. The place
was 2 shambles and it was necessary vo eorawl dowun over the
eonarete roof which had fallen. The concrete roof was mostly in

large slabg, The rails were Lent but not twisted.

. At the transfer rhamber there ware less ¢!+~ of violence, and

although the brick walls were high at ti- . w2 there was wnuch

less demage than higher up. The walls were srill starding ézgept

for a narrow wvertical strip on . the East zide of the trauﬁfer’

chambuar, which had cullapeed ~ u strip 1 metre wide. _Iests Eor

gas vith a flame lamp at a few places further down and ~ru pl“aes

‘behind walls, ravealed mo mnthane.

In several places whare thereﬁ'had been electric 1iéhts, the
wiring was amined. In the upper 300 wetre> of the iIncline

rubber had deteriorated either due to old age or hest. ' I
In ona place in the shaft 20 metres below the transter chaumber,
on’ one gide of ths ahait. there wazs a hole in the West wall, one
and a half bricks in lise iﬂd % brick hole on the Esst gide,
ptnluunbly left at the tinme of eonstruction, This indicated that
the walls were not gas-tight. Further down tha‘;haft the damage
appearad to have increased. The walls had faliem in snd the
concrate roof had come down.

il

About 50 metres below the transfer station, there was a heavy

fall of the natural roof strsta going up inte the roof for 2, or
3 matres.

-

The scane at the shaft bottom %ﬁ described by the Rescue Team:

i

"On arrival at the 3 seax, found an entrance East and West
wvith double doors. At the lst dJdoor on the Eesst side, the ' frame
work had shattered snd the small stesl door was up aga;nat the
second steel door. Tha second door wes not damaged.
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On the Wast side, the Ffirst steel door was bent and would not
close properly. The seconl door was undamaged and formed a good

seal.

Wa then went further down the incline and after a few steps
noticed a strong odour, The Inspector of Mines lifted his lamp
and commeénted on the .percentage of gas., We saw ahout 4% ~ the
lamp went out,

Héﬁall want through the West doors te the No. 3 seam workings.
In the atmosphere in various places, we detected a small cap of 1
te 1.1/2% of Cﬂé, The percentage of methane then increased. We

went into the left return, examined stoppings and tested for gas

L!rom time to time. We could not Find anything more than a

distinet cap of gas. Ve examined two bleeding pipes to panels.
\Tn sach case there was negative presiure. This c¢ould scecount for

B little gas being present.”

Summary

Lo
A Fitter and wseven workers were killed by an explosion of
firedamp in the Coalbrook North Imcline Shaft. Thaﬂb were no
gurvivors, thlrifore this conclusion ie built up from

n

circumstantial evidences.

The svidence ghows that after the explosion, and presumshly
before, firedsmn was being liberated into the incline at the No.
2 sesm horizon.

A fortnight prior to the 25th May, 1961, a high quantity of
5§entiiating air was being downcasted down the incline. A week
before the 25th the ventilarion velocity wes reduced. On the
veek of the accident, fhe'ﬁelocity and quantity of' air were atill
further reduced and indeed there was probably little wventilation
down the inclinn1 Ay the same time the sine atmogphere was
relatively warm and therefore 1light, and would tund to rise up
the incline clnge to the roof.
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The conditions weve such that firedemp could readily azeeumulate
outside the concrete lining of the chaft and not so readily
within the ° \ning and adjacent to the concrete roof. The lining
generally was approximately 600 mm clear of the shaft roof and

gides.

Bvidence had astablished ¢hat there corld readily have been an
accumulation of firedamp 4% the transfer chamber, outside the
concrete lining or imside the concrete lining or both ingide and
ottside. b
| K

The quantity and concentration uf firedamp is open to surmise.
Two pump Attendants maintsin that on their way up the incline at
14h00 on the 25th May 1961, they did not lose their flame in the
safety lamp. Thie meane that the percentage of:firedamp in the
inclina and at & height of less than 1 metre above floor leavel of

the incline wag less than 5% firedsmp.

Again according to ' the pump Attendants, the Fitter was
ronscienticue enough to test at the shaft bottom for firedamp,

and it is therefore uot unreasonable tc assume that the Fitrter

alzo attempted to test for gas.at the chamber. There is,

hcwever, a peculiarly significant aspect about the Fitter's [lame
lamp which was found after the accident. The wick was fully
gcrewed up. This is omincusly consistent with a determined and

unsuccessful attempt to relight the lamp.

The flint striker of a lamp will not relight a wick if:
a. the striker is defective;

b, there iz over 3,1/2% fivedamp within the lamp: -or

¢. the lamp gauzes are sooty.

Wher the Inapector of Mines tasted the lamp on surface, in fresh
air, it readily relit. '



LT TR e

!

669

The inference now is that there was so much fivedamp in the
general body of the air at the chamber that the £lint striker
could not relight the lamp.

The Fitter was given the task of recovering material from the
ingiine. One piece of material was a Sherwin feeder pan, which
was loaded onte a scotch car at the ineline bottom and wes then
pulled, by winch rope, as far as the transfer chamber broew where

Ry
S

it jammed against a reof L.ow girder. LT

‘The Fitter, who was apparently in a hurry, went to the Resident
Engineer who illegally ‘gave him authority to take underground an
acetylene burni?g set with a striker: the Resident Engineer
alleges that he told the Fitter to wait for an official gas test

before cutting was started.

The Fitter borrowed & burning aet, discarded the set striker but
_took hig own revolver type striker. The set waz lovered down the
incline by the winch. The Fitter and his workers went with the
scofﬁh asr and within 30 ninutes, there was & violent explosion
in the incline.
=
At the time of rhe inspecrion by the Inspector of.?Hhchinaff.
after the explogion, he found the acetylene cireuit valves open
to such an extent that an acetylene flame tould be produced. Tha
striker, in working order, was nearby. ;
Bvidence shows thar the acetylene f!ara5€orcstriket wore than
likely ignited firedeamp, fatally bucning the Fitter and others.
A ffr&danp explogion then passed dowi: and up the shafr, blasting

four workers out atr the incline collar - at the same rtime .

wrecking the bdelt drive houacyon surface,
1.

A

Lisbility

Regulation 74(8) clearly prohibited the taking underground of
matches or any other appliance for ztriking a 1ight, such as a

flint striker. ﬂ
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At the same time Regulation 166(1) made allowance fq;jgonditional
exemption, Had the Munager applied to the Minesg Dgpagtpent. he
would probably have been granted conditional exemption, )

The Manager failed to do this, end as implied by the evidencgﬁxhe
apparently introduced hiz own system which he presumsbly rega:ik@
as equally safe. This included the use of a gas test signa:uré\\
book and an inspecticn by & Shiftbose. The book appears to have \\
been lost without anyone becoming perturbed, and it was not
replaced, It is doubtful if the inapegFiOna were meticulously

carried out ~ach vime 8 torch was used,

2%
EEE

e’

It may bc¢co;c1uded that latterly, if not always, the safetry
precautions alleged to have been idoftod. ware obsegveq. #ﬁ a
casual mannear, &0 casusl that it exculpates the fitter and
inculpates the Engineer aud the Manager to the extent that there
vas crini;nl nagligence.

The Pitter contrsvened Regulation 74(6) by taking the strikéiv
:undergreund but as it was with the conseni, if “not at the =
incitenent of the Enginser. '

The ¥ngineer mey have thought that the Menager hsd exemption froa
the Mines De?artmcnt' to take a striker underground but his
failure to make sure, or to sscertsin conditions, and his consent
 to the Fitter's action, read in conjunction with illegal Pravious
und;rground cutting taske in the incline, establiches s clesr and
repaated breach of Regulation 74(8),

The Meoager had knowiedge or should have had kncwledge of what
was going on undarground with acatyinne plants. He was tharefore
algo guilty of a bremch of Ragulation 74(6) resd with Regulation
156(1).

The fact that a gas inspection back eysaten had been introduced
&nd had basn in use for some time, and that cutting had been
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carried out after the bock was logt and .not replaced, merely

makes the breach cof Regulations more inexcusable.

The fact that the Fitter had a box of matches in his possession
is a breach of Regulation 74{6}. The matches played no part in
the explosion but indicate a casual attitude towards Regulation
T4{6j.

Regulation 10(1) requires the mine workings to be made and kept
safe. The Manager knew that there wvere vast quantities of gas in
" Wo, 2 seam workings and in_portians of No. 3 seam workings; also
that the workings had been taking weight., However, he had reason
to belie?u that he had made and kept the incline safe by
circulnting s large quln:ity uf ventilating air down the " incline
and alse cthat the Tral ning\ﬂine Overseer had made periodicsl
checks to sse that all was ssfe.

[
W

But the Msnager authorised the main far dampars to be pushed half
way in, & not unreasonable procedure. if wt the game time exizae
precautions hadibean taken by way of careful inspaction to enesure
that ges éid noé saccumulate, There ars no cloar indicationa that

“

such insggctionl were uniformly mads,

Howaver, on the wask starting Mondsy 22ad May, 1961, the dlmp;tl
ware pushad in stillzfurthqr. This actisn woulid reedily ;ivi
rise to a precarious condi;ion and mome maticulous inspections
should have been made to snsure that conditions had not -
detericratad.

Although there is nc avidence to this effect, the Mansger had
luthorxled the dampers to ba half  shut down buﬁ nO MOre, nnd he
mAy not have kaown about the dampars being. atﬂil further . shut
down. ,Jﬁq” '

It is soncluded that thu workings on r&mj' z” Hayb 1961, had not
been kept safe, as r|1u1ted by Rngulutxon A ﬁl) due ‘to the
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additional closing down of the fan by pushing the dampers in
still further,

1f the Manager had no knowledge of this action, then the Engineer
contravened Regulatiocn 10(1) read with Regulation 177(2},

If the Manager had knowledge of éﬁé addirional clesing down  and
had failed to have speciel ingpections made.then he tontravened
Regulation 10(1}.

di;lg he did not know what was going on then he contravened

Regulation 156(1) and (3) read with Regulation 10(13.

7.5.4  Sprimgfield Collisry. 1989, Wil injuriess. The heat
from 4 jammed return idler on & main conveysr ignited
pepar and cardboard.

2

Cause of tha Fire

Refer to the attached plan (Pigurs 9) showing the locality and
scene of the fire. The fire was most probably caused by friction
creared Ly s hottom rolier that jammed. The area whera the £ire
occurred has & cross sectional aram of A uz an oppolad'io the
normal 16 .2- This restriction was caussed by poor gréhnd
conditions which necesaitated the installation of heavy steel and
" timber support. As = result of this aspect, a high intake air
velocity, over s pati?d of tima, had blowe fine coal and scrap
raper off the cunveyﬁr belt ar that point, The belt wvan also
poorly aligned with the one side of the structurs sttached to the
steel sets. This caused some coal teo spill off the belr. All
this coal and rubble accumulated bolow the belt and eventuslly

caused the roller to bacome jl.led.' :<? ‘

The heat gene¢rated by the f:ictio"iﬁiitad nearby scrap paper
vhich was blowm ints the - adjacent timber support. Prior to  the
incident, scrap paper had besn placed betwasn thase luﬁports_ and
this paper caught alight and, in turn, set soms of the timber
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+ o

~i} sets on fire. ”Eigures 10, il and 12 show details.af_the affected

ar£a.,

s
™

e

" Detaction of the Fire o - i
“\\ L - - T

The f&fc was detected by & Shift Overseer and other petszannel -

travelling towards the-shaft bg;tom. The persons concerned vere

slerted by the sitell of smoPe when they reached sact1on 6480 %

L

“

\:\'-l‘

a i

Vieibility was good and they icontinued %o proceed towards . the
origin of the smok# and eventually resched the G201 area yhere

|y

the fire wes discoverad it the beit fshd.
il

€ ,_ . ‘_ ” -
The belt Attendant at the belt drive imbye of the fire (W3 belt)
noticed burning materisl coming towards him on the return side of |
the W2 belt. At that stoze he also noticed smoke. He phoned his |
collesgue at W2 belr dr "| s who i-cdiitaly stopped the beit.

N Both these uorh.rs then istarted patrolling the W2 belt from

® titho: aide to esub?,,g.sh ubere the fire was,

They mhod the scens of the fire at th: ‘game tine as the Shift
Oversasr. - : . %

- The ﬁauiy inutkll.d Daveon Central OGas monitoring syetem
:indicat 1n incresse. in cnxboﬁ mongxide in the GIC0 return
aireay, ri.did not resch the alarm lavel. {which was setat 27 - o

J parts per million) due to accidental interruption of the system [
g by untrained personnel. A graph cbtained through the systes - is }%

g;tlchldlin Pigure 13, . ' =

i o u . R .

o]

Immediste action takes : | y | L

Workers iabys of the fire were'warned of .rthe event, hut informed
that no immediate danger existed. /The suiface contyol room was

S

_ _ P )
Yire extinguishers p d fire hosas ware: trlnlported to the arca by

informed snd nenior parsonnel ware alerted.

tractor and trailer. The S5hift Ovarseer and other pergonnel

o . ) "

P
I
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extinguished the fire, using 20 fire extinguishers and water from
nearby fire hydrants. Fortunately, the fire was discovered in an
early stage and was ewtinguished within 20 minutes of being

locatved.
Follow~up Measurves

On inspection, it was found that the area behind the timbes
SUPPOTt was us?d to throw paper and other mwaterial away which ﬁﬁq
found on the belt. The area was cleaned of any uGnecessary
coslSustible material. A thorough bel* inapection wae carried out
in the rest of the mine to identify areas wherse a similar

incident might occcur.

Soma of the rescrictione have been removed to assist in
realigning the belt and inastallation of the atringers as
indicated on the plan., This now prevents the spillege of cosl.

A non-stendexrd fire hydrant was found and was replaced. ALl
othar hydrants in the wmine have been checked to ascertain that
they conformed to erandarde.

Another main intake airway was developed to snsure a rediuction of
sir velocity in the belt road,

Propsr training of all staff concernsd in the use of the Davmon
Central Cas monitoring system was dons, togethar with adequate
inltruééiona and procedures displayed in the control rocm wherse

1¥

the monitor is installed.

Conelugion f u »

This incident has highlighted the nacessiry for prompt action and

thy need to follow the correct procedures in an emergency.
! :
i . 3
il a
!
i
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The acrions of the Shift Owverseer znd Belt Attendants indicatrsd
that emergency training had been effective, as no panic had
arisen and the fire was extinguished quickly and efficiently.
Once again the attention was drawn to:
- regular belt patrols by senior perzsonmnel
- gpeeial checking of 'problem' aveas

~ 'ensuring that no non-standerd equipment is used, and

the importance of correct procedure and training.
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SUMMARY OF THE PRACTICES REVIERWED

Mines vegarded as safe, well ventilated and well managed may
be subjected to the most violent disasters (No. 2 Pit of the
Durban Navigation Collieries). In the quest to maintain
production, details ars often overlooked particulariy with

regard to ventilation.

Staff shortages resuit 1in unqualified -ersons taking over

positiong of resgponsibility for taske they are not able to-

perform safely and competently. An apprentice Miner
{unqualified) fired the charges which resulted in the coal
dust explosion &t the Durban Navigation Collieries in 1926,

Inaccessible arsas of a mine such as Teturn airwvays and old

workings ars seldom cleaned  and stonedusted regularly. It
followa that fine coml dust will thus collenrt on top of
previously stonedusted roads thersby rendering ths stoneduat
ineffective and providing conditions conducive for a nmejor

cual dust explosion to occur. "

N

\

Inaffective suparvision and poor cowmunicaiions betwaen
Mining Enginears and first line Superviscors ..a lead to
dangercus conditions in sections, coupled with dangerous
practives; fo;l exanple, overloading shot holes with
explosives, not uding any form of stemming and firing the
chlrg-s in faces where fine coal duat layers 25 mm thick
exist on the floor. Instructions given tou have the dust
systematicslly swapt and losded out of the sectign have bean
ignored., It is more often than not the case that poor
compunication  between Mining Supervisors leads to
sisunderstandings. This in turn leads to actiong which have

caused methane explosions.
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Lack of stonedust barriers to smother the £lame of a coal

dust explosicn.

The most prolific cause of coal dust explosicns are  methane

explosions and blown-out shots.

The viclence of & coal dust explosion increases the further

the digtance from theiorigin of the ignitiom,

Coal duut explosions have bcen known to peter out in areds

which are vet (Hlobane explos:on) A

i
L

The application of stonedust and the sampling of roadways to
agcertain pegcenrages of incodﬁﬁatible duet is suspgéti
Those persons . delagatad to colloct the atonedust samples
once & month in 2 mine sxe’ able o salt the saumpie vhen ir
appears to contain & high percentage of cnhuuatible dust
therudby providing incorrsct figurgq to Mining Engineers.
The Auther has this knowledge frum perscnal aexperiencs.
Dalays occur !ton the thuc of tusking the samples tio the
issuing: of tha annlvne Sigures. The urgency of having to

*  restonedust am ares is thus lost,

. 'Ths allaged rate of stonedust application st No. 2 Pit,

Durbas ﬁi;i;ation Coliia:ils. prior to the exploiion“wls 5
kg per ton of coel mined. Th;s figura exceeds the current
day norm which is eonaideted satiafactory {2 kge of
stonedust per ton mined).

Cosls which haﬁn s vqi¢ti§e content exceeding 14X will ba
wysceptible to coal Just explomions, '

The lack of adequate dust allaying systems (water sprays and
scrubbers) in producing sections and main haulages leads to
the u‘L& and disperssment of {fine coal dust throughout the

[

workings. _ v
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lown~out shots have similar danger as methane exploszions in
that 'fhe pressure of detonation raises a dust cloud which if
sufficient in density and »nf the correct fineness ‘and
volarile content, is ignited by the flame and hot gases of

the explosives.

Coal dust explos1ons do not always follow e route of
intake airwsys of a mine, as has been shown on ‘rhe plan of

the underground workings of the Wo. 2 Pit Durban Howigard- .

Collieries. "In this instanca the force of the explof 9w .~

alao travalled along bhe main, J;u:n airways - See Eiguré”#i'ﬁl“

]

# o )

From sye viénﬁll evidence, the dust cloué‘;recedel the flame
7 .. 3

vwhick is then folloewed by a cloud of emoke andrdust. The

roof over the pit head ar No, 2 Pit, Durban Haviglbibn

Cot{ieries downcast shaft was blown off. )
. a it

The syutauutic clcnring up of fine conl dust dnd itonedult

appe:rs not to ba a sound idec unless rthe ars is

-tnsrpnnducted iluodiataly.

Return airuays urﬁ the life blood of & colliery, and not
maintaining 4 state of clesnliness® in theds returné on a

systemstic basie could cause dangerous conditions to a::ln_

{in the form of fina coal dust depositad on ths roof, £loor
and sides and timber support).

Dispersing stonedust by hand iz ganerslly not wffecrive,
aince it is not spread evenly over the roof, fivor and sides

of roadways.

Wain haulages (tubs and conveyor) are & source of fine 'coal
dust and measures are necessary to sllay this dugt. The
dust arises from the run—if-mine coal which is conveyad in
these roadways where generally high intake ventilation
valocities exist, ‘

Rt

[
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- Inadequate face wventrilation and the inferrupticn of the
ventilation-by stopping the main ventilating fans causes
dangerous accumulations of methane te occer both in the

gections and on main ' .ulages. &

- The use of any open flame in the underground workings of a
fiery mine must be tresccd wiih great circumapection. Twd {“th
of .the caseg invesgtigeted, 1ndicate that explosive mixtures
of methﬁne existed in main intake haulages far removed from

the produczng mections. oM
o) ) . ’

©

- Where vantilation to a perticular - . area is reduced in

"
e quantity the polsxbility of explosions occurring 28 & result
of a buzld-up of methune in such sreas caunot be ruled ou;.

The reduced ventilation guantity may not e sufficient’ tu

ﬂilntgﬁynd resove high methane e-isaionn. . ParadoxiualL&;T{ e

tests, by  Mining Zngineers, for azethane are  either siot
:elrripd out or carried out in a dilatory manner, whereas the
v hxpﬁctltion ig that methane tests, in such casas, ihould -De
P inctce:cd for . lagat; renlons.“ - “ '

R
I

_ O : T N
- = « Lack of controls 4t the shaft top to sesrch and questiou‘:ﬁ:
_for contraband can: only be regarded as nu;liq?nca 0o

part of Mining Engineers, It !olloui Glstjthl: lock of ©

%

discipline underground in nbt r.porting uorknnn who are _{h
polaaliion of contraband can aleo 1eud th 1gnitione 5nd
agein thig ie pure geglig%nca on thn part of Dfficlals.

of

- Tacontrolled uze of cutting torchqq;é;d. usldi%g machines
uaderground is a dangerous practice. ' Tn  many inktances
thoseé persons charged with gal testing ptior to ile use of

. such apparatds assune, iucdfiuctly. that everything is ih
.arger and allow the operdccion to jproceed with disastrous
uﬁcoiseqnencesa ' ’ ” C
i Slipns anﬁ frult planes whichjexist in rc;duay;. plrticﬁi;rlgvg

- -Qa . where two or more coal seass cverlay one 5”“§haf.‘§roﬁide a
3 [¥] . \( .

-/

J J
Y
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+

=
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natural path for the passage of methane to the upper lovels.

In many ingtances areas are sezled off and it is Jater
digcovered that cne or more roads or drifts remain open to
allow the pagsage of methane from the sealed area to working

aAreas.

In a 1:3 incline, methane will find its 'way up the ipcline

of 1,52 fetres per

.

ot Ty AT
aecond, il

against an sir velocity down the drpjift

Hot &il dangerous quantitiea of methane gjh properly
i

rapcr'ed to Mining Engineere by Supervisors who detect this

situation.

In many j;nltances pricr to the use of flame cutting

underground stendard procedures arefdiuregnrded generally as

& result of haste.

A lack of aystematic inspections of all pair trangport and
return airway roadse can lead to tﬁl;develoanent of dangarcus
conditions which, if tot correctad, have caused fires and

explosicas. @

Many Minars, especially the unskillpd, do not appreciats the
dangars of cigararte and pipe suekthg in szectiong. The Mine
Overseer, for whom the fathor wokked as & young Miner,
ceused a mathane explosion in =n ﬁltul Colliery tmn vyears
later by emoking a pipe undergroubd., He lost an eye as a
result of this explosion. He was & man of great experience
and one of the recipiente of a Bravery Certificate for his
regcue wvork &t the disaster at Ehn No. 2 Pit, Durban
Navigation Collieries in 1926,

=
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7.7 PRECAUTIONS TO BII ADOPTED

The preceeding sections have  provided details of  several
documented and researched iacidents. Based on these, the

following concluciong and abservations can be listed.

1. All rveturn airways, however difficelt to access, should e

" regularly cleaned and re-stonedusted.

The acld test of well maintained and stonedugted return
airways is that Mining Fngineers should be able to inspeet
these returng in & flameproof diesel Landeruiger from the
stogt inbye gsections o the main uprast shafts.

The four photographs below support this statement.
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Mining Engineersg inspecting a main return airwey which has

been supported by arch girders.

+

TR AT N ML NN v g
: *

-

»

Mining Engineers inspecting 2 main return airway which hasm

been claaned but not stonedusted.
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Mining Engineers inspecting a8 main return airway which has

bean cleanad and stonedusted.

Ctonedust pockets stecked in 5 wain return sirway swsiting

. the arrivll of a fan tuil stonedusting machine to commence

1:ruaduay teonedustin;. i

.-
2.

)

lnnzpigetﬁgaga 1ncoah?stiblos in such returns ezcesds BOF

| f.gﬁ gﬁhld hpt .supporz, the propagation of s ‘cosl dust
' fﬁiptuaien.__ '

. G ’ ) 0

Ty auanpla of’ utandatd proeddur-' uned to rn;ulatn the g,n

_'n! fieme cuttin; _equipment underground is given below.

““hese standarde supplesent the requirements of the Chief

Inspector of Mines permissions, icsued to each miza.

- Cutting and welding shall ha done in accordance with
the Inspsctor's parminsion. C

b
) = & a

a n i n a o
¢

~ .On complation of the work :hf area lhall be inlpnctad

for hot ﬁnt!gﬂnls.
/ =

- Approved Ela-h back drrestors and hoses are to be used,

. ; o : ( \\

o

- Law”prascura gas lh;uld not be.usad umdtrg;ound.
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Tt /% a recurring theme in this project report that safety
is hdihanced when HMining FEngineers pay attention to ail
details of mining particnlarly as £far as ventilation is

concerned in the working faces.

First line superviscrs are able tuv relieve absentee miners
on odd occasions without a threat to safety. However when
they continually relieve guen absentee miners by running

production sections, the following results may be expected:

- Logs of continuity in planning and supervising.

- Demcoralisation of firsr line supervisors.

- A loss of & sense of respenaibility since first line
supervisors helisve that they cammot be held
responsible for overell safety within their area,

A self-satigfied attitude amongst Mining Bagineers regarding
high standards of operations invariably and eventually could
lesd to en accident, Mining Engineers have a right to be

proud of high mining standards but it teq%iren continual %

sesartad effort to maintain safe operationsg The Author

refars particulariy to the Durban Navigation Cpllieries, ¥No.

y
2 Pit dimaster in 1926 where the mine was Nescribed as
"being well managed, clean and well vent§ lated®, A

blown-out shot, Fired by an uncertificated Hi ar in an
!

'unvnntilaced rising heading which was describeq; in the

'|

evidence by sA-the Hznes Inapactor. as baing in a) terrihle

I
y

conditzon. caused » mijor dillﬂtét - *\
1

Mining Enginae:s should ensure thai th ir Juniors ﬁn{ ratand
21l instructions and the reasona why the instruction%ﬁ have

been given. Follow-up of inatructions is important. “

b
4
In order to prevent a <ceoal dust explosich from propasﬁ;ing

and extending from the source of ignition, stonedust #

el



'Stonedust barriers shall be of the Polish typa.
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harriers should be erected in every producing sectisn as per

the following standards:

7.1 Pogition of Barriers

- In accordance with Regulation 10,24.9,

|
\ |
- At least one stonedust barrier must bs ifgstalled in| each
|
ecogl conmveyor or endless rone haulape or road.
facs.

- The barrier must not be further than 365 m from the furfhest

face.
~ . The barrier must be advenced as necessary.

7.2 Type of Barrier

o

. 4
Each barrier shall have tvo [ixed roofbelt brackets, x

or
alternatively edjustable trestles can be iratalled, of which
ghall be placed a frame equal to the width oﬁ the roadwsy (frame

width 200 mm, depth 150 mm). Superimposed on the frame jhall be
bosrds, placed lemgth-wise to the roadway and spaced agross the
uhé?c vidth of the frame, thereby formirg g,shelf. % ch shelf
vil} form tha plntfqrn upon uhigh tha Btonedust shall Ye ilcaded.
Saearigurou 14 and 15,

Types) of Shelf

Theze shall be two types of shelf.

B
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Lightly—-loaded shelf: which shall be 350 mm wide and shall be
loaded at a ratio of 30 kg per metre of shelf length (average

pyramivical dust height to he 140 mm).

Heavily—~loaded shelf: which shall be 450 mm wide and shall be
loaded at a2 ratio of 60 kg per metre of shelf length (average

pyramidical dust height to bhe 220 mm).
Types of Barrier
There shall be two types of harrier.

Light barrier: whi.ch ¢hall have 100 kg of dusr per square metre

of roadway.

Por 2 normal 6 © x 3 road, e light barrier shall consisf of 10
light shelves of 6 ¢ length and egpaced at 1,5 m intervals and nog
more than 2 m apart. Each shelf cerrying 180 kg of stonedust.
This {ﬁ not normally used in the Group.

Reevy barrier: which shall have 400 kg of dust per square metre
of roadway. The heavy barriar shall comprise of lightly-loaded
snd heavily-loaded shelves to a4 ratio of 1:2, The lightly~loaded
shalves shall be in fremnt of the heayily-losded sheléas in
raelation to¢ tha probable direction of an - loeion  blast
displacement. Por s normal 6 m x 3 n rosd, & haswy barrier shall
consist of aight lightly-losded shelvas (180 kg asch) and 16
heavily<loaded shalves (360 kilograms each). Such shalves to be

spacad at 1.5 w intervals and not more then 2.5 m apart.
7.3 Mine Plaus/Record Book

~  Esch barrier must be shown on th: mine plan.

vl

- In a record book, the following auxt be recorded:

[
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Barrier refaronce number

Total number of shelves aad loading thereof

Disparsibility of stonedust

Roadway cross-—-sectional area

Date of Jlast dust renewal, date of last inspection with

signatures of persons responsible.

“¥.4 Shiftboss - Inspection  Barrier

- Each barrier =zhall be insper.nd weekly by the Shiftbess.

- Such inspection shall ensure that the barrier conforms to

the Standard.
- In particular, each barrier must be examined for u-sing.

- The Shiftbose -=shall ensure thet the stonedust is renewed

immediately after evidence of dugt caking if'épparent.

- Waterproof stoﬁedqst may be ugad wvhere ﬂbcessary.

7.5 Abandoned and ,Semi~inaccessible Aress
&
! /T

Vhere thare are abandonsd dfils that cannot be sealed off from

curvent workings and that®tannot be stonedusted and sampled, the

following procedure must be adopted: k

- As much &s pogsible of the uagndonud sreas must be
effactively-sealed off with brick stoppinga.

- Heavy atouadust barriara must be installed and maintained at

the adge of the abandoned area to cover all roads comneqting

]

it with the working area.

- A11 roadways connecting the abandoned area to ths work:ng 

i

arel musl be sdeqnately stonedusted aid the level of



8.

695

incombustibies maintained by regular sampling avrd redusting

.48 required,

While the taking of stonedust samples and analysis thereof
on a monthly bhasis is 2 legal requiremeat, the system is
cumbersome =zand doez not provide Mining Engineers with

immediate on-the-gpot results.

Rrystolik et al (1985) gave a description of a portable

instrument with digital veadout destined for quick

measuraments of solid incombustible zontent serving as a

protection against coal dust explosions.

The United States Code of Federal Regulaéions dete..ines the

basic requirements put to -analyzers of solid incombustible.

content in coal dust.

According to these requirements a portable analyzer should
be & self-cog&&lned_unit guitable for service in underground
coal mines and be equipped with a quantitative indiégting
device that is capable of ainﬂic;?ing the in;omﬁuséiblq
conteht over the range of 50-100% incombustible and having
batteries capable of failure-free operation. o

i

The need for an instrumentw'hhich guickly detmrmines \fhe:

incombustible content is great where stone dusting is the

basic mecthod for safeguarding against coal tht e;plosions.
This is true for the United States coal mining industry and
in a very large degree also for the Poligh and South African

coal mining industry in which stonedusting, toﬁéther with

anti-explosion barriers, constitute the main. protection

agaiast the propagation dt,goal dust explosions.

As a reeult of years of research work done in the Central
Mining Tnstitute, an instrument was designed  and Vhits
: e _

it
purposefulness tested in mines. = *\1 I8
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|V :
to the Wankie Colliery disaster in 1972, all Transvaal
collieries practiced the watering dowrn of roadways as a
precaution against coal dust explosions. ¥No stocedust was
applied.
L] *
[
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At present the Pelish mining regulations require that in the
Bolizh coal mining industry 50%-90% of snlid incombustible
matter he maintained, the phruentaga depending on the coal

dust explosion hazard degrse,.
The total length of stonedusted zones iz given in Table 7.9,
“

Table 7.2

T of Solid Incombustible Total Length of Btonedusted

Matrer zones km
90 K 35
80 416
m 131
s &0 600

The maintaining of the zones i becoming more and more

difficult since growing mechanisation and concenzration of
output cause a more and more intensive depceition of new
dust layers, ' The depesition rate im estimated at  2~109
gfm /day in returr airways ahd at 2-80 g/m fday :; galleries

driven by heading ma*ﬂxves.

4

To maintain the proper .uantity of golill " incombusiihle

mapfer in stonedusted zones frequent checks must be done.

' regilaticas do noﬁh@taf@ grecisaly how often the checksa
ary to be cnrrxﬂd out, ~hay demand only ‘that the required
amount of ;ncfﬁ%ustzble(matter e maintained continuously.

. ' !
The quirk shifring - the zones \?oses" a&ditionai
requirements to the stonedustlng and th;\ settlﬁng of new
dust layers calls for nmallar 1nqerva13 bet%qan the checks.

"Due to this sirvaticon the determlnatlon of the content  of

golid incombus ple matter . is beco&xng a mote améd more
difficult problem for colliary : laboratories doing check
aralyses. These analyges depond on combusting Juat samples

teken underground during three hours at a tempernture of "
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489°%¢ of mass. In many

zollieries more than 1000 samples are to be analysed each

and on determining the loss

month.

The need has arisen to

determination of giolid

develop a method fer quick
incombustible content without the
necessity of combusting, weighing and so on.

In”conn;ction with the prokress of
idea emerged to take advantage of the radiometric methods -
based on £nteraction of beta and gamma radiation with

material - for Jjetermination purposes.

o

" Dasign of the Instrument

The internal view of Inflabar PC.is shown in Figure 16.
The electronic system basod on integrated circdits ensures
correct opsration: of the instfq?unt and » dired\1 digival
readout of #0lid incombustible matter content.

: It

positions.

o

Bocs r:dinactivé :tront.so ig the  radiation source. The

radlation of stront falls on the dust sample in the

container and after back-scattering

semiﬂconduc%yu radiation detector which is specially nada to
of this the Ingtitute for

the requirements instrument .in

Nuclear Problems.

) )
The radiwtion.soﬁfce turns round together with the éover of
the corithiner
changse of fhe

with the sample and therefore during the
[t

cample the operstor iE not &expoaad ‘o
radiation. N '

il

isotope technique, the”

£a1%a on the:
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The radiation source, d:rector and sample container are
housed in one block made of organic glass which ensures
steadfastness of mutual position of these elemerts, small

dimensions and small distances hetween the elements,

O the back wall of the.ins:rumen:'there is 2 switck having
two positions. Position "Calibration™ serves for regulating
zero and the accuracy of the instrument. In this position 9
subsequent measurements are done at a shoztenad tipe Aud  at
snly two significant digita. The tenth meastrement has full
rime and accuracy; . tn  position  "Measuremer:" one
HeEnsurement without calibration is done. Pogition
"Calibration® enablee quick calibration of the instrument,
After finished weasyrement, the readout switches off

automstically. g;

chhniéal dats of the instrument are as follows:

Ed

S

50-100% solid incombustible matter content

- Megsure time about 30 s
- Amdient temperaturs rangse

&

178-308K - oo
- Dust ssmple masy about 25 g

- supply Cd-Ni battery, 7.1??. 1.5 Ah
.- Supply autonomy - minimum 250 measurements .
- - Radiation source - stront 90, ectivity 5 mCi

- Marismum radiation intensity - not greaater than ﬁ.ﬁ nR/k

_at & distance of 5 cm from the instrument 4
- Msgs of instrument - 3 kg . i
- Dimensions =~215 x 80 x 175 mm '

e Electric system - intrinsical safely II Bl.category i

- according to IEC and C!ﬂ%LEC/am

Conclumions
4

1. The Inflabar PC instrument meets the basic requirements

Q i
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of CFR 30/29 and of Polish regulations and is suitable

for use in nines,

2. The instrament can be used for checking che stata of
arone dusting accordiﬁg to the se far walid methodolegy
of takisig samples. Tt also provides nhe possibility of
quick and easy detection of places in which
stonedustiﬁg is not adaguate.

I

~The Tnflabar is very useful f;r checklng during the

operation of pouriag out the stonedust itgelf,

The possibilities of the ifistrument will become evident

duriny its operation on a large scale,

“ : |

Ai% coals with a volatile content of 14% or greater can be
ragarded ag susceptible to. coal dust ltplﬂ'ignl.m Roadways
in sudﬁ mines should thus be well stonedusted.

u
1N

aTﬁ’ nost pzolific cause of dust formation i othe use of °

continuous ninin; sachines. The vnntiln:ion of roaduayn in
which these uschines are used is as witb in Chnptcr 2.

"\' .

Ei§urt'17 depicts the use of fans and scrubbass on the

‘latest genszation continuous ainer for ‘the safe hnndlinz of

'dult.

That coal dust explosions in bord and pillar wurkihgf-travel
up the main-returns ‘iz a fact %ﬂd wore resoarch is necesaary
to dctornine how this phenouﬂvon should he handled. At
present t:hn wethod of asystematically and frequently clesning

" lnés”rn-stonadusting returns is regarded sx the = safest

spproach (ifew 1 of this sgubsection} to ensure that coal
dust explosions are unable to travel llgn;' the return

alrways.

e

&

b
2
4
k
¥
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The modern trickle and fan tail stonedusting machines are
not only mohile and easily transpcrted hut efficient in  the
distribution bf stonedust., The erection of stonedust silos
on surface-at strategic sites minimises the bulk transport
of SE?“Q§FSt underground cver long dia@ances.

The suggested mine standards regarding main fen ztoppages is
&eal; with in Chapter 6.. The stoppage of the main fap“in a

]
gassy pit for longer than 15 mihutes is a gerious event.

No open flames should be allowed undergrmund. Standard

procedures for the use of _cuttlng tcrches and welding

. underground have been set out in, *tum 2 of this subsection.

Senior Mine Managemant should be made avire immediately of
reductions in the ventilating current in any ares of a mine.

Whan vant;litio% is reducad, for exanpla 1n a shafr,

‘standard procedures ihould be drlvu up which dall with the

use of cutting nquxpnnnt in euch & sghaft dincluding the
tasting for methane., . ” v

o a

. Senior Hiaglﬂhna;pannt should anaure that all entraaces to

shalts wvhere nen ars to t:nvtl are gaarded to the exrent

‘that parsons are searched for any form of contrsbsand. The

posassion of contraband on persons should be repcrted to a

) rniponuiblc ofticial 1lna&i¢t§1y. @

W

* The greater the incidence of gnologicafxyroblems "(faults,

slips, doierite dykes, burnt cosl =zones and poor roof) and
nethane emissions, the greeter the need four increased
stpervision both qpnntitativoly and qualitatively. This

dissertation highlights many serious ' incidents  where

supervision war inadequate. Such sitvstionis lead o a
lovering of standards, the taking of chances and poor
cannunﬁuction. Hxning Engincars should be awvare ﬁb changing
circuustnncel and take the nacespary action as shown below:

e
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1. New Mine and normal conditionz (300 000 ROM tons per

month)
Section Manager
Mine Overseer I Mins Overseer II
| | | |
' i
n/g Shiftboss I Shiftboes II D/% Shiftboss I Shifthoss IT
N/8 Shiftboss T Shifthoss 11 N/S Shiftbogs I Shifthoss IT

2, Same mine as in 1. above with poor roof conditicns and gas
emissions in one area and attenuated haulages and return

airways (300 000 ROM tons per month).

Section Manager

TR
FA

Miﬁé Overseer 1 Mine Overseer II Mine Overseer III
R .

(Back vorkings, {(Production afea.iﬁoor Production area

return airways ground conditions

cleaning and and gas emissions)

construction)

0/8 Shiftbose I
N/8 Shiftboss I

1
i

i

D/S Shiftboss T Shifeboss IX Shiftboss ITT  D/S Shiftboss I

Shiftboas II
N/S Shiftboss T Shiftboss .IT Shiftboss III  N/S Shiftboss I
Shiftbegs I
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The above organisational charts indicate the additional line
supervigsion required in the second case to deal with
attenuated return airways and deteriorating ground
. i

conGitions in one production area of the mine.

Senior Mine Managem;nt should ensure that they are Ffully
aware of all rosdways which exist when =sealing off areas
which are experiencing spontangousg combustionj or methane
amisgions. Many instances have been encountered during the

» i
cours of this research, where not all roadways were

thoroughly sealed because theéjir existence was nor known. In .

the majority of cases, this is due to Mine Surveyors not
baing made aware of faces which ere being advanced and hence

not recording these faces on mine planeg.

Enright (1985} in studies in Australia has concluded that
.eipcrinnnts_in the 8 and 20 1litre chambers showed that
Wyvern coal dust at 40 percent moisture content and the
Buf&% coal dust at 26 per cent moisrurs content ware capable
of developing smignificant explosion pressuras and tates of
pressure rise. The Llimiting value of the added water
requized to inert the Just was considered to be thar value

~ which pr;vuntqd the pgeneration of a2 dust cloud in the

laborstory explosion chambers rather than that vslue which
inhibited 2 dust cloud explosion. It is possible that dust
“explosions could occur at thigher moisture contents ‘if &
sufficiently turbulent dust dispersion systew was available.

The majority of dust explosions that occur in underground
conl mines result from tﬁe ignition of a mathane-gir
mixture. 7The resultant gus explosion has a high teaperature

flame front and is capsble of developing an extremely .

turbulent air blast. These conditions aasy be sufficient to
produce an explowion with dust et a higher moisture content
then the limiting value found in laboratory experiments.

Tt follows that wat conditions w{ll not always act in

inhiciting the development of coal diet explosions., Prior

k)
i

\

i

*
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7.8 CONCLUSION

Mining Engineers are often lullad imto a false sense of gsafety by
having "well wentllated mines™ and "clean and well managad
operations", Uniess they attend to the details of good and
efficient face wventilation, the systematic cleaning of return
airways, th adherence o proner standards and good day te day
communications, methane and coal dust explosions are likely to

occuy.

Two of the incidents referred o in this chapter resulted in
methane explosions as a result ﬂ3.;gi»n fiames being uszed in 2
downeasr ineline shaft end a mﬁxﬁ j"‘.!'.r.r!ii:asﬂece haulage respectively.
I both situations the posaibilivy of & methane explosion
occurr%?g_would be cbnsidered, by Mining Engineers, to he remote.

However, i both cases, the recipe for a disaster was presenty
o

The main ventilation fans were respectively regulated and stopped
thereby reducing the ventilation coneiderably in éhe respectzve
mines, The act of reduczng vant113t1mn immediately allowed the
build up of wmethane to occur in the most unlikely places, the

situstion being exacerbated by the presence of faults and, slips

‘hetveen the different coal geams and the presence of a -drift

which wvas not -shown on mine plans, and had not been zealed off,
. - - b g L I \

\

Tha 1ndxnctimin¢te use of a cutting torch and blocw Iamp ‘with no

prior teats being cenducted for methane resulted in explesions.

o

W

Making ansumﬁiions that areas are free of methane and that .:he
uze of open flames is not dangerour is fallaciouz. Whenever it
is necesdary to allox opsn flames to he used the srea should be
thoroughly examired fou methane and adequately vgntilated prior

to and during the cutting rrocess,
SN
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Mining Engineers should ensure that adeguate searches
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conducted to ensure that no vontraband is taken underground.
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8.1 INTRODUCTION

Several serious methane outbursts have occurred at three Saurh
African collieries ower the past 25 years;  Thowever, such
incidents sre seldom reported on pubfically or ilaternally between
mining companies and are therefore not widely studied., Minixg
Engiﬁéers are thus digadvanteged in trying to deal with this
problenm, L

Methane outbursts occur _when workings or bhoreholes approach en

"area in. a coal seem whare methane is entrained undar high

prassure, At & cl:taiﬁ point in time, tha inZQr%qgins gtrata

between the workingas/borehole and entrelned gas is weakened to & -

point whers it camnot resist the pressure of the gas which ’% then

lt::pﬂi in & violent outburst. - “

-Dangerous q;nntiti-n of methans cutcf the workinga after blowing

bundreds of tons of coalinto the roadway, to be-followed by
clouds of fine coel dust which, due to the ,-hock"w:ve.nean be
deposited on th--rﬁof sides and floor of the section up to 400
astres from the source of the outburst. Such conditions could
lead to a methane/cos’ dust explosion.

This chapter will exanine ;hc phenooanon of methane outbursts,
vhers thesa sre likaly to occur and with the aid of actusl
expariance at Springfield”lnd Indumani collieries, describe what
heppens when tha methane gas ir ralessed. Sugsested methods to
be adopted to oabtain prior warning of such outbursts are
digcussad. Tha cha:mcttrintlcp of é@d coal dopo;it in the South
Rand and Indumeni coalfields is anslywed particularly in sreas
wharg these ocutburats have oceccurred, - '

o

4
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The first real evidence of the circumstances surrounding a
methane outburst 4in ¢ew  douth Rand coalfielrd ineluded the

follewing account given p~ a Gang Leader in Section 7 at

- Springfield Colliery on 17th Ocpober 1964,

" at higher production :tngpos in South Atricaf

MPeko Rantho, No. 2271/306597: sworn states:

I am a Cangleader in section 7, I remember the day an ocutbursi
of gas occurred in the sectizn. I was in the maiq\near the
chupresser. 1 was w(iting For the blast to take place. Blasging
took place and I hea}d a storm in the section. I was”bloun about
towards th€ faces. I realizad that something dangercus had
happened and T directed my workers to run away in & certain
direction. They ran away. There vas still a roaring aound going

on”.
£ | <

o

This nvid;acn 'iw corrcborated }py other witnesses ald provides

go will the
1ikelihood of instentensous ncthuna“qptbur:ta ffig-n¢. Thave ix
s nesd to establisk why such outbursts occur

~cosl wones which evs found sdjscent to dykes.

An sagmsive burnt

The ssriousnass of the problon is highligh ;
stetess /

[ ;

%‘:-r_a-__:ﬁ__

W
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8.2 © SOURCE OF METHANE

4]

8,21 In gity methan: content

»
3, v

. In the history of coal from vegetation to anthracite, coal-

undergoes particular progresszive chemical cﬁnngés {(Stach et 2l
1975). One of the results 6f thig is to produce chemically the
essential fluid pruduéts‘ water, carbon dioxide and 'metnane.
Thease &re ﬁ}oduced in varying proportions throughout the whole
maturation prccass to the wend product, anthracite, in typical
proportiond as shoyn in $&gure 1 {Hargraves). Congurrent
phyzical chlnanl in the 04l include porosity and ﬁernnabilm&y
reduction, Kncrcana in denusity, and darkening of colour. » From

beginning un end, the smounts of migratory products are vast per
3

~ton of unturod coal, of the order of 0,75 ton of ﬁater. 600 n" of

carbon dioxide (CO,) and %00 »° of wethane (CH,) at normal

temperaturd ard pressure.

£3

: L '
Most of the fluids produced are not repressnted in the sesm

environment, but have progressively migrated away, ;pqrt from
some rtsi&ﬁal fluids retained in coal at sny ons stage of
naturltion. This,maturation goes on under load of & cover of

rock to thp surface, rocke " generally saturated with water up to

the water table - almost to the surface, and the flulds retained

in the seam are held st préanurt aioge to hydroststic hesd from
tha Ulttt;%lble. Conventently, ﬁhl ratention of gni.h by ' coals
iz termed sorption to cover all modes of retention. Although
cosl has '_'a stronger affinity for CO, than CH,, the greater

productioni of CH, in the later stages of wmaturation is abls to

4
/syogressively replace most of tha coz ratained from esrlier
stages, sc that the seam gas of higher zank - bituminous to

anthracite - coals is escentially Cﬂ#.
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Wheni coals, or c¢oal measurs strata sre intersected by dgneous
maté%xal. the contact metamorphism, largely the heat of

1ntr&§101 may inc¢rease the rank of the ecoal, but more

1mpnr¢antly gases of pneumatolytic origin especialily CO digplace

the Cﬂ formed im-situ in the coal. In some areas thzs invasion
by cozk if su fmciently vecent, exists to the present time, and
the srill forming CH4 has not had the chence to replace the CO2
again., Such a situation is rather rare on rhe world basisg, but
in Australis both the Bowen and Sydney Basins are so affected.

. .o 5

L
o

How much gas is thers?

The sorptxva capacity of coal for gas depends on the porosity of
the coal, which In turn isa related to ravk, ta tha nature of the
gas and to the pressure of the gee. Pigure 2 shows typical

equilibrium isotherms obtained from S0 scaples taken from twenty

collieries (Phillips, Waite, st al). -Ertioger (1949)
investigated sorptive capacities uf a cumbar of cosls at a range
of pressure, PFigure 3, The lorptivt capacity of coal for CDz i

two to three times that for CH,. As a rough guide, virgin seanm

_ _ 4"
33% pressura can be taken as about 7 kPa per metre depth, wvhereo

‘water tables ere shallow. Anothar factor affecting amount of gas

in a seaw is ssam thickness.

It is convenisnt to npecify gaseiness in tetfns of volune of  gas

per ton, ignoring seam thickness. Thus, 1¢nor1n; the affect of.

atreds in reduction of sorptive cnpacity. an npproxi:ation of the

apount of gas per ton can be msads on the basis of depth, rank and
isothearas of sorption for the appropriate gus composition.
Altcrnntivnly. a direct measuremsnt of gas praast 'w;y be made,

rnplncin. dcpth as the approximation of gas pruusurc. or the °

'nouut of gue may de sessured ~directly from . virgin ccal sample,

or an index to gansiness nuy b2 uxade on 8 coal :tnpl. on an

empirical basis (Rargraves, 1962).%
! -~ ¢
o0
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Detesminatin of in-situ methane content

. ) .
Phillipn. Walte et al, have stated that Mvery little is known of
the mechanisus by which methane 13 released during the 2oal
excavation protess and data on the in-situ gas content,

permeability and gas pr\ﬂsyres of Sourh African coals is

“wirtually aon existent.™

.

Twe methods are available in measuring oy determining the in-situ

methane ccmtent of coals. These are:

-  The d*}ec; method which uonsists of obfaining a fresh saﬁble
of coul, enclcasing it in a. container,and mneasuring © the
raleas&.ﬂf zas aga:hékazne since the sample was cbtained.
Two diuaﬂvaatages arise from uaxng thx!'uethod. namely the
quality of the field scaff and an accurate estimatre of the

time that' the sample was firat disturbisd i the excavation.

- The’indir&ct method enteils, messuring thn tenperature and
prnuluw& pf the sean gas whereas the abiorptiou isotberms
for tha coel geam -are measured in tha laborstory. Ia
essence this comprises the reprensuriniug of crushad cocal

e samples, ar constant tenperature nné«ﬁhdcr & predeterminad

L)

SR
pressure of methans.

Using work by A.G. Fim in the United States, Phillips, Waite,

Billenkamp and. Stripp cencluded thae from ' rheir tests gis
. 3

contents of the samplas tested contained from sbour 3 to 10 m of

wathane par ton of coal. It is of interest to note that Kim Thas

deterained that in thé United States of Ani:ica 2 priqlure of

1 MPg of methane rapfesents a typical pressure st a gassy scam ar
dep%h of 150 metres. ' V

T
“\-

{ o : )
!1;»~. 3 shewing adlorptiou isotherms for coal indicates that

deeper hlghnr rank cogl deposits sre gassier. Alro at .higher
‘pressucs, co;ls can contala more methans. This would tend to
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explain the gassy conditions leading to instantaneous methane

ogthursts in the Scuth “and and Indumeni coalfields,

R." 2 . Parxeability

“ The Concise Oxford Dictionary defines permeability as ‘ability to

be permeated' - penetrate throughout, pervade, caturate; diffuse
itself through, amomg: in dther words travel t!:ough.

o
'Géolégicul studies have ales established that wost coa:! dg  have
a directional permeability, due to sets of ivtercenuacted
vertical !:gciyra planes within the coal. 1In coal termed blocky,

1.
a set of prominent fractures, or face cleats, are spsced 25 mm vo
: 1}

- 150 mm apart. A secondary set of fractures, the butt cleats,
occur at right angles to the face clests. Imr coals that are

called friable, the fracture spacing is less ttan 25 mm, and both
gaty of cleats ara'equally proninlﬁt. In blocky coal, methane
én&aiicn vates are higher along the face clests. Rib stability
&éd roofreonditionﬁ are also related to cleat orianégtion.

‘Surface and photolinear o .0ds haxve been uaed to determine cleat

otientation for 32 coalteds in Penngylvania, West Virginia,
Virginia, Alsbama, Oklphoma, Colorado, and Utsh.

Facto%r affecting the reteation and migration of methane in
coalbeds were rtudied to provide a basis for the more ' rational
design® of coalbed degassifiction gystemsa. The following
information resulting from ‘the studies has been useful in

ﬁd&nigning nore effective systems for draiufng_mathlhe from <o~

aud essential in axpieiﬁing"lppareatlf anomalous fiald ressults.
The physical structure of cosl, with both very small pores and
iarge- cracks and fracturee, affects the methane emigsion rate.
Methane flows frot 4he pores by diffusion: flow tbrough the
cracks is laminar. In thia two-atep process, the relationship
between diffusion coefficient and fracture permeability, which

varies for different coals, Jetevmines the methane emimsion rate.
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Methane emission was found to be retarded by the water normally
found in coalbeds., As the cvalbed is dewrtered, methane emigzion
rates increase. The burnt coal zones in South African collieries
are known teo be dry — at Indumeni Colliery 'a cloud of white dry
ash' was blown dinto a roadway following a methane outhurst.
Laboratory studies of methans adsorpticn on coal indicated that
coals that are higher in rank are capable of holding larger
quantities of methane. Also, a4t higher pressures, coals can
contain more methane. Since both rank of coal and opressure
increare with depth, deeper coals can be expected to  he
subscantially gaszier than shallow coals. Adsorption data have
beenr used o obtain & rough estimate of how much gag a coal

eontains.

Figure 4 is a su.{ace exposure of a coalbed showing the

orthogenal orientation of face and butt cleats and Figure 5
depicte the flow of merhane through coal in two steps: From the
solid coal inte fractures and then along the fractures into the

mine workings.

The gas content of a coalbed is made up of two components - free
gag;comprassed in pore sgpaces and gas adsorbed in the internal
uu;%ace of the pores The guantity of free gas dependa on the
poresity of the coal, wuressure of gag in the por;a and the
temperature. It usuxlly makes up a amsll fractionm, about 5=-10%
of the totai g2 content (MePerson, 1975). However, Ffor the
determination of total gasjfontant. it is nevessary to know this
quantity.
The greater part of the gas content in coal in-gitu iz held on
the surfaces of the coal pores and microfractures in adsorbed
forn ag a -ondWolecular layer. Since the intexnal surface afagc
of cosl can be aa large ag %0 lzg_l. the quantity of adsorbed gas
can sometimes be sxtramely high. Tt ia therefore inpgrtaut to be
able to determine the smount of adsorbaed methane amccurately,
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Frea gas

¥ree gas ig the mobile gam stored in the coal pores. To
deceymine this gquantity, ths porosity of the coal must first be
measured. Porosmity iz the ratie of void wolume to the bulk
volume of &z porous material. The method of determination of
—. pwrosity by mercury injection is not suitable for coal, sirnce the
/ surface tencion of mercury iz much too high to permit entry into
the micropore structure of coal. A& gas expansion method was felt
to be mére appropriate rfor this reason. This method utilizes
Boyle's Gas Law for ideal gases. It was, therefore, lmportant to
uge a gar which has & very low adsorptivity on coal, Helium was
found to be euitable for this reason and also due to the fact

that the smali size and low molecular weight of the moleacunles

ensure that it eﬁigrs all the pores, moet of them being

micropores.,

QO :
:_ The quantity of fres gas can be calculsted if the porosity and
B gas preassurs sre known., It iz expressed as the volume of gas, at

STP, per uvnit weight of cozl,.

\Adlorptiou isothers

0“ En ndgorp:ion_ilnthntn is the cyrve giving the quentity of gaws

adsorbad s a function of prassure at a given temperaturse.

‘ : ~ Exauples of sdmprption isotherms are shown in “Figure 1. A few
-y n¥  points are evidenc from the figure.

(1} At & given temparature, carbon dioxide 1z wmore readily

sdrorbed than metllane, whick in twn 1is more resdily

W - adsorbed than niirogen, indicating that the natuﬁg of pgax

affecta this quantity significantly. ’

.
v,

A
0]
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{2) At the same equilibrium pressure, the quantity of adsorbad
gas decreages as the temperature increases. Starting at
23°c, it falls at a rate of some 0,8% per degree for

bituninous coal (Roxhe ot al, 1980).

(3) The quantity adsorbed increases with pressure and reaches an
equilibrium at a pressure thet varies with the type of coal,
At this equilibrium pressure, formation of a monomolecular
layer is complete and the quantity of adsorbad gas does not
change with any dincrease in pressure. However, if the
pregssure is increased beyond a eriticel peint, a aecond
molecular layer begins to form, causing & further increase
in the quantity cf pas adsorbed. This eritical pressure is

normally well above tlhat found in coal seams.

Must inmportant of the other factors die the dependence of
adgorption on thé moistura content of coal. Gas content
dJecreaged wgignificantly when the moirtare content of coal
inéreaseq.= Howaver, if the gas content of dry coal iz known, the
valua for moist coal can be approximated using the Bttinger
formula (Boxhe et al, 1980): ’

Qadu noist) = =1
k]
Qads(dry} 1+ 031 HC

vhere H = moisture content of coal expressed as a percentage.
Alsu, the gas content ¢ coel decreases with increasing ash since

it iz the carbonsceous mattyr in coal that adsorbs methane.

@dsorption experiment . are normally carried out on' muisture-free
cori. To relate the results to practical conditions, corrections
are made for temperature and moistura. Since in coal mining
gituations, gas pressure seldom exceeds 4.1#- MPs (620 pai),
experiments were carpied out up to thix presnure} |
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Permeability decreases with increasing rank of coal and

permeability iz markedly redunced by stre -z,

Permeability refer=z to the abiliry of the coal to transmit gas
when a pressure gradient exists aecross it {the coal). Kiszell
(1975) has repcrted that the flow of methane is partly rontrolled
by the degree of water saturation of the coal seam. The
permeability to methane increases as the water content of the
coal decreases thus allowing more pore space available to the pas
phagse, This assumptiorn is based on the observatlou that as water

flow in an in-seam hole decreased the gas flow increased.

In a sean with low permeability, gas flow vates are very low.

High rank cozl leads to difficulties in methane drainage.

8.2.3 Sesm gas prassure and temperature
Williams {1960) in digeussing mine geses states:

"The pressure at which firedamp is contained in coal seans
underground has baen the suhject of meny exparimenfé. most of
vhich were largely unpuccesgful dus to laakage from horeholas,
through breaks in the.coal and its asgsociated strata, and the low
permeability of the coal. About 1880, tindsayawoad (a prominent
mine viewer) and others measured pressures in underground
boreholes varying from 116 1b/in> (810 kPa) to 461 1b/in’ (3321
kPa). 1In iater years very few cases of high pressure have been
recorded although at Point of Ayr Colliery pressures as high as
300 1b/in2 (2095 kPa) Thave heen registered, Further
manifestations of high presaure are sometimes to be found in the
ceevrrence of outbursts of gas and coal. Recant workers in
Holland have recorded firedamp pressures of 15 to 225 1b/in2 {100
kPa - 1571 kPa) in boreholes. ~ Graham devaloped & method of
gesguring the pressure of methdne in coal from a small coal
sample which gave pressures from}ﬁz to 127 Ib/inz {293 kPs -~ 887
kPa}."

~

{.ﬂ.'""
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The relative importance of kvowing the seam gas pressutres and
temperatures is to be able ta wuse the equilibrium sorption
isothermsg to predict the quanrity of pgas held in a certain seam
or area of a mine. Phillips, Waite, Billenkamp and Stripp have
recently developed a prototype packer for measuring borehole gas
pressures. The results of these nrials are not yer to hand.
These authors also gtate that results of field trials have
indicated rhat bituminous coals are highly permeable while the
anthracites are generally much tighter and have a  lower
permeability. All the recorded methane outbursts in Scuth Africa
have occurred in burnt coal zones which have a low permeability -
this f&c; makes it extremely difficult t}xdetermine geam gas
pressures and quantitiés of methane contaiﬁed in the seam with
the finpl objective of trying to predict possible meiﬁpne
outbufatn._ Evidence given st Ynguiries has ail indicated that no
methana was detected in the drill holes in the facee prior %o thae
sudden cutburats. : "

A
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8.3 GEOLOGY OF THE COALFIELDS y

Both the South Rand and the Indmmeni coalfields exhibit =zimilar

geological faatures, most of which are cutlined in this section.

e,3.1 South Rand Coalfield

&

{a} Structure

 The coalfield exhibits varied coal :ej; flow topography, which is
further complicated by twe buried pre-ﬂarod hills within the
basin. The attitude of the mseam varies berwsen flat-lying in the
centre of the Lasin, to dips of 5° and more sround the adges due
to conplctiéﬁ' gattling after deposition. In ‘additicn, due to
sean downwarping, numerous faults disrupt the seam around boch
the nacging of the basin and the buried hills. Major Faults
which trend in an approximace East-West direction have throws of
up to 40 petres, A nignificant nusber of minor faults are alaso

encountered.

il

(b) Dolerite Intrusicns

A coarsely crystalline dolerite sill up to 100 metres in
thickness ovarlies most of the colliery lease area, but is abeent

in ths sazt due to erosion.

Numerous dolerite intrueions sxist throughout the aresa and vary
in thickness from a few centimetres to over 20 metres; they vary
in attitnde between vertical and almost horizontal with generaily
no direcrional trend. Along the mtrike of dolerite dykes, the
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thickness, dip and direction vary over short distances and to
date exploratory drilling to supply the full advance di.formation

needed for mine planning has not been successful,

hykes and sills cause umstable conditicons in thick seam areas
wherea the coal may he burnt for some distance on either gide of
the intrusion, Readways driven in burnt coal require heavy

support to prevent roof and sidewall collapses.
Surface magnetometry has been unsuccessful in locating dykes due

to the magking effect of the thick dolerite sill, but modern

in-geam sesigmic techniquee could possibly be used in future,

8.3.2  Indumeni Coalfield

The quality of the coal ar Indumeni wvaries from fairly high

quality coking through to anthracite depending upon the axtent of
devolatilieation that has taken plece. Where unaffected by

-dolerite, the coal containsz roughly 23-26% volatiles and

produces, on washing, a coking ctal with & 5 or § swell, When
parttally"affacted %y dolarite, the volatile content would drop
to the range 16-20% and yield oniy s bituwinous stesm coal. In
the areas where utheL coal was wmost geverely affepted, the
volatiles dropped to less than 12% yielding an snthracite coal of

" moderate quality.

o

Davolatilisation of coal =2t Indumeni took pluca- on both &
regional and Jocal scale, depending upon the intrusive agent
cauding the effect. On @ regional scale ths agent causing the
progressive devolatilisation of the coal was the Ingego ﬁolérita
8111 which occurs sbove the Main Coal Zone. When this sill

. , I
occurs at mora than 50-60 petres sbove the cozl, no noﬁicaab1k= )
affact id felt, however, s¥ the sill transgresses the cidiments ~.-

nﬁovt the coal swd approsches the coal seams, the éoihtile
content of the coal is reducsd until & point when the éoul ia

- sffectivaly a mets-anthracite. Devolatiligation of this pature
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does not cause the coal to lose itz internal structures or its
inherent strength, in fact 4s the volatiles are reduced, the coal
effectively gets harder and is at all times capable of being

mined.

On a local scale many dolerite dykes were encountered at Indumeni
and these naturally had a significant effect on the coal, Theze
dykes varied in thickness and in orientation and three distinet
trends could be noted. Significant differences in the effect of
the dykes on the coal %as- ot noticeable with regard to the
various trends of the dykes but was definitely wnoticeable in
relation to thicknass. The thicker dykes invariably caused more

problems then the thinner dykes,
_‘//

b

Near the major dykea that were encountered in mining, a typical
grquence of effect on tha coal could be identified. The first

noticesble effect or approsching a dyke was that tha coal became

brighter snd harder indicating the first Iose in wvolatiles,
Gatting closer to the dyke there was an increase in the amount of
caleite oeeurring on the cleat snd the coazl becsme progressively
duller and more granuiar until finally the coal loet all its
inherent structure and strength bzcoming an  amorphoue mags of
very dull shely burnt coal. On contact with the dyke the coal
would be totally converted to & grey black ashy materiaj.

8.3.3 Gaological gimilarities

IY.'

- The coal messures are tslatively deep compared with South
Africa tollieries - + 200 to 300 metres, : )

~  The geans &re gassy. ' A

horizontal dolarifn {fitrusions in the form 65 #ills.

o«
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Dykes and sills emanating from the major sill and varying in
thickness from a few centimetres to over 20 metres have
burnt the «oal seams Tor some congiderable distance and
cause unsgtable conditions which require theavy  roadway
support. It is in these zones that the methane outburscs

have ooeurred.
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8.4 INCIDENTS/ “HEROMENGN
Gutburata

This is the name applied to the violent evolution of firedamp
(usuaily together with large quantiries of coal dust) froa a
working face. Outbuscsts are known wherever toal is worked, Some
of the largest have occurred in France. “In 1907 the Nocd d'Alais
coalfield an cutburst of carbon dioxide blew out 4000 tons of
coal, At L'Agrappe Colliery, Belgium, in 1879, 320 tous of fine
coal werd® blown out and firedamp burned at the pir tcps with
£lanes P?ar 100 £+ (30 mntras) high. The largest uutbursts in
Great Brigiin occurred at ?on;hunry ¢olliery in the South Wales
anthrecite area, ﬂhere in 1820 an outburst invdlv;ng 270 _ ‘tons of
coal vecurred thh such violince that the mirflow was tenpo:arlly

ravarsed in the mine. .

Cartain features are common to most outbhursts:

- The outburst norgllly occurs, ia narrow workings or short

faces.

W

- The cutburst freguently occurk at or “near nomc'\gcologiﬁal

disturbance, such disturbance usveily causing irregularities

in ms=2am thicknenss.

- Bafore the sutburst taks Qllca the ccuf being worked becones
very 'lively', ssall lumps often being ‘'shot' off the
conlface. ’ |

. 4
-  The outburst of gas ll:lyl involves an outhursg‘ nf coal

which is invariably vary fine.

3]

ol
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- The area of the mine where the cutburszt occurs is dry.

Table 8.1 iists the major ineidents of instantaneons methane
outbursts known to have cceurred in South African collieries.
TABLE 8.1

. Seam . Vol Uiank of

Location Year Gas matter ¥ " goal Patalities

Not known High Nil

Natal Cambrian 1942 _cné

Natal Cambrian 1942 CEH, Not knoﬁn High ' Nil
Natal Cambrian 1943 CH4 Not known High Nil
Natal Cambrian 1943 CH4 Not known High Wil
Natal Cambrian 1943 CH, Not known  High Nil

[} | |

Springfiuld 1954 cnﬁ 12 High Nil .
‘Springfield 1963 CH,S 14 High Hilﬁl
Springfield 1969 .Fﬂa C10-14 - High . - Nil
Springfield . 1985 CH, 13 % wHigh Wil
Springtield  1989° CH, 16 °  High Nil
Tnduneni 1970 c®, - . 9 High Nil
Indvmeni - 197q--nca‘ A0 High Ml
Indumeni . a9l 9 Righ Nil

i ,
8.6.1  Springfield Colliery

Il

4

At lesst five incidents of inatantaneocus methane o&iburstty have

occurred in the South Rand coalfield.

Y

Pigure 6 shows a plan of the workings of thy colliery in this

coalfinld and the ares in which tha five incidents have occurred.

In svery case thase smethane outbursts nave occurred in an Ares

where dykes and burnt cosl zonpg are presant: tho outbursts have
24

aleo all occurred in the uorthktn gection of the cealfiesld where

gaological digturbsnces are more prevalest and where the coal

geams age relstively thick.
-

o)

2 €

)
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0f particular importance are the three mogt recent incidents, the
first of which occurred on the 2nd October 1969 in Section 7 off
the Main West haulage and which incident is the most accurately
recorded and the second which occurred on the 3rd Becember” 1985
in a  surface %orehele which was being drilled ro determine
geological data of the coal seam and lying to the North of the
Grootvlel main hauviage (mee Pigure 5), The third incident

vceurred in a drive north of tl. Main West haulage in March 1989,
The evidence of a shiftboss who was in chavge of a section in the
Rietvly area of the mine in 1963, when an instantsteonts methane

ocutburat accurréd iz ag follows:

"I am a Training Superintendent at Springfield Colliery, = Durinmg

1963 { was the shiftboss in Section 5 of the K}etvly ares, s part

of this mine. We had just hlasted thfnugh'lchfkn. Tha ainer put
slipinj 561&: into the rvock. When he blastad these gliping holes
a eimilar occurrence as :his oue tooﬁ)pikca. No-pavples werd
injured. | : “ °
_ . : ‘

The cutburst was accompgnisd by a great dasl of-methane gep ard
very fine dust, I entiqata about 100 tons of coal was bloéh into
the roadway. ; 0

o

In thins §ngtance. all the éoclnws: ioaded out and we reached zhe

-, dyke and blasted the coal between the two dykes.

The roof in‘the_ﬁhtburst*zpne afrer the blast was ayproxiﬁatily 5
metres high.® " " o

The nolt'dctaileﬁ dq;uﬁente incident oceucred in 1969 in Section

7 off tha Main West haulage. Pigure 7 shows the plan of the
section whare the incident gccurred and !isugd 8 & borehsle

saction of the coal 8elmiandertr;tl in the affected (3ea.-

Much difficulty had beeﬁ experiencad in the past in developing.

the coal reserves lying to the North of tha Muin West haulage.

-
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In 1969 a decision was taken to attempt to develop these reserves
by driving drifts to the floor ¢” the coal seam under previously
worked areas in the upper section of the seam ~ from the floor of
the seam the plan was to then develep to the nortk and establish

an area of reserves.

The roadways off the left hand companion encountered a massive
burnt c¢oal zone and it was mnecesiary to develop these drives to

establish & return airway.

Waile blasting a cut in roadway "A™ shown on gplan Figure 7 an
instantanecus methane outburst ocowrred. The author's evidence

of this phenomenon is as follows:

*I am the mnnagar.df Springfield Colliery, a fiery coal mine in
the district of Balfeur. On 2nd October 1969, it was reported to
me there hed been a outburet im section 7 at about 1,30 p.m. on
the same day. It was reported to me that Miner F.J. Schuler bhad
bean ovﬁrcome by gas but that he had been brought to safety by
Shiftboss van Zyl. Miner Schuler did not stay off work at all.

Likewise the smection Gangleader gathered the gection wmen and
brought thee out of the section. By 3.30 p.m. it was reported
that 211 persons in the section had been accounted for. The
electric power to the gection was isolated and the sectioen was

fenced off.

Arriving in the esection the next day there was evidence of a
considerabls amount of fine coal dust depogsited on the roof,
sides and floor of the main and also on vsrious piecex of
equipment in the section. Apart from a pump in the left-hand
companion which has been buried by the loose coal blown out from
the f;ce and & ventilation tube which axtendad into the face

where the outhurst occurred, there was no evidence of any damage

5l "
B
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to any of the equipment or appliances in the section. Samples of
the coasl dust found in the main drive were taken with the object
of discovering its explosiveness, its ash content, B.T.U, and
particularly its volatile content.? Figure 9 depicts details of

the readway where the outburst cccurred.

With particular reference to the first left s=plit off the main
vhere the outburst oseurred, loose burnt coal had been blown back
to within 11 metres frem the main drive., All timber and girder
~Supports had been blown out and there was evidence of falls of

roof in the affected drive.
There was also evidence that the rocfbolts had been damaged.

The left hand companion constitutes one of the return ailrways of
the section. There was evidence of a 0,6 metre layer of methane
gag being emitted from the face where the outhurst occurred and
this ges wag bleeding at a epeed of about 10 metres per minute

Jinte the main return airway.

A& drager test in the layer of conraminated alr revealed about
01X of Carbon Monoxide. There was no evidence of coal dust in
any of the workings approxim&tai} 15 metrea mnorth of the drive
shown on section A-A. TIn my opinion t is revesled that the Force
of the blast cbvionaly apﬁnt iteelf out into the main and raturn
lirwiyl. | '

On the morning " of the visit to the section, inatruceions were
given for veclamation of the section imwediately with the
following objeetives in mind:

a., To load out all loose burnt coal in order to prevent a fire.
b. L As a result of a. to sstablish the geclogical featuras which

gave rise to the outburat of gas which produced ahoutr 300

tong of burnt coal.
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c. Te establish exploratory work and formulate imstructions to
anticipate sugch outbursts in massive burnt ceal in the

future and thus prevent such an occurrence again.

Accordingly, with the above objectives in mind the section was
recovered by Monday the 13th October, 1964.

The roof inhye of the left-hand companion appeared to have been
blpwn down as its height was now between 5 metres to 5,5 metres.
Suﬁe of the height could be attrituted to damuged roofboltz which
resulted in small falls of rvoof taking place. HMethane gas was
still being emitted from the top of the cosl.”

No gighs of an ignition of methane gas was evxden: but the area
over which fine c¢oal dust had been deposited iz drawn on  the

attached plan of the section Figure 7. Power to the section had

- been isolated a!tég the outburst. The wminer who blagted the face

where the outhurst occurred was overcome by the methane in the

seaction and was.regcued by. the shifrbogs,

Reletively large quantitiee of methane were being given off fromw
the drive where the outburst "occurred after the incident. Fronm
the evidence it may be concluded that approxinttely Z 7 cubic
matres per ainute of methane entered the airflow ih- tng section
of some 240 cuble aetras per minute. Agsuming that the methane
contant in the flow from the pocket was 100% the methane cciiant
in the return airway would have been 11% - an explosive mixture.
In fact no mathane was detected in the return airway an  hour
after the blast thuz indicating that the bleed o«f gar from the
outburst site wag not ldb: wethane. Migure 9 depicts a section

through the: drive where the instantaneous outbuzst occurred.

‘Some 300 tons of burnt coal was depogited in the drive.
. . 1) .

Attenpts to load out the lcose burnt coal were eventually halted
when spontaneous combustion took place and by the 13th October
1969 the split had been sedled off with a fire stopping just
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inbye of the left hand companion. Burnt coal sreas at this

colliery are known to he liable te spontaneous heatings.

It was customary at this mine to cut the burnt coal faces using a
coaleutter - the depth of the cut normally varied according to
the roof and sidewall conditions. In this particular instance,
the cut was 1,8 wmetres deep and three holes were drilled above
and below the cut, Each hole was loaded with 800 grams of Ajax
permitted explogive and the face  blasted all holes
simultaneously. ' .

K)
The roedway where the methane outhurst occurred was 3 metres wide
and 1,8 metres high; such dimensions reflevt the poor ground
conditions and the need te keep the roadway narrow to prevent

falls of roof. ' o

v
L

Normal face ventilation practice at the calliery wasiio use 37 kW
fans delivering air to the faces through 60 cm dismeter ducting
vhich was raquired to be at lesat 1 metre from the face which was
the case in the affected haadfn;. Tr: addition, line brattice was
installed t» within 2 metres of the facs.

. n
No methane gas had bean detected in the section prior t? blasting
the affected heading. : ) - f
Stonedusting was not prictictd &t the coiligry untﬁi after the.
Wankie disasgter in June 1972 and the ﬁéuﬂrni method of
controlling dengerous dust was to werer down zll roadways.

It was fortunate that no igniting source was present during and

after the outburst.

Explogibility tests of the burnt coal takern from the affected

roadway are recordad sz follows:

n
Minimum ignition tamperature determination - 850°C which 1is
approximately 200%2 higher than that for normal bituminous coal.
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Proximate analysis

Moisture ¥ 3,7%

Ash % 24,3%

Volatile matter 3% 10,37 - 14,17

Fixed carbon % 62,0%

Calorific wvalue 23,19 - 24,07 MI/kg

The comparatively low volatile mattrer of the sample explains the

insensitivity of the material,

The Kex index for coal from the South Rand Edalfield is hetween
70 and 100, while ¥he Kex index for burnt coal is approximately
50. Joubert' (1981) has stated that coal samples with a Kex value
of 60 or below refuged to éxplode at dust concentrationz as low
as 200 g/1.

(%he fact that masgive burnt coal st the Grootvlei shaft pra;ents
a danger due to instantaneous methane outbursts ig supported by
another incident in September 1982, The third Zleft hand
companion (Figure 10} of the section was being worked backover to
hole with the sdvancing heading which had been stopped on a dyke,
The holing was necesssry to secure a return a;rway on the left
hand gide of the gection. A section through the coal gesm is

'ahewn in Figure 1l. The roof, floor and sides of the roadway

vere being worked in burnt coal. b

Mining in the No. 2?2 road to the cast, wus advancing towards a
dolerite siil., Arch girder sets were ﬁaing uged to Bupport the

" roadway rocf and eides.

in order to instail the arch girder szet No. 36, the miner blasted
three’ drill holes, uaing 1 200 grams of explosive in to:a} in the
bottom left hand corier of the face at OBh30. No methahw was
preaent before blasting. After waiting for 10 minutes for the
blasting fumes to clear, the miner returned to inspect the
resulte of the blast. Whan he was 20 metres from the face, there

N
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It will be observed that the gas concentrations behind the seal
pansed inte v(he explosive range during samples €-7-9 and all
persons were withdrawn from the ventilating district during this

period. The area had been adequately stonedusted.

8.4.2 Indumeni. Colliery

On the 24th February 1971 at 18hi4 a vioclent dinstantaneouvs
methane outburst occurred in a burnt coal zone in Section 70O at

Indumeni Colliery - 10 kms zouth of Dundee.

Figures 13, 13a and 13b show a typical horehole section and seam

saction adjacent to the affected area,

Figure 14 shows the 700 main haulage in relation to the shaft and
also the status of the ventilation arrangements at the time of

the inesdent.

Some of the evidence given to the Chief Inspecter of Mines at the

ﬁnquiry wvas 88 follows:

"On the 25th Februazy 1971, it was reported. to me that & large
emiggion of inflammsble gas had oceurted during the afternocén
ghift of the 24th February 1971 yhilst'bltsting wae teking place
in the second laft companion éf Section 700 at Indur.1:i Coal
Mines Linited.. It ﬁas reported that thers were no casuslties,

o]
At the time of the emission the following per;oqs were in charge
~of Secticn 700:

J.S§.B. Braemug Mine Oversear
¥W. Henning . Shifthoss " _
H.J.H. Wessels " Certificated Miner

k]
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was an  outburst of methane gas From the woof which dizlodged
approximetely 260 tons of burnt coal. This coal lay 16 netres

back from the face. The miner was nct injured.

Within 30 secends of the incident oczurring, the Jeffrey
contimiour miner was vripped out by its methane detecter at 1,53
methane. This machine was operating + 240 metres from the

outburst.

The miner tested for methane in the rest of the seetion with his
MSA D6 methanoweter and Found + 5% methace as  far back as  the
section electrical switchgesr sand venrilation fauns. Electrical
power was immediately switched off at the switches and the

substation.

To clear the section of gsa, the shiftboss increased the
ventilation flow from 26 m /s te, 40 m3/s by opening the section
regulator. thlnffiva minutes bf opening the regulator. the zas
 concentration at the clectricui switchgear had reduced to 1,5%
wethane. The gection was cleared of ges by 11h15, ‘some’2 hours
30 uinutia aftar the inzident ochhrrod.
RS |

On investigation of the area s;tir the inéidlnt it wos noted that
& cavity soue 10 metres high had bean formed dbove the last  azch
as indicared in Fi;ure i1. Th. dnbrit - maialy burnt coal - , had
been blown out intc the roadwly. Tha distance to hole into ﬁhe
No. 2 road ramained at + 4 m and it was decided that befere an
further excavation should ba sttespted the fnllowing work should
be curéied out: . |
- Drill exploratory holes to ascertain whether other pockets

of methane existed batwesn the two drives.

- Re-stonaduat the sros.

An analysis of the mathane/oxygen’ ratiovs 1n the roadway wvhere the ¢

ouqburlt occurred at the time of the outburst iz clearly not
: ‘j A

)
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practicable. On the aseumption that at the dinstauet of the
outhurst the roadway, Figure 7, is filled with an atmosphere of
almost 100% methane and that at a point in the return airway 300

metves from the outburst the air analysis is az follows:

Oxygen 20,932

Nitrogen 78,1 )

Argon 0,83 ) 76,03%

Carhon Bloxide 0,04%
100,07%

then it may be concluded that at & point in time, as the section
ventilation diluges the methane, and gt some point in the section
the percentage methene/dir mixture will pazs into and through the
inflemmable and explosive limits. )

'Sunplcs of thée mine air‘ﬁn & section after an ourburst revealed

the following situation:

Table 8.2 o

i?auition in Section
Time | l 250 metres from
after Point of 100 matras outhurst ~-
Outburst Outburet - from Qutburat ratern aivway
00400 79% l.thann‘l 5% n-thsnt*z Nof meagured
02h00 5% methane + 2.1/2% methane Wil

20000 60 centimetre ' . Wil
layer of methane ' :

5% CH, -againgt

toof T6-9-nntris 5

per winute velocity) "

3
e a

The shaence of one or other sufficiently strong ignition souxce

Elt“sonc-' point in the section where an explosive atmosphere

existed ansured vhat & mathane/coal dust explosion did not SCCUL.

0,
)

é“.‘.n’
\
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*
lFiredamp blower

CH, - 79%
002 - 0,92
Nz - 18.6%

100,0%
*2

The atmosphare had become saxtinctive by dJdiluting of the
airflow with nitrogen and inflammable methane thus decreasing the
percentage oxygen. Evidence was that tne miner, although not
unconscious hed collapred end was dazed and weakened by the

reduced exygen content in the air.

Figure 12 depicte +the result of a recent methane outburst in the
Sourk Rand Coalfield In March 1989. The outburst occurred 18
hours after a floor »oll in the roadway had been blasted and
while the mechanical loader was lnading out the blasted material.
Four men pere affected in the face by the methane and made use of
their self roscue appliances to ceturn safely to the fresh air

intake.

Photograph Ne. 1 &ghows the mechanical loader almogt totally
buried by fine coml which after 24 hours showed signs of
spontaneous combustion (80 ppm of CO was detected under the boom
of the loader}.
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*lFiredamp blover

GH4 - 79%
802 - 0,92
02 - 1:5%

100,0%
%2

The atmosphere had become extinctive by diluting of the
airflow with nitrogen and inflammable methane thus decreasing the
percentage oxygen. Evidence was that the miner, although not
unconscicus had collapsed and was dazed and weakened hy the

reduced oxygen content in the air.

Figure 12 depicts the result of a recent methans outburst in the
South Rand Coalfield in Mareh 1989, The outburst oceurred 18
hours after a floor roll in the roadway had been blasted and
while the mechanical loader wes loading out the blagted material.
Four men weve affected in the face by the methane and made wse of
their self rescue appliances to return safely to the fresh air

intake.

Photograph No. 1 shows the mechanical loader almeost totally
buried by fine c¢oal which after 24 hours sghowed signz of
spontaneouns combustion (80 ppu of CO wae detected under the beom

of the loader).
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been sealed.

Table B.3 shows the successive gas analyses after the roadway had

TABLE 3.3

RECORD OF ATHOSPHERIC GAS AMALYSIS

Sample Number 1 3 & 7 9 10
Sample Date 890311 890311 890313 890314 890315 890316
Sample Time 16h26 09h15 14h17 11h55 13h13  12h59
Cylinder Press kPA 55¢ 500 550  S00 550 700
0z z 20,6 19,6 16,7 16,0 13,7 12,5
co 4 0,0015 06,0073 0,0107 0,0084 0,0072 0,0075
€02 4 ¢,1* 0,03 0,05 0,1 0,14 0,16
CH4 p 0,0 1.5 56,9 8,5 15,5 19,1
H} ¥ 0,0 0,0 0,0 0,1 0,9 0,0
w2 fBal 78,5 78,0 75,5 74,5 69,8 67,4
R 2,0 1,0 1,0 1,6 1,0 1,0
Grahsn's Ratio 1.0 0,7 03 0,2 0,2 0,1
Toung's Ratio / 62,2 2,9 1,5 2.7 2,9 3,0
Willat's Ratiof 15,2 0,6 0,2 04 0,6 0,k
X ~ Co-ordiuite 0.8 4,0 12,5 14,2 18,25 20,4
'Y - Co-ordinate 0,0° 1,5 6.9 8,6 15,51 19,1
g ’
_ > , Q
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The ground conditions in which the development roadways have
been driven are highly stpessed and tectonically disturbed;
roof conditions have been poor and systemarie installation
of steel sections has had to be adopted to prevent serious

£alls of roof as the faces are advanced.

The incidents have all occcurred iu relatively deep

ecoliieries - 150 metres to 230 nmetres balow surface.

The volatile content of the seam sections has averaged 9,68

with a range varying between 9% and 14%.

The lower permeability of the coal is evidenced from the
fact that prior to and after the ocutburets little if any
methune has been detected during nrormal operations in the

vieinity of the stressed zones (in burnt coal).

The affented areas are generally dry.

3

As much as %00 m" of methane can be released in an

instantapeocus gutburst and pressures of methane as high as

"’ 85 Bar have been recorded in the outburst zone,

The ventilation system in the section Jia disturbed and
temporarily reveraed by the force of the blast,

All outbursts have occurrad almozt Jmnediately afrer a

round in the' face has besn chdrgad and blaated. €éiplaaiv¢1y

induced outbursts or velley blasting).

No methane igni:ioni have as yet ' accurred probably dus to

the absence of an ignition acurce,

The cutburst has been followed by lar(\ clouds off very fine

coul dust which - in 2ll cases has proved to bw below the

axplosive range.

A
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Workmen in the vicinity of the outburst have suffered from

anoxia.

Beth roof and sidewall coal has been blown ‘nto the roadway
~ up o 300 tons and steel voof support i:os been blown down

thereby encouraging fuvther falls of roof.

Spontaneous combustion of the louse and fine burnt coal has

regulted.

Little oprogresge has been mpade to date in  adepting
anticipative and coal winning precaution measures with the
axception of drilling pilet holes in the face prior to
drilling the shot hocles -~ in an. endeavour te tap the

entrained gas which is under high pressure.
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On the 25th February 1971 I accompanied the Senior Inspactor of
Mines vo Section 700 and investigated the incident and T had a
plan of the area drawn up, a true copy of which T submit as
Bxhibit A, The air quantities were measured by the surveyor and
the percenvages of methane were thoze recorxded by *ha shiftbess
and miner on the night of the emission; 4 40 mjfﬂecond intaking
of whish nearly 20 a fvacand ventilated the second left

Hompanion.

From my investigation dinte the iacident ir appeared ar thongh the
heading holed intu 3 zone of ash and inflampakls gas ~ the extent

ig shown in dotted lines on Exhibit A as it wad not possible to

messire the extent due to the state of the ron¥.

The roadwny was being developed in burnt coal towstrds a 9 metre

.{ thick dyke which had been penetrated by four other roedways in

the section. The face of the second left companion was about
24,4 matres from the dyké when the emigsion ocecurred. '
During the inspection in loco waver was being sprayed <n the
burmt cosl, the exposed suriags of.;hich wers at #fu@spheri&
tsmperature but when broken tha/surfane; exposed were warm. %
J )

Mr. Wegsels told me thart he hed fired 16 x 1.22 wgtre long
charges on thy'faue of the roadway in _téo separate opsrations. and
85 he blas:ed the last fole he Iboked aloug the roadway and aaw
& white clond rolf“ng tawﬁ:ds him s he made his way towards the

'haulnga but was ovewtapbn by the, cloud. The clgud travellead

against the intake air £+t nearly 91 metres before ﬁtﬁpbing,?

I . "

Mr. Wegsels tested for 1ﬁ‘lamm¥tlt gag &t the point }hown on& the

plep and fount + 5,00 - he used & flame alﬁety lamp. ‘&He cloud

wag quickly disperzed and when Hr. Henning lt:LVQd on the scene,
he tested with = methano. rer ac the sime point and reccrded 3,0%
m L]
4 \
methonoreter 9%4 recorded 5,0% i3 the rowdway with more than

Mr, Henniﬁg went it the face sud tefited for gas with the

25,0% in ‘the face. The ventilstion fan wag restarted and when

"

Y
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inspected the roadway on the following afterncon, I found 0,23
CH4 in the face. Normally these roadways are free from
inflammable gas,

Mr, Wessels told me that after the cloud had been dispersed the
place looked as though it had been freshly stonedusted - this was

aevidentliy ash,

From 3 normal 1,22 metre long round about 40 tong are breoken bhut

frow this particular blast 216 tons were loaded. The area has

been suceassfully negotiated and no more inflammahle gas has heen

detected.

A similer emissiun of inflammable gas oceurred about B montha ago
in the firei left companion when the face was close to the dyke.

The ﬁﬁszt:on of the cavity exposed yfter this emisasion 15 shown

. on Exhibit ﬁ. Both emissions occurred on the top sesm.

4 recording methanometer on surface recorded & rise from 0,8% CH&

fell back to normal oyer a perind of

in the upcast air to 1, 5i\§j over s pericd of 9 minutes - the

percuntage m&f&an& graduall
another 12 ninutau. The quu#@xty upcanting is *+ 400 000 c¢.f.m,

Az a w:ecautxonury sessure, 3,65 metre pilor holes are drlllﬁd

v with esch rotmd - thil will be dOﬂE\uﬂtll the burnt coal has buen

negotiated.

4 . ® \

%, a
A

Hafie Jurie Hendrik Wescels: Sworn statué\

fon tha Zﬁthniibg?ury 1971 1 was the miner éﬁgchnran of Saction
{ )

700 at Indgmeni Tosl Mines Limited. A\

J

At about 6.40 p.m. on the same day after I had blasted 16 x

1,22 metre holes on the face of the necond  left companicn, I

14 %ed towards the face and fzy a whita cloud approaching from

the face go I told ny assistun g8 to ygavu and a8 1 followed them

to the haulsge I switched off the e\tctric current to-the Jfan.

N
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The cloud enveloped us and I smelt something like benzine in the
air. There was nothing wrong with the ventilation and when the
cloud reached the hawnlage it stopped and then dispersed rather
rapidly. '

When T tested for inflammable gas at the point shown on Exhibit A
with a flame safety lamp the lamp was extinguished. The ash in
the air settled and the place looked az though it had been

treshiy stonedusted.

Shiftboss Henning arrived on the scene about 10 minutes sfrer the
emission and he tested for gae and recorded 3,07 whers my lamp
weg estinguished. After the ges was cleared we started up the
fan and en route to the face detected 5,0% C!{4 in the general
body EE the air and +25,0% in the face, Shortly afterwards rthis

il

ga8 was cleared and since that time until now not more than 0,2%

has bean detected.

T have worked in the 700 area for the 1laat six months and have
naver found gas in high percentages.” « ' .
'|‘ ¢
In June 1970 an instantaneous methane outhurat had sciurred in
the firat left hand companion of section 700. This rosdway had
developed to within a4 metre of the dyke ehown on Exhibit A. It
had bacome necessary tc inatall a steel girder set in the Zace
one metre bayond the last set since roof conditions were poor in
the burnt ccll‘&one. Three sliping hales IQ;E drillad or either
side of the face aa shown in Figure 15 to square off the face in
preparation for the girder met ipstlllation. Tue #ix shotholen

wera blasted si;ultanecully and immediately thervafiar there waz

a furthsr bl;ut followed by a large dust cloud sud methane gss
which envelopad .the miner and #everal of his crew who were
standing in the second left hand companion at peg 1410 on
Figure 14 Bxhibit A. The section ventilation wes tamporarily
raversed and the crew make an attempt to escape sausrwards inro
the intake airway. i :
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An examination of the first lefr hand companion some time “later
revealed that approximately 2330 tons of burat coal had _beéa
daposited in the roadway for a digtance of 23 metres from the
face, 21l the steel sets in this length of face were blown out by
the force of the blast and the rcoadway voof had coliapsed to a
ﬂeight of approximately 5 metres.

Iﬁ wag forvunate that, unlike the incident in the South Rand
eoalfield, the finme loose burnt coal did not spontsneously heat
gnd all the debris was eventually loaded out and the roadway was
reagupported,

Shortly before rhis event a aimilar outburst had occurred in the
first right hand cadpanion éf“‘this section and ye: no written
racords exist of these tuo incidentg. The author haz been
fortunata in obtaining firstﬂhand _evidence of these two methane
outburets from witnesses who were present in the section at the

‘time. ¥No precautionary measures wers adepted until the rhird

avent occurred on the 25th February 1971:  the total lsck of

pyst.nntic reporting and disl-miﬁ:tina of technical dotails of

such a sarious nature to the pining fratarnit ‘§s highlighted in
this example.

The third incidaht'lﬁhich occurred st Indumeni °Colliery is the
cnly incidentr in South Africs whera relisble messurements sre
svailable of tha quantity of methare emitted by the outburat.
Figure 16 dop%ct; the percentage -nthgpn in the upcast sheft
prior to and sfter the cutburst. Based a; an upcest quantity of
169 = llnuoud the sreas ahoun\hltchod on thea griaph indicates the
total volu.c 6f macthane desordad from the face, rocf and sides of
the second Ioft hunﬁﬂcolplnzon.

o

]
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188,78 no/sec

Quantity of air circulating in upcast shafr

Normal % CH4 in upcast shaft @ 0,8% CH

4
Mo:sal quantity of CH4 eireulating in m3
per ooeond
188,78 - 0,8 : = 1,5 m3!sec
N0

3 .
Average % of me sane in upcast shaft

from point A to psint B on graph = 1,17%
Increase in'z.CH4 over normal

Quantity of methane in mafnec as a
resilt of quthurst _ = 0,718 mglsec

i
Total quawi.  of methane emitted
i83,78 u%/sec x 21 x 60 x 0,397
| - 100

; = 944 ma of CH, @

8.4.3 - Conclusions which nay be drawm from the praciical
evidence

o

The folio-ins conciusions way be drawn from the incfif“}s

1

discusped; ' s s

o

- Inatghtnn-oua methane dutbursts have occurred in' Socuth
African dollieries. )

/Ghve all cccurred in burnt c¢cal zones near igneous

" intfuaions. ) : S
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8.5 PRESSURE OF METHANE GASES IN CUTBURST PRONE AREAS

The prassure at which firedamp is contained in coal sesnms
underground has been the subject of many experiments, most of
which ware largely unsuccessful dur te leakage from boreholes,
through breaks in the cocal and its associated strava, and the low
permaability of the cgal. About 1880, gpressures were measured in
underground boreholes varying from 810 kPs to 3220 kPa. In later
years very few cages of high preszvre have been recorded although
at Point of Ayr Colliery pressures as high as 2085 kPa have been
regigtered. Further manifestations of  high pressure are
sometimez to be found in the occurrence of outbursts of gas and
coal, Recantly workers in ¥Holland have recorded firedsmp
prassureg of 101 kPa to 1572 kPas in boreholes, Graham daveloped
s method of messuring the prassure of methane in coal from a
small cosl sample which gave presgures from 293 to 887 kPs.
.. ) |

In June 1986 a vertical prospecting borshola drilled in the North
Wast sres of the South Rand coalfield from murfsce to the cosl
sean at & depth of 170 metres intersected a pocket of methans gas
under prassurse. Just .prior to resching the sediuenr rzone the
drill was chenged to & core drill. , At the first intersection of
the coal sone the driiler believed he had struck & pocket or
cavity as he could oot apply down pressure to the rode.
Realising that eomething must be vtongfhu commenced withdrawing
the rode.

As each guccessive pull was coenenced the pressure of gas in the
hole pushad the drill rods up into the drill chuck. As the lest
thres rode, each 6 metres in length, were being withdravn the gas
pressure pushed the rnds out of the drill hole to a point come

3 metres from the rig. Pollowing this final incident, water, gas
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and vapour rose to a height of 20 metres :hove the surface. An
initial smell of hydrogen sulphide (HZS) gas was noticed and the
nole continued to emit methane gas for some two years. While the
masin core was lost at the intersection point, sediments recovered
were indurated (béked by the proximity of delerite =zills and
dykes}. I!mfortunately no gas analysis from this hole was ever

undartaken.

Pigure 17 shows a seam section from Borehole number 92 situated.
300 metres tn  the east of Borehole number 2005. The coal
mearures are overlain by a dolerite sill some 80,3 nmetres thick

and lying at a depth of buetween 68 z.d 148,99 metrves from surface.

The upper 3,16 metres of the coal sgeam including the immediate
roof is badly fauited end disturbed (slickensides). The volatile
content varied between 14,2% t¢ 20,8Y indicating a degree of
burnt n¢ai. A 4,98 metre dolerite gill has split the lower
portion'ufithe geam into two, distinct bands both of which are
badly burnc (volatiles of 6,4%).

The technical details of the drilling gear when the core barrel

gtruck the methane pocket were ag follows:

Depth of hcle 170 metres
‘fore birrel diameter _ 7,57 cns
kui;ht;of rods suspendsd in hole 2125 kg

Assuming that the gas pressure was sblé to just support the
weight of rods in the hole then the premsure would be as £ollows:
)

&
e}

Ry
b
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Weight of rods im kg
area of core barrel in square centimetres

{17¢ wetres x 75 kg)
s )

¢ (75,70 x 0,7854 )

2125 ke
45,00 gquare centiwmetreos

47,22 kgs per gquare centimetre

48,133 Bar or 4877,9 kPa
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B.A METHODS TO BE ADOPTED IN ALLEVIATING GAS OUTBURST RISKS

Ingtantaneocus gas and coal outbursts pose a problem to the mining
of the deeper <¢oal seams in South Africa. Hitherte  the
oceurrences have been confined to coals of high rank, such as the
anthracite seams and burnt coal zones which have a volatile
content less than 14% and a Kex index of less than 75; the finse
dust clouds raiged as a result of such outbursts are thus
unlikely to develop inte a coal dust expiozion should an ignition
gource be simultaneously experienced, 3
The veat guantities of methane which are emitred during such an
outburst can create dangerous situations. Apart from its effect
a3 a dilutant in the normal airflow in the wmine wvhere miners
could be gassed and overcome by lack of oxygen, such outbursts
can geriously reverse the airflow in the s&ffected ssction and
. should an ignition source be present vhere the methane/air
mixture i3 within the explosive ranges a devaatating methane
explosion could result. An added complication is the possgibilicy
.of apontanesua combustion oceurring withia the burnt coal
depogited, sfter the blast, in the affacted rosdway.

While th- coal seem remains unworked the methane SeB prassuran
rewain in eq:llibrium with the wvirgin coal. However, once an
excavation.is driven in close proximity to the zones of high gas
pregsure, areas of high etress are developed avouad  the
excavation eupa&inlly in zones of faults, slips, slickensidesg,
doiepite dykes and sills and burnt coal and mainly these two
factorse (cicesaivtly high mrtheane gss pressure and  highly
stressed atrata) lead to the outbursts under discussion. '
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0f nmajor importance to Mining Engineers,., Geclogists and Research
and Development Engineers ig the question of what can be done to
firatly anticipate and secondly deal with the problem with a view

to safely negotiating ocutburst prone =zonas.

Dr. Fevin Middleton has divided the meagures t¢ he adopted as
either "active" or "“passive". "Passive techniquez are adopted to
contain the effects of outbursting or predict the onset allowing
repedial measures to be introduced. Active techniques are
performed to prevent the problem odeurring or to induce an

outburst under controlled conditions.™ (Middleton, 1988).
The author would prefer to divide the measures to be taken into:

- Anticipﬁtive techniques.
- Mining or coal winning techniques.®

-  Ancillary techniques.

Anticipsative technigques sare those measures which ought to be
adopted to alert_ﬁiners that areas prone to outbhursts are being
approsached. Mining or c¢oal winning techniques are adopted in
devaloping through the ‘uffected area/areas, and ancillary
techniques are those precautions which need highlighting ag and
when the necescary minéﬁx techniques ar® &dopted.

3
s
§

[

8.6.1 Anticipative Techniqued

-

These may be divided inta fiveqntjo: categories as fnll@u;:_

(e) Prospenting drill holus from surface

These holeas, normally drilled to intersect the coal seam
measures, provide the Mining Engineer and Geologist with all the
relevant information of the cosl seaam at that point. Thesa
include:

y
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- Dapth from surface - the dezper the seam the more gas likely

to be encountered and the higher the pressure.
- Thickness of seam.

- Nature of gtrarva and o¢oal measures. The presence of
dolerite dykes and sills in the overburden and in the agean
itself, éoupled with slips, fractures, faults, slickensides
and burnt coal will indicate a high probability of =stressed
soft coal which, following the examples given, would
indicate the possibility of encourtering instantaneous
outbursts of methane. Figure 17 shows the nature of coal
measures adjacent to a bhorehole where Qfmethane sutburst

pecurred.

- The proximate and ultimate analysiz of coal.

r-. Ak

The proximate analysis will furnish the wmoisture, ash,
volatile content and fixed carbon in tha seam in “per cent
by weight™, <“lwe highar the rank of the copl the more likely
the gean wiil be to outbursts egpacially in South Africa
(see Table 1).

3

Middletou (1988) states that ag far as Cynheidre Colliery in

Wales ﬂis concernad “the complex netuzre of the geological

conditions around the colliary workings renders corralation with
outburst ineidence very tenuous™. From evidence in South Afries
it is poaeible to draw a "hagard™ pian'of the future underzround
workings showing not only 'roof' hazards but pozeibla aress prone

to outburats - this plan would be used by the mine officials who

bacome firstly aeware of future poor roof conditions .but also
iotburst sones. Dolerite dykes and #ills, gtructurally Jisturbed
cotl which has littls compressive strefigth and containe &
considerable degree of microfiusuring which accounts for its dull
appearatice and friable consistency sghouid be marked on the plans.
Figure iB“is an example of this recommendation.

.c}.
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{t) Herizontal in—seam longhole drilling

Longhole in-seam horizontal drilling has reached a hizh state of

perfection in South Africe. Holes up to 1000 metres in lengrh:

are common. Until twe years ago in the geclogically disturbe& ;

South Rand coalfield longhele drilling had failed in seversl
respects, the main Failure heing the inability of the machines te
drill into =2nd through massive bhuvnt aval zones. Immediately the
core barrel setruek bugnt coal the iriable nature of these
measures jammed the drill bit and the rodg had to be withdraun
and the hole abandoned, The information obtained was fherefore

" very scan?y.

Recent developments have ensured ths[ holes of %400 metres in
length cgn be driiled and these holes %grv& tWwo purposes:

Ve

S Gag piegsures and raterm:j/ghs emisgions can be measu&ed

i,

'ﬁa

providﬁng valusble informsfion on dagorption rates in the
toal sesm.

y . . oy

- Geologgcai\ digturbances are intersected and ‘these are

plotted on the future mining plans thereby ~ providing
-valuabla™information ot disturbed areas which msy be prone
to methshe outpursts. They also provide [data for thn
prap;rntion of the hazard pldan shown in Figuye 18,

: B

‘;r"'

Highly frinbla matarial and voide in the bdrnt coal.

(indicated by a drop of drilling pressure) would indicate
high risk area«.

{e) ". Methane dr;lnngc |

Twe aspects are of nota in this section. .The drilling of G.wetre
pilof holpa_in the face of roadways advencing in hﬁiﬁiy gtressad
aress and burnt codl will be deslt with in -the section "Coal
Winning Techniques®. The sscond aspect concerns horizont31




in~seam longhole driiling in advance of the headings or longwall
face, The author deals with this technique in a previcus chapter
which includes methane drainage in gassy seams, such as  those

mined at Indumeni Colliery.

{d) Cozl permeability

One of the main problems with regard to permeability is the
relatively low permesbility of ountburst prome regicns when
compared with normal coal =zones. Thig is probabiy due to high
stress concentrations. The depth of the coal seam, tectonic and
mining induced stresges sr2 considered to be responsidble for the
redurnd fefme§%i1ity. Thus gas whick would nommally - migrate

‘ﬂﬁfnugh sicro-figsures a8 mining takes place is retained and

" burats out when presgure ditferences sre increased as a result of

mining sctivity. Boreholes are therefore not likely to drsin the
methane to a degree which would winimise the risk of an outhuﬁ?t.
Pilot holer in the advancing faces are covered in the dext

gection.

e

() Sedsmic Testiag

The exact, definition of the protected zone is cbtained from gas
dynemic testing in the .eam to be protectad and the existing mine
road system. Seismic transmission messurements are made and vsed
to assess the danger of outbursts in certain parts of the coal
sean. The essence of seismic testing is that isolines of the
seisnic propsgation velocity can be obtainad for <the plane
boundad by rcsdways. Tha seismic wave velocity i much fantdr in

"so0lid, hard rock then in hrckan and loose structures. ghg

boundary of the "relnx?d zone can be obtained by comparing  the
change in values obtained from seasurcments taken prior o and
folloiing the mining of the protective szeam.

Gag-dynanic measurements can be used to determine the

i1
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rearrangepent of stresses in the seam to be protected. The
degree of loosening (fraciuring) ecan be establisied from the
volume of gas drained, the y : pressure within the seam and the
change in permeabiliry. Alternatively, demnsity peasurements
based on gamma-gamma radistion may be used tn determine the

degres of loosening.

The protective effect is extendad to a much larger area than is
normally indicated in published iiterature, The time ficter must
be taken into accountJberause the protection is time dependent.
Although compressioﬂ% of the locosened zone will recur, the
- sutburst protectipn of the sesm is unchsnéed. Experience has
jgdicated that in low-gtability coal seams that do not have
igneous iatrusions the danger of outbursts can he eliminated by
destressing the seam by pre-working the neighbourjng seams,
particularly if it s accnmp#nied_by seam injection watar. In
the cokiag coal seams wvolley firihs nay be necessary to ensure
pre-fracturing of the seams. Seismic methods have not been used
in South Africa v dete for thig particulsr spplication.

B.6.2 Mining and Coal Winning Techniguenx

- Ae cosl niniﬁg approaches suspected grcal'bf potential outburst
activity, the sining metho: nay be modified we follows:

E\_

(&) Advanca drilling of thﬁ.EICII e

Figure 19 showa the method used in uau-:vn burnt coal dﬁhvases in
the South Rand and Natel coslfields whereby a series of 38 ml
holes each 6 -ntrts in length are drilled b-fo‘w cutting drillﬂng
(’nd blasting the face. This preceucion wae tlkun after the g¢s
outburst incident in 1969 in BSection 7 in tha South Rnhd
coalfield and also at Induaeni Colliurys : i

i
i

The intention is to ascertain whether methane i® contained under’

high pressure in pockete at some paint shead of the face: when

biowere of nethane are detected:

T

i

g
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- all work is re cease in the place

- power in the section is to be switched off

- the Section Managers are to be notified and they are to

develop a4 further plan of action.

It is recorded that several wyears age in the Scuth Rand

goalfield, two man drilling such a hole intersected a pore/pores
containing methane under pressure and were pushed back saveral
metres wher the gas blew the drill rods out of the hole. The
necessary precautions were taken and the face was advanced by

wolley blazting. Wo cutbursr occurred.

(b) Volley blasting or inducer blagting

Thie ia the most pfevnlent method waed in dealing with the
prablem of methane ocutburstz and is practiced both in the South
Rand and Indumeni coalfields. Willisme (1960) records that in
the outburst ptone 3eamwm of Ponthenry din South Wales "wulley
blasting ik the oniy unthﬁ& then of dealing witkithe problem of
outburste, Tha ares of likely outburset. is recognised by the
lively nature of the coal and the occcurrance of sqnll outbursts
of a few kilograemes only. Holes are drilled in this zone, and
provided this is done carefully (preferably by hand rotary

drilling, certdinly not by percussive drilleg) no outburst will’

o¢cur. The holes are charged with exploaive, the mine cleared of
ali parsonnei. and tha{kn&otc fired simultanecusly from the
suriive. At Pouthenry about ten holes, each charged with 0,5 kg
of Polar Dynnbel, ware employed. Tha shock of the datonation
induces tha outburst, and after th- ventilation haz clearaed
firsdamp from th;slin.. work can be resumed in safety. TUp to 30
tons of coal have been blown out with one shot by this method at
Ponthenry.®

In South Africa eithar the affected zone ig cut using a

o
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cealcutter, the height of the cut off the floor being dependent
oh stone intrusions; then drilled and blasted. Alternatively,
the face ig drilled using a "burn™ cut and blasted. Due to poor
roof conditions which are normally feund in burnt coal zones
holes are geldom drilled to 2 depth of more than 1,5 metres and
explosive charges per hole are iimived te approximately 600 grams

per hole.

Explogively induced outbursts asre common practice throughout the
worid., Ancillary precaut.ouns are necessary when this methed is

uged and these are dealt with in the next section.

{c) Spaed of face advance

The slower the rate of advance in outburst prone zones the more
safe the operation will be #ince strese changes will oceur more
elowly and persommel will. bhave sufficient time to resct to
changing circumstances, Since almost sll incideats in South
Africa occur in geologically disturbed ground conditions: high

ratesg of advance are not possible,

A reduction of rate 6f advance gives grester time for sifess
relaxation and gas reiease. He postulates a varying_thickﬁass of
destrexgad strata depending on rate of advance of mining, on
strength of both coal and rock and on the width of the heading
and thickness of the coel seam. Hargraves ﬁ1983). ic showing
greater incidence ¢f cutburate on the latter days of a five day
warking week demonstrates the influence of ;lt! of advance. But,
for instance, the recorded oc¢currence of outbuis .- " on Mondays
suggests that reduction of rata of advence is not u& effective
gsole preventive in the Hhéropolitan Colliery Bulli seanm

application.

Harglaves (1983) further -tudied 'coal mined both with inducer
shotfiring snd with continuous mining. In general, the saverage

size of exploeively won coal {won daily from the cne place)

n

4
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reduced as the days of the week advanced, indicating that the
period of gas emission and no prcluction over weekends diminished
the contribution of gas in hreaking the coal. Likewise, with
single shifted continuous mining the coal was of smaller size in

the afternoon than in the morning,

The limitation of dJdaily rates of adwvince in longwalls and
headings in outburating mines in HBucope i1s aimed at prevention,

along with other centrols impoged,

{

o L

(d) Face Preparstion

In most instances of outbursts in South Africa evidemce is that
during and after the évent support in the form of girders are
dislodged and“serious. falls of ‘roof occur — often these falls

lead to spontanecus comhugtion of the coal lying in the drive and

this in turn leads to fires with the resultant denger of a

methane/cosl dust emplosion. The aealing off of the area or

rosdway iz also nd guarantee that the air/methana mixture behind

the gea’ will not enter the  explosive range which tay sleo lead

to an ;xplosion. The author has hsd personal exfieriatice of thiz

at the Balgray Colliery explosion io 1978, -

“Further work on gas composition behind sasls bas shoun that some

“of the traditional methods of evalusting the problem axe
T wureliable.

Morris (1984) has statad: Mhe suthor discusses the vork of some
early ressarchers, namely Rhead and Wheeler (1910); Winmill and
Grahas (1913-16); Porter and Ralaton (1914); Bome (1918);
Partington (1919); CGraham (1921); an& Storrovw and Graham
{(1924), Tt is felr that many of thess ratios have besn lost o
the present aining sngineer through time and the diccussions of
these rutio; will give additioaal tools to those involved in  the
crisis of a mine fire.
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Further, it will be seen in the test that Partington’s
suppositicus aze suspect. The author has ezpanded the theory to
derive a fire ratio whith may be used to determine whether the
fire behind the seals has become extincet, and further when an

explosion behind the seals is imminent.”

It follows Efrom a safety wview point thersefore that attempts
should be made to support highly stressed roof din burspt coal
drives with 2 metre 1lsng steel wire cablesg in conjunction with
full columr zesin., Should it still be necessary to use steel
arches or square sets then these may be installed. Figure 20
depicts the;ﬁypé of support envisaged in burnt coal to prevent

falis of 3cof coal during an outburst., This practice is
supported by Yorgraves. V.0

w

Tn order t¢ prevent roof collapse shead of steel setz in ~ very

frisble burnt ‘voal zoneg in the South Rand coalfield spiling
" using 19 mm diameter 3,3 metre long round bar is used shead of.

steel lqunrg_'séts as shown in gection and plan in' Figure 2.

This methad wiccegsfully ensures no roof fgllis ahead of the laé;. !

ateel suppert., Prior to this method of supportobeing introduced,
roof fslls 7 metres high have occurred with the fall extending
beyond the”face line thus making it elmost impossgible, apart from

installing spiling rods, to Mcatch™ thefqﬁoﬁ for the next set. of
' mteel support. : - o e

Six metre high cavitiesr above the nornal roof ;jéL add further
problams the most seriocus of which is the accumulation of

dangercus methane conéentrttﬁgnu wvhich:
- meke it dangerous to blast the face

=, s, difficult to remove by ventilatiom

{l'_\ﬁ. _ { w

-  can cause anoxis to timber crews packing up the void abave

v ‘the acrmal roof line.

L=l

£
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(e) Gas teating and methane alarms

Antomatic firodamp detectors with auvdio-visual alarms should be
used in all rouwdways being worked in massive burnt coal - this
practice will engure that operators will hecome aware of large

methane emissione uas and when they occur,

(£} Methane drainage tunnels

In areas known to have large gquantities of methane or vwhere
disturbed and highly stressed ground conditions exist (see
borehole gection Figure 17) it may be advisable to follow the
French pattern of driving two parallel methane drainage
Jtgalleries’. There .re ,several advantages in employing this

mathod:

- A large quantity of ventilation can be directed into only

two rokdwayg.

- Supervision is generally better than that found in a
multi-road gection.

- . All standerd safety nrecautionz can be applied, for example,
sutomatic firedsmp detectors and improved roof suppert.

- The eaction iiftrelte%)as a development end and productiop'
is not of prime importance.

- A lurge block of coal can ba drained 5f methane.
- Sciantifﬁc tests are easier to apply and control since the
[ .
unit is donsidered a "methane drainage gallery™. '

Pe]
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- Disciplined worki., procedures can be chosen to minimise
danger.
{g) Remote contrel of acal mining machinery

Remote control of faee leoading and transporting machinery
(continuous miners and shuttlecars) has been recommended
primarily to ensure that in the event of an ocatburst oécurring
operatore are not exposed to the blast of eoal and gas, This
practice has not ag yet found favour in Socuth African collieries
mainly since the methods wused {umbilical eord or radio
controlled} are not well Lknown and secondly becausa of the
relatively gmall number of Incidents recorded. Since induner
ghot firing ig practiced it has also been concluded (incorrectly)
that zfter shotfiring, if an outburst has not cecurred it will
not oceur wuntil after the next volley blast. (Two of the
recorded instances at Springfield Colliery have occurred geveral -

hours after the face was blasted),

(h) Life support systems

The anthor has discussed the one incident in the S % Rand’
ecalfield wheﬂ. after an outburst, the miner  and one of his’
workerg suffered from anoxia and had to be redacued by the

;hiftbou!. The Mines and Works Regilations now make it mandatory
- for all underground ¢oal mine workers to wear a 30 minute self
rescuer; furthermore, mines practice stringent training sessiona
teaching workers how to use the sgelf Iroscuur and simuleted
incidents have now been introduted on most collieries to test the
effectivenesy of the training prograsmes in')the use of self

reECUPIR.

At Wegt Cliff Colliery in New South Walés which in ite early
atages of develcpment suffered from regular outbursis, ail
continuous miners and shutclecars were equipped with compreassed -
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air cylinders and face masks in the cabs, The air cupply was
sufficient for 4 hours and on several occasions, was alwos:

exhausted bafore the machine and its driver were racovered.
(i} Avoiding highly stressed areas

Highly stressed areas which are pulverised Ly tectonic wovements
gre prone to methane cutbursts in South Africa. It is impossible
to totally avoid working these areas but the poliey sheuld be to
develop, through the disturbance, only those roadways which are
necessary to establish sound ventilation systems and access for

men, machines and conveycrs.

(i} Coal strbectural conditions

A problem arcse in an opencast operation where sxcessive water
and soft impervicus clay overburden was collapsing in the
highwall and endangering the dragline. Consultants specialising
in woil sciences were called in and a 12 point hazard plan was
developed. These individual hazard indices each ranging from

1-10 in degree of hazard were built into a composite index which

“alerted dragline operators of impending danger. For example,

adge distances uf the tvb off the highwall had tp be increased
for safety reasons,

Brown, Rigby and Barker~Read (1984) have put forward a similar
hazard plan teo warn miners. The author quotes from a paper
entitled 'CGas emizsion and outbursF prediction.?
> |

A aimple index hes been devised to facilitate a  rapid
quantitative assessment of the structural econdition of coal
ssmplez from the outburst-prone seamg of West Walea., The
'Avorags  Structural Index' fA.S5.T.} is hased on & points
allpecation system to macroscople styuetural features. Tnitially,

‘a determinetion of the oversll character of the sample is made on

the basis of whether the sapple is normal, sbnormal or
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outhurst~type coal. Further examination detects the presence or
absence of the commonly encountered slickensided plares or
feather~type fraecture markings. Flexibility in points rating is
possible in cases of intense siickensiding or widespread
cceurrente of feather-type  Ffractures, Tan  such cases an
" additionsl point is allotted ty mark the predominance cf thege

features., Typical values of the A.S.I. araz noted below.

Normal coal g

Normal coal + slickensides

Normal coal + feather fractures

Normal coal + glickensgides + feather fractures
Abnormal coal ]

Abnormal coal + sligkensid}s

Abnormal coal + f!l;h!f frkg%uras

= - Abnornal coal + mlickengides + feather fractures

[T - I, S ¥ R SR 7 T X R =

Cutbuzrst-type coal,

The pointa? given to each sqxple from 8 particuiar. gite ata
-zotalled ‘and the A.5.T. for a ‘suite of samples is calculated by
avera;iﬁg the individual totals. The A.S5.I. bhas the "advantags
thutfit nlylbi perfgrncd underground at the face or on the
sur!agsa;buf has the digadvantage that hand-size 'yampleu are
required.™ ’

It is "roconmended that a iinilar Combined Hazard Index be
duveloped for use in Soutk Affiel but including &longside
ubnoruaf "coal the fgllauing - nbnofual!?urnt coal. Many
collierica already emp’ ; roof hazard plans uﬂich indicate areaa
vhere p&or roof conditions ﬁouldnhc sncountared.

» i

(k) Mining of naighbouring saems prens to cutbursts
/2 R Py

4?éithertq this particuiar circumrtance has ouzy arisen ongy in
South Africa but the syctem iz termed protecrive seam mining.

Figure 22 illustrates the method. WNeighbouring seams atave or
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below the seam prone to outbursts are worked first and boreholes
are drilled from the top seam, for example, to the outburst-prone
geam to drein off methane. This system worked well in the Necgsak

coalfield in Hungacy (Banhegyi and Rado, 1984).

In fairly shallow coalfields this methed could be used by

drilling holes from surface to the outburst prone cosal zeam.

Figure 23 depicts the method of drilling adopted at a colliery in
Natel which was prone to methane outbursts. .Development was
carried out in the lower seam and 65 mm dismeter boreholes werve
drilled into the top sean. Methane wae bled from these holes and
pressures of 698 kPa (100 1lbs/squarz inch} were measured st the
collar of the hole in the roef. This high pressuve is indicative
of the permeabiiity of the normal cosl measnres at this colliery
{Watson ‘and Ogilvie, 1970 and 1971),

B.6.3 Ancilliary fachniquns

At well as predicting outburst zones and adapting the miuing
nethod, edditional precautions muss be adopted. These ars:

w

'{a)  Stodsdusting

The dangerous conditions which atiiu as » result of a ge;hﬂﬁ€i 
outburst and resulting fine coml dust make it rscessary to
stonedust. the roof, floor and sides of driyms ¥hich are advancing
in burut coel right into the face befors blasting.  The
application ofﬂutbne dust te the sectica iteelif should ﬁe of the
highest standurd. - '

An example of the procedures that are laid dowd at e cTr&nsvaal

ast out belows

‘Coliiszy with regard to stonsdusting 'in an outb;y.t §rone zéne is
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- The face and irmediate roof and sides must be thoroughly
stonedusted immediately before steel supports are set.
Stonedusting must ther be done on the supports and packing

timbers,

- RBefore cutting commences the face must sgain he thoroughly

stonedustad.

- At the end of each ghift the miner must arrange te have each

fare re-stonedusted.

{t) Flameproofing of equipment
. Py

It is advigable to have the flameproofing of the electric
equipment in sections which are ndvanc%ng in outburst prone zones
checked more fraquently than weuld be done in normal sections and
the results of such examinations recorded ir a logbock kepr ar
the shaft offices. Such sntries should bs countersigned by s
responaiblc;lEnginler once .a weak, An exsmple of such zn
examination report iz given below:

"Ant inspection of the genevsl Ilameproofing ltandsrds Eu;U
elnctriell uquipuant war ndertsken in Secrion G480 on Fridny.m
i0 Narch 1939, 1ﬁysluqei¢tion with Nessrs. Hodge and Ellis. >

o _ f

r ad%ile thet e inspection included the saction electrical
distribution. electricelly driven mobile wequipment as well ag a
Flapaprooi fan wnd *coal drill. With the exception of two
striﬁged bolts in & coslcutter contactor enclosure, which was
ctiil found to be flameproof, no sud standazd conditions were
found. '

........

Johsnnesburg™
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{e) ~ Power supply

The first task to be carried out by persons after an outrburst
oucurs is to switch off the eleetrie power supply to the section.
This action will minimise the danger of faulty electrie gear
causing a methane explosion chould the met»-pe/air content pass

inte the explosive range.

a] Face ventilation

Tt is advisable to have an air quantity of not less than
50 m3/second entering the =zection, in order to dilute the methane
produced from an outburst to =afe limits as soon ae essible.
This should ensure that persons are not affected by anoéin and

will reduce the dangerz of methgne ignition.

-  The force fauns ﬁsed_shouldL be either 37 kW or 22 kW and
| should not vnntilata more then 2 faces. If an 11 kW fan is
aveilable then only one face may-be ventilated with this
fan. ‘
- The end of the force ventilation ducting should not bed more
thar 5 matres from the face at all times. |
" .
- The qpantify’of air delivered at the face should not be lese
. then 0,14 m /sec per square metre of face aves., The
quantity@;ud leakaga shall be chacked at least weekly by the
Environmental Officer and the results recorded in a book
called the Burnt Coal Reacord Book which shall ba kept in the
f;uvironnnntll_dgpartn&nt}

»

~ - Ducting shall be kept in .good condition. The ainer should
ragularly check all joints ard method of suapanding the

ducting. Any damage shall be repaired iunadiateiy or tha
ducting replacad if not readily rveparable.

- .
{;:f/\}’
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Spare ducting should be kept in the section store, Methane
alarm detectors shall be made avarlable tc machine operators
such that one will zlways be in operation in each fzaee being

worked.
The miner should make hourly checks with his methanoneser

and all officials should check the face whenever thay visit

the area.

Special precaufiuns review: monthly

It is advisable to develop a report sheet whichk will incorporate,

inter alia, a remarks column for special precautionsz which the

parsons who work ir the section ghould take,

An example of such a report is given below:

The first defence againgt a dangerous build up of methane is
adequata ventilation and & continual awareness by all

.supcrv:sorl and uomkera in the #rea of posaiblu problems in

this rugnrd.

.-u

Mining itlndnrds in problem areas must alweys be excellent.

Vigits to =such probla, aress hf é‘nior officiala should

- serve to snforce the high standards required at all times

for safa oparstions.

An antiy should bi aede in the shiftboltoq logbook to S’ltt}

that -the uoctinn is wining in burnt coal and thar sl11

pracuﬁiionn as laid down in Hine Standarde are being taker,

S
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Monthly review
This form will be signed by the responsible persons monthly and
gubpitted together with the Burnt Coal Record Fook to the Mine

Manager for his signature.

Sactieon: o Shafte Date:

Special Precautions:

Signatures:

ﬁinet: Fitter:

Shifthoss: i Electrician:

Mine Overseer: " Genaral Engineering %
Section Managet? Supervisor: 2

Production ‘Manager: ﬁ —_. Section Engineer:
Chief Engineer:

!nviiqnuantai Control Officer: _ ’

Mine Manager:

Dute!

This type of report csin be  adaptad to aach  particular

appiication.

g

) Rydraulic o? foan stiwulation

(=]

'.\ N N
" In the relatively low permesable burnt coal zones in the South

Rand’ and Natal coalfieldsmethans drainage way be wsubatantially
increesed by using hydraulic or foam stin:iaiion im horizoantal

¥
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drill holes drilled into the buunt coal zome. Deul and Kim
(1978) state that hydraulic or foam stimulation has been used to
increase the gas' produrtion from 23 of the 39 wells.
Pre-stimulation gas prodvouion rates have ranged from 509 to
10 090 efd. After stimulation, production rates of over 100 Mefd
have been obtained from boreholes in the Pitrsborgh and Mary Lee
coalbeds. In borehsles stimulated wunder Burean of Mings
contracts and subsequently mired through, no damage to roof or
floor wag ohserved. In all cases, stimulation sesved to widen
and extend the fractures naturally cccurring within the coal, and

stimulation fractures were contained largely within the ccalbted.

Hydraulie stiﬁulaticn has been practiced in a deep Transvaal
Colliery (New Denmark; 200 metres) in competent sandstones
overlying the seam in order to encourage early .goafing of the
roof once, piliar extract;on had commenced. The operation’ was
successfa1~qnd roof cavzng comeenced after 60 metres of pillars
had baen removed. Withour the use of hydraul;c stimulation of
the immediate roof, the physicel model (Australxan Coal Industry
Research Laboratories (A.C.I.R.L.) #redicted & retreat langth of
104 metres before goaf initiation. Mathematical - modelling

predicted lengths of 95 ty 140 metres,

The burnt coal zones of the South Rand and Indumeni cgglfieldn
tead to becoms friable when mined by single advancing roadways.

These high stresses caused by mining necessitate the installazion

of steel arch support at intervale of i) metre so a3 to prevent
the ¢ollapse of the exposed roof - sgonetimes to & height of 6
nntres. Ia 1984 an attampr was sade to cementate the hurnt conal
:ona uging & S0 wm diameter borshole drilled to a length of 10
metres into the face of a a roadway, A lrnndpipc was grouted into
the hole and & cement grout mixture was pumped late the hole at a
pregsure of 20 Bar. Imuedistcly grout broke outr  of broken
fractuzre planes in the face. Iﬁ fact pressure dropped off to

alwost nil indicating that the grout was aot caunihg fraeturing.

docpor inside tho hole but eimply escaplng into the fece of the
ro:dwuy. Further advance of the roadway indicated thie to be the
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case, Henppe hydraulice stimulation would have to take place while
roadways were still being driven in coal and before they reached

the burnt cozl zona.

ig) Sesm g&xiﬁantent to volatile matter
Lanarzewski and Battino (19847 in a papef‘entitled "Applicaticon

of gas predrainage for prevention of 002 gas outburst? states

"Recognised methods of gas-emissicn prediction for collieries
thaﬁ experience or envigage gas problems rely, among other
factors, om curves that relate seay gaz content to the volarile
matter of the coal. Unfortunately, wuch relationships have not,
to date, bheen developed for Australian coal sesms, although che
nead for thesa curves is unquestioned. To acguire a- basie
understanding of the varistion of seam gas content with, velatile

matter, and to assess the gas hazard level for Australisn coal

mining condirions, & preliminary curve was preparedwgy Lﬁnarzewsk«

and Battino based on gas contents caicuiated by the_aireci nethod
of measurement as developed by the U.S.B,M, and with the vze of
both fresh face ocosl zamples and geological bore cores. It

"ghould be nulnted out that for Metropolitan colliery conditions,

the gas ontent of ~he working Bulli Jeap  is approxzmntely RAH

m ftoh with a Vﬂlnt{.» matter of 18 to 20% (ash-free dry stste).
! . ) ._

The qo:ﬁlcatrind cut to dat;vat Hftrcpolitap Colliery certainly

givﬁﬁ encourn@ament that Cﬂz gas outbursta can ba controlled or
prevented by the appiication of gas pre-~dralnage in the working

sean by the uze of auction. - ; ; © } v

“ The investigations - conducted to dats wers coucenirsted in one
/panel of only one colliery in Austral:n. To c0@££rm the renults R

that have been attained furthar experimentation should be pursued

o

in similarly affected cosl ninqn.

&

#



)

7386

Cne: of the problems facing the Mining Engineer in South Afrieca is
the iow permeability of the high rank low wvolatile burnt coal
zones where to date all recorded outbursts have occurred; unless
hydranlic or foam stimulation can be successfully applied to
increase fracture planes and s¢ improve the rate of methanp
desorption it is difficult to pre-drain methane from these
outburst prone zones.

4
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CONCLUSIONS

The pzudies in South Afriecs have shown that for the outburst

phenomenon to occur ope oy more of the follewing conditions nust
be fplfilled.

1,

o= :""

J4;

The quantity of gas preseat in the coal seams must exceed a
certain limit; this limit has not been defined in South
African collieries yet bdut Lama (1980) mentions a figure of
10 m3/ton of coal in tha case of methane for Australian

mines,

_Compirstive1§ low gtrength of coal compared to the stregses

psoting in the seams.
Depths are greater than 150 metres from surface.

?hick (20 metre - 70 metre) dolerite sills overlie the
ﬁ‘lﬂi. ) “ '
| |

The coal has been butnf by dolerite intrugions in the forms
of dykes and -sills. It isa of. high*rthk and has Deen -

_teactonicaly disturbed. Volatile content dbes not exceed 1542

und cen be as iow as 8%.

f
Bt umually has shear =zotes, slips o' !  slickensiles and
horisontal disturbance of the vilibla:laﬁnrs is evident.
Unless prosptly nupp;rt.d. roof collapsas ﬁill in all cases
oeeur. The coal im dry. ) 0 '

It usually has low permasbility and high adsorption capacity

» whare outbursts oceur.
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?.  Spontaneous combustion iz a threat in all cases after an

outburst.

8. There pust be some initiating factors presemt such as
vibration from machine, blast initiztion, withdrawal or

setting of supports, drilling of holes, ete.

The period of the occurrence of an outburst c¢an vary from a
fraction of a second to several winutes and outbursts cam occur
almost simultaneously with the initiating factor or up to 18

hours thereafter.

The quantity of material thrown may very from a few tons +to
bundreds of tons with high quantities of methane released into

.-

the wine ventilation system,

Tﬁis creates extremely  dangarous mining. conditions and bas
elegevhere in the world led to lose of life and equipgent and ro
gis explosions followed by dust explasions.

Two "bagic theories have been put forward teo explsin the
phanonenon of cutbursts. The most commenly accapted is the
dynamic thaory (Skocingki, 1954, FKhodot, 1961 and 1964),
According to this :heory'%ﬁfh rock pressure and ges play sn equal
role. Rock pressure causee fracturing . and release of s large
~ volume of gas which is instrumental in the displacement of coal,
A number of vesearch workers in Russia, Frsnce, Belgium and
Germany suppoert this concept. -

The second theory was put forward by Ruff (193G) and is known as
the "nest® theoty. Adcordiug'td'thié the -y, nests or pockate of
low straﬁgth (slready|crughed) coal sre saturated with gay. 1f
ﬁﬁe of the localised pockets ie wsudde ly punctured with the
advlncc ofﬂthg face, & large volume of zlmost adherionless cqﬁl
particles floating in gas is displaced, yith & dynamic effent.
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A further theory put forward is that when the volatiles and warer
in the ceal are driven off during the process of the igneous
intrusisn inte the coal measures, methane is adsorbed onto the
surface of the ¢oal thus increasing the methane content im the

burnt coal zone.

¥ethods which can prediet and allepviate outburst risks are
divided into those which anticipate the outburst, measures used

during the mining of affected areas and ancillary techniques.

0f the anticipative mé}hods. vertical and horizontal prospecting
holes and gerlogical assessment technigues hold most promise for
anticipating outburst prone zones, ’

In coal winning tachniques advance drilling of the Face prior to
blasting, and finally voilé} blastiag, are the most prevalent
massures adopted to safely induce curbuists.

Ganaral good mining standards will greatly ossist in reducing the
dangers of outbursts when thay do eoccur.
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CHAPTER 9

CONCLUSION

Simplistically, the build wup of methane to explosive iimitg im
underground workings as a resuit of one pr more factors couplad
gimeltanecusly with an igniring seurce of the correct temperature
and duration, will lead to 4 methane explosion. The presence of .
finé ceal dust in mine roadways poses the added danger of a coal
duat explosion. The syneriy derived from human errors, resulting
from carelassness, lack, of training and experience, taking
chances, short'bcircuiting' good mining standards coupled with
~difficult mining conditions, aand economic circumstances, Ffor
exanple, relatively low selling prices received for coal thereby
lesding to severe <cost reductions, has resulted in devestating
explosions. }
{f:'

Ventilation plays & major role in preventing the formation of
¢xplosive methane/air mixtures and the use of automatic firedamp
detactors sand velometers fo monitor environmental gtandards ia
the ming ig important. .Superviaion and training of etaff is
o 2o ﬁ.glocttd but means of inprnving this aspact of the
oﬁﬁfationn by the introduction of formal coursss are well
documented. Unlesz supervisorz set an cznuplﬁ] a&h test for
methane regularly, explosions will continue to occur. lHore
plinnin;.und thought needs to be given to the sealing off of old
.uuorkad+;ut aress. . 4
The sealing of thise uorkingl or alternatively the adequate
ventilation thereof {s ‘discussed in order to prevent the
sccumulation of explosive concentrations of methane.

Particular attention needs to bs focuaed on tha draining of
methane from the goaf cavity, and preventing recirculation of the

W

vantilation at auxiliary fans.
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Mining Engineers are often lulled into a false gense af safety by
having their operation described as "well ventilated mines™ and
"elean and well managed operations". Unless they attend ¢t  the
details of good and efficient face ventilation, methane and ceal
dust explosicns are likely to occur. Tha stoppage of one or nore
main ventilation fans for any length of tiwe has, without

exception, led to dangerous accumulations of methane.

Correct supervision and training of Electricians in the proper
methode of dinstalling and waintaining slectrie systems are a
pre-requisite to preventing electric saparking. The ehnize of
equipment plays a major role in ensuring that a safe environment

is established underground.

‘Tt is incumbent on Mining Engineers to incresse supervision when

major work is necesssry in loading out coal from old workings
{falls of roof and =palling of riboides) and repairing the roof
and pillars. Operational staff tend to ignore this work in
faveur of preduction. Coal dust which has gathered in roadways
throughout ‘the mine due to one cause of another, should be
systematically swept ;p and sent our of the mine, Adequate stone
dusting doer not receive enough attantion, pnrticﬁlgrly in old

ATreas .

Poor training.“insufficient experience, and a lack of até?ntion
to deteil and discipline, lnadi.Hinern to d4rill, charge and blast
working fsces incorrectly with little attention to wafety. These
cnissions provide the recipe for a disaster and, when carried out

in the present of methane, lead to the unsafe practicas.

Inproved traluing of Mining Engineerz in the use of explosives
underground, will incresees their awarsness of the dangers

attached to blasting,

In many instances, the prompt and efficlent attention to fires

has resulted in the wminimum disruptiou. to operations and the
speedy restoration of the environment to ‘s safe condition.
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If carelessness and folly are some of the hallmarks identified in
this investigation, they are more than matched by the great
courage displayed in every incident by the Miners who comprised

the raescue teams following explosions.

Finally, it 4is worth remembering: "Boast not thyself of

tomorrow; for thou knowest not what a day may bring forth™.

2
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